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The latency-associated nuclear antigen 1 (LANA-1) of Kaposi’s sarcoma-associated herpesvirus (KSHV) is
required for the maintenance and replication of viral episomal DNA. The binding sites for nuclear hetero-
chromatin and transcriptional repressor complexes are located in an amino-terminal region of LANA-1,
whereas those for viral episomal DNA, p53, pRB, and members of the BRD/fsh family of nuclear proteins are
located in its carboxy-terminal domain. LANA-1 activates or represses several cellular and viral promoters. In
this report we show that a domain of 15 amino acids (amino acids 1129 to 1143), located close to the
carboxy-terminal end of LANA-1, is required for the interaction of LANA-1 with nuclear heterochromatin or
nuclear matrix, and for the ability of LANA-1 to activate the Epstein-Barr virus Cp promoter. LANA-1 proteins
that are tightly associated with nuclear heterochromatin or matrix differ in molecular weight from LANA-1
proteins that can be dissociated from the nuclear matrix by high-salt buffers, suggesting that posttranslational
modifications may determine the association of LANA-1 with nuclear heterochromatin or matrix.

Kaposi’s sarcoma-associated herpesvirus (KSHV) or human
herpesvirus 8 (7) is a human type 2 gammaherpesvirus associ-
ated with all forms of Kaposi’s sarcoma (KS) (5, 16, 31, 38) and
linked with primary effusion lymphoma (6) and the plasma cell
variant of multicentric Castleman’s disease (41). KSHV per-
sists in KS lesions (4, 12, 22, 35, 42), in a latent form with
limited viral gene expression. Among the latent viral genes
expressed in KS spindle cells, primary effusion lymphoma cells,
and KSHV-infected B cells in multicentric Castleman’s disease
is latency-associated nuclear antigen 1 (LANA-1) (13, 23, 35),
encoded by open reading frame 73 (orf73) (24, 25, 35).

LANA-1 is a nuclear protein which associates with nuclear
heterochromatin during interphase and with chromosomes
during mitosis (2, 9, 43, 44) and has been shown to bind to
histone H1 (8).

LANA-1 appears to have multiple functions, of which the
best delineated is its role in the replication and tethering to
mitotic chromosomes of viral episomal DNA (2, 3, 18, 19, 44).
For this purpose, LANA-1 binds to two 17-bp nucleotide mo-
tifs, LBS1 and LBS2, located in the terminal repeat of the
KSHV genome, via a region in its C-terminal domain (3, 18,
19).

In addition, LANA-1 activates and/or represses several het-

erologous cellular and viral promoters (9, 17, 18, 26, 27, 28,
39). The mechanisms responsible for these effects are only
partially understood but may involve the ability of LANA-1 to
modulate the activity of, or interact with, cellular transcription
factors such as CREB, CBP, and Sp1 (1, 26, 27, 34) (see Fig. 1).
LANA-1 has also been reported to bind to p53 and repress the
expression of p53-dependent promoters (17), as well as to
interact with pRB and modulate the expression of E2F-depen-
dent transcription (34). The binding to p53 and pRB appears
to involve regions in the C-terminal half of LANA-1 (34).
Similarly, a C-terminal domain (amino acids [aa] 1007 to 1055)
binds to RING3/BRD2 and other members of the fsh/BRD
family of nuclear factors (30, 33; unpublished observations).
Given the reported role of BDF-1, a yeast member of this
family, as a global modulator of transcription, it is thought that
some of the four human homologues may also affect the tran-
scription of cellular genes (29), and one member, HUNK1/
MCAP, has been shown to be involved in the regulation of the
cell cycle (11). The interaction of LANA-1 with RING3 leads
to the phosphorylation of serine and threonine residues lo-
cated between aa 951 and 1107 of LANA-1 (33), but the
functional consequences of this are not yet understood.
RING3 has been reported to interact with E2F and modulate
E2F-dependent transcription (10); whether its interaction with
LANA-1 affects this property is also unresolved.

The C-terminal region of LANA-1 also contains one of the
two nuclear localization signals and mediates dimerization of
LANA-1 in solution (39). The other nuclear localization signal
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in LANA-1 is located in its N-terminal region (aa 24 to 30)
next to a domain (aa 5 to 22) that mediates attachment to
nuclear chromatin during interphase and to mitotic chromo-
somes (32). Given that LANA-1 binds to viral episomal DNA
via its C-terminal region (see above), it is therefore assumed
that LANA-1 acts as a “bridge” between nuclear heterochro-
matin and viral episomal DNA. In addition, the N-terminal
region has been shown to interact with transcriptional repres-
sors such as SIN-3 (26) and to act as a transcriptional repressor
when fused to a GAL4-binding domain (26). The central do-
main of LANA-1 contains several highly acidic repeat motifs,
as well as a leucine zipper (37).

