ISSN 0233-7657. Biopolymers and Cell. 2012. Vol. 28. N 3. P. 234-238

GENOMICS, TRANSCRIPTOMICS AND PROTEOMICS

UDC 577.22

Amphiphysin 1 and 2 interact with latent
membrane protein 2A of Epstein-Barr virus
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Aim. Latent membrane protein 24 (LMP2A) of Epstein-Barr virus is implicated in the regulation of viral latency.
The aim of the current study was to identify proteins interacting with proline-rich motifs of LMP2A. Methods. In
silico prediction with Scansite allowed to recognize amphiphysin 1 (Amphl) as a binding partner of LMP2A. Mo-
lecular cloning techniques, site-directed mutagenesis, in vitro binding assay made it possible to study the inter-
action interface of Amphl/LMP2A complex. Sequential centrifugation steps were used to isolate an exosomal

fraction. Results. LMP2A but not LMP2ANT mutant has been found to bind the SH3 domain of Amphl via three

distinct proline-rich motifs located in the N-terminal tail. All three motifs seem to be interchangeable as the
presence of at least one of them was sufficient to mediate LMP2A/Amphl interaction. Furthermore, the binding
of LMP2A to Amphl and related protein amphiphysin 2 was demonstrated by co-immunoprecipitation of endoge-
nous complexes. We have found that inability of LMP2A mutant to bind Amphl leads to the vanishing of the viral
protein from the exosomal fraction. Conclusions. The latent membrane protein 24 of Epstein-Barr virus forms
complexes with endocytic adaptor proteins Amphl and Amph?2. Described interaction might be involved in the

regulation of intracellular traffic and secretion of LMP2A.
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Introduction. Epstein-Barr virus (EBV) is a member of
the herpesvirus family and one of the most common hu-
man viruses [1]. EBV is associated with a number of hu-
man malignancies, such as Burkitt’s lymphoma [2],
Hodgkin’s lymphoma [3] and nasopharyngeal carcino-
ma [4]. Only restricted set of viral genes is expressed wi-
thin the latent phase: LMP1, LMP2A, LMP2B, EBNAs
and EBERs. Latent membrane proteins (LMPs) are key
players in transformation and survival of infected cells
[5]. EBV latency is regulated by LMP2A and LMP2B
[5]. LMP2A is a transmembrane protein comprising 12
transmembrane segments and two cytosolic tails. The
N-terminal tail is responsible for LMP2A signalosome
assembly and signaling, while C-terminal one mediates
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clusterization of LMP2A molecules [6, 7]. Cytosolic N-
and C-terminal tails of LMP2A contain phosphotyrosi-
ne-containing (pY) and proline-rich motifs (PRMs).
Through the pY-motifs LMP2A interacts with SH2-
and PTB-containing proteins [8]. Due to the binding of
tyrosine kinases Syk and Lyn, LMP2A mimics activa-
ted receptors and establishes its own signaling [9-11].

LMP2A-induced signaling events were uncovered
in B-cells, epithelial cells and fibroblasts [5, 10]. LMP
2A activates AKT kinase providing anti-apoptotic and
pro-survival signals [11, 12]. Much attention was paid
to mitogenic signaling but knowledge about LMP2A
internalization and traffic in EBV-positive cells is un-
clear so far.

Despite the presence of five putative PRMs no inter-
actions with the SH3 domains have been reported. Here
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we report the identification of amphiphysins 1 and 2 as
protein partners of LMP2A. Inability of LMP2A
mutant to interact with Amphl affects the secretion of
LMP2A on exosomes produced by HEK293 cells sug-
gesting a putative role of Amphl in LMP2A traffic.

Materials and methods. Antibodies. A monoclonal
antibody against FLAG epitope (clone M2) was purcha-
sed from «Sigmay» (USA); a monoclonal anti-Omni (D-
8) antibody and rabbit polyclonal anti-Omni antibodies
(M-21) were from «Santa Cruz» (USA).

DNA constructs. The construct carrying wild type
LMP2A CDS [13] was used as a template for PCR amp-
lification of LMP2A of wild type (1-497 aa residues),
LMP2AANT mutant (105-497 aa residues) and derived
P-to-A point mutant constructs with subsequent cloning
into pcDNA4 His/MaxC («Invitrogen», USA). Site-spe-
cific mutations were introduced with primer-extension
method. LMP2A P2 mutant was generated using the
following primers: For 5~ AACACCGCCACCGCAGC
GAACGATGAGGAA, Rev 5-TTCCTCATCGTTCG
CTGCGGTGGCGGTGTT, LMP2A P3 mutant: 5'-TG
AAGAGGCCGCAGCGGCTTATGAGGACCCA, Rev
5'-TCCTCATAAGCCGCTGCGGCCTCTTCATTAG,
LMP2A P4 mutant: 5'-TGACGGGCTCGCTGCCGC
TGCCTACTCTCCAC, Rev 5'-GTGGAGAGTAGGC
AGCGGCAGCGAGCCCGTCA. The LMP2A P3 + P4
and LMP2A P2 + P3 + P4 were obtained by combining
of P-to-A substitution in mentioned motifs (Fig. 1, A).

