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Abstract. The latent membrane protein 1 (LMP1) en-
coded by the Epstein-Barr virus acts like a constitutively
activated receptor of the tumor necrosis factor receptor
(TNFR) family and is enriched in lipid rafts. We showed
that LMP1 is targeted to lipid rafts in transfected HEK
293 cells, and that the endogenous TNFR-associated fac-
tor 3 binds LMP1 and is recruited to lipid rafts upon
LMP1 expression. An LMP1 mutant lacking the C-termi-
nal 55 amino acids (CD55) behaves like the wild-type

(WT) LMP1 with respect to membrane localization. In
contrast, a mutant with a deletion of the 25 N-terminal
residues (ND25) does not concentrate in lipid rafts but
still binds TRAF3, demonstrating that cell localization of
LMP1 was not crucial for TRAF3 localization. Moreover,
ND25 inhibited WT LMP1-mediated induction of the
transcription factors NF-kB and AP-1. Morphological
data indicate that ND25 hampers WT LMP1 plasma
membrane localization, thus blocking LMP1 function.
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Epstein-Barr virus (EBV) is a ubiquitous lymphotropic
herpesvirus that causes infectious mononucleosis and is
consistently associated with nasopharyngeal carcinoma
and large cell lymphomas of the immunocompromised
host. EBV infection of B lymphocytes is mostly non-
lytic. It results in the expression of a limited number of
nuclear (Epstein-Barr nuclear antigens, EBNAs) or
membrane (latent membrane proteins, LMPs) proteins,
and in perpetual cell proliferation [1]. Although it has a
well-known tropism for B lymphocytes and epithelial
cells, EBV also infects T lymphocytes, monocytes and
granulocytes [2]. The virus-encoded LMP1 is a major dri-
ving force in the process of neoplastic transformation.
LMP1 is the only EBV product that has transforming ef-

fects on non-lymphoid cells [3, 4]. In lymphoid cells,
LMP1 induces most of the phenotypic changes observed
during EBV infection, including activation of NF-kB and
Bcl-2, as well as up-regulation of adhesion molecules
such as LFA-1 and ICAM-1 [5–7].
LMP1 is a constitutively active receptor-like molecule
that alters cell growth [8]. In addition, it mimics CD40 [9]
and engages signaling proteins of the tumor necrosis fac-
tor (TNF) family [10]. Finally, LMP1 is a powerful in-
ducer of NF-kB-mediated transcription [11]. Two motifs
are critical for cell transformation and activation of 
NF-kB. The first, designated as the C-terminal activation
region 1 (CTAR1), spans residues 199–231. It interacts
with the TNF receptor-associated factors TRAF1,
TRAF2, TRAF3 and TRAF5 [7, 12, 13]. TRAF2 activates
NF-kB by targeting the NF-kB-inducing kinase (NIK)
followed by activation of the IkBa and IkBb kinases [14].* Corresponding author.
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The second motif, CTAR2, is located between residues
352–386 [12, 15]. This region of LMP1 is thought to me-
diate NF-kB activation through direct binding of the
TNF-associated death domain protein (TRADD) which
then interacts with TRAF2, thus mimicking TNF recep-
tor 1 (TNFR1)-mediated NF-kB activation [16, 17]. This
region is also linked to the activation of the AP-1 family
of transcription factors through the c-Jun N-terminal ki-
nase (JNK) pathway [18, 19].
LMP1 has been recently shown to partition in lipid rafts
[20, 21]. These specialized plasma membrane domains,
enriched in sphingolipids and cholesterol preferentially
incorporate proteins anchored via a glycosylphos-
phatidylinositol moiety, dually acylated proteins such as
Src family kinases and a subunits of G proteins. Thus
lipid rafts may function as signal transduction centers
[22]. In fact, such a role for these membrane mi-
crodomains has been convincingly shown for immunore-
ceptor signaling in lymphopoietic cells [23–25]. More-
over, CD40, a member of the TNFR superfamily, com-
partmentalizes in lipid rafts following engagement with
CD40L or specific antibodies [26, 27].
Several viruses have taken advantage of lipid rafts either
to facilitate their assembly and budding, such as the
measles virus [28] and the influenza virus [29], or to pro-
mote cell activation processes and facilitate virus replica-
tion and spread, such as the HIV-1 virus [30]. Some viral
products, among them the influenza virus hemagglutinin
[31], or the Nef-1 protein of HIV [30], have been shown
to be directly associated with lipid rafts of their target
cells.
Few proteins are enriched in lipid rafts. As shown for sev-
eral adapter molecules, the addition of saturated fatty
acids increases their affinity for lipid rafts. However, why
some transmembrane proteins are also localized within
lipid rafts is not yet clear. In particular, the reason for 
Epstein-Barr virus LMP1 protein targeting to lipid rafts is
not known, nor the determinants necessary for such a dis-
tribution. In the present study, we analyzed the structural
elements of LMP1 required for association with lipid
rafts. Furthermore, we investigated the biological signif-
icance of this localization.

