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Abstract: Caprine arthritis-encephalitis virus (CAEV), a lentivirus, relies on the action of the Rev
protein for its replication. The CAEV Rev fulfills its function by allowing the nuclear exportation of
partially spliced or unspliced viral mRNAs. In this study, we characterized the nuclear and nucleolar
localization signals (NLS and NoLS, respectively) and the nuclear export signal (NES) of the CAEV
Rev protein. These signals are key actors in the nucleocytoplasmic shuttling of a lentiviral Rev protein.
Several deletion and alanine substitution mutants were generated from a plasmid encoding the CAEV
Rev wild-type protein that was fused to the enhanced green fluorescent protein (EGFP). Following cell
transfection, images were captured by confocal microscopy and the fluorescence was quantified in
the different cell compartments. The results showed that the NLS region is localized between amino
acids (aa) 59 to 75, has a monopartite-like structure and is exclusively composed of arginine residues.
The NoLS was found to be partially associated with the NLS. Finally, the CAEV Rev protein’s NES
mapped between aa 89 to 101, with an aa spacing between the hydrophobic residues that was found
to be unconventional as compared to that of other retroviral Rev/Rev-like proteins.

Keywords: caprine arthritis-encephalitis virus; small ruminant lentivirus (SRLV); Rev protein; nuclear
localization signal (NLS); nucleolar localization signal (NoLS); nuclear export signal (NES)

1. Introduction

Caprine arthritis-encephalitis virus (CAEV) is a lentivirus of the Retroviridae family. CAEV mainly
infects domestic goats worldwide but can also be found in sheep. The virus causes chronic inflammation
and degenerative lesions in the articulation joints, brain, mammary gland and lung, resulting in clinical
signs of arthritis, encephalitis, mastitis, pneumonia and significant weight loss [1]. The virus has
monocytes/macrophages as target cells for infection and the major means of CAEV transmission is
from mother to kids via colostrum and milk [1,2]. CAEV generates significant economic loss from the
diminution in weight and in milk production in addition to premature culling [3]. Owing to the fact
that there is currently no treatment or vaccine to circumvent CAEV-associated disease, control of the
virus in herds is recommended and requires good breeding practices to restrict viral transmission [1,4].

The CAEV provirus genome (8.4–9.2 kb in length [4]) contains the gag, pol and env enzyme/structural
proteins encoding genes common to all retroviruses in addition to the long terminal repeats (LTRs) at
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both ends of the genome. It also contains additional open reading frames (ORFs) that encode four
auxiliary proteins, termed Vif, Vpr-like, Rtm and Rev [5–7]. The lentiviral Rev protein plays a key
role in the regulation of viral expression by the nuclear export of partially spliced or unspliced viral
transcripts to achieve the virus life replication cycle [8,9].

To ensure its function, the Rev protein must shuttle between the cytoplasm and the nucleus/
nucleolus through mechanisms that are driven by nuclear/nucleolar localization signals (NLS/NoLS)
and nuclear export signal (NES). Several pathways have been described for the nuclear import of
proteins [10]. In the classical pathway, the cargo protein is recognized first by importin α and serves as
a bridging factor to importin β. To achieve its action, importin α binds to a NLS present within the
protein. The NLS is generally composed of basic amino acid (aa) residues (arginines and lysines) and
can be monopartite or bipartite in structure. Monopartite-type NLSs are composed of a single cluster of
aa and are categorized into five classes based on the aa composition and the interaction with importin
α [11]. Bipartite-type NLSs are composed of two clusters of aa separated by a short or a long spacer
region. As such, the bipartite NLSs are classified as short and long types, containing, respectively,
a spacer region of 8 to 16 aa or 30 to 32 aa between the two aa motifs that compose the NLS [12].

After having reached the nucleus, the Rev protein targets partially spliced or unspliced RNAs
by the recognition of a stem-loop structure present in these viral RNAs, the so-called Rev responsive
element (RRE) [13]. Following the initial binding of a Rev monomer to high-affinity binding sites
of the RRE, up to twelve Rev molecules bind and multimerize through cooperative protein–protein
and protein–RNA interactions [8]. Then, the chromosome region maintenance 1 (CRM1) protein,
also known as exportin 1, binds to a short leucine-rich sequence present within the Rev protein,
the NES, in order to achieve the nuclear export of the Rev protein–viral RNA complexes to the
cytoplasm. Rev then dissociates from the protein–RNA complex and the viral RNAs can exert their
function [8,13–16].

The CAEV Rev protein is a 18-kDa (133-aa-long) phosphoprotein that is essential for replication
of the virus [16–18]. The NLS and NES domains of the CAEV Rev protein were barely studied in a
previous report [19]. Therefore, we wished to conduct an extensive analysis to fully characterize the
NLS, NoLS and NES of the CAEV Rev protein. By using several mutant proteins, it was found that the
CAEV Rev protein NLS has a monopartite-like structure, spanning aa 59 to 75 of the protein sequence
(59RRR-RWLRGIR75), and that the NoLS is almost completely associated with the NLS, also located
between aa 59 to 75 but with the addition of aa 62 and 63 (59RRRRR-RWLRGIR75). It was also found
that the nuclear export of the CAEV Rev protein is CRM1-dependent. Finally, the NES of CAEV
Rev was found to map between aa 89 to 101 of the protein sequence, with a Φ0xxxΦ1xxΦ2xxΦ3xΦ4

NES-type sequence.

2. Materials and Methods

2.1. Cell Cultures and Transfection

Bovine macrophages (BoMac) [20] and adenocarcinoma cervical cancer (HeLa) [21] cell lines,
free of mycoplasma, as demonstrated using the e-Myco VALiD Mycoplasma PCR detection kit (iNtRON
Biotechnology, Burlington, MA, USA), were maintained at 37 ◦C in a humidified atmosphere of 5%
CO2 in Roswell Park Memorial Institute (RPMI) 1640 medium and Eagle’s minimum essential medium
(EMEM), respectively. All cell culture media were supplemented with 10% fetal bovine serum (PAA
Laboratories Inc., Etobicoke, ON, Canada). For microscopy analyses, BoMac and HeLa cells were
plated on coverslips in 24-well plates to a cell density of ~50% confluence. For the Rev activity assay,
HeLa cells were plated at the same cell density in 6-well plates. All cells were transfected the next
day in duplicate with each of the plasmid constructs (0.5 µg in the 24-well plates and 1 µg in the
6-well plates) used in this study with the X-tremeGENETM9 transfection reagent (Roche, Indianapolis,
IN, USA), as recommended by the manufacturer.
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2.2. Plasmid Constructs

The gene encoding the CAEV Rev wild-type (WT) protein of the Cork strain (GenBank accession
number M63105.1) was synthesized and subcloned into the pEGFP-C1 expression vector by Biobasic
Inc. (Markham, ON, Canada). This plasmid construct (pEGFP-CAEV Rev WT) was able to express
the CAEV Rev WT protein in fusion with EGFP (EGFP-CAEV Rev WT). Six CAEV Rev mutant
proteins (M1 to M6) containing internal deletions ranging from 18 aa to 35 aa were generated from
the pEGFP-CAEV Rev WT construct using the Gibson assembly mastermix (New England Biolabs,
Ipswich, MA, USA). Alanine substitution mutants were introduced into the EGFP-CAEV Rev WT
protein by PCR site-directed mutagenesis, using appropriate primers. To generate the pEGFP-NLS
CAEV construct, the nucleic acids encoding aa 57 to 82 of the CAEV Rev WT protein, associated with a
putative NLS, were amplified by PCR and cloned into the pEGFP-C1 plasmid. Briefly, the NLS was
amplified by PCR with appropriated primers containing XhoI and EcoRI restriction sites. The fragments
were purified, digested with XhoI and EcoRI and then ligated into the pEGFP-C1 digested with the
same restriction enzymes. The EGFP-βGal and EGFP-βGal-NLS constructs were similarly generated
using the βGal-encoding sequence derived from pSV-βGal (Clontech, Mountain View, CA, USA).
All constructs in this study were validated by DNA sequencing through the McGill University
Sequencing Services (Montréal, QC, Canada).

2.3. Microscopy Analysis

Following transfection with pEGFP-CAEV Rev WT or each mutant, cells were incubated for 24 h.
Where indicated, cells were incubated in the presence of 5 nM of leptomycin B (LMB) 5 h prior to cell
fixation. Cells were washed with phosphate-buffered saline solution (PBS), pH 7.3, and then were
incubated for 15 min at room temperature with 4% paraformaldehyde in PBS. For the immunostaining,
cells were permeabilized with 0.2% Triton X-100 for 10 min at room temperature and blocked for 1 h at
37 ◦C with 4% bovine serum albumin in PBS. Afterwards, the cells were incubated for 1 h at 37 ◦C with
rabbit polyclonal IgG primary anti-C23 (nucleolin), washed with PBS and then incubated with Alexa
647-labeled anti-rabbit secondary antibodies (Santa Cruz Biotechnology, Inc., Dallas, TX, USA) for
1 h at room temperature. Finally, the nuclei were stained with 4,6-diamidino-2-phenylindole (DAPI;
Invitrogen, Carlsbad, CA, USA) and coverslips were mounted on glass slides using the ProLong Gold
antifade reagent (Invitrogen, Carlsbad, CA, USA). Cells were observed by confocal laser scanning
microscopy (CLSM) using a Nikon A1 confocal system plus a 60× oil immersion objective. The images
were then analyzed with the NIH ImageJ 1.62 public domain software. The mean fluorescence was
determined in the cytoplasm (Fc), the nucleus (Fn) and the nucleoli (Fno). The results were expressed
as nuclear/cytoplasmic (Fn/c) and nucleolar/nuclear (Fno/n) fluorescence ratios by using the equations
Fn/c = (Fn − Fb)/(Fc − Fb) or Fno/n = (Fno − Fb)/(Fn − Fb), where Fb refers to the background
fluorescence [22]. All data shown represent the general expression pattern observed in 30 cells analyzed
from three independent experiments (10 analyzed cells per experiment).

