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The Epstein-Barr virus nuclear antigen 3A is expressed in the nuclei of cells latently infected by the
Epstein-Barr virus. We have previously shown that a fragment of 265 amino acids was essential for the proper
subcellular localization of the Epstein-Barr virus nuclear antigen 3A. As described in this paper, we have used
deletion analysis to identify a decapeptide, RDRRRNPASR, which is essential for nuclear localization of this
protein. Furthermore, this decapeptide is a functional nuclear localization signal as demonstrated by its ability
to target expression of 13-galactosidase in the nuclei of transfected cells.

Epstein-Barr virus (EBV) is a human herpesvirus associ-
ated with nasopharyngeal carcinoma, Burkitt's lymphoma,
and other lymphoproliferative disorders. Infection of human
primary B lymphocytes by EBV, in vitro, confers upon the
cells the ability to grow permanently in culture (12). These
growth-transformed B cells express nine viral proteins,
including six nuclear antigens (LP and EBNAs 1, 2, 3A, 3B,
and 3C) and three membrane proteins (LMP, TP1, and TP2)
(reviewed in references 17 and 21). These proteins are likely
to be required for the immortalization of B cells, the main-
tenance and regulation of expression from the viral genome,
or the control of latency.
EBNA1 is required for autonomous maintenance of the

circularized EBV genome (20) and activates a transcriptional
enhancer located in the oriP region (24). EBNA2 is essential
for EBV-induced B-lymphocyte transformation (4, 10) and
transactivates viral and cellular gene expression (5, 18,
31-33). LMP also contributes to the induction of cell activa-
tion markers, alters the growth properties of rodent fibro-
blast cell lines, and upregulates the expression of the bcl2
proto-oncogene which is able to protect the cells from
apoptosis (11, 30, 32). The genes encoding the EBNA3A,
EBNA3B, and EBNA3C proteins exhibit homologies in their
sequences, structures, and sizes. They are tandemly located
in the BamHI E region of the EBV genome. The EBNA3
proteins are high-molecular-weight, high-proline-content
polypeptides which are found in the nucleus. Their C-termi-
nal regions contain different repeating polypeptide domains
(13, 14, 16, 22, 23, 26, 28). Since EBNA3C induces CD21
expression, the EBNA3 proteins may be transactivators of
B-lymphocyte gene expression (32).
To investigate EBNA3A functional domains, we con-

structed a recombinant plasmid able to direct the expression
of the full-length EBNA3A antigen. A large deletion in the
N-terminal end of this protein modified its subcellular local-
ization (14). We present here the identification of the amino
acid sequence required for nuclear targeting of the EBNA3A
protein. Nuclear localization signals (NLSs) have already
been found in several nuclear proteins; however, no univer-
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sal sequence for nuclear localization has been described
(reviewed in references 7 and 29).
Recombinant plasmids containing deletions in the EBNA3A

open reading frame. The cDNA sequence encoding the
EBNA3A protein downstream from the adenovirus 2 major
late promoter (19) was inserted in the EcoRI site of the
pUC13 vector, generating pUCE3 recombinant DNA. The
A795 mutant was constructed by cutting pUCE3 with BglII
and ligating the ends together. Internal in-frame deletions
between these BglII sites were performed as follows. The
XhoI-StuI restriction fragment of pUCE3 was partially
cleaved by Sau3A (Fig. 1). The resulting XhoI-Sau3A frag-
ments were then inserted between the XhoI and BglII
(second site) sites of pUCE3. In this way, three mutants
(A654, A624, and A417) were generated that corresponded to
the deletion of 218, 208, and 139 amino acids, respectively,
from the EBNA3A open reading frame. The A216 mutant
was constructed by cleavage with BglII and BstEII restric-
tion enzymes, filling in the ends, and ligation.

Transient expression of EBNA3A-deleted proteins. The
deletion mutants described above were transfected into cells
from cell line 293 by the standard CaPO4 precipitation
method (8), and the protein extracts were assayed in a
Western blot (immunoblot) experiment (2). The results show
that deletions within the coding sequence led to the expres-
sion of shorter polypeptides that were still detected by an
EBV-immune human serum which was previously shown to
recognize EBNA3A (Fig. 2).
To study specifically the requirements for nuclear local-

ization, we first investigated whether a transient expression-
immunofluorescence system using the deleted variants of
EBNA3A would reproduce the nuclear localization seen
after transfection of pUCE3 into human 293 and HeLa cells.
The cells were assayed for EBNA3A expression by indirect
immunofluorescence 48 h after transfection. The anti-EBNA
serum described above was used for these experiments (14).
No more than 10% of cells expressed EBNA3A, reflecting
the level of transfection. Mock-transfected cells showed a
very low level of background fluorescence (data not shown).
The deleted EBNA3A proteins were found to be nuclear
when constructs A417 and A624 (Fig. 3A) were used in
transfection experiments. Thus, we concluded that amino
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FIG. 1. Schematic representation of deletions in the EBNA3A open reading frame and subcellular localization of the corresponding
protein. The top line represents the entire EBNA3A open reading frame (open box) taken from a cDNA placed downstream of the adenovirus
2 major late promoter (shaded box) (12). The coordinates in the EBV genome of the initiation and stop codons are indicated, as well as the
positions of the restriction sites used. Below are EBNA3A deletions: the solid lines represent the sequences present on the recombinant
plasmid. The numbers of the first and last amino acids lacking in the deleted protein are indicated, as well as the subcellular localization of
the corresponding protein. In the A216 mutant amino acid 173 is changed from G to R.
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FIG. 3. Indirect immunofluorescence of HeLa cells transfected
with EBNA 3A mutants A624 (A), A654 (B), and A795 (C). Primary
antibody was polyclonal EBV-positive human serum (dilution, 1/10)
which detects EBNA3A protein (control); the secondary antibody
was fluorescein-conjugated goat anti-human immunoglobulin G.