Materials and methods

Antibodies
Affinity-purified polyclonal rabbit anti-LMP1 antibody
was a kind gift of Dr J. Martin, (MCD-Biology, Univer-
sity of Colorado, Boulder, Colo.). S12 monoclonal anti-
body against LMP1 [32] was a gift from Dr F. Meggetto
(INSERM, Toulouse, France). Rabbit polyclonal anti-
body against caveolin-1 and mouse monoclonal antibod-
ies against TRADD and RIP were from Transduction
Laboratories (Lexington, Ky.). The rabbit polyclonal 

172

antibodies against TRAF2, TRAF3 and TRAF6 were
from Santa Cruz biotechnology (Santa Cruz, Calif.).
Polyclonal antibody against epidermal growth factor 
receptor (EGFR) was from Upstate Biotechnology (Lake
Placid, N.Y.). Polyclonal antibody against Fyn was a gift
from Dr Morris White, Harvard Medical School, Boston,
Mass. Monoclonal antibodies against the transferrin 
receptor and caspase-3 were from Zymed and Signal
Transduction, respectively.

Plasmids
Plasmids pSV2BNLF-1, CD55, ND25 and 3x-kB-L have
been described elsewhere [33, 34] and were the kind gift
of Dr J. Martin (MCD-Biology). NF-kB-(3x-kB-L) [35]
and AP-1 (pTRU14) [36] driven luciferase contructs 
were the kind gift of Dr B. Sugden (McArdle Laboratory
for Cancer Research, University of Madison, Wis.), and
Dr D. Bohman (EMBL, Heidelberg, Germany), respec-
tively.
Plasmid pCR3-LMP1-GFP that allows the expression of
LMP1 fused at its C terminus to the enhanced green flu-
orescent protein (EGFP) under control of a CMV pro-
moter was constructed as follows. The cDNA sequence
encoding full-lengh LMP1 was cloned into pCR3 
(Stratagene, La Jolla, Calif.) by RT-PCR using the LMP1
primers 5¢-CACAAGCTTGCCACCATGGAACAGAC-
CTTG-3¢ and 5¢-GAAGTCGACGTCATAGTAGCTTAG-
3¢ and RNA isolated from the lymphoblastoid cell lines
B95-8 as template following standard methods (Pharma-
cia Biotech, Uppsala, Sweden). Then, EGFP sequence
obtained by PCR amplification from plasmid pEGFP-C1
(Clonetech, Palo Alto, Calif.) to incorporate appropriate
flanking restriction sites, was subcloned downstream 
of the LMP1 sequence. This construct was verified by 
sequencing. All plasmids were amplified and purified 
using either Quiagen (Quiagen, Hilden, Germany) or 
Jet star 2.0 Plasmid midi kits (Chemie Brunschwig,
Basel, Switzerland).

Cell culture and transfections
The B95-8 lymphoblastoid cell line was obtained from Dr
F. Meggetto (INSERM, Toulouse, France) and was grown
at 37°C, 5% CO2 in RPMI supplemented with 10% (v/v)
heat-inactivated fetal bovine serum and penicillin/strep-
tomycin (all from Gibco Life Technologies, Basel,
Switzerland). The human embryonic kidney cell line
HEK 293 (ATCC CRL 1573) was grown at 37°C, 5%
CO2 in DMEM supplemented with 10% (v/v) heat-inac-
tivated fetal bovine serum and penicillin/streptomycin.
Cells were transfected using Fugene 6 (Roche Biochem-
icals, Rotkreuz, Switzerland) and analyzed 24 h later.