2.4. CAT Assay

The CAEV Rev nuclear activity was quantified in transient transfection cell assays using a
pDM138-based CAEV Rev chloramphenicol acetyltransferase (CAT) reporter construct containing the
CAEV RRE (pRRE-CAEV) and developed according to our protocol [6]. The assay was conducted
in HeLa cells since the transfection efficiency was high in these cells and resulted in an important
expression of the CAEV Rev protein. The cDNA of the minimal region of CAEV RRE [18] was
synthetized by BioBasics (Markham, ON, Canada). The cDNA was then amplified to introduce ClaI
restriction sites at both ends and was subsequently cloned into the ClaI site of plasmid pDM138 [23] to
generate pRRE-CAEV. HeLa cells were seeded in 6-well plates and cotransfected with 0.5 µg of empty
pEGFP-C1, or each of the pEGFP constructs encoding either the CAEV Rev WT protein or each of
the CAEV Rev mutant proteins, and 0.5 µg of pRRE-CAEV. At 48 h after transfection, the cells were
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harvested and lysed with lysis buffer (furnished in the CAT enzyme-linked immunosorbent assay kit
(CAT-ELISA) kit; Roche, Penzberg, Germany). In each test, 50 µg of total cellular protein was assessed
using the CAT-ELISA kit. The data were normalized to the level of EGFP-CAEV Rev protein expression
detected via immunoblotting, as described elsewhere [24]. All data shown were obtained from three
independent experiments, with triplicate samples per experiment. The results were expressed as the
mean ratio of EGFP-Rev WT and each mutant CAT expression to the basal expression of pRRE-CAEV
in the presence of EGFP alone. To determine the activity in the Rev(1.4)-EGFP nuclear export assay (see
below), the pDM128 plasmid construct containing the HIV-1 RRE (pRRE-HIV) was used [25]. The same
experimental steps used in the CAEV Rev nuclear activity were applied, the cells being cotransfected
with 0.5 µg of either empty pEGFP-C1, Rev(1.4)-NES3-EGFP, Rev(1.4)-CAEVNESWT-EGFP or each of
the Rev(1.4)-CAEVNES-EGFP mutant constructs (see below) and 0.5 µg of pRRE-HIV.

2.5. Immunoblotting

To assay protein expression levels via the ImageJ software for CAT-ELISA data normalization,
30 µg from each total cell lysate was separated by 12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS PAGE). Following transfer, nitrocellulose membranes were blocked with 5%
non-fat dry milk in PBS Tween 0.05% (PBS-T) for 1 h at room temperature. Mouse monoclonal primary
antibodies specific to EGFP (Santa Cruz Biotechnology, Inc., B-2 clone, #sc-9996) or glyceraldehyde
3-phosphate dehydrogenase (GAPDH; Santa Cruz Biotechnology, Inc., G-9 clone, #sc-365062) were
added for an additional incubation period of 1 h at room temperature. The membranes were washed
in PBS-T and were incubated 1 h at room temperature with, as the secondary antibody, anti-mouse
horseradish peroxidase-conjugated IgGs (#31430, Thermo Fisher, Waltham, MA, USA). All antibodies
used were diluted in PBS-T containing 5% non-fat dry milk. Finally, the signal was detected by
enhanced chemiluminescence with a Fusion FX7 apparatus (Vilber, Collégien, France).

2.6. Rev(1.4)-EGFP Nuclear Export Assay

To determine the aa essential for the CAEV Rev protein export, the Rev(1.4)-EGFP nuclear
export assay was used [26]. The plasmid construct used in this assay, pRev(1.4)-EGFP, contains the
whole HIV-1 Rev protein without the NES. Therefore, a predicted NES sequence can be cloned into
the plasmid to promote the nuclear export of the HIV-1-EGFP fusion protein. The NES-deficient
Rev(1.4)-EGFP and Rev(1.4)-NES3-EGFP (a construct that contains the intact HIV-1 Rev NES sequence)
plasmids were kindly provided by Dr Beric R. Henderson (University of Sydney, Sydney, Australia) [9].
Alanine substitution NES mutant sequences were derived from the predicted CAEV Rev NES sequence
by using complementary synthetic oligonucleotides that were ligated into the compatible ends
of BamHI- and AgeI-digested Rev(1.4)-EGFP plasmid. After validating all mutant constructs by
sequencing, HeLa cells were transfected with Rev(1.4)-EGFP (negative control), Rev(1.4) NES3-EGFP
(positive control) or plasmids containing the NES sequence of CAEV Rev WT or each of the CAEV
Rev NES mutated sequences. The cells were incubated for 24 h and were left untreated or exposed
to both cycloheximide (CHX; 10 µg/mL) and actinomycin D (ActD; 5 µg/mL) 3 h prior to fixation.
Finally, cells were fixed, counterstained with DAPI and the coverslips were mounted on glass slides
using ProLong Gold antifade reagent (Thermo Fisher). Cells were imaged by CLSM and analyzed as
described above. All data shown represent the general expression pattern observed in 30 cells analyzed
from three independent experiments (10 analyzed cells per experiment).

2.7. Statistics

The results shown in this study were expressed as the mean values plus the standard deviation
(SD). The software GraphPad Prism 7 (San Diego, CA, USA) was used to generate the statistical
analyses. To compare data from two group means, Student’s T-test was used and, where specified,
data were corrected with the Holm–Sidak method for multiple comparison of the means. To compare
the mean of each CAEV Rev mutant to the mean of the CAEV Rev WT protein, a one-way ANOVA
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followed by a post-hoc Dunnett’s test (ANOVA Dunnett’s test) were used. Finally, to compare the
means of different groups, a one-way ANOVA followed by a post-hoc Tukey’s multiple comparison
test (ANOVA Tukey’s multiple comparison test) were used.

3. Results

3.1. The CAEV Rev Protein Localizes to the Cytoplasm, Nucleus and Nucleoli of Transfected Cells

To assess the subcellular distribution of the CAEV Rev protein by microscopy, BoMac and HeLa
cells were transfected with the pEGFP-CAEV Rev WT vector. This plasmid encodes the CAEV Rev
protein fused to enhanced green fluorescent protein (EGFP). As shown in Figure 1A (−LMB panel),
the EGFP-CAEV Rev WT protein showed diffuse localization in the cytoplasm and the nucleus of
both BoMac and HeLa cells. Moreover, the CAEV Rev protein readily accumulated in the nucleoli,
as shown by the colocalization of the protein with the nucleolar marker nucleolin. These results were
supported by the calculated Fn/c and Fno/n ratios (Figure 1B,C, −LMB bars). No significant differences
were observed between the BoMac and HeLa cells’ Fn/c and Fno/n ratios. A previous study showed
that the CAEV Rev protein localizes in the cytoplasm and the nucleus, with a strong concentration in
the nucleoli of CAEV-infected goat synovial membrane cells [16]. Therefore, results of the EGFP-CAEV
Rev protein subcellular localization obtained in the BoMac and Hela cells are similar to what was
previously described in cells infected with CAEV.

Figure 1. The EGFP-CAEV Rev WT fusion protein localizes to the cytoplasm, nucleus and nucleoli
of transfected BoMac and HeLa cells. (A) Microscopic analyses of EGFP-CAEV Rev WT fusion
protein in BoMac and HeLa cells. Cells were transfected with pEGFP-CAEV Rev WT for 24 h and
were treated, where mentioned, with 5 nM of leptomycin B (LMB) 5 h prior to cell fixation and
permeabilization. Cells were then immunostained for nucleolin detection, as seen in red, and the
nucleus was counterstained with DAPI, as seen in blue. Expression of EGFP-Rev, as seen in green,
was visualized by CLSM at 60×magnification. The images are representative of the expression pattern
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observed in cells from three independent experiments. The merge images represent the superposition
of EGFP-Rev, DAPI and nucleolin, and the white bars represent a length of 10 µM. The calculated
Fn/c (B) and Fno/n (C) ratios were expressed as means ± SD from three independent experiments,
in which 10 cells were analyzed for each of them (n = 30). Using Student’s T-test corrected with the
Holm–Sidak method for multiple comparison of the means, each cell line was analyzed for significant
differences, which are indicated by * (p < 0.05) and **** (p < 0.0001). Using ANOVA and Tukey’s
multiple comparison test, the Fn/c and Fno/n ratios measured for the BoMac cells were compared with
those of the HeLa cells, regardless of the LMB treatment. No significant differences were observed
between these cells.