In the present study we examined the effect of a series of
truncations of the C-terminal domain of LANA-1 on its ability
to activate a heterologous promoter in an attempt to correlate
the presence of previously reported interaction domains within
LANA-1 with its ability to act as a transcriptional activator.

To produce whole LANA-1 and LANA-1-deletion con-
structs, the amino-terminal fragment of LANA-1 was first
cloned from BCP-1 DNA by PCR with the primers orf73H6C
(TAT GAA TTC AGA TCT CAC CAC CAT CAT CAC CAT
GCG CCC CCG GGA ATG CGCCTG AGG TCG), contain-
ing a His tag motif, and orf73.1 (GTC CCC ATT ATC CTC
GCC AGC). The amplified DNA fragment was inserted into
Bluescript (Stratagene) by using EcoRI and BamHI. The re-
sulting plasmid was named pBlueN. The whole LANA-1 C
terminus was then cloned from BCP-1 DNA into pBlueN with
primers 2B73 (TAT ACT AGT GAC GAT GAC CCA CAA
CCT GGC CC) and 2A73 (CTC GAT GCG GCC GCT TAT
GTC ATT TCC TGT GAG AG) containing SpeI and NotI
sites, respectively (pBlueN-C). The C-terminal deletion con-
structs (L25 to L30) were amplified from pBlueN-C by PCR
with primers containing SpeI and NotI sites. Coordinates for
the C-terminal deletions are shown in Fig. 1B, and primer
sequences are available from the authors on request. The num-
bering of amino acids in LANA-1 in the present study corre-
sponds to the sequence published by Russo et al. (37). The
acidic internal repeat was cloned into pBlueN-C or the N-C
deletion constructs by using BamHI and NruI (aa 273 and 980,
respectively). The internal repeat was obtained from a cosmid
containing KSHV orf71, orf72, and orf73 (20). Finally, the
whole LANA-1 construct or the LANA-1 deletion constructs
were cloned into pcDNA3 (Invitrogen) by using HindIII and
NotI. All constructs used in this work were sequenced to en-
sure that no sequence errors occurred during the cloning pro-
cedure.

To analyze the effect of the LANA-1 truncations in tran-
scriptional activation, we designed a construct containing 2.0
kb of the Epstein-Barr virus (EBV) Cp promoter upstream of
the transcriptional start site which contained the EBNA-2 re-
sponse elements but lacked the EBV origin of replication. This
was done by cloning into pGL2Basic (Promega) a PCR ampli-
fication product of 2 kb of the EBV Cp promoter from a
plasmid containing the EBV 5.0 Cp promoter (14). All trans-
fections were carried out by using FuGENE (Roche). To nor-
malize the transfection efficiency, the cells were also trans-
fected with pCMV–�-Gal and �-galactosidase activity was
detected by using a plate reader (Anthos htIII). Luciferase
activity was measured as recommended by the manufacturer’s

FIG. 1. The region from aa 1129 to 1143 of LANA-1 is required for
transcriptional activation of the EBV Cp promoter. (A) Binding sites
for different nuclear proteins on LANA-1 and other functionally im-
portant regions, as far as they have been mapped at present. TR,
terminal repeat in the KSHV genome; pRB, retinoblastoma protein;
❋ , NLS, nuclear localization signal. (B) Deletion constructs of
LANA-1 used in the present study showing the C-terminal 5 aa of each
construct. (C) Activation of the EBV Cp promoter by LANA-1 dele-
tion mutants. A total of 50 ng of a reporter construct containing 2.0 kb
of EBV sequence upstream of the transcriptional start site of the EBV
Cp promoter and a luciferase reporter gene were transfected into 293
cells, together with increasing concentrations of LANA-1, and the
luciferase activity was measured. The relative activation of the LANA-
1 constructs is shown. The experiment was repeated more than four
times. A representative experiment is shown. Expression of the differ-
ent LANA-1 constructs was checked with KS-positive human sera (not
shown). LANA-1* represents a wild-type LANA-1 construct lacking a
His tag.

7094 NOTES J. VIROL.



manual with a luminometer (Lumat LB9501; Berthold). The
experiments were performed in triplicates.

