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Abstract The Epstein-Barr virus (EBV) envelope glycopro-
tein 350/220 (gp350/220) is the most abundant molecule on
the viral surface and it is responsible for the initial viral
attachment to cell surface of the host. As many other viral
envelope proteins, it is highly glycosylated, not least with O-
linked glycans, most of which essential for EBV life cycle.
EBV gp350/220 is also a primary target for neutralizing anti-
bodies in the human hosts and a promising candidate for an
EBV vaccine. Here we showed that recombinant GalNAc
transferases can glycosylate scan peptides of the EBV
gp350/220 envelope protein immobilized on microarray glass
slides. We also identified serum IgG antibodies to a selection
of peptides and O-glycopeptides, whereas sera from EBV-IgG
negative individuals remained negative. We here describe
novel glycopeptide epitopes present within immunodominant
stretches of EBV gp350/220 and demonstrate a remarkable
variability between individual samples with respect to their
reactivity patterns to peptides and glycopeptides. The study
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provides additional insights into the complex B-cell response
towards the EBV gp350/220 envelope protein, which may
have implications for diagnostic and vaccine developments.
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Introduction

EBV is an ubiquitous virus with a seroprevalence of >90 % in
adults throughout the world [1]. EBV infections in immuno-
competent individuals are usually subclinical, but may in
some cases result in mononucleosis, a systemic febrile illness.
Primary infections are followed by life-long persistence,
which in healthy subjects is unproblematic [2]. In immuno-
compromised patients one feared EBV complication is an
abnormal state of lymphocyte proliferation, i.e. post-
transplantation lymphoproliferative disorder (PTLD) [3].
Moreover, EBV infection is studied in association with vari-
ous disorders such as Multiple Sclerosis (MS) [4] as well as
cancer [5]. The EBV envelope glycoprotein 350/220 (gp350/
220) has been identified as a major immunodominant protein
and a target for EBV-neutralizing antibody response, which
may be of relevance for vaccine development [6, 7].

Viral envelope proteins are often glycosylated, and glyco-
sylation is carried out in the ER-Golgi secretory pathway by
host cell encoded glycosyltransferases [8]. The engagement of
the host cell glycosylation machinery in biosynthesis of viral
glycoproteins results in glycan structures that are tolerated by
the host immune system [9]. However, virus infection may alter
the host cell glycosylation machinery by disruption of the ER-
Golgi organization and/or induction of changes in expression of
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Fig. 1 Glycosylation of EBV glycoprotein gp350/220

required glycosyltransferase repertoire and thereby cause aber-
rant glycosylations (Fig. 1) [8]. We recently described that
individuals infected with herpes simplex virus type 2 (HSV-2)
raised an IgG response to a newly defined immunodominant
and HSV-2 type specific O-glycopeptide epitope situated in the
HSV-2 glycoprotein gG-2 [10]. There is evidence suggesting
that this phenomenon represents the tip-of-the-iceberg of an
undiscovered repertoire of epitopes primed by changes in the
O-linked glycosylation of envelope proteins in the infected cell.
Here, we have investigated in vitro O-glycosylation of scan
peptides covering the entire EBVgp350/220 using recombinant
GalNAc transferases (GTs) and compared the IgG immune
response from EBV-seropositive subjects with seronegative
individuals. We showed that peptides representing EBV
gp350/220 could be O-glycosylated and identified a spectrum
of EBV-specific IgG reactivities to both naked and O-
glycosylated peptides.