3.2. Leptomycin B Blocks the Nuclear Export of the CAEV Rev Protein

All retroviral Rev and Rev-like proteins characterized so far rely on their interaction with CRM1
for their export from the nucleus to the cytoplasm [9,25,27–30]. To determine whether the nuclear
export of the CAEV Rev protein is CRM1-dependent, the cells were transfected with pEGFP-CAEV
Rev WT and treated with LMB 5 h prior to cell fixation for microscopy analysis. LMB is a potent
inhibitor of CRM1 as it blocks the interaction between the latter and the NES present in a protein [31].
In presence of LMB (Figure 1A, +LMB panel), the CAEV Rev WT protein was exclusively localized in
the nucleus and nucleoli of BoMac and HeLa cells. This increase in the nuclear/nucleolar accumulation
was confirmed by the Fn/c and Fno/n calculated ratios (Figure 1B,C, +LMB bars). Thus, we concluded
that CAEV Rev protein nuclear export is CRM1-dependent.

3.3. The Subcellular Localization Varies between CAEV Rev Deletion Mutant Proteins

In order to identify the aa region necessary for nuclear localization of the CAEV Rev protein,
six CAEV Rev deletion mutant proteins fused to EGFP (M1 to M6) were generated (Figure 2A).
BoMac cells were used in these experiments because they are of the monocyte/macrophage cell lineage
and thus are similar to the target cells for CAEV infection in vivo [1,16]. The cells were transfected with
constructs encoding each of the mutant Rev proteins in the absence of LMB. The subcellular distribution
of the mutant Rev proteins, which were expressed at comparable levels as determined by Western
blot (bottom section of Figure 2D), was analyzed by confocal laser scanning microscopy. Mutants M1,
M2 and M6 showed cytoplasmic/nuclear localization and strong nucleolar accumulation (Figure 2B)
associated with Fn/c ratios (Figure 2C), similar to that of the CAEV Rev WT protein. In contrast,
mutant M3 (deletion of aa 56 to 75) was only observed in the cytoplasm, suggesting the presence of a
NLS in the sequence deleted in this mutant protein. Finally, the nuclear accumulation observed with
mutants M4 and M5 is consistent with the presence of a NES between aa 76 and 115.

3.4. Nuclear Export Activity of EGFP-CAEV Rev Deletion Mutant Proteins

Following analyses of the subcellular localization of CAEV Rev WT and each of the Rev deletion
mutants, the effect of mutations on the protein nuclear export activity proteins was examined by using
a nuclear export assay. This assay, conducted in Hela cells, relies on the use of a plasmid construct
containing the CAEV RRE present within an intron flanked by HIV-1 splice sites and a CAT reporter
gene under the control of Simian virus 40 promotor and enhancer [23]. Upon cell transfection with this
construct, the nuclear export activity of the CAEV Rev protein can be assessed by expression of the CAT
protein. Only traces of CAT (background activity) can be detected in the absence of a functional Rev
protein. As shown in Figure 2D, mutants M1, M2 and M6 had nuclear export activity comparable to
that of the CAEV Rev WT protein. Mutant M3, which displayed no nuclear localization, and mutants
M5 and M6, which only showed nuclear localization, all had a significant decrease in their nuclear
export activity when compared to that of the CAEV Rev WT protein. Indeed, the nuclear export
activity data obtained for mutants M3, M5 and M6 were similar to those of the negative observed in
the untransfected cells and in cells transfected with a plasmid expressing EGFP alone, which were
used as negative controls.
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Figure 2. The amino acids between positions 56 to 115 are involved in the nuclear localization and
nuclear export of the CAEV Rev protein. (A) CAEV Rev deletion mutants (M1 to M6) were generated
from pEGFP-CAEV Rev WT using Gibson assembly mastermix. (B) Microscopic analyses of the
CAEV Rev mutants M1 to M6 compared to the CAEV Rev WT. BoMac cells were transfected with
pEGFP-CAEV Rev WT or each of the pEGFP-CAEV Rev mutants for 24 h and fixed. The nucleus was
counterstained with DAPI, as seen in blue. Expression of EGFP-Rev, as seen in green, was visualized by
CLSM at 60×magnification. The images are representative of the expression pattern observed in cells
from three independent experiments. The merge images represent the superposition of EGFP-Rev and
DAPI, and the white bars represent a length of 10 µM. (C) The calculated Fn/c ratios were expressed
as means ± SD from three independent experiments, in which 10 cells were analyzed for each of
them (n = 30). (D) The nuclear export activities of EGFP-CAEV Rev WT and mutants M1 to M6 were
determined using a CAT reporter assay. HeLa cells were cotransfected with pDM148 and pEGFP-C1 or
pEGFP-CAEV Rev WT or pEGFP-CAEV Rev mutants or were untransfected (Unt). Following 48 h
of transfection, 50 µg of total cell lysate was used for the assay and the CAT expression levels were
normalized via immunoblotting using EGFP-specific antibody (bottom of the panel). The Rev activity
was expressed as the ratio of EGFP-CAEV Rev WT or mutant protein CAT expression to the basal
expression of EGFP alone. The results represent the mean values ± SD of three separate experiments
(triplicate samples per experiment). Antibody against GADPH was used as a loading control. According
to one-way ANOVA followed by Dunnett’s test, the values significantly different from those of the
CAEV Rev WT protein are indicated by *** (p < 0.0005).
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3.5. The 57 to 82 aa Sequence of the CAEV Rev Protein is Sufficient to Translocate Heterologous Proteins to
the Nucleus

To show by another means that the region deleted (aa 56 to 75) in mutant M3 contains aa associated
to a NLS function, the aa 57 to 82 sequence of the CAEV Rev WT was amplified and cloned in plasmids
to generate the EGFP (EGFP-CAEV 57–82Rev) and EGFP-βGal (EGFP-βGal-CAEV 57–82Rev) proteins
fused each to that putative NLS-containing sequence. It is noteworthy that aa 56 (an asparagine
residue) deleted in mutant M3 was omitted in this experiment, whereas aa 76 to 82, which are mainly
basic residues and thus can be considered as part of a NLS, were included in the sequence to be
tested. As shown in Figure 3B,C, EGFP alone showed diffuse distribution in the cytoplasm and the
nucleus of transfected BoMac cells, with no nucleolar localization. The addition of the CAEV Rev aa
57 to 82 sequence was sufficient to promote the nuclear/nucleolar accumulation of the EGFP protein.
To ensure that the localization of EGFP was not due to passive diffusion of the protein but rather was
the result of an active transport, a protein of a larger size, namely EGFP-βGal, was used (~143 kDa as a
monomer and ~560 kDa in the tetrameric active form of βGal). As expected, the EGFP-βGal protein
alone showed an exclusive cytoplasmic localization. In contrast, the EGFP-βGal-CAEV 57–82Rev

accumulated exclusively in the nucleus and the nucleoli of transfected cells (Figure 3B,C). Combined,
the results indicate that the aa 57 to 82 sequence of the CAEV Rev protein promoted nuclear localization
of heterologous cytoplasmic proteins.

3.6. CAEV Rev NLS Mapped between aa 57 and 75

In order to identify the region containing residues important for the nuclear localization of the
CAEV Rev protein, a second series of deletion mutants was generated (Rev∆1 to Rev∆4) (Figure 4A).
As expected, the full NLS deletion mutant protein (Rev∆1; aa 57 to 82) was unable to accumulate in
the nucleus/nucleoli, even in the presence of LMB, as shown by the cytoplasmic localization of the
protein (Figure 4B,C). The Rev export activity was also lower than that of the CAEV Rev WT protein
(Figure 4D). Mutants Rev∆2 and Rev∆3, which contained deletions rich in basic residues (57KSRRRRR63