Insertion ofEBNA3A sequences into a heterologous protein.
,B-Galactosidase was used as a recipient of the putative
nuclear localization signal of EBNA3A. To determine
whether the sequence (amino acids 101 to 172) absent in the
A216 mutant is sufficient to induce nuclear localization, it

was fused in frame to the coding sequence of the f-galacto-

FIG. 4. Indirect immunofluorescence of 3-galactosidase recom-
binant protein in COS-1 cells. The plasmid pCH110 (Pharmacia)
contains the LacZ gene from Escherichia coli placed under the
control of the simian virus 40 promoter. Transfection of pCH110 in
eucaryotic cells leads to expression of the ,B-galactosidase in the
cytoplasm (A). We inserted the DNA fragments encoding amino
acids 101 to 172 and 147 to 157 of EBNA3A in the EcoRV sites of
pCH110 designated pCH110/220 (B) and PCH110/30 (C), respec-
tively. The primary antibody was a mouse monoclonal antibody
directed against P-galactosidase, and the secondary antibody was a
fluorescein-conjugated goat polyclonal antibody to mouse immuno-
globulin G.

sidase gene (designated pCH110/216). This insertion not only
allows the expression of 3-galactosidase, as shown by im-
munofluorescence staining with a mouse monoclonal anti-
body to 1-galactosidase (Zymed Laboratories), but also
leads to a nuclear localization of this protein (Fig. 4B). This
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experiment shows that the 216-bp sequence of EBNA3A
contains information necessary for the nuclear localization
of a heterologous protein.
To determine whether the decapeptide sequence which is

necessary for the proper EBNA3A subcellular localization
can also direct nuclear targeting of 3-galactosidase, we
inserted an oligonucleotide encoding these amino acids
(RDRRRNPASR) in the LacZ gene (designated pCH110/30).
This plasmid encodes a nuclear 3-galactosidase as shown by
immunofluorescence staining (Fig. 4C). Thus, we have dem-
onstrated that these 10 amino acids not only are necessary
for the nuclear localization of EBNA3A but also can induce
the nuclear targeting of a heterologous protein.
Some proteins contain more than one functionally redun-

dant NLS (27). For example, Dang and Lee (6) identified two
regions of the human c-myc protein necessary for nuclear
targeting of the protein. One region of the human c-myc
protein functions as an NLS and the other induces only
partial nuclear targeting. In contrast, the simian virus 40
large T antigen contains only one NLS (15). The progester-
one receptor also has an NLS similar to the NLS of simian
virus 40 large T antigen. This NLS is constitutive, and when
it is deleted, the ligand-free receptor becomes cytoplasmic.
However, this receptor has a second NLS which requires
the binding of the hormone to be effective (9). In the
polyomavirus large T antigen, the two nuclear targeting
sequences are functional. However, only one (VSRKRPRP)
is able to direct a reporter protein to the cell nucleus (25).
Interestingly, the smallest known targeting signal, that of the
adenovirus ElA protein, KRPR, is present in three EBNAs
(EBNA1, EBNA2, and EBNA3C). Recently, Ambinder and
al. (1) reported the identification of the EBNA1 NLS which,
in fact, contains this peptide (LKRPRSPSS). The region of
EBNA2 containing this amino acid sequence is also impli-
cated in nuclear transport. However, it is likely that another
sequence in this protein is able to function as an NLS (3).
Thus, even though many NLSs have been identified, no

single consensus sequence has emerged (reviewed in refer-
ence 7). Examination of the different NLSs, however, re-
veals two common features: they are usually short (less than
12 amino acids), and they contain a high proportion of
positively charged amino acids. In this report we have
shown that the NLS of EBNA3A antigen (RDRRRNPASR)
contains at most 10 amino acids, including five arginine
residues (R). Although we identified a minimal EBNA3A
sequence that directs a 3-galactosidase fusion protein to the
nucleus, we cannot totally exclude the possibility that an-
other sequence will be implicated in the nuclear targeting of
EBNA3A. If such a sequence exists, we have demonstrated
that it is not sufficient for directing the EBNA3A protein to
the nucleus. Our results (see also reference 14) strongly
suggest that the EBNA3A protein contains a single NLS
whose role must be considered in studies of functional
domains of the EBNA3A antigen.
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