Materials and methods

Synthetic peptide and glycopeptide microarrays Peptides
and glycopeptides using glycosylated amino acid precursors
(Fmoc-GalNAcw)-Ser/Thr (Sussex Research, OT, Canada)
were prepared by a modified automated Fmoc-SPPS (Solid-
Phase Peptide Synthesis) methodology on a Syro II peptide
synthesizer (MultiSynTech, Witten, Germany) as described
previously [11]. Products were selectively enriched by im-
mobilization onto amine reactive N-hydroxy succinimide
(NHS) -activated hydrogel coated MPX16 glass slides
(Schott Nexterion, SlideH) with a BioRobotics MicroGrid
IT spotter (Genomics Solution) using Stealth 3B Micro
Spotting Pins (Arraylt). Approximately 6 nL of glycopep-
tide/protein in print buffer (150 mM phosphate, 0.005 %
CHAPS, 0.03 % NaN; pH 8.5) were deposited at 16 iden-
tical subarrays, 22x22 subgrid at 0.21 mm pitch between
spots per slide format. After printing the slides were incubated
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at 70 % humidity for 30 min and kept in freezer at —25 °C until
used.

On-slide enzymatic O-glycosylation NHS-groups were deac-
tivated in blocking buffer (50 mM ethanolamine in 50 mM
sodium borate, pH 8.5) for 30 min then rinsed in Millipore
water and spinned dry (VWR, Galaxy MiniArray). Blocked
slides were fitted with adhesive superstructures (Schott Nex-
terion) to generate separated slide subarrays. Each subarray
was filled with 50 uL of O-glycosylation mixture: 500 ng
each of GT2 and GT3, 3.6 uL of 100 mM UDP-GalNAc
(Sigma-Aldrich), 10.7 uL of MilliQWater and 35.7 puL of 5x
Caco buffer (125 mM Cacodylate, 50 mM MnCl,, 1.25 %
Triton-X-100, pH 7.4). Slides were covered with an adhesive
slip and incubated for 2 h at 37 °C. Slides were then washed
with PBS-Tween-20 (0.5 %) (5 min), rinse 3% in PBS, washed
with MilliQWater (5 min) and submerged in sodium citrate
buffer (100 mM, pH 2.5) for 15 min while rocking. Slides
were again washed with PBS-Tween and PBS, rinsed thor-
oughly with water and dried by centrifugation and immedi-
ately used in the binding assay below.

Binding assay and scanning Sera were collected and used to
probe microarray slides displaying the EBV gp350/220
(glyco)peptides. Serum samples from EBV positive (n=20)
and EBV negative individuals (n=20) were diluted (1:10) into
incubation buffer PLI-P (0.5 M NaCl, 3 mM KCI, 1.5 mM
KH,PO,, 6.5 mM Na,HPO,4, pH=7.4, 3 % BSA). Samples
were directly added onto slide subarrays, 50 pL/subarray. For
primary and secondary staining, 50 uL of VVA biotinylated
lectins (2 mg/mL, Vector Labs), goat anti-human IgG-Cy3 (Fc
specific, 10 pg/mL, Sigma-Aldrich) and Streptavidin-Cy3
(2 mg/mL, Invitrogen) were diluted by volume in PLI-P,
1:1000, 1:500, 1:1000 respectively. All incubation steps were
separated by one wash steps in PBS with 0.05 % Tween-20
(PBS-Tween) and one in PBS. After the final wash, slides
were spinned dry and scanned followed by image analysis and
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Fig. 2 On-slide enzymatic O- Seq. EBV gp350 scan peptide.
glycosylation of EBV gp350/ No 20aal0-mer overlap ppGalNAc-transferase 2 ppGalNAc-transferase 3
220 scan peptides (20mer with 11 ”ﬁé@i?gi?é;égiiiﬁiéi
10mer overlap) with recombi- 21 | EDPGFFNVEIPEFPFYPTCN
nant GalNAcT2 and Gal- 31 | PEFPFYPTCNVCTADVNVTI
. 41 | VCTADVNVTINFDVGGKKHQ
NACT3. Red colored underlined 51 | NFDVGGKKHQLDLDFGQLTP
amino acids sites on peptide 61 | LDLDFGQLTPHTKAVYQPRG
. 71 | HTKAVYQPRGAFGGSENATN
sequences are Qredlcted O- 81 | AFGGSENATNLFLLELLGAG
glycosylation sites by NetOglyc 91 | LFLLELLGAGELALTMRSKK
: 101 | ELALTMRSKKLPINVTTGEE
algornhrn.Eyn'graphsrepre 111 | LPINVTTGEEQQVSLESVDV
senting relative fluorescence 121 | QQVSLESVDVYFQDVFGTMW
values after VVA lectin staining 131 [ YFODVFGTMWCHHAEMONEY