and 69RWLRGIR75, respectively), mislocalized in cells when compared to the CAEV Rev WT protein.
Indeed, a faint nuclear accumulation of the proteins was observed in the presence of LMB. Moreover,
no nucleolar retention was observed for either mutant protein, regardless of the LMB treatment.
In addition, their lower Rev export activity, which was similar to that obtained with the Rev∆1
mutant protein, was consistent with their aberrant localization within the cell (Figure 4D). In contrast,
mutant Rev∆4 with a 76RQRDKPK82 deletion revealed cytoplasmic, nuclear and nucleolar localization
and Rev export activity similar to those observed for the CAEV Rev WT protein (Figure 4C,D).
Combined, the results showed that the region encompassing aa 57 to 75 of the CAEV Rev protein
sequence is associated with NLS function and, as such, correlates with the heterologous protein
translocation data obtained above (see Section 3.5).
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Figure 3. The region between amino acids 57 to 82 of the CAEV Rev protein promotes nuclear
localization. (A) The sequence aa 57 to 82 of the CAEV Rev protein (CAEV 57–82Rev) was cloned into
pEGFP-C1 or pEGFP-βGal. (B) BoMac cells were transfected with the plasmid constructs encoding
for EGFP or EGFP-βGal alone or fused to CAEV 57-82Rev. Following 24 h of incubation, cells were
fixed and nucleus was counterstained with DAPI, as seen in blue. Expression of EGFP, as seen in green,
was visualized by CLSM at 60×magnification. The images are representative of the expression pattern
observed in cells from three independent experiments. The merge images represent the superposition
of EGFP and DAPI, and the white bars represent a length of 10 µM. (C) The calculated Fn/c ratios were
expressed as means ± SD from three independent experiments, in which 10 cells were analyzed for
each of them (n = 30). Significant differences, determined using Student’s T-test, between EGFP or
EGFP-βGal alone or fused to the CAEV 57–82Rev sequence, are indicated by **** (p < 0.0001). Expression
of EGFP (D) or EGFP-βGal (E) alone or fused to CAEV 57–82Rev were visualized via immunoblotting
using EGFP-specific antibody. Antibody against GADPH was used as a loading control.
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Figure 4. The region encompassing amino acids 57 to 75 is associated with nuclear localization
of the CAEV Rev protein. (A) CAEV Rev deletion mutants (Rev∆1 to Rev∆4) were generated
from pEGFP-CAEV Rev WT using Gibson assembly mastermix. (B) Microscopic analyses of the
CAEV Rev mutants Rev∆1 to Rev∆4 compared to the CAEV Rev WT. BoMac cells were transfected
with pEGFP-CAEV Rev WT or each of the pEGFP-CAEV Rev mutants for 24 h and were treated,
where mentioned, with 5 nM of leptomycin B (LMB) 5 h prior to cell fixation and permeabilization.
Cells were then immunostained for nucleolin detection, as seen in red, and nucleus was counterstained
with DAPI, as seen in blue. Expression of EGFP-Rev, as seen in green, was visualized by CLSM at
60× magnification. The images are representative of the expression pattern observed in cells from
three independent experiments. The merge images represent the superposition of EGFP-Rev and
DAPI, and the white bars represent a length of 10 µM. (C) The calculated Fn/c ratios were expressed as
means ± SD from three independent experiments, in which 10 cells were analyzed for each of them
(n = 30). (D) The nuclear export activities of EGFP-CAEV Rev WT and mutants Rev∆1 to Rev∆4 were
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determined using a CAT reporter assay. HeLa cells were cotransfected with pDM148 and pEGFP-C1 or
pEGFP-CAEV Rev WT or pEGFP-CAEV Rev mutants or were untransfected (Unt). Following 48 h
of transfection, 50 µg of total cell lysate was used for the assay and the CAT expression levels
were normalized via immunoblotting using EGFP-specific antibody (bottom of the panel). The Rev
activity was expressed as the ratio of EGFP-CAEV Rev WT or mutant protein CAT expression to
the basal expression of EGFP alone. The results represent the mean values ± SD of three separate
experiments (triplicate samples per experiment). Antibody against GADPH was used as a loading
control. According to one-way ANOVA followed by Dunnett’s test, the values significantly different
from those of the CAEV Rev WT protein are indicated by **** (p < 0.0001).

3.7. Identification of the Residues Composing the NLS and NoLS of the CAEV Rev Protein

To determine which aa are necessary for the NLS function of the CAEV Rev protein, a series of
single alanine substitution mutants targeting basic residues were generated (Figure 5A). BoMac cells
were then transfected with the various plasmid constructs and the localization of the mutant proteins
was compared to that of the CAEV Rev WT protein in the presence of LMB. The alanine substitution at
residue 57 (K57A) had no impact on the mutant subcellular localization, which was similar to that of the
CAEV Rev WT protein. Indeed, LMB treatment resulted in complete nuclear/nucleolar accumulation of
the mutated protein, suggesting the presence of functional NLS and NoLS in mutant K57A (Figure 5B,C
and Figure 6). The Rev export activity for this mutant was also similar to that of the CAEV Rev WT
protein (Figure 5D). In contrast, each of the R to A substitutions at residues 59, 60, 61, 69, 72 and
75 resulted in a decrease in the nuclear accumulation of the mutant proteins which were observed in the
cytoplasm, even in presence of LMB (Figure 5B). These observations were supported by significantly
lower calculated Fn/c ratios (Figure 5C). In accordance with this result, the Rev export activity of
these mutant proteins was significantly lower than that of the CAEV Rev WT protein (Figure 5D). It is
noteworthy that none of the mutant proteins did accumulate in the nucleoli (Figure 5B), an observation
that is supported by their lower Fno/n ratios (Figure 6) when compared to the CAEV Rev WT protein.
This suggests that the 59, 60, 61, 69, 72 and 75 arginines mutated in these proteins also are at play
in the NoLS function of the CAEV Rev protein in addition to that of the NLS. These results were
confirmed by the generation of a multiple alanine substitution mutant targeting these aa (mutant R59A
to R75A). As visualized in Figure 5, both the nuclear/nucleolar localization and the functional activity
of the CAEV Rev mutated protein were completely abolished. Regarding mutants R62A and R63A,
they showed subcellular distribution similar to that of the CAEV Rev WT with Fn/c ratios similar to
that of the CAEV Rev WT protein. However, these mutants were not able to accumulate in the nucleoli,
as determined by the microscopy images (Figure 5B) and the Fno/n ratios (Figure 6). Impaired Rev
export activity was also noted, which is additional evidence of the mislocalization of the mutant
proteins. These results showed that the 62 and 63 arginine residues are not associated with nuclear
but rather with nucleolar localization. Altogether, the results indicated that the NLS of the CAEV
Rev protein is composed of residues 59RRR-RWLRGIR75 with a monopartite-like structure. With the
generated results, we also identified the presence of a NoLS that was found to be partly associated
with the NLS. Indeed, the NoLS is composed of arginine residues within the 59RRRRR-RWLRGIR75

sequence. Therefore, the NoLS-associated residues correspond to all aa composing the NLS in addition
to the arginines at residue positions 62 and 63 in the protein.
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Figure 5. The NLS of the CAEV Rev protein has a monopartite-like structure. (A) CAEV Rev lysine (K)
or arginine (R) to alanine (A) substitution mutant proteins were generated from pEGFP-CAEV Rev WT
by site-directed mutagenesis. (B) Microscopic analyses of the CAEV Rev mutant proteins compared to
the CAEV Rev WT. BoMac cells were transfected with pEGFP-CAEV Rev WT or pEGFP-CAEV Rev
mutants for 24 h and were treated with 5 nM of leptomycin B (LMB) 5 h prior to cell fixation and
permeabilization. Cells were then immunostained for nucleolin detection, as seen in red, and nucleus
was counterstained with DAPI, as seen in blue. Expression of EGFP-Rev, as seen in green, was visualized
by CLSM at 60× magnification. The images are representative of the expression pattern observed
in cells from three independent experiments. The merge images represent the superposition of
EGFP-Rev, nucleolin and DAPI, and the white bars represent a length of 10 µM. (C) The calculated
Fn/c ratios were expressed as means ± SD from three independent experiments, in which 10 cells were
analyzed for each of them (n = 30). (D) The nuclear export activities of EGFP-CAEV Rev WT and
mutant proteins were determined using a CAT reporter assay. HeLa cells were cotransfected with
pDM148 and pEGFP-C1 or pEGFP-CAEV Rev WT or pEGFP-CAEV Rev mutants or were untransfected
(Unt). Following 48 h of transfection, 50 µg of total cell lysate was used for the assay and the CAT
expression levels were normalized via immunoblotting using EGFP-specific antibody (bottom of the
panel). The Rev activity was expressed as the ratio of EGFP-CAEV Rev WT or mutant protein CAT
expression to the basal expression of EGFP alone. The results represent the mean values ± SD of three
separate experiments (triplicate samples per experiment). Antibody against GADPH was used as a
loading control. According to one-way ANOVA followed by Dunnett’s test, the values significantly
different from those of the CAEV Rev WT protein are indicated by ** (p < 0.005), *** (p < 0.0005) and
**** (p < 0.0001).
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Figure 6. Impact of single alanine substitutions on the nucleolar localization of the CAEV Rev protein.
Single alanine substitutions targeting arginine (R) and lysine (K) were generated by site-directed
mutagenesis. BoMac cells were transfected with non mutated or mutated pEGFP-CAEV Rev constructs
and were treated with 5 nM of leptomycin B (LMB) 5 h prior to cell fixation and immunostaining.
Cells were then analyzed by CLSM, as shown in Fig. 5B. The calculated Fno/n ratios were expressed as
means ± SD from three independent experiments, in which 10 cells were analyzed for each of them
(n = 30). Significant differences, using a one-way ANOVA followed by a Dunnett’s test, are indicated
by: **** (p < 0.0001).