Cotransfection of the LANA-1 constructs and the EBV Cp
promoter into 293 cells showed that removal of the last 34 aa,
but not removal of the last 19 aa, abolished LANA-1-mediated
activation of this reporter plasmid (Fig. 1C). These results
identified a region of 15 aa (aa 1129 to 1143) required for
LANA-1-mediated transcriptional activation in this system.
This region is located outside the domain of aa 1007 to 1055
previously identified as containing a binding site for RING3
(33).

We also deleted the central repeat region of LANA-1 from
a full-length LANA-1 expression construct (dLANA-1), as well
as from the series of C-terminal truncation mutants (delL25 to
delL30) (Fig. 1B) and tested these constructs for their ability to
activate the Cp promoter. Deletion of the internal repeat re-
gion from full-length LANA-1 and the C-terminal truncation
mutants eliminated the activation of the Cp promoter (Fig. 1C
and not shown).

We next examined the nuclear localization and intranuclear
distribution of the various LANA-1 mutants. Immunofluores-
cence analysis was performed as previously described (40) on
cells grown on coverslips 40 h after transfection. LANA-1
wild-type and mutants were detected with KSHV-positive pa-
tient serum (1:300) and secondary rabbit anti-human fluores-
cein isothiocyanate-conjugated antibody (1:40) in phosphate-
buffered saline containing 2% fetal bovine serum. The cellular
DNA was stained with Hoechst 33258 (Sigma). All mutant
proteins localized to the nucleus, a finding in line with the fact
that both previously identified nuclear localization signals of
LANA-1 (see Fig. 1A) were retained in these constructs. How-
ever, we noticed marked differences in their intranuclear dis-
tribution. As previously reported (30, 32, 44), full-length
LANA-1 associates with nuclear heterochromatin and displays
a heterochromatin-like staining pattern in transfected cells
(Fig. 2). In a series of C-terminal truncations, this heterochro-
matin-like staining pattern is lost in the mutant (L28) that
terminates at aa 1128 and which shows a diffuse nuclear local-
ization (Fig. 2). The region from aa 1129 to 1143 appears to be
crucial for the heterochromatin association, since mutant L29,
terminating at aa 1143, shows the normal heterochromatin
association of full-length LANA-1 (Fig. 2A). The transition
between the heterochromatin-associated staining pattern and a
diffuse nuclear distribution is seen even more clearly in the
case of the series of deletion mutants that lack the internal
repeat (Fig. 2A). The dLANA-1 protein, containing the N-
terminal and C-terminal regions of LANA-1, is localized in
heterochromatin-associated nuclear speckles (Fig. 2A). After
successive deletion of the C-terminal end of this protein to aa
1128, this speckled nuclear localization changes to a diffuse
intranuclear distribution of the truncated protein. This change
in nuclear distribution was observed in MCF-7 cells (Fig. 2), as
well as in L cells, 293 cells, and HeLa cells (not shown) and
therefore does not appear to be cell type dependent.

To confirm these results biochemically, we investigated
whether the association of LANA-1, or LANA-1 truncation
mutants, with nuclear heterochromatin would be resistant to
washes in high-salt buffers. Transfected 293 T cells were lysed
for 30 min in a low-ionic-strength buffer in the presence of
small amounts of NP-40 medium (5% glycerol, 1% NP-40, 0.2

mM EDTA, 10 mM Tris-HCl [pH 7.9], leupeptin [50 �M],
benzamidin [200 �M], aprotinin [100 U/ml], pepstatin A [1
�M], phenylmethylsulfonyl fluoride [1 mM]), and after sepa-
ration of the nuclear material by centrifugation, LANA-1 was
mostly recovered in the pellet (not shown). When the lysate
was further incubated with 300 �l of hypertonic buffer (5%
glycerol, 1% NP-40, 10 mM Tris-HCl, 500 mM KCl) for 15 min
on ice, centrifuged at 15,700 � g for 10 min at 4°C, two
fractions were obtained. The supernatant (soluble fraction)
containing both cytoplasmic and nuclear soluble proteins was
transferred to a clean tube. The pellet (matrix-associated frac-
tion) was washed thoroughly with 500 �l of hypertonic buffer,
pelleted as described above, and incubated with 100 �g of
DNase I/ml for 1 h on ice. The protein was then loaded into a
polyacrylamide gel, and sodium dodecyl sulfate-polyacrylam-
ide gel electrophoresis and Western blotting were performed
as previously described (40). LANA-1 was detected by using
KSHV-positive patient serum (1:500) and secondary rabbit
anti-human horseradish peroxidase-conjugated antibody (1:
1,000), followed by enhanced chemiluminescence (Perkin-
Elmer Life Sciences). Using this fractionation protocol, we can
distinguish between a high-salt-extractable (hse) fraction and a
high-salt-resistant (hsr) fraction of LANA-1 (Fig. 3). The hse
form of LANA-1 has a higher molecular weight than the tightly
heterochromatin or nuclear matrix-associated hsr form. This
most likely suggests that the hse and hsr forms of LANA-1
have different posttranslational modifications.