141 | CHHAEMONPVYLIPETVPYI
151 | YLIPETVPYIKWDNCNSTNI
161 | KWDNCNSTNITAVVRAQGLD
171 | TAVVRAQGLDVTLPLSLPTS
181 | VTLPLSLPTSAQDSNFSVKT
191 | AQDSNFSVKTEMLGNEIDIE
201 | EMLGNEIDIECIMEDGEISQ
211 | CIMEDGEISQVLPGDNKFNI
221 | VLPGDNKFNITCSGYESHVP
231 | TCSGYESHVPSGGILTSTSP
241 | SGGILTSTSPVATPIPGTGY
251 | VATPIPGTGYAYSLRLTPRP
261 | AYSLRLTPRPVSRFLGNNSI
271 | VSRFLGNNSILYVFYSGNGP
281 | LYVFYSGNGPKASGGDYCIQ
291 | KASGGDYCIQSNIVFSDEIP
301 | SNIVFSDEIPASQDMPTNTT
311 | ASQDMPTNTTDITYVGDNAT
321 | DITYVGDNATYSVPMVTSED
331 | YSVPMVTSEDANSPNVTVTA
341 | ANSPNVTVTAFWAWPNNTET
351 | FWAWPNNTETDFKCKWTLTS
361 | DFKCKWTLTSGTPSGCENIS
371 | GTPSGCENISGAFASNRTFD
381 | GAFASNRTFDITVSGLGTAP
391 | ITVSGLGTAPKTLIITRTAT
401 | KTLIITRTATNATTTTHKVI
411 | NATTTTHKVIFSKAPESTTT
421 | FSKAPESTTTSPTLNTTGFA
431 | SPTLNTTGFADPNTTTGLPS
441 | DPNTTTGLPSSTHVPTNLTA
451 | STHVPTNLTAPASTGPTVST
461 | PASTGPTVSTADVTSPTPAG
471 | ADVTSPTPAGTTSGASPVTP
481 | TTSGASPVTPSPSPWDNGTE
491 | SPSPWDNGTESKAPDMTSST
501 | SKAPDMTSSTSPVITPTPNA
511 | SPVTTPTPNATSPTPAVITP
521 | TSPTPAVITPTPNATSPTPA
531 | TPNATSPTPAVTTPTPNATS
541 | VITPTPNATSPTLGKTSPTS
551 | PTLGKTSPTSAVITPTPNAT
561 | AVITPTPNATSPTLGKTSPT
571 | SPTLGKTSPTSAVITPTPNA
581 | SAVITPTPNATSPTLGKTSP
591 | TSPTLGKTSPTSAVITPTPN
601 | TSAVITPTPNATGPTVGETS
611 | ATGPTVGETSPQANATNHTL
621 | POANATNHTLGGTSPTPVVT
631 | GETSPTPVVTSQPKNATSAV
641 | SQPKNATSAVTTGQHNITSS
651 | TTGQHNITSSSTSSMSLRPS
661 | STSSMSLRPSSNPETLSPST
671 | SNPETLSPSTSDNSTSHMPL
681 | SDNSTSHMPLLTSAHPTGGE
691 | LTSAHPTGGENITQVTPASI
701 | NITQVTPASISTHHVSTSSP
711 | STHHVSTSSPAPRPGTTSQA
721 | APRPGTTSQASGPGNSSTST
731 | SGPGNSSTSTKPGEVNVTKG
741 | KPGEVNVTKGTPPONATSPQ
751 | TPPONATSPQAPSGQKTAVP
761 | APSGQKTAVPTVTSTGGKAN