3.8. The CAEV Rev NES

The CRM1 protein exports proteins to the cytoplasm by interacting with a short region within the
protein termed the NES. Despite the fact that NESs usually are leucine-rich regions, they can also be
composed of other hydrophobic amino acids (e.g., valine, methionine and phenylalanine) [26,32,33].
Since this study revealed that the CAEV Rev protein uses the CRM1 pathway for its nuclear export
(Figure 1), it was therefore relevant to identify the aa composing its NES. As mentioned above,
the deletion of aa 76 to 115 in mutants M4 and M5 greatly disrupted the nuclear export of the Rev
protein, suggesting the presence of a NES in this region. This also correlated with a predicted NES
CRM1-dependent signal from aa 89 to 101 of the CAEV Rev protein, as determined by using the
NetNES 1.1 prediction program [34]. A putative NES can be analyzed using the HIV-1 Rev(1.4)-EGFP
nuclear export assay by which the nuclear export of the HIV-1 Rev protein is evaluated [26]. This assay
is based on the use of the HIV-1 pRev(1.4)-EGFP plasmid, which encodes the HIV-1 Rev protein fused
to the EGFP protein and devoid of its functional NES. Therefore, the HIV-1 EGFP fusion protein will
accumulate in the nucleus/nucleoli of cells transfected with the plasmid (see Rev1.4 in Figure 7C).
By inserting a functional NES between the HIV-1 Rev(1.4) and the EGFP, as illustrated in Figure 7A,
the nucleocytoplasmic shuttling activity of the fusion protein can be restored.
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Figure 7. The NES of the CAEV Rev protein lies between amino acids 89 to 101. (A) Plasmids
encoding HIV-1 Rev(1.4)-EGFP (negative control; Rev1.4), HIV-1 Rev(1.4)-NES3-EGFP (positive control;
Rev1.4NES3) or plasmids encoding HIV-1 Rev(1.4) containing either the predicted NES sequence
(amino acids 89 to 101) of the CAEV Rev WT protein (CAEVRevNESWT) or (B) each of the CAEV
NES mutated sequences were used. (C) HeLa cells were transfected for 24 h and were incubated
with or without CHX (10 µg/mL) and ActD (5 µg/mL) 3 h prior to cell fixation. Cells were then
fixed and counterstained with DAPI, as seen in blue. Expression of EGFP-Rev, as seen in green,
was visualized by CLSM at 60×magnification. The images are representative of the expression pattern
observed in cells from three independent experiments. The merge images represent the superposition
of EGFP-Rev and DAPI, and the white bars represent a length of 10 µM. (D) The calculated Fn/c
ratios were expressed as means ± SD from three independent experiments, in which 10 cells were
analyzed for each of them (n = 30). (E) The nuclear export activity of the EGFP-fused HIV-1 Rev
protein was determined using a CAT reporter assay. HeLa cells were cotransfected with pDM128 and
pRev(1.4)-EGFP or pRev(1.4)-NES3-EGFP or plasmids containing the NES sequence of CAEV Rev WT
or each of the CAEV Rev NES mutated sequences or were left untransfected (Unt). Following 48 h
of transfection, 50 µg of total cell lysate was used for the assay and the CAT expression levels were
normalized via immunoblotting using EGFP-specific antibody (bottom of the panel). Rev activity was
then determined as the ratio of HIV-1 Rev protein CAT expression harboring the HIV-1 Rev NES WT
(NES3), the CAEV Rev NES WT or the CAEV Rev NES mutant to the basal expression from pDM128
construct co-transfected with empty pEGFP-C1 alone. The results represent the mean values ± SD of
three separate experiments (triplicate samples per experiment). Antibody against GADPH was used as
a loading control. According to one-way ANOVA followed by Dunnett’s test, the values significantly
different from those of CAEV Rev WT protein are indicated by * (p < 0.05), ** (p < 0.005), *** (p < 0.0005)
and **** (p < 0.0001).
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The nucleic acid sequence coding for the predicted NES (aa 89 to 101) of the CAEV Rev protein
was inserted into the pRev(1.4)-EGFP plasmid (Figure 7A). In addition, the hydrophobic aa within
the putative NES were targeted for single alanine substitution mutations (Figure 7B). HeLa cells
were then transfected with each of the constructs (CAEVRevNESWT or the mutated CAEV NESs)
and were treated with CHX and ActD 3 h prior to cell fixation or were left untreated, as described
elsewhere [28]. CHX inhibits protein synthesis and was used to ensure that any cytoplasmic green
fluorescence resulted from the nuclear export of EGFP fusion protein rather than novel synthesis
of the protein. ActD was used to promote the re-localization of HIV-1 Rev in the cytoplasm [9].
The Fn/c ratios were used to evaluate the strength of each NES under study (CAEVRevNESWT and
each of the mutated CAEV NES). As mentioned above, the HIV-1 Rev(1.4)-EGFP protein (Rev1.4),
which was used as a negative control, localized mainly in the nucleus and the nucleoli of transfected
cells. In contrast, the HIV-1 Rev(1.4)-NES3-EGFP protein (NES3), which contains the whole HIV-1 Rev
NES, was mainly cytoplasmic (Figure 7C). By inserting the CAEV Rev WT predicted NES sequence
into the pRev(1.4)-EGFP vector (CAEVRevNESWT), the transfected cells treated with or without
CHX/ActD showed cytoplasmic localization of the fusion protein associated with low calculated Fn/c
ratios (Figure 7C,D). Alanine substitution of each of the hydrophobic residues within the CAEV Rev
WT predicted NES greatly disrupted the nuclear export of the mutant proteins listed in Figure 7B
(mutants L89A, V93A, L96A, L99A and L101A) as their subcellular localization, regardless of the
CHX/ActD treatment, was mainly nuclear and nucleolar (Figure 7C). It is noteworthy that mutant L89A
showed different subcellular distribution from the other mutant proteins in CHX/ActD-treated cells
with cytoplasmic and nuclear/nucleolar localization (Figure 7B,C). The observed nuclear/nucleolar
subcellular localization suggests that the L89A mutation did impair, to a certain degree, the CAEV
Rev NES function. These results were confirmed by a nuclear export assay using the pRRE-HIV
plasmid containing the CAT reporter gene (Figure 7E) and where the HIV-1 Rev export activity was
significantly lower for all single alanine substitution mutants when compared to that of the CAEV Rev
NES (CAEVRevNESWT) and the HIV-1 Rev NES (NES3). Multiple alanine substitutions targeting
all hydrophobic residues (mutant L89A to L101A) showed a higher Fn/c ratio and lower Rev activity
when compared to the other proteins, in addition to a nuclear/nucleolar accumulation of the protein.
Combined, the results indicate that residues 89L, 93V, 96L, 99L and 101L are essential for the CAEV Rev
NES function.

4. Discussion

To ensure their function, certain proteins must shuttle between the cytoplasm and the nucleus
through nuclear pore complexes (NPCs). Smaller molecules (~40 kDa) usually travel across the
nuclear membrane by passive diffusion, whereas larger proteins shuttle in an active means [35–37].
Proteins that are imported or exported through NPCs in an energy-dependent manner contain at
least one NLS and a NES [38,39]. The lentiviral Rev as well as retroviral Rev-like proteins (such as
Rem (mouse mammary tumor virus), Rec (human endogenous retrovirus K) and Rex (human T-cell
leukemia virus type 1) proteins) are no exception [8,27,40–44]. These regulatory proteins mediate the
nucleocytoplasmic transport of viral RNAs and, to exert their function, travel across NPCs through the
interaction of their NLS and NES with host cellular proteins [45].

It was previously shown that the CAEV Rev protein localizes in the cytoplasm and the nucleus
of virus-infected cells, with accumulation into the nucleoli [16]. Similar subcellular localization was
described for the Rev protein of the Visna virus, a small ruminant lentivirus like CAEV [46]. In this
study, the subcellular distribution was assessed in cells transiently transfected with a plasmid construct
encoding the CAEV Rev protein in fusion with EGFP. It was shown that the subcellular distribution of
the CAEV Rev-EGFP fusion protein was similar to that seen previously for the native Rev protein in
CAEV-infected cells with cytoplasmic and nuclear localization of the former protein with accumulation
in the nucleoli (Figure 1). Such nucleolar accumulation has been reported for the Rev proteins of other
lentiviruses, such as the human immunodeficiency virus type 1 (HIV-1), bovine immunodeficiency
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virus (BIV), Jembrana disease virus (JDV) and feline immunodeficiency virus (FIV), in cells either
transfected with an adequate plasmid construct and/or infected with the virus [28,47–49].

The aa sequence region necessary for the localization of the CAEV Rev protein in the nucleus
as well as the key aa involved in the nuclear export of the protein were identified. By using several
deletion mutants, it was shown that deletion of aa 56 to 75 (mutant M3) greatly impaired the nuclear
localization, with predominantly cytoplasmic localization of the protein. It was also observed that
the nuclear export of the CAEV Rev protein was disrupted by the deletion of aa 76 to 95 and aa 96 to
115 (mutants M4 and M5, respectively), with nucleus/nucleolus localization of the mutant proteins.
In addition, the export activity of mutants M3, M4 and M5 was significantly lower than that of the
CAEV Rev WT protein (Figure 2). To investigate further and to confirm that the region deleted in
mutant M3 was associated with NLS function, the region that encompasses aa 57 to 82 was fused to the
C-terminus of EGFP and EGFP-βGal. The aa 76 to 82 from the CAEV Rev WT protein were added in
the construction to include basic residues in proximity to the region deleted in M3 (aa 56 to 75) since
NLSs are known to be rich in arginines, lysines or other basic residues [11]. The results showed that this
region promoted the relocalization of cytoplasmic proteins to the nucleus and nucleoli of transfected
cells (Figure 3). In order to identify the important aa involved in NLS function, additional deletion
as well as single arginine to alanine substitution mutants were generated in the CAEV Rev protein
targeting aa 57 to 82. The results showed that the CAEV Rev protein has a monopartite-like NLS
composed of 59RRR-RWLRGIR75. Thus, the NLS of the CAEV Rev protein is exclusively composed
of arginine residues which are grouped into two clusters separated by seven aa. To be categorized
as bipartite NLS, the two clusters must be separated by a minimum of eight aa [12]. Thus, the NLS
sequence of the CAEV Rev protein would belong to a monopartite-like type. In order to validate its
monopartite nature, additional studies involving importin α are necessary since monopartite-type NLS
binds directly with this karyopherin to trigger the classical import pathway [11]. Regardless, the NLS
of the CAEV Rev protein resembles those of the HIV-1 [50] and JDV [28] Rev proteins, which also are
exclusively composed of arginine residues and have a monopartite-like structure. It is noteworthy that
the single arginine to alanine substitution at positions 62 and 63 did not affect the nuclear localization
of the CAEV Rev protein. However, these mutations impaired the nucleolar localization and the
functional activity of the mutant proteins. Moreover, each mutated aa composing the NLS resulted in
no nucleolar localization of the mutant proteins. According to these results, we concluded that the
region composed of 59RRRRR-RWLRGIR75 in the CAEV Rev protein is associated with NoLS function
and is intrinsically associated for its major part with the sequence that composes the NLS of the protein.