The SH3 domains of Amph 1, PI3Kp85a, Src and
endophilin were described previously [14-16]. Full-
length CDS of Amph 1 and Amph 2 were amplified by
PCR from human embryonal brain cDNA using the High
Fidelity PCR enzyme mix. The PCR products were
cloned into the pcDNA4 His/MaxC vector to generate
Omni-Amph 1 Omni-Amph 2 respectively. All PCR-
generated DNA fragments were sequenced to confirm
fidelity.

Immunoprecipitation. For immunoprecipitation (IP)
the cells were lysed in IP buffer (20 mM Tris-HCI, pH
7.5, 0.5 % NP-40, 150 mM NaCl, 10 % glycerol, 1 mM
PMSF and protease inhibitor cocktail («Rochey, Fran-
ce)). The HEK293 cell lysate was mixed with antibo-
dies (0.5 pg) and protein A/G Agarose beads («Santa
Cruz Biotechnology», USA) prewashed in IP buffer.
After overnight incubation at 4 °C the beads were wa-
shed three times with IP buffer. The bound proteins we-

re eluted by boiling in 30 ul of Laemmli sample buffer
(150 mM Tris-HCI, pH 6.8, 2.5 % glycerol, 10 % SDS,
3 % P-mercaptoethanol and 0.5 % bromophenol blue)
and analyzed by SDS-PAGE and Western blotting.

Cell culture and transfection. HEK293 cells were
maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10 % fetal calf serum
(«Sigmay), 50 U/ml penicillin and 100 pg/ml strepto-
mycin. The cells were transiently transfected using po-
lyethyleneimine transfection reagent (JetPEI, Polyplus
Transfection) and processed 24 h after transfection.

Protein expression, pull-down assays and Western
blot analyses were carried out as described previously
[14].

Exosome preparation. Exosomes were isolated as
previously described [17] with minor modifications. In
brief, HEK293 cells were grown to 60—70 % confluen-
ce on 10 cm plates, washed twice with 1 x PBS to remo-
ve secreted exosome and metabolites and supplied with
fresh complete medium. Then cells were transfected
with 15 pg of plasmid DNA. 24 h post-transfection cul-
ture medium was collected and cleared by centrifuga-
tion at 10,000 g for 10 min to remove apoptotic cells
and cell fragments. Exosomes were further isolated by
centrifugation at 70,000 g for 2 h (exosome fraction).
Cells were lysed as described above; pelleted exosome
fraction was solubilized in Laemmli buffer and analy-
zed by Western blotting.

Results and discussion. The aim of the current stu-
dy was to identify proteins that bind directly PRMs lo-
cated in LMP2A cytosolic tails. The canonical binding
site for SH3 domains is PXXP (where X-any amino
acid) [18]. Five motifs fitting PXXP consensus were
found in the primary structure of LMP2A protein: four
motifs (designated P1-P4) in the N-terminal domain
and one (P5) in the C-terminal one. In silico analysis
with Scansite service (www.scansite.mit.edu) eviden-
ced for the presence of at least four motifs (P2, P3, P4
and P5) for binding the SH3 domain of endocytic adap-
tor protein Amphl. To validate this interaction we per-
formed GST pull-down assay. We have found that the
SH3 domain of Amphl bound Omni-LMP2A, while it
was unable to interact with LMP2AANT variant that
represents the LMP2B isoform, an important negative
regulator of LMP2A-dependent signaling (Fig. 1, B).
Thus, P5 motif is dispensable to mediate interaction
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between LMP2A and Amphl. We also tested ability of
LMP2A to bind the SH3 domains of other proteins: en-
dophilin, Src kinase and p85 regulatory subunit of PI3K.
As Fig. 1, C, shows, LMP2A failed to interact with the
proteins mentioned above. This fact could evidence for
the specificity of LMP2A/Amph1 interaction.

Further, we decided to determine which of four po-
tential PRMs found in the N-terminus of LMP2A me-
diates this interaction. For this aim, prolines in motifs
P2, P3 and P4 individually or in combinations P3 +
+ P4, P2 + P3 + P4 were substituted for alanines. The
P1 motif was considered less probable for binding be-
cause the sequence of this PRM differs significantly
from the consensus. The core motifin P1 is flanked with
numerous glycines that is very unusual for classic PRMs,
which are typically surrounded with charged amino acid
residues [18]. The individual mutations in motifs P2,
P3 and P4 had moderate effect on LMP2A binding to
the SH3 domain of amphiphysin 1 (Fig. 1, D). P3 + P4
LMP2A mutant also bound to the SH3 domain of Amphl
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(Fig. 1, D, lane 5) whereas P2 + P3 + P4 mutant of LMP2A
was unable to interact with Amphl (Fig. /, E). Thus,
one can suggest that Amph1 can bind any of three PRMs
(P2—P4) in the N-terminal tail of LMP2A. All three mo-
tifs seem to be interchangeable as presence of at least
one of them was sufficient to mediate LMP2A/Amphl
complex formation.