Isolation of detergent-insoluble microdomains
Lipid rafts were isolated by sucrose gradient fractionation
in the presence of Triton X-100 as described elsewhere



[37]. Briefly, HEK293 cells from one 15-cm-diameter
subconfluent culture dish were lysed in 750 ml of MNE
buffer (25 mM MES, pH 6.5, 150 mM NaCl, 2 mM
EDTA) containing 1% Triton X-100 and 10 mg/ml benz-
amidine, 2 mg/ml antipain and 1 mg/ml leupeptin for 
30 min on ice. Cells were further homogenized by ten
gentle strokes of a loose-fitting pestle in a dounce ho-
mogenizer. The homogenate was mixed with 750 ml 90%
sucrose in MNE buffer. Overlaying sequentially 1.5 ml
35% sucrose and 1.5 ml 5% sucrose in MNE buffer
formed a discontinuous sucrose gradient. The gradient
was centrifuged at 120,000 g at 4°C in a swinging bucket
rotor SWT55 (Beckman, Palo Alto, Calif.). Twelve 
370-ml fractions were collected. Fraction 13 was obtained
by sonicating the pellet present at the bottom of the gra-
dient in 370 ml MNE containing 1% Triton X-100. The
amount of proteins in each fractions was determined us-
ing the BCA Protein Assay (Pierce, Rockford, Ill.).

Cell lysis and immunoprecipitations
Cells from 9-cm-diameter subconfluent culture dishes
were harvested and lysed for 30 min on ice in CHAPS
buffer (5 mM CHAPS, 10 mM Tris-HCl pH 7.4, 0.15 mM
NaCl, 2 mM MgCl2, 5 mM EGTA) with protease in-
hibitors (10 mg/ml benzamidine, 2 mg/ml antipain, 
1 mg/ml leupeptin). The lysates were centrifuged for 
5 min at 4°C in an Eppendorf centrifuge to pellet nuclei.
LMP1 was immunoprecipitated with S12 antibodies im-
mobilized to protein A-Sepharose (Amersham Pharmacia
Biotech, Uppsala, Sweden).

Immunoprecipitation of LMP1 after sucrose
gradient fractionation
Lipid rafts from transfected or control cells were isolated
by sucrose gradient fractionation. Fractions 3, 4 and 5 of
the sucrose gradient were pooled and solubilized by the
addition of one-tenth of 10 ¥ CHAPS buffer  (50 mM
CHAPS, 100 mM Tris-HCl pH 7.4, 1.5 mM NaCl, 
20 mM MgCl2, 50 mM EGTA) with protease inhibitors
(10 mg/ml benzamidine, 2 mg/ml antipain, 1 mg/ml leu-
peptin). LMP1 was immunoprecipitated with S12 anti-
bodies immobilized to protein A-Sepharose (Amersham
Pharmacia Biotech).

Western blot analysis
Proteins were separated by SDS-PAGE on 8% or 10%
minigels (BioRad Laboratories, Glattbrugg, Switzer-
land) and transferred to Protran nitrocellulose mem-
branes (Schleicher & Schuell, Dassel, Germany). Mem-
branes were blocked in PBS containing 0.05% Tween-20
and 3% dried milk and revealed using specific first anti-
bodies followed by HRP-coupled second antibodies
(BioRad,  or Sigma, Buchs, Switzerland) and enhanced
chemiluminescence (ECL) (Amersham Pharmacia
Biotech, UK).

Luciferase assays
Luciferase activity in HEK293 cells was measured 24 h
after transfection using reagents from the luciferase assay
system (Promega, Wallisellen, Switzerland) according to
the manufacturer’s protocol. Lysis supernatants were in-
cubated with excess luciferase substrate, and the light
emitted was detected using a Lumac Biocounter M2500
(MBV, Stäfa, Switzerland). The data were normalized to
the protein concentration of the samples and expressed as
percentage of induction by wild-type (WT) LMP1.

Confocal microscopy
HEK293T cells were cultured for 24 h on chambered
borosilicate coverglasses (Lab-TekII system; Nalge Nunc
International, Naperville, Ill.) prior to transient transfec-
tion. Live cells expressing LMP1–GFP, in the presence
or absence of ND25 or CD55, were directly analyzed by
confocal microscopy (LSM510; Zeiss, Jena, Germany).
GM1 gangliosides were visualized with Cy5-conjugated
choleratoxin B subunit (CTx). A representative slice
through the middle of the cell is shown. Cells expressing
WT LMP1, ND25 or CD55 were fixed with 3%
paraformaldehyde in PBS for 10 min at room tempera-
ture, washed and permeabilized with 0.1% Triton X-100
in PBS for 10 min at room temperature. After blocking in
PBS containing 0.5% bovine serum albumin for 30 min
at room temperature, LMP1 constructs were stained with
the anti-LMP1 monoclonal antibody S12 and anti-mouse
IgGCy3 (Milan Analytica, La Roche, Switzerland). Com-
parable localization was obtained when cells expressing
LMP1–GFP were fixed, permeabilized and stained as the
WT LMP1 construct.