We also examined whether the C-terminal LANA-1 trunca-
tion mutants also occur in an hse and an hsr form. As shown in
Fig. 3, C-terminal truncation to aa 1128 leads to the disappear-
ance of the hsr form and L28, as well as all shorter truncated
proteins, are found exclusively in the “extractable” fraction. In
contrast L29, truncated to aa 1143, behaves like the full-length
protein, being found in both the “extractable” and the “resid-
ual” fractions. This result supports the observations on hetero-
chromatin association made by immunofluorescence analyses
and suggests that the region encompassing aa 1129 and 1143
influences nuclear heterochromatin association.

A previous study (32) had identified a heterochromatin-
binding region of LANA-1 within its N-terminal region (aa 5 to
22), whereas the C-terminal 230 aa of LANA-1 have been
reported to bind to a defined sequence motif in the terminal
repeat of the viral genome (3, 18, 19). To investigate whether
the region between aa 1129 and 1143 contained an additional
interaction site for heterochromatin and to explore which of
these regions is responsible for the presence of LANA-1 in the
“residual” fraction after high-salt extraction, we fused both
regions to enhanced green fluorescent protein (EGFP) and
determined their intranuclear localization by fluorescence mi-
croscopy and fractionation of nuclei from transfected cells by
high-salt washes.

To produce LANA-1 fragments fused to EGFP, pEGFP-N2
and pEGFP-C1 (Clontech) plasmids were used. The primers
73NBglF (TTA AAG ATC TCG AGG ATG GCG CCC CCG
GGA ATG) and 73HindIIIRev (TTA AAA GCT TTC CGG
AGA CCT GTT TCG TTT C), containing BglII and HindIII
sites, respectively, were used to amplify the first 30 aa of
LANA-1. This fragment was cloned into pEGFP-N2 and ex-
pressed as a fusion protein with LANA-1 aa 1 to 30 positioned
upstream of EGFP (Fig. 4A). The C-terminal 40 aa (aa 1128 to
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FIG. 2. Intranuclear distribution of LANA-1 deletion mutants. MCF7 cells grown on glass coverslips were transfected with LANA-1 and
individual LANA-1 deletion mutants (see Fig. 1 for a description of mutants). At 2 days after transfection, cells were stained with serum from a
patient with KS and fluorescence-conjugated secondary antibody. (A) Staining for LANA-1 (green), and DNA (Hoechst 33258), and overlay.
(B) Black-and-white photograph showing the difference in nuclear staining pattern between L29 (heterochromatin-associated pattern) and L28
(diffuse nuclear staining).

7096



1162) were amplified with primers 73C2BglF (TTA AAG ATC
TAG GAA ACG AAA CAG GGT CTC CGG AAG CTA
GTC ACC CCC CTG) and 73C2HindR (TTA AAA GCT
TTT ATG TCA TTT CCT GTG GAG), containing BglII and
HindIII sites, respectively, cloned into pEGFP-C1 and ex-
pressed as a fusion protein downstream of EGFP (Fig. 4A).
The oligonucleotide 73C2BglF also contains the sequence cod-
ing for the LANA-1 N-terminal nuclear localization signal (aa
24 to 30). Therefore, both EGFP–LANA-1 fusion proteins
contain the same LANA-1 nuclear localization signal.