Moreover, LMP2A was shown to form a complex in
vivo with Amphl as well as with a highly related Amph2
(Fig. 2, A) in HEK293 cells transiently transfected with
corresponding recombinant plasmids. The data obtai-
ned may link LMP2A to the endocytic compartment,
enabling viral protein to be effectively internalized
from the cell surface. Previously, LMP2A was detected
in the cytoplasm in the association with different types
of vesicles presumably derived from the plasma mem-
brane. LMP2A is secreted on exosome pathway by dif-
ferent cell types [17]. Exosomes are membrane vesicles
of endocytic origin after they have passed through mul-
tivesicular body [19]. We decided to determine whe-
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Fig. 2. Amphl and 2 form complex with LMP2A in vivo: 4 — HEK293
cells were co-tranfected with FLAG-LMP2A and Omni-Amphl or Om-
ni-Amph2 (the lysates of transfected cells were subjected to immuno-
precipitation with rabbit polyclonal anti-Omni antibodies; proteins we-
re eluted, resolved by SDS-PAGE and immunoblotted with indicated
antibodies: Omni-Amph1 and Omni-Amph?2 detected with mouse mo-
noclonal anti-Omni, FLAG-LMP2A with mouse monoclonal anti-
FLAG); B — immunodetection of Omni-LMP2A and its mutant in ly-
sates of transfected cells and exosomal fraction

ther inability of LMP2A to interact with Amphl affects
secretion of LMP2A on exosomes produced by HEK
293 cells. The wild type LMP2A was found in the exo-
somal fraction as well as inside of cells, while LMP2A
P2 + P3 + P4 had not been detected on exosomes (Fig.
2, B). These data imply a role of interaction between
LMP2A and Amphl for intracellular traffic of LMP2A.

The current comprehension of composition of the
LMP2A-mediated signalosome and mechanisms of its
traffic through the cell remains unclear. Amphiphysins
are adaptor proteins that have been implicated in clath-
rin-mediated endocytosis, regulation of actin cytoskele-
ton and cellular signaling [20-23]. Amph2 was shown
to bind Myc oncoprotein and to function as onco-sup-
pressor [24]. It is possible to speculate that the role of
LMP2A in lymphogenesis is not restricted to providing
pro-survival stimuli for the cells but also involves dere-
gulation of Amph2/BIN function that leads to the inhibi-
tion its tumor-suppressing activity.

Answers for this question might help to improve the-
rapy of EBV-associated lymphomas and make our know-
ledge deeer in the field of host-pathogen interactions.
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AmdidizuH 1 1 2 B3aeMOiI0Th 3 TATEHTHUM MeMOpaHHUM OinkoM 2A

(LMP2A) Bipycy Enmreiina-bapp i peryioiors Horo cekpeliito
Pesrome

Jlamenmuuii memopannuii 6inox 24 (LMP2A) eipycy Enwmetina-bapp
€ BANCTUBUM Pe2YTIAMOPOM 1ameHmHOI ¢asu sipychol inghexyii. Mema.
loenmucpixyeamu 6inku, sKi 63a€M0O0TIOMb 3 NPOLIH-30A2AYEHUMU MO~
mugamu LMP2A. Memoou. Ananis in silico 3a 0onomozoio npozpam-
Ho2o 3abe3neuenns Scansite 003601U8 nepeddAYUMU MOICIUBICMb
83aemo0ii amichisuny 1 (Amphl) i LMP2A. Buxopucmano 3azanvho
NPULHAMI MEXHIKU MONEKYIAPHO20 KIOHYBAHHSA, CAM-CRPSAMOBAHUL
MymazeHe3 i mecm Ha 83a€MOO0II0 in Vitro 0 NOOAILUO20 O0CiO-
JICEHHsSL CMPYKMYPHUX OCHO8 63aemM00ii komnaexcy LMP2A/Amphl.
Dpaxyiio ex30coM OMpPUMAHO 3a OONOMO0I0 NOCTIO0BHUX YeHMPUDY-
2yeans. Pesynomamu. Iloxazano, wo izoghopma LMP2A, ane ne LMP2A
ANT @3aemodic 3 domenom SH3 ampichizuny 1. Busgnena 63aemodis
0NOCEPeOK08YENMLCA MPbOMA PIZHUMU NPOTIH-3002aYeHUMU MOMUBA-
mu, posmautoganumu 8 N-xinyesiu Oinsanyi LMP2A. Bci mpu momueu €
83AE€MO3AMIHHUMU, OCKINbKU NPUCYIMHICHb X0YA 6 00H020 3 HUX € 00-
cmammwboio o peanizayii 36 azyeanns LMP2A4 3 Amphl. Hamu npoode-
MOHCmMPOosano 83aemodito Amphl i éucoxocnopionenozo 3 Hum Amph?2
3 LMP2A 3a donomozowo ko-imyHonpeyunimayii eHOO2eHHUX KOMN-
nexcig. Mymanm LMP2A 3a nponinogumu momueamu ne 83acmo0isig 3
Amphl, wo cnpuuunsano 3HUKHeHHs 1020 3 hpakyii exzocom. Bucnos-
Ku. Jlamenmuuil memopannuil 6inox 24 sipycy Enwmetina-bapp ymeo-
PIOE KOMNIEKCU 3 eHOOYUMOHUMU adanmepHumu Oinkamu Amphl i
Amph2. [0enmudghixosani nosi napmuepu LMP2A moscyms eniueamu
Ha 11020 BHYMPIUHbOKIIMUHHUL MPAQiK ma cekpeyiro.