Subcellular fractionation
Cells from a 15-cm petri dish were washed twice in cold
PBS and resuspended in 2 ml homogenization buffer 
(250 mM sucrose, 20 mM Tris-HCl pH 7.4, 1 mM MgCl2,
1 mM MnCl2, 1 mM EDTA, plus 10 mg/ml benzamidine,
2 mg/ml antipain and 1 mg/ml leupeptin) for 20 min on
ice. Cells were broken with 15 strockes of a tight-fitting
pestle in a dounce homogenizer. The nuclei and unbroken
cells were removed by low-speed centrigugation (1000 g
for 10 min at 4°C). The homogenates were centrifuged at
100,000 g at 4°C in a swinging bucket rotor SWT55
(Beckman, Palo Alto, Calif.). The pellets including cellu-
lar membranes were resuspended in 10 mM Tris-HCl pH
7.4, 150 mM NaCl. The proteins present in the high-
speed supernatants (soluble fraction) were precipitated
with chloroform:methanol and dissolved in the same
volume of buffer. Both fractions were analyzed by 
SDS-PAGE.
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Results 

Deletion of the N-terminal region of LMPl 
perturbs its localization in lipid rafts 
One of the characteristics of lipid rafts is their partial re­
sistance to solubilization by non-ionic detergents such as 
Triton X-100 in which they form glycolipid-enriched 
complexes at 4 °C. Due to their high lipid content, these 
membranes are of low buoyant density and can be iso­
lated from mammalian cells by density gradient ultracen­
trifugation [38]. For our study, we used HEK293 cells that 
have previously proved very useful to assess LMPI func­
tion [34, 35]. We first analyzed the presence ofLMP1 in 
lipid rafts from cells transfected with the plasmid 
pSV2BNLF-1 coding for the prototype strain B95-8 
LMP 1, designated as WT. Figure 1 a shows LMP I distri­
bution in fractions coUected after sucrose gradient cen­
trifugation from the top (fraction I) to the bottom (frac­
tion 12) of the gradient. The remaining pellet was solubi-
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Figure 1. LMP 1 is detected in low density fractions after sucrose 
gradient centrifugation. Lipid raft isolation from HEK293 cells 
transfected with expression vectors coding for either WT LMP 1 (a), 
N625 (b) or Ct.55 (c) was accomplished as described in Materials 
and methods. Aliquots (15 jll) of the collected fractions were re­
solved on I 0% SDS-PAGE and transferred to a nitrocellulose mem­
brane. The membranes were Western blotted for LMPI (a- c), cave­
olin-! (d), or EGFR (e). A typical pattern of total protein distribu­
tion in a representative gradient from HEK293 cells is shown after 
Ponceau red S staining (f) (P, pellet). 

lized in I% Triton X-IOO, sonicated and analyzed by 
SDS-PAGE with the other fractions. LMP1 is clearly en­
riched in the low-density fractions 3-5 of the gradient, 
reflecting lipid rafts. Upon expression in HEK293 cells, 
LMPI migrates with an apparent molecular weight of 
62 kDa LMP1 has been shown to have a short half-Life 
[33, 39, 40], and the smaller LMP1 fragments which are 
detected in the blots are therefore likely to represent 
degradation products. A similar distribution of LMP1 in 
lipid rafts was observed in the EBV-transformed lym­
phoblastoid cell line B95-8 (data not shown). 
To identify the elements required for LMPl targeting to 
lipid rafts, we compared the membrane distribution of 
two deletion mutants, Nt.25 and Ct.55, to that of WT 
LMPl. In Nt.25, 25 amino acids have been deleted from 
the N terminus, removing the complete N-terminal cyto­
plasmic region. Surprisingly, we found that after extrac­
tion in Triton X-100 and flotation through a sucrose gra­
dient that Nt.25 was not enriched in lipid rafts (fig. I b). 
In constrast, the mutant lacking the C-terminal 55 amino 
acids (Ct.55) behaved like the WT LMPI with respect to 
membrane distribution (fig. I c). Caveolin-I , known to 
specifica1ly partition in glycolipid- and cholesterol-rich 
microdomains, was exclusively present in the low-density 
fraction 4, as weU as in the pellet (fig. 1 d). In contrast, 
EGFR, which is excluded from lipid rafts under non­
stimulatory conditions, was found in high-density frac­
tions (fig. 1 e). Most proteins were recovered in the high­
density fractions as shown by the Ponceau Red staining of 
the nitrocellulose membrane (fig. 1 f). We determined the 
protein content of each fraction and found that about 2% 
of the total proteins loaded on the gradient were recov­
ered in fractions 1-5 (data not shown). 
The membrane distribution of LMP1 constructs from 
several independent experiments are depicted in table 1, 
where the intensity of the signal present in the low-den­
sity fractions (fractions 1-5), the high-density fractions 
(fractions 6-12) or the pellet was assessed by scanning 
the autoradiograms and expressed as a percentage of the 

Table 1. Distribution ofWT and mutant LMPI after sucrose gradi­
ent centrifugation. 