All lentiviral Rev proteins are dependent on the interaction with the karyopherin CRM1 for their
nuclear export [25,28,30,48]. The CAEV Rev protein’s nuclear export is no exception. As shown in
this study, the nuclear export of the protein was completely abolished in LMB-treated cells (Figure 1).
LMB inhibits the interaction between CRM1 and the hydrophobic aa-rich NES, thus blocking the export
to the cytoplasm of proteins harboring a CRM1-dependent NES [31]. This LMB result prompted us to
identify the aa composing the NES of the CAEV Rev protein. As mentioned before, mutants M4 and
M5 (in which aa 76 to 115 have been deleted) revealed cellular mislocalization when compared to the
CAEV Rev WT protein. The nuclear/nucleolar accumulation of these mutants suggested the presence
of a NES in the region deleted in these mutants. It was predicted that aa 89 to 101, a sequence rich in
leucines, could serve as a NES. This sequence was then analyzed with the Rev(1.4)-EGFP nuclear export
assay. When inserted into the HIV-1 Rev(1.4)-EGFP plasmid, the 89LGSCVGALAELTL101 sequence
was able to restore the nuclear export activity of the HIV-1 Rev protein (Figure 7). In order to identify
the key residues associated with the NES, single or multiple alanine substitution mutations targeting
the hydrophobic residues within the aa 89 to 91 sequence were generated. The results obtained from
the Rev(1.4)-EGFP and Rev activity CAT assays revealed that 89L, 93V, 96L, 99L and 101L were important
in the NES function. Thus, it could be concluded that the NES of the CAEV Rev protein is composed of
89LGSCVGALAELTL101, where key residues of the NES are indicated in bold.
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Several cellular and viral proteins contain a NES that interacts directly with CRM1 [51].
CRM1 recognizes four key hydrophobic residues in the NES (noted Φ1–Φ4) that will bind to its
hydrophobic pockets. NESs are arranged in many different ways and are now described with the
Φ1-(X)2–3-Φ2-(X)2–3-Φ3-(X)-Φ4 consensus sequence, where Φ refers to L, V, F, M or I and X to any other
aa [52]. In a more recent study, it was shown that optimal NES binding to CRM1 can be achieved by
the interaction of a fifth residue, noted as Φ0 [32]. The original NES consensus sequence classification
was based on the first proteins identified as carrying a NES that interacts specifically with CRM1: the
cyclic-AMP-dependent protein kinase inhibitor (PKI) protein and the HIV-1 Rev protein [26]. As seen
in Table 1, proteins harboring Φ0XXΦ1XXXΦ2XXΦ3XΦ4 and Φ0Φ1XΦ2XXΦ3XΦ4 consensus sequences
belong to the PKI NES class and HIV-1 NES class, respectively. The HIV-1 Rev protein is the only
representative of its class among the NESs of Rev/Rev-like proteins. In contrast, other lentiviral Rev
protein NESs have been identified as being of the PKI NES class, like those of the BIV and JDV Rev
proteins [9,28]. As mentioned above, the 89L, 93V, 96L, 99L and 101L residues are critical for nuclear
export of the CAEV Rev protein. Thus, the CAEV Rev NES presents a Φ0XXXΦ1XXΦ2XXΦ3XΦ4

consensus sequence (Table 1) with the presence of a third aa between the Φ0 and Φ1 hydrophobic
residues, which is unique among lentiviral Rev proteins.

Table 1. Optimal NES consensus sequences of different Rev proteins.

Protein NES 1 References

PKI-type NESs

Consensus Φ0XXΦ1 XXXΦ2 XXΦ3XΦ4

PKI INELALKLAGLDI [32]
JDV Rev MAELEERFEDLAL [28]
BIV Rev IQQLEDLVRHMSL [9]

HIV-1 Rev-type NES

Consensus 0Φ1 XΦ2 XXΦ3XΦ4

HIV-1 Rev LQLPPLERLTL [32]

CAEV Rev NES

Consensus Φ0XXXΦ1 XXΦ2 XXΦ3XΦ4
This study

CAEV Rev LGSCVGALAELTL
1 The hydrophobic residues composing the NES are shown in bold.

It has been previously shown that the Visna virus encodes for a post-transcriptional activator
of viral gene expression, namely the Visna Rev protein. Like CAEV Rev, Visna Rev is essential for
viral replication due to its function in the export of partially or unspliced RNAs in the cytoplasm.
The protein also harbors a domain rich in basic aa and another rich in hydrophobic aa, which act like a
NLS and a NES, respectively [15,53]. Since the sequences of SRLVs are highly conserved, as shown
in Supplementary File S1, one may suggest that the NLS/NoLS- and NES-associated activities of the
Visna Rev protein are likely analogous to the CAEV Rev protein.

It is well recognized that several viruses induce important alterations of the nucleoli which
may impact the outcome of infection, such as viral replication, virus assembly and the control of
intracellular trafficking [54,55]. We previously reported that the BIV Rev protein interacts with nucleolar
phosphoprotein B23 in cells and this interaction has a positive impact on the virus replication. It was
also shown that the NLS/NoLS were essential and sufficient to mediate the BIV Rev–B23 interaction [56].
Whether such NLS/NoLS-dependent Rev protein–B23 interaction would occur in CAEV has yet to
be investigated.

In conclusion, this study revealed that the nucleocytoplasmic transport of the CAEV Rev protein
is mediated by NLS and NES motifs. Taken together, these findings will deepen the knowledge about
the mechanisms and modes of action of viral proteins during lentiviral infection and may be taken into
account for future therapy development to combat lentiviruses.



Viruses 2020, 12, 900 18 of 20

Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4915/12/8/900/s1,
Supplementary File S1: Multiple amino acid sequence alignment of Rev proteins from SRLV strains.

Author Contributions: Conceptualization, D.A., M.L., C.M.; methodology, M.L.; formal analysis, M.L., D.A.;
investigation, M.L.; validation, D.A.; resources, D.A.; writing—original draft preparation, M.L.; writing—review
and editing, D.A., C.M.; supervision D.A.; funding acquisition, D.A. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by an operating “Discovery” research grant from the National Sciences and
Engineering Research Council of Canada (RGPN-2016-06532), awarded to D.A.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Larruskain, A.; Jugo, B.M. Retroviral infections in sheep and goats: Small ruminant lentiviruses and host
interaction. Viruses 2013, 5, 2043–2061. [CrossRef] [PubMed]

2. Santry, L.A.; de Jong, J.; Gold, A.C.; Walsh, S.R.; Menzies, P.I.; Wootton, S.K. Genetic characterization of small
ruminant lentiviruses circulating in naturally infected sheep and goats in Ontario, Canada. Virus Res. 2013,
175, 30–44. [CrossRef] [PubMed]

3. Peterhans, E.; Greenland, T.; Badiola, J.; Harkiss, G.; Bertoni, G.; Amorena, B.; Eliaszewicz, M.; Juste, R.A.;
Krassnig, R.; Lafont, J.P.; et al. Routes of transmission and consequences of small ruminant lentiviruses
(SRLVs) infection and eradication schemes. Vet. Res. 2004, 35, 257–274. [CrossRef] [PubMed]

4. Ramirez, H.; Reina, R.; Amorena, B.; de Andres, D.; Martinez, H.A. Small ruminant lentiviruses: Genetic
variability, tropism and diagnosis. Viruses 2013, 5, 1175–1207. [CrossRef] [PubMed]

5. Da Cruz, J.C.M.; Singh, D.K.; Lamara, A.; Chebloune, Y. Small ruminant lentiviruses (SRLVs) break the
species barrier to acquire new host range. Viruses 2013, 5, 1867–1884. [CrossRef] [PubMed]

6. Villet, S.; Bouzar, B.A.; Morin, T.; Verdier, G.; Legras, C.; Chebloune, Y. Maedi-visna virus and caprine arthritis
encephalitis virus genomes encode a Vpr-like but no Tat protein. J. Virol. 2003, 77, 9632–9638. [CrossRef]

7. Valas, S.; Rolland, M.; Perrin, C.; Perrin, G.; Mamoun, R.Z. Characterization of a new 5′ splice site within the
caprine arthritis encephalitis virus genome: Evidence for a novel auxiliary protein. Retrovirology 2008, 5, 22.
[CrossRef]

8. Pollard, V.W.; Malim, M.H. The HIV-1 Rev protein. Annu. Rev. Microbiol. 1998, 52, 491–532. [CrossRef]
9. Corredor, A.G.; Archambault, D. The bovine immunodeficiency virus Rev protein: Identification of a novel

nuclear import pathway and nuclear export signal among retroviral Rev/Rev-like proteins. J. Virol. 2012, 86,
4892–4905. [CrossRef]

10. Arnold, M.; Nath, A.; Hauber, J.; Kehlenbach, R.H. Multiple importins function as nuclear transport receptors
for the Rev protein of human immunodeficiency virus type 1. J. Biol. Chem. 2006, 281, 20883–20890.
[CrossRef]

11. Kosugi, S.; Hasebe, M.; Matsumura, N.; Takashima, H.; Miyamoto-Sato, E.; Tomita, M.; Yanagawa, H. Six
classes of nuclear localization signals specific to different binding grooves of importin alpha. J. Biol. Chem.
2009, 284, 478–485. [CrossRef] [PubMed]