Fluorescence analysis of L cells transfected with these con-
structs indicated that both fusion proteins localized to the
nucleus, as intended. The heterochromatin-associated staining
pattern typical of LANA-1 (Fig. 2) was seen for the aa1-30/
EGFP fusion protein (Fig. 4B), whereas the aa1128-1162/
EGFP fusion protein showed a more diffuse nuclear localiza-
tion (Fig. 4B). When nuclei of cells transfected with these
constructs were fractionated by using the high-salt wash pro-
tocol and the two fractions were analyzed on Western blots
with a monoclonal antibody to EGFP, we found that, as for
unfused LANA-1 (Fig. 3), the aa1-30/EGFP fusion protein was
present in both the extractable and the residual fractions (Fig.
4C). In contrast, the aa1122-1162/EGFP fusion protein could
be completely extracted from the nuclear matrix-heterochro-
matin by high-salt washes. This result suggests that the previ-
ously identified (32) amino-terminal heterochromatin-binding
site is responsible for the tight association of LANA-1 with
nuclear heterochromatin that is resistant to washes with high-
salt buffers. In contrast, these results do not support the exis-
tence of an additional heterochromatin-binding site within aa
1129 to 1143, although a weaker binding site cannot be ex-
cluded. Thus, although the deletion of aa 1129 to 1143 from
the complete LANA-1 protein removes the tight association
with nuclear heterochromatin, these amino acids are not, on
their own, sufficient to mediate this tight interaction. This re-
gion seems to modulate the tight association with nuclear het-
erochromatin through an as-yet-unknown mechanism. The ob-
servation that the same region affects the ability of LANA-1 to
activate a heterologous viral promoter could suggest that
LANA-1-mediated transcriptional activation is linked to its
interaction with nuclear heterochromatin.

The current view is that LANA-1 interacts with nuclear
heterochromatin via aa 5 to 22 (32). We could confirm that this
amino-terminal region of LANA-1 can target EGFP to nuclear
heterochromatin (Fig. 4B) and extend this observation by dem-
onstrating that it also determines the association of LANA-1
with a component of the nuclear heterochromatin or matrix
that is resistant to extraction by 500 mM KCl (Fig. 4C). The
tightly heterochromatin- or nuclear matrix-bound form of
LANA-1 has a slightly reduced molecular weight compared to
the form of LANA-1 that is easily extracted under these con-
ditions (Fig. 3). This observation suggests that posttransla-
tional modifications could modulate the tight association of
LANA-1 with nuclear heterochromatin or nuclear matrix. The
nature of this posttranslational modification is currently un-
known but could involve phosphorylation or conjugation with
ubiquitin or one of the three isoforms of SUMO.

Given the finding that aa 1 to 30 are sufficient to mediate
attachment to a high-salt-concentration-resistant component
of the nuclear structure, it appears at first surprising that de-

letion of aa 1129 to 1143 should abolish this tight association
with nuclear heterochromatin or nuclear matrix. Our results
also do not suggest that aa 1122 to 1162 contain an additional
binding site for nuclear heterochromatin, although a low-af-
finity interaction could probably not be ruled out. A possible
explanation therefore is that deletion of aa 1129 to 1143 in-
duces conformational changes in LANA-1 that lead to a con-
cealment of the amino-terminal chromatin-binding region or
that this region interacts with another nuclear protein capable
of modulating the interaction between LANA-1 and the nu-
clear matrix. Based on our earlier report (33) that aa 1007 to
1055 contain a binding site for RING3, it would seem unlikely
that RING3 or one of its homologues (33) represents this
factor. However, in our earlier report (33), we noted binding of
RING3 to glutathione S-transferase–LANA-1 fusion protein
containing aa 1046 to 1162, suggesting that RING3 may inter-
act with more than one domain in LANA-1.

Although the C-terminal 205 aa of LANA-1 have been
shown to contain a region required for dimerization (39), we
do not feel that dimerization is required for the tight (i.e., hsr)
attachment to nuclear heterochromatin, since the EGFP fu-
sion protein containing aa 1 to 30 showed this tight attachment,
suggesting that tight heterochromatin attachment is possible in
the absence of the LANA-1 dimerization domain. It is there-
fore in our view more likely that posttranslational modifica-
tions of the C-terminal domain, or its interaction with another
nuclear component, would modulate the ability of LANA-1 to
interact tightly with nuclear heterochromatin via its amino-
terminal aa 5 to 22 and its role as a transcriptional activator.