WTLMP1 
Nt.25 
Ct. 55 

Fractions 1-5 Fractions 6-12 Pellet n 

37.8 ± 1.3 
2.5 ± 3.2 

32.7 ±4.2 

57.9 ± 1.2 
88.9 ± 2.1 
65.3 ± 2.3 

4.3 ±0.1 3 
8.6±5.4 4 
2.0±2.0 2 

The cells were trans fee ted with expression vectors coding for either 
WT LMPl (WT), Nt.25 or Ct.55. Distribution of the LMPl mu­
tants was analyzed after sucrose gradient centrifugation as de­
scribed in Materials and methods. The immunoblots from several 
independent experiments were quantified using SCAN analysis. 
The reported values ± SD represent the percentage of signal present 
in the low-density fractions (fractions 1-5), the high-density frac­
tions (fractions 6-12) or the pellet (n, number of independent 
experiments). 
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Figure 2. Expression ofLMPI induces the recruitment ofTRAF3 to lipid rafts. Lipid raft isolation by density gradient from LMPI-trans­
fected or untransfected HEK293 cells was accomplished as described in figure I. Aliquots (15 }11) of the collected fractions were resolved 
on 10% SDS-PAGE, transferred onto nitrocellulose membranes and analyzed by Western blotting forTRAF2, TRAF3, TRAF6 and LMPI. 

total signal. Our results show that only 2.5% ofN~25 was 
recovered in low-density fractions, compared to about 
38% ofWT LMPI and 32% ofC~55. These data indicate 
that N~5 is not enriched in lipid rafts whereas the dele­
tion of the C-terminus of LMPI had no effect on the 
selective membrane localization of the protein. 

LMPl recuits TRAF2 and TRAF3 to lipid rafts 
Genetic and biochemical analysis indicate that LMPI-in­
duced activation of NF-1<8 is due to the interaction of 
LMPI with TRAFs. To test whether the expression of 
LMPI and its localization in lipid rafts leads to a redistri­
bution of TRAFs, we expressed or not WT LMPI in 
HEK293 cells, and analyzed the protein composition of 
lipid rafts and soluble fractions ofTriton X-1 00-dispersed 
celllysates separated by sucrose density gradients. Figure 
2a shows the distribution of WT LMPI in the gradient. 
We observed that LMPI recruited a very small but repro­
ducible amount ofTRAF2 to lipid rafts (fig.2b). How­
ever, the recruitment of TRAF3 to lipid rafts was more 
pronounced (fig. 2c). In contrast, no recruitment of the 
unrelated TRAF6 was observed under the same condi­
tions (fig. 2d). These results indicate that TRAF2 and 
TRAF3 are selectively recruited by LMPI to lipid rafts. 

LMPl binds TRAF3 in lipid rafts 
To determine whether lipid-raft-associated LMPI binds 
TRAF3, sucrose gradient centrifugation experiments 
were performed with untransfected or LMPI-transfected 
cells. Fractions 3, 4 and 5 from the sucrose gradient were 
pooled and solubilized in CHAPS buffer. LMPI was sub­
sequently immunoprecipitated and the proteins resolved 
on SDS-PAGE. Western blot analysis of the samples re­
vealed that TRAF3 co-immunoprecipitated with LMPI 
(fig. 3). In contrast, under the same conditions, the pro­
tein kinase Fyn, which is highly abundant in these frac-
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Figure 3. LMPI isolated from lipid rafts binds TRAF3. Lipid rafts 
from either control cells (C) or cells transfected with WT LMPI 
were isolated by density gradient as described in Materials and 
methods. LMP I was subsequently immunoprecipitated from the 
low-density fractions 3, 4 and 5, and the samples analyzed on 8% 
SDS-PAGE and transferred to nitrocellulose. LMPI, TRAF3 and 
Fyn were detected using the appropriate antibodies (*lg, position of 
the immunoglobulin heavy chain). 

tions, was not co-immunoprecipitated with LMPI. These 
results demonstrate that the adapter molecule TRAF3 
binds LMPI in lipid rafts. 