12. Romanelli, M.G.; Morandi, C. Importin alpha binds to an unusual bipartite nuclear localization signal in the
heterogeneous ribonucleoprotein type I. Eur. J. Biochem. 2002, 269, 2727–2734. [CrossRef] [PubMed]

13. Suhasini, M.; Reddy, T.R. Cellular proteins and HIV-1 Rev function. Curr. HIV Res. 2009, 7, 91–100. [CrossRef]
[PubMed]

14. Rausch, J.W.; Le Grice, S.F. HIV Rev assembly on the Rev Response Element (RRE): A structural perspective.
Viruses 2015, 7, 3053–3075. [CrossRef] [PubMed]

15. Tiley, L.S.; Brown, P.H.; Le, S.Y.; Maizel, J.V.; Clements, J.E.; Cullen, B.R. Visna virus encodes a
post-transcriptional regulator of viral structural gene expression. Proc. Natl. Acad. Sci. USA 1990,
87, 7497–7501. [CrossRef] [PubMed]

16. Schoborg, R.V.; Saltarelli, M.J.; Clements, J.E. A Rev protein is expressed in caprine arthritis encephalitis
virus (CAEV)-infected cells and is required for efficient viral replication. Virology 1994, 202, 1–15. [CrossRef]

17. Saltarelli, M.; Querat, G.; Konings, D.A.; Vigne, R.; Clements, J.E. Nucleotide sequence and transcriptional
analysis of molecular clones of CAEV which generate infectious virus. Virology 1990, 179, 347–364. [CrossRef]

http://www.mdpi.com/1999-4915/12/8/900/s1
http://dx.doi.org/10.3390/v5082043
http://www.ncbi.nlm.nih.gov/pubmed/23965529
http://dx.doi.org/10.1016/j.virusres.2013.03.019
http://www.ncbi.nlm.nih.gov/pubmed/23583225
http://dx.doi.org/10.1051/vetres:2004014
http://www.ncbi.nlm.nih.gov/pubmed/15210075
http://dx.doi.org/10.3390/v5041175
http://www.ncbi.nlm.nih.gov/pubmed/23611847
http://dx.doi.org/10.3390/v5071867
http://www.ncbi.nlm.nih.gov/pubmed/23881276
http://dx.doi.org/10.1128/JVI.77.17.9632-9638.2003
http://dx.doi.org/10.1186/1742-4690-5-22
http://dx.doi.org/10.1146/annurev.micro.52.1.491
http://dx.doi.org/10.1128/JVI.05132-11
http://dx.doi.org/10.1074/jbc.M602189200
http://dx.doi.org/10.1074/jbc.M807017200
http://www.ncbi.nlm.nih.gov/pubmed/19001369
http://dx.doi.org/10.1046/j.1432-1033.2002.02942.x
http://www.ncbi.nlm.nih.gov/pubmed/12047381
http://dx.doi.org/10.2174/157016209787048474
http://www.ncbi.nlm.nih.gov/pubmed/19149558
http://dx.doi.org/10.3390/v7062760
http://www.ncbi.nlm.nih.gov/pubmed/26075509
http://dx.doi.org/10.1073/pnas.87.19.7497
http://www.ncbi.nlm.nih.gov/pubmed/2170981
http://dx.doi.org/10.1006/viro.1994.1316
http://dx.doi.org/10.1016/0042-6822(90)90303-9


Viruses 2020, 12, 900 19 of 20

18. Schoborg, R.V.; Clements, J.E. Definition of the RRE binding and activation domains of the caprine arthritis
encephalitis virus Rev protein. Virology 1996, 226, 113–121. [CrossRef]

19. Saltarelli, M.J.; Schoborg, R.; Pavlakis, G.N.; Clements, J.E. Identification of the caprine arthritis encephalitis
virus Rev protein and its cis-acting Rev-responsive element. Virology 1994, 199, 47–55. [CrossRef]

20. Stabel, J.R.; Stabel, T.J. Immortalization and characterization of bovine peritoneal macrophages transfected
with SV40 plasmid DNA. Vet. Immunol. Immunopathol. 1995, 45, 211–220. [CrossRef]

21. Scherer, W.F.; Syverton, J.T.; Gey, G.O. Studies on the propagation in vitro of poliomyelitis viruses. IV. Viral
multiplication in a stable strain of human malignant epithelial cells (strain HeLa) derived from an epidermoid
carcinoma of the cervix. J. Exp. Med. 1953, 97, 695–710. [CrossRef] [PubMed]

22. McLinton, E.C.; Wagstaff, K.M.; Lee, A.; Moseley, G.W.; Marsh, G.A.; Wang, L.-F.; Jans, D.A.; Lieu, K.G.;
Netter, H.J. Nuclear localization and secretion competence are conserved among henipavirus matrix proteins.
J. Gen. Virol. 2017, 98, 563–576. [CrossRef] [PubMed]

23. Huang, X.J.; Hope, T.J.; Bond, B.L.; McDonald, D.; Grahl, K.; Parslow, T.G. Minimal Rev-response element for
type 1 human immunodeficiency virus. J. Virol. 1991, 65, 2131–2134. [CrossRef] [PubMed]

24. Li, R.; Gorelik, R.; Nanda, V.; Law, P.B.; Lear, J.D.; DeGrado, W.F.; Bennett, J.S. Dimerization of the
transmembrane domain of Integrin alphaIIb subunit in cell membranes. J. Biol. Chem. 2004, 279, 26666–26673.
[CrossRef]

25. Bogerd, H.P.; Echarri, A.; Ross, T.M.; Cullen, B.R. Inhibition of human immunodeficiency virus Rev and
human T-cell leukemia virus Rex function, but not Mason-Pfizer monkey virus constitutive transport element
activity, by a mutant human nucleoporin targeted to Crm1. J. Virol. 1998, 72, 8627–8635. [CrossRef]

26. Henderson, B.R.; Eleftheriou, A. A comparison of the activity, sequence specificity, and CRM1-dependence
of different nuclear export signals. Exp. Cell Res. 2000, 256, 213–224. [CrossRef]

27. Indik, S.; Günzburg, W.H.; Salmons, B.; Rouault, F. A novel, mouse mammary tumor virus encoded protein
with Rev-like properties. Virology 2005, 337, 1–6. [CrossRef]

28. Marchand, C.; Lemay, G.; Archambault, D. The Jembrana disease virus Rev protein: Identification of
nuclear and novel lentiviral nucleolar localization and nuclear export signals. PLoS ONE 2019, 14, e0221505.
[CrossRef]

29. Mayer, J.; Ehlhardt, S.; Seifert, M.; Sauter, M.; Müller-Lantzsch, N.; Mehraein, Y.; Zang, K.-D.; Meese, E.
Human endogenous retrovirus HERV-K(HML-2) proviruses with Rec protein coding capacity and
transcriptional activity. Virology 2004, 322, 190–198. [CrossRef]

30. Otero, G.C.; Harris, M.E.; Donello, J.E.; Hope, T.J. Leptomycin B inhibits equine infectious anemia virus Rev
and feline immunodeficiency virus rev function but not the function of the hepatitis B virus posttranscriptional
regulatory element. J. Virol. 1998, 72, 7593–7597. [CrossRef]

31. Kudo, N.; Wolff, B.; Sekimoto, T.; Schreiner, E.P.; Yoneda, Y.; Yanagida, M.; Horinouchi, S.; Yoshida, M.
Leptomycin B inhibition of signal-mediated nuclear export by direct binding to CRM1. Exp. Cell Res. 1998,
242, 540–547. [CrossRef]

32. Guttler, T.; Madl, T.; Neumann, P.; Deichsel, D.; Corsini, L.; Monecke, T.; Ficner, R.; Sattler, M.; Gorlich, D.
NES consensus redefined by structures of PKI-type and Rev-type nuclear export signals bound to CRM1.
Nat. Struct. Mol. Biol. 2010, 17, 1367–1376. [CrossRef] [PubMed]

33. Fung, H.Y.; Fu, S.C.; Chook, Y.M. Nuclear export receptor CRM1 recognizes diverse conformations in nuclear
export signals. eLife 2017, 6, e23961. [CrossRef] [PubMed]

34. La Cour, T.; Kiemer, L.; Mølgaard, A.; Gupta, R.; Skriver, K.; Brunak, S. Analysis and prediction of leucine-rich
nuclear export signals. Protein Eng. Des. Sel. 2004, 17, 527–536. [CrossRef] [PubMed]

35. Christie, M.; Chang, C.W.; Róna, G.; Smith, K.M.; Stewart, A.G.; Takeda, A.A.; Fontes, M.R.; Stewart, M.;
Vértessy, B.G.; Forwood, J.K.; et al. Structural biology and regulation of protein import into the nucleus.
J. Mol. Biol. 2016, 428, 2060–2090. [CrossRef] [PubMed]

36. Knockenhauer, K.E.; Schwartz, T.U. The nuclear pore complex as a flexible and dynamic gate. Cell 2016, 164,
1162–1171. [CrossRef]

37. Musser, S.M.; Grünwald, D. Deciphering the structure and function of nuclear pores using single-molecule
fluorescence approaches. J. Mol. Biol. 2016, 428, 2091–2119. [CrossRef]