The short stretch of sequence between aa 1129 and 1143,
AGNLQSSIVKFKKPL, contains two serine and three lysine
residues, putative targets, respectively, for phosphorylation,
ubiquitinylation, and sumoylation. We have mutated residues
1132 to 1141 in pairs to alanine and examined their ability to
activate the Cp promoter and their nuclear distribution: none
of these mutants had lost the ability to interact with nuclear
heterochromatin by immunofluorescence or in the high-salt
fractionation assay. Mutant KK1140/1141AA was markedly
(and the other mutants only moderately) impaired in the abil-
ity to activate the Cp promoter (not shown). This finding could
suggest that structural defects or interaction with an unidenti-

FIG. 3. Association of LANA-1 and LANA-1 deletion mutants
with fraction of the nuclear matrix that is resistant to extraction in
high-salt buffers. 293T cells were transfected with LANA-1-expressing
constructs, lysed in low-ionic-strength buffer containing 1% NP-40,
followed by the addition of a buffer containing 500 mM KCl and the
hsr fraction of the nuclear material pelleted by centrifugation as de-
scribed in the text. After the pellet was washed in high-salt buffer, the
hsr pellet and hse supernatant were analyzed by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis and Western blotting, with se-
rum from a Kaposi’s sarcoma patient to detect LANA-1. Arrowheads
indicate the position of the two different LANA-1 isoforms in the hse
and hsr fractions.
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fied ligand, rather than a single posttranslational modification,
could be the basis for the effect of aa 1129 to 1143.

The link between the heterochromatin association of
LANA-1 and its ability to activate a heterologous promoter in
293 cells suggests that LANA-1 could activate transcription by

targeting chromatin structures. LANA-1 appears to be a pro-
miscuous transactivator of several cellular and viral genes (21,
34, 36) and has been shown to interact functionally with the
transcription factors CREB/ATF, CBP, and SP1 (1, 26, 27). In
addition, we have recently reported the observation that

GFP

DNA

OVERLAY

FIG. 4. Association of aa 1 to 30 and aa 1128 to 1162 of LANA-1 with nuclear heterochromatin. (A) Diagram of EGFP fusion constructs used
in this experiment. The region from aa 1 to 30 of LANA-1, containing a previously described (32) binding site (aa 1 to 24) for nuclear
heterochromatin and a nuclear localization signal (aa 24 to 30), was fused upstream of EGFP, by using the vector EGFPN2, and aa 1128 to 1162
of LANA-1, representing its C-terminal end (see Fig. 1) were fused downstream of EGFP by using the vector EGFPC1. MCS, multiple cloning
site; NLS, nuclear localization signal. (B) Intranuclear localization of EGFP fusion proteins in L cells. Cells were transfected with the constructs
indicated, and the intracellular localization of the corresponding proteins was analyzed by fluorescence. (C) Association of aa 1 to 30 and aa 1128
to 1162 of LANA-1 with the hsr and hse nuclear fractions. The experiment was carried out as described in the legend to Fig. 3, except that an
antibody to EGFP was used to stain the Western blots. Arrows indicate the position of EGFP expressed from the pEGFP-N2 (left panel) and
pEGFP-C1 (right panel) vectors. Arrowheads indicate the positions of aa1-30/EGFP and EGFP/aa1128-1162 fusion proteins.
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LANA-1-transfected cells appear to have an altered hetero-
chromatin pattern (30). Other viral transactivators, such as the
herpes simplex virus type 1 ICP0 protein, have been shown to
modulate transcriptional activation of other viral promoters by
relieving repressive nuclear structures through involvement of
the nuclear proteasome machinery (15).

Based on the observations reported here it is therefore con-
ceivable that LANA-1 could help to convert regions of tran-
scriptionally inactive heterochromatin to become transcrip-
tionally active.

A recent report (21) showed that deletion mutants of
LANA-1 containing either aa 1 to 950 or aa 301 to 942, i.e.,
lacking the region of aa 1129 to 1143 investigated here, could
activate the EBV LMP-1 promoter in the B-cell line BJAB. We
also found that aa 276 to 971 are crucial for the activation of
the EBV Cp promoter in 293 cells and that their absence
changes the intranuclear distribution pattern of LANA-1 but
does not abolish its association with nuclear heterochromatin.
It is thus possible that aa 276 to 971, although not required for
the targeting to nuclear heterochromatin, contribute to het-
erochromatin modifications that are necessary for transcrip-
tional activation. The region from aa 276 to 971 contains an
acidic repeat region, a glutamine-rich repeat region and the
leucine zipper. LANA-1 has been shown to interact with his-
tone H1 (8), and it is thus possible that such interaction is
responsible for chromatin modulation. Given the observation
by Groves et al. (21) that aa 301 to 942 are sufficient for the
activation of the LMP-1 promoter in BJAB cells, it is thus
conceivable that, depending on the promoter or cell type stud-
ied, different regions of LANA-1 contribute to the activation of
heterologous promoters.

We thank Paul Farrel for the EBV Cp 5.0 construct.
This work was sponsored by the Deutsche Forschungsgemeinschaft

(Schu 1432-1/1).
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