Deletion of the N-terminal region of LMPl 
does not prevent TRAF3 binding 
To test whether the binding ofTRAF3 was affected if the 
N-terminal domain of LMPI was deleted, we expressed 
WT LMPI, N~25 and C~55 in HEK293 cells, lysed the 
cells and immunoprecipitated LMPI. As shown by 
Western blot analysis, 57-kDa TRAF3 molecules were 
co-immunoprecipitated with WT LMPI (fig. 4a). ln con­
trast, RIP or TRADD did not co-immunoprecipitate with 
WT LMPI under the same conditions, a result confirmed 
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Figure 4. TRAF3 is co-immunoprecipitated with WT LMPI, 
N~25 and C~SS in transfected HEK293 cells. (a) Cells from 1 0-cm 
petri dishes were transfected with 5 }lg of the expression vector cod­
ing for WT LMPl (WT) or not transfected (C). LMPl was im­
munoprecipitated with the S12 monoclonal antibody. One-fifth of 
the total sample was resolved on 8% SDS-PAGE and transferred to 
nitrocellulose membranes. LMPI, TRAF3, RIP and TRADD were 
detected by Western blotting using the appropriate rabbit polyclonal 
antibodies. (b) Cells from I 0-cm petri dishes were transfected with 
the expression vectors coding for WT LMP I (WT), N~25 or C~SS. 
LMPl was immunoprecipitated with the S12 monoclonal antibody. 
One-fifth of the total sample was resolved on 8% SDS-PAGE and 
transferred to nitrocellulose membranes. TRAF3 and LMPI were 
detected by Western blotting using the appropriate rabbit polyclonal 
antibodies. Ten microliters of the cell lysates was analyzed simulta­
neously to detect the endogenous TRAF molecules and the trans­
fected LMPI forms in the samples (*lg, position of the im­
munoglobulin heavy chain). 

even when the cells were lysed in a buffer containing 
0.5% Brij 58, a non-ionic detergent known to have less 
dispersing effects on protein interactions than Triton 
X-100 or CHAPS (fig. 4a). TRAF3 was still co-immuno­
precipitated with Nd25 and C~55 (fig. 4b). These results 
indicate that TRAF3 still binds LMPl when the N-termi­
nal region is deleted. 

N~25 acts as a dominant negative variant of LMPl 
Our results demonstrated that N~25 is not targeted to 
lipid rafts, but still binds TRAF3 molecules. We there­
fore tested whether Nd25 could interfere with WT 
LMPl signaling using NF-KB or AP-1luciferase assays. 
As shown in an earlier work [35], Nd25 did not in­
duce NF-KB-dependent luciferase activity in transfected 

HEK293 cells and C~55 induced reporter expression 
only to 25% of the WT level (fig. 5a). Similarly, neither 
N~25 nor C~55 induced AP-1-dependent luciferase 
activity above background (fig. 5b). When N~25 was 
co-transfected together with WT LMPl in HEK293 
cells, we observed a dose-dependent inhibition of both 
NF-KB and APl-dependent luciferase activity (fig. 5c, 
d). This inhibition was still detectable when cells were 
transfected with tenfold less plasmid coding for N~25 
than for the WT LMP 1. In contrast, no negative effect on 
LMPl signaling was observed even with equal amounts 
oftransfected C~55. Taken together, our results demon­
strate that N~25 acts as a dominant inhibitor of LMPl 
signaling. 

N.l\25 a lters the distribution of WT LMPl 
Several studies have previously shown a characteristic 
staining ofLMPl in punctuate and large patches by clas­
sical optical microscopy [32, 33, 41, 42]. In contrast to 
WT LMPl , various forms of LMP1 with deletions of 
25, 43 and 128 amino acids exhibited only diffuse fluo­
rescence [33, 42, 43]. As expected, Nd25 showed a non­
patchy, diffuse distribution, whereas C~55 distribution 
was similar to that ofWT LMP 1 (fig. 6 a). To examine the 
mechanism of the dominant negative effect ofN~25, we 
constructed a fusion molecule between the WT LMP1 se­
quence and EGFP. We took advantage of the natural fluo­
rescence of GFP to follow the distribution of LMPl by 
confocal microscopy on viable cells, without fixing the 
cells or using antibodies. Several control experiments 
showed that the hybrid LMPl-GFP protein behaved like 
WT LMPl with respect to membrane localization, show­
ing characteristic patches at the plasma membrane 
(fig. 6b). Furthermore, the localization of LMPl-GFP 
did not change when cells were fixed and permeabilized 
(data not shown). In addition, in cells expressing LMP1-
GFP, staining with anti-LMP1 antibodies matched with 
the fluorescence derived from GFP (data not shown). Co­
expression of LMP1-GFP with Nd25 clearly induced a 
redistribution ofLMP1-GFP and prevented the formation 
of patches at the cell surface, while co-expression of 
C~55 did not alter LMP1-GFP localization (fig. 6b). 
Vizualization of LMPl-GFP revealed that a portion of 
LMPl localized at the plasma membrane with CTx 
(fig. 6b). 