38. Fu, X.; Liang, C.; Li, F.; Wang, L.; Wu, X.; Lu, A.; Xiao, G.; Zhang, G. The rules and functions of
nucleocytoplasmic shuttling proteins. Int. J. Mol. Sci. 2018, 19, 1445. [CrossRef]

http://dx.doi.org/10.1006/viro.1996.0633
http://dx.doi.org/10.1006/viro.1994.1096
http://dx.doi.org/10.1016/0165-2427(94)05348-V
http://dx.doi.org/10.1084/jem.97.5.695
http://www.ncbi.nlm.nih.gov/pubmed/13052828
http://dx.doi.org/10.1099/jgv.0.000703
http://www.ncbi.nlm.nih.gov/pubmed/28056216
http://dx.doi.org/10.1128/JVI.65.4.2131-2134.1991
http://www.ncbi.nlm.nih.gov/pubmed/2002556
http://dx.doi.org/10.1074/jbc.M314168200
http://dx.doi.org/10.1128/JVI.72.11.8627-8635.1998
http://dx.doi.org/10.1006/excr.2000.4825
http://dx.doi.org/10.1016/j.virol.2005.03.040
http://dx.doi.org/10.1371/journal.pone.0221505
http://dx.doi.org/10.1016/j.virol.2004.01.023
http://dx.doi.org/10.1128/JVI.72.9.7593-7597.1998
http://dx.doi.org/10.1006/excr.1998.4136
http://dx.doi.org/10.1038/nsmb.1931
http://www.ncbi.nlm.nih.gov/pubmed/20972448
http://dx.doi.org/10.7554/eLife.23961
http://www.ncbi.nlm.nih.gov/pubmed/28282025
http://dx.doi.org/10.1093/protein/gzh062
http://www.ncbi.nlm.nih.gov/pubmed/15314210
http://dx.doi.org/10.1016/j.jmb.2015.10.023
http://www.ncbi.nlm.nih.gov/pubmed/26523678
http://dx.doi.org/10.1016/j.cell.2016.01.034
http://dx.doi.org/10.1016/j.jmb.2016.02.023
http://dx.doi.org/10.3390/ijms19051445


Viruses 2020, 12, 900 20 of 20

39. Wente, S.R.; Rout, M.P. The nuclear pore complex and nuclear transport. Cold Spring Harb. Perspect. Biol.
2010, 2, a000562. [CrossRef]

40. Kiyomasu, T.; Miyazawa, T.; Furuya, T.; Shibata, R.; Sakai, H.; Sakuragi, J.; Fukasawa, M.; Maki, N.;
Hasegawa, A.; Mikami, T.; et al. Identification of feline immunodeficiency virus rev gene activity. J. Virol.
1991, 65, 4539–4542. [CrossRef]

41. Lee, J.H.; Murphy, S.C.; Belshan, M.; Sparks, W.O.; Wannemuehler, Y.; Liu, S.; Hope, T.J.; Dobbs, D.;
Carpenter, S. Characterization of functional domains of equine infectious anemia virus Rev suggests a
bipartite RNA-binding domain. J. Virol. 2006, 80, 3844–3852. [CrossRef] [PubMed]

42. Malim, M.H.; Böhnlein, S.; Fenrick, R.; Le, S.Y.; Maizel, J.V.; Cullen, B.R. Functional comparison of the Rev
trans-activators encoded by different primate immunodeficiency virus species. Proc. Natl. Acad. Sci. USA
1989, 86, 8222–8226. [CrossRef] [PubMed]

43. Narayan, M.; Younis, I.; D’Agostino, D.M.; Green, P.L. Functional domain structure of human T-cell leukemia
virus type 2 rex. J. Virol. 2003, 77, 12829–12840. [CrossRef] [PubMed]

44. Yang, J.; Bogerd, H.P.; Peng, S.; Wiegand, H.; Truant, R.; Cullen, B.R. An ancient family of human endogenous
retroviruses encodes a functional homolog of the HIV-1 Rev protein. Proc. Natl. Acad. Sci. USA 1999, 96,
13404–13408. [CrossRef]

45. Shida, H. Role of nucleocytoplasmic RNA transport during the life cycle of retroviruses. Front. Microbiol.
2012, 3, 179. [CrossRef]

46. Schoborg, R.V.; Clements, J.E. The Rev protein of visna virus is localized to the nucleus of infected cells.
Virology 1994, 202, 485–490. [CrossRef]

47. Cochrane, A.W.; Perkins, A.; Rosen, C.A. Identification of sequences important in the nucleolar localization
of human immunodeficiency virus Rev: Relevance of nucleolar localization to function. J. Virol. 1990, 64,
881–885. [CrossRef]

48. Corredor, A.G.; Archambault, D. The bovine immunodeficiency virus Rev protein: Identification of a novel
lentiviral bipartite nuclear localization signal harboring an atypical spacer sequence. J. Virol. 2009, 83,
12842–12853. [CrossRef]

49. Phillips, T.R.; Lamont, C.; Konings, D.A.; Shacklett, B.L.; Hamson, C.A.; Luciw, P.A.; Elder, J.H. Identification
of the Rev transactivation and Rev-responsive elements of feline immunodeficiency virus. J. Virol. 1992, 66,
5464–5471. [CrossRef]

50. Kubota, S.; Siomi, H.; Satoh, T.; Endo, S.; Maki, M.; Hatanaka, M. Functional similarity of HIV-I rev and
HTLV-I rex proteins: Identification of a new nucleolar-targeting signal in rev protein. Biochem. Biophys.
Res. Commun. 1989, 162, 963–970. [CrossRef]

51. Mathew, C.; Ghildyal, R. CRM1 inhibitors for antiviral therapy. Front. Microbiol. 2017, 8, 1171. [CrossRef]
[PubMed]

52. Kutay, U.; Güttinger, S. Leucine-rich nuclear-export signals: Born to be weak. Trends Cell Biol. 2005, 15,
121–124. [CrossRef] [PubMed]

53. Meyer, B.E.; Meinkoth, J.L.; Malim, M.H. Nuclear transport of human immunodeficiency virus type 1,
visna virus, and equine infectious anemia virus Rev proteins: Identification of a family of transferable nuclear
export signals. J. Virol. 1996, 70, 2350–2359. [CrossRef] [PubMed]

54. Hiscox, J.A.; Whitehouse, A.; Matthews, D.A. Nucleolar proteomics and viral infection. Proteomics 2010, 10,
4077–4086. [CrossRef] [PubMed]

55. Rawlinson, S.M.; Moseley, G.W. The nucleolar interface of RNA viruses. Cell. Microbiol. 2015, 17, 1108–1120.
[CrossRef]

56. Passos-Castilho, A.M.; Marchand, C.; Archambault, D. B23/nucleophosmin interacts with bovine
immunodeficiency virus Rev protein and facilitates viral replication. Virology 2018, 515, 158–164. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1101/cshperspect.a000562
http://dx.doi.org/10.1128/JVI.65.8.4539-4542.1991
http://dx.doi.org/10.1128/JVI.80.8.3844-3852.2006
http://www.ncbi.nlm.nih.gov/pubmed/16571801
http://dx.doi.org/10.1073/pnas.86.21.8222
http://www.ncbi.nlm.nih.gov/pubmed/2682638
http://dx.doi.org/10.1128/JVI.77.23.12829-12840.2003
http://www.ncbi.nlm.nih.gov/pubmed/14610204
http://dx.doi.org/10.1073/pnas.96.23.13404
http://dx.doi.org/10.3389/fmicb.2012.00179
http://dx.doi.org/10.1006/viro.1994.1367
http://dx.doi.org/10.1128/JVI.64.2.881-885.1990
http://dx.doi.org/10.1128/JVI.01613-09
http://dx.doi.org/10.1128/JVI.66.9.5464-5471.1992
http://dx.doi.org/10.1016/0006-291X(89)90767-5
http://dx.doi.org/10.3389/fmicb.2017.01171
http://www.ncbi.nlm.nih.gov/pubmed/28702009
http://dx.doi.org/10.1016/j.tcb.2005.01.005
http://www.ncbi.nlm.nih.gov/pubmed/15752974
http://dx.doi.org/10.1128/JVI.70.4.2350-2359.1996
http://www.ncbi.nlm.nih.gov/pubmed/8642662
http://dx.doi.org/10.1002/pmic.201000251
http://www.ncbi.nlm.nih.gov/pubmed/20661956
http://dx.doi.org/10.1111/cmi.12465
http://dx.doi.org/10.1016/j.virol.2017.12.021
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Cell Cultures and Transfection 
	Plasmid Constructs 
	Microscopy Analysis 
	CAT Assay 
	Immunoblotting 
	Rev(1.4)-EGFP Nuclear Export Assay 
	Statistics 

	Results 
	The CAEV Rev Protein Localizes to the Cytoplasm, Nucleus and Nucleoli of Transfected Cells 
	Leptomycin B Blocks the Nuclear Export of the CAEV Rev Protein 
	The Subcellular Localization Varies between CAEV Rev Deletion Mutant Proteins 
	Nuclear Export Activity of EGFP-CAEV Rev Deletion Mutant Proteins 
	The 57 to 82 aa Sequence of the CAEV Rev Protein is Sufficient to Translocate Heterologous Proteins to the Nucleus 
	CAEV Rev NLS Mapped between aa 57 and 75 
	Identification of the Residues Composing the NLS and NoLS of the CAEV Rev Protein 
	The CAEV Rev NES 

	Discussion 
	References