Kmouosi crosa: sipyc Onmumeina-bappa, LMP2A, am@ipizun,
€K30COMU.

A. B. Jlepeaii, H. B. /lepeaii, U. A. Cxpunxuna, JI. A. Luéba,
A. M. Apyuux, A. B. Poinouu

AmdudusuH 1 1 2 B3aMMOAEHCTBYIOT € JIATEHTHBIM MEMOPaHHBIM
6enxom 2A (LMP2A) Bupyca Dnurreitna-bapp u peryiaupytor ero
CEKPELIHIO

Pesrome

Jlamenmuwiti membpannulii 6enox 24 eupyca Dnwmeiina-bapp sens-
emcesi KNoYesbiM pecyisimopom JIameHmHol (hazvl GUPYCHOU UHpeK-
yuu. Lens. Hoenmughuyuposams 6enxu, cnocooHvle C8:13b18AMbCS C
nponun-obocawennvimu momusamu LMP2A. Memoowsl. Ananus in
silico npu nomowu npoepammnozo obecneuenusi Scansite no360auL
npeockasame e3aumooeticmeue ampupusuna 1 (Amphl) u LMP2A.
Hcnonvsosanvl cmanoapmmuvle Memoobl MOIEKYIAPHO20 KIOHUPOBA-
HUs, Caum-HanpagiIeHHblll Mymazenes u mecm Ha 63aumooeticmaue in
Vitro 018 nociedyiowe2o u3yueHus CmpyKmypHulX 0CHO8 83aumooe-
ticmsus komnaexkca LMP2A/Amphl. @pakyuro 3x30com nonyuanu npu
nomowu nocnedo8amenbHuix yenmpugyaupoganutl. Pesynvmamot.
Tlokaszano, umo uzogpopma LMP2A, no ne LMP2AANT e3aumooeii-
cmeyem ¢ domernom SH3 Amph 1. Beisienennoe gzaumodeticmaue onoc-
peoyemcs mpems pa3HblMU NPOAUH-0002AUeHHBIMU MOMUBAMU, PAC-
nonoscenuvimu 6 N-konyesom yuacmxe LMP2A. Bce mpu momuea
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AGTAIOMCA B3AUMO3AMEHACMBIMU, MAK KAK NPUCYMCMEUS XOM St Obl 00HO-
20 U3 HUX OKA3bIGAECMCS. OOCMAMOYHO Ol Peanu3ayuu Cea3bl6aHuUsl
LMP24 ¢ Amphl. Hamu npodemoncmpupogaro cesasvisanue Amphl u
podcmeenno2o emy Amph2 ¢ LMP2A npu nomowju Ko-ummyHonpeyu-
numayuu 3H002eHHbIX Komnaexcos. Mymanm LMP2A no nponunogvim
Momueam He 83aumooeticmeosan c Amphl, umo npuseno k ucuesnose-
HUio e2o u3 pakyuu sx30com. Boreoowl. Jlamenmuoiii membpanmwiil
benox 24 supyca Dnwmetina-bapp o6pazyem xomniekcwl ¢ 3HOOYU-
mosHviMu adanmepuvimu 6eaxamu Amphl u Amph2. Hoenmuguyupo-
sanHbie Hogvle napmuepvl LMP2A moeym enusimo Ha e20 6HympuKie-
MOYHBLU MPAPUK U cekpeyuio.

Kntouesvie cnosa: eupyc nwmetina-bapp, LMP2A, ampugpusun,
9K30COMbI.
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