N.l\25 is membrane associated 
To test whether the deletion of the LMPl N-terminal seg­
ment perturbs its membrane association, we compared 
the distribution ofNd25 and WT LMPl after subcellular 
fractionation (fig. 7). We detected both N~25 and WT 
LMP 1 in the high-speed pellet containing membrane pro­
teins. The transmembrane transferrin receptor had a sim­
ilar distribution, whereas the cytosolic caspase-3 was de­
tected in the high-speed supernatant only. 
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Figure 5. Nill inhibits WT LMPI signaling activities. Stimulation ofNF-KB (a, c) and AP-I (b, d ) reporter activities by WT and deletion 
mutants of LMPI. Activation ofNF-KB and AP-1 was determined by measuring the activity of the luciferase enzyme after co-transfecting the 
reporterplasmids 3x-JCB-L (250ng) and pTRU-14 (50 ng), respectively, with 500 ngpSV2BNLF-l.As indicated N~5 was added at a 1: Ira­
tio to pSV2BNLF-1 (500 ng of each plasmid), a 1:0.2 ratio (500 ng pSV2BNLF-1 and 100 ng Nil25) or a I :0.1 ratio (500 ng pSV2BNLF-1 
and 50 ng Nil25). Cil55 was added at a 1 : I ratio (500 ng of each plasmid). All data were corrected for the protein content of each sample and 
are expressed as a percentage of the activity ofWT LMPI. The experiments were repeated at least three times, with comparable results. 

a WTLMP1 NA25 CA55 

b LMP1·GFP LMP1 -GFP 1Na25 LMP1 ·GFP I CA55 

Figure 6. Nil25 alters the distribution of WT LMP1 . HEK293T 
cells were cultured for 24 h on chambered borosilicate coverglasses 
prior to transient transfection with I 00 ng of plasmid coding for 
WT LMPI or Cil55, and 20 ng for plasmids coding for LMPJ-GFP 
or Nil25. (a) Cells were fixed, permeablilized and stained with the 
anti-LMP1 monoclonal antibody Sl2 and anti-mouse IgGey3• 

(b) The fluorescence of LMPI-GFP was directly analyzed in live 
cells (top row); the same cells stained with CTxcvs are shown below. 

WT Nli25 

M c M c 
kDa 

62- LMP1 

85- - - TR 

32- --. Caspase-3 

Figure 7. Cells from 15-cm petri dishes were transfected with the 
expression vectors coding for WT LMPI or Nil25. The cells were 
homogenized and fractionated as described in Materials and meth­
ods. The proteins present in the high-speed pellet containing cellu­
lar membranes (M) and the high-speed supernatant (C) were ana­
lyzed on I 0% SDS-PAGE. LMP I, the transferrin receptor (TR) and 
caspase-3 were detected using the appropriate antibodies. 

Discussion 

We demonstrated in this study that an adapter molecule 
mediating an early step of signal transduction through 
LMPI is associated with lipid rafts. We showed that (i) 
LMPI binds to endogenous TRAF3 molecules in 
HEK293 cells and that (ii) TRAF3, and to a lesser extend 
TRAF2 are recruited to lipid rafts upon LMP I expres­
sion. Our data are in agreement with recently published 