771 | TVISTGGKANSTTGGKHTTG
781 | STTGGKHTTGHGARTSTEPT
791 | HGARTSTEPTTDYGGDSTTP
801 | TDYGGDSTTPRPRYNATTYL
811 | RPRYNATTYLPPSTSSKLRP
821 | PPSTSSKLRPRWTFTSPPVT
831 | RWTFTSPPVITAQATVPVPP
841 | TAQATVPVPPTSQPRFSNLS
851 | TSQPRFSNLSMLVLQWASLA
861 | MLVLQWASLAVLTLLLLLVM
871 | VLTLLLLLVMADCAFRRNLS
881 | ADCAFRRNLSTSHTYTTPPY
888 | NLSTSHTYTTPPYDDAETYV

0 20000 40000 600000 20000 40000 60000
RFU RFU
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quantification. The slides were scanned using a ProScanarray 19000 T'SGPGNSSTSTKPGEVNVTKG™
microarray scanner (Perkin Elmer) equipped with 3 lasers for

excitation at 488 nm, 543 nm or 633 nm, respectively, and 10000

images were analyzed with ScanArray Express software. For S

cyanine 3 fluorescence, 543 nm (excitation) and 570 nm T

(emission) were used. Spots were identified using automated 5000
spot finding with manual adjustments for occasional irregu-
larities. The final data output is gained from the mean spot

Relative Fluorescence Units (RFU) from 3 replicate spots and 0|
spot intensities were determined by subtracting the median L A
pixel intensity of the local background from the average pixel 15000 741K PGEVNVTKGTPPONATSPQ™®

intensity within the spot. The quality control covered intra-
and inter-chip quality analysis of replicates and CV (coeffi-
cient of the variation) was generally <10 % of targets. For 10000
peptides selected, patients with relative fluorescent value
higher than two standard deviations over the mean of the
control group were designated as positive.

RFU

5000

Inhibition assay Three inhibition solutions were prepared in " DD:.D=H ﬂ . GH Befee (oeee em o
serial dilutions 1:4 by volume in 50 pL PLI-P (starting con- 04 5 9 13 17 21 25 20 33 37

centration 12.5 pg of inhibitor) and mixed with EBV + ve sera 15000 . o
(no. #16) diluted 1:20 in PLI-P. Incubation time of 1 h followed TPPONATSPQAPSGAKTAVP

by one wash step in PBS-Tween and one in PBS. Bound IgG }
was detected with Anti-Human-IgG-Cy3 diluted 1:500 in PLI-
P (50 puL/subarray) for 1 h. Final wash step in PBS-Tween-20
and a brief rinse with de-ionized water and slides were spun dry.

—

10000

RFU

5000

Results and discussion eﬁﬂﬁnnnﬂﬁﬂmﬁmn I PR .

Previous screening of human sera against recombinant fu- 15000
sion protein fragments of gp350/220 revealed presence of f
commonly recognized B-cell epitopes localized to the
carboxy-terminal third of the protein [12] but failure to 10000 f }
detect peptide antibodies using ELISA suggest either con-
formational or glycosylation dependent recognition [13].
We recently established efficient synthetic protocols for 5000
covalent site-directed display of peptides onto hydrophilic
and biocompatible microarray surfaces [11, 14]. Our con-

761 APSGQKTAVPTVTSTGGKAN®

RFU

Onﬂﬁﬁﬁﬂﬂﬂm [l Hﬁﬂﬂm [lennalon

cept also allows direct on-slide enrichment from cleaved and 1 e e 13 17 o1 25 29 33 a7
crude Solid-Phase Peptide Synthesis mixtures, offering a
procedure to rapidly study complete sets of sequences from 15000 T'TVTSTGGKANSTTGGKHTTG™

target proteins without tedious purification protocols. The
array surface enrichment also allows for correct glycopep-
tide structures to be immobilized successfully even during
less successful reaction conditions (lower yields). Following

10000
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Fig. 3 EBV serum IgG reactivity against overlapping peptides cover-p
ing sequence 731-790. EBV-IgG + ve sera, n=20 (grey columns);
EBV-IgG —ve sera, n=20 (white columns). Each bar graph represent 0!
the average of three replicate spots on slide for each serum with error

bars as standard deviation EBV +ve EBV-ve

1 5 9 13 17 21 25 29 33 37
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this strategy, we synthesized 20mer with 10mer overlapping E

scan peptides (Fig. 2), representing the entire gp350/220 60000 *ITAQATVPVPPTSQPRFSNLS®®
envelope protein and covalently displayed them via NHS-
activated hydrogel coated glass slides in a 16-well patterned
layout (see “Materials and Methods”). The identity of the 40000 f
unglycosylated peptides was confirmed with MALDI-TOF
on randomly selected crude peptides (Data not shown).

An efficient approach to obtain O-glycosylated peptides for 200004
biological studies is provided by enzymatic O-glycosylation
of peptides using recombinant GTs [15]. The initiating H
enzymes, from the GalNAc-tranferase (GalNAcT) family .
have also been shown to work well on solid-phase substrates 15 9 13 1 1 25 20 33 37
such as beads [16] and glass surfaces with retained substrate
specificities [11, 17]. In our previous study involving the E
HSV-2 glycoprotein G (gG-2) the enzymatic on-chip Tn- 60000 | 8T AQATVPVPPTSQPRFSNLS®®
glycosylation with GT2 correlated well with the mucin related
peptides [10]. Here, we utilized two GalNAcTs, GT2 and GT3
[15] to glycosylate gp350/220 sequences displayed on the 40000 4
glass chip. Both enzymes are documented to have broad
acceptor specificities to mucin type peptides frequently con-
taining S, T,P,V and A amino acids [18, 19]. Thus, the on-chip
experiments, using the lectin VVA isolectin B4, showed an
extensive O-glycosylation in sequence areas delimited by 451
to 601, containing frequent appearance of S,T,P,V and A i
amino acids (Fig. 2). This observation was in line with the 0 y
prediction by, the NetOglyc prediction algorithm (v3.0) [20],
suggesting this region to be extensively glycosylated. The
subsequent region 621-780, also predicted to be glycosylated
but with less frequency due to the presence of other non-
mucin related amino acids, also showed much lower glyco-
sylation rate using GT2 and GT3. Additional enzyme isotypes 40000 -
might be necessary to extend glycosylation on these peptides.
Although the two enzymes in our study had many overlapping
specificities (peptides from 481 to 601) there were also unique
O-glycosylation patterns; peptides from 1 to 31, from 801 to
831 and from 881 to end of protein are GT3 substrates,
whereas peptide from 451 to 471 and peptide 841 are glyco-
sylated by GT2 only. A few selected peptides (521, 661, 841)
with positive and negative enzyme reactivity were also glyco-
sylated in solution to confirm on-chip reactivity. MALDI-TOF
spectra showed the introduction of GalNAc sugar on peptide
521 (4 sites) and 841 (1 sites) and no Tn-glycosylation of 661
was found (data not shown) which were confirmed by the
VVA staining on chip (Fig. 2).

To first address presence of serum anti-gp350/220 IgG 40000 |
antibody response to displayed peptides, we analyzed EBV-

RFU

RFU

20000 -+

60000 -

RFU

20000 ¢

60000

RFU

20000 -
Fig. 4 Serum IgG reactivity on chemical site-specific glycopep-p»
tides of sequence 841. O-glycosylation sites of GalNAc are indicated
with a yellow box. EBV-IgG + ve sera, n=20 (grey columns); EBV —ve
sera, n=20 (white columns). Each bar graph represent the average of three 0
replicate spots on slide for each serum with error bars as standard T 5 9 ®wW 17 22 25 29 3B 7

deviation EBV +ve EBV -ve

@ Springer



638

Glycoconj J (2013) 30:633-640

Fig. 5 Serum IgG Inhibition
assay with peptide 841 and
glycopeptides. Staining was
performed with patient serum
#16 at 1:20 dilution and
inhibitors were added from
0.0 pg to 0.781 pg in =
4-fold increments. Bold under- & 20000
lined letters point out