work demontrating that LMP1 is raft-associated and as-
sociated with TRAF3 in microdomains [21, 44]. These
observations suggest that LMP1 has aquired multiple fea-
tures of TNFR function, although the molecule shows no
structural similarity to members of the TNFR family.
However, CD40 recruits TRAF2 and TRAF3 to lipid rafts
only after its engagement [26, 27]. Since the localization
of TRAF3 in the cell membrane is sufficient to convert
this molecule to an activator of JNK [45], the transloca-
tion of TRAF molecules into lipid rafts seems to re-
present a key factor for signaling. In contrast to CD40, 
viral LMP1 partitions constitutively, i.e. without ligand
binding or antibody cross-linking, in lipid rafts, where it
recruits adapter molecules. The resulting effect is the
constant activation of cellular pathways.
The mechanisms that determines lipid raft localization of
LMP1 remains to be investigated. LMP1 was shown to be
palmitoylated; however, this acylation is not necessary
for the lipid raft association nor for the function of the
protein [44]. We showed that the six transmembrane seg-
ments of LMP1 are not sufficient to direct the protein to
lipid rafts. For correct targeting, the first 25 amino acids
of the LMP1 N-terminal region play an essential role.
This region may be important for self-aggregation, or
may actively bind other cellular components. The pres-
ence of several proline residues in this region, which form
potential SH3 domains involved in protein-protein inter-
actions [46], supports this hypothesis. This sequence is
also remarkably conserved between EBV isolates 
[S. Rothenberger, personal observations]. A mutational
analysis of this region will provide more information on
the structure requirements for LMP1 localization in lipid
rafts.
In contrast to ND25, the CD55 deletion mutant, which 
has no CTAR2 site and therefore has lost the ability to ac-
tivate the c-Jun pathway and whose activation of NF-kB
is only 25% of the full-length form, partitions in lipid
rafts as the WT LMP1. This indicates that the partitioning
of LMP1 into membrane microdomains probably does
not depend on the binding of  adapter molecules. We also
observed that the ND25 deletion mutant, although unable
to concentrate in lipid rafts, still binds adapter molecules.
The binding of TRAFs seems therefore to be independent
of the localization of LMP1. In contrast to LMP1, CD40
does not interact with TRAF molecules in the absence of
stimulation with the CD40 ligand [27], suggesting that
these interactions are restricted to lipid rafts. We further
observed that ND25 constitutes a dominant negative form
of WT LMP1. This mutant may sequester TRAF mole-
cules outside lipid rafts or maintain the full-length form
in a conformation that does not allow the transmission of
the signal. To test this hypothesis we constructed a
chimera by fusing the LMP1 sequences to GFP. By con-
focal microscopy, this construct showed the same distri-
bution as WT LMP1, with many visible aggregates and

patches. This staining coincided with the distribution of
WT LMP1 described previously using classical optical
microscopy [32, 33, 41, 42] or, more recently, using a
confocal microscope [47]. In agreement with these 
studies, a substantial amount of LMP1 was located in 
intracellular vesicles. Since LMP1 has a very short half-
life [33, 40] and is degraded through the proteasome
pathway [48], the mature LMP1 expressed at the plasma
membrane is likely to represent only a minor fraction of
the total amount present in the cell.
As expected from previous studies [33, 42, 49], ND25
showed a non-patchy, diffuse staining, whereas the CD55
distribution was similar to WT LMP1. Co-expression of
ND25 clearly changed the distribution of LMP1-GFP,
whereas CD55 did not. These data suggest that ND25 pre-
vents the concentration of LMP1 in patches, explaining
why it blocks LMP1 function. Although the deletion of
the 25 N-terminal amino acids may alter the folding and
the transport of LMP1, it does not remove a signal 
sequence directing the protein to the membrane [50]. 
Furthermore, subcellular fractionation experiments
showed that the deletion of 25 or even 43 N-terminal
amino acids of LMP1 did not prevent the membrane 
association of the protein (fig. 7) [50]. Interestingly, the
half-lives of LMP1 N-terminal deletion mutants were
greatly prolonged compared to WT LMP1 [33, 48],  an
observation that rather argues against a major problem of
misfolding in the endoplasmic reticulum.
Taken together, our results are consistent with a recent
model proposing that after its synthesis, LMP1 translo-
cates to the plasma membrane where it acquires a ‘modi-
fication’ that increases its affinity for TRAFs and lipid
rafts, a ‘modification’ that is intrinsically encoded by the
LMP1 N terminus [47]. In this report, the authors found
that fusing the LMP1 N-terminus and membrane-span-
ning domains to the CD40 C-terminus supports signaling
more efficiently than CD40 plus ligand or trimerized
CD40. Our results suggest that the binding of TRAF3
does not depend on the localization of LMP1 in lipid
rafts. Interestingly, the same region of LMP1, the cyto-
plasmic N-terminal domain, seems to be required for tar-
geting to lipid rafts, ubiquitination and degradation. The
elucidation of the role played by this region is likely to
provide new information on the mechanism of signaling
of other cell surface receptors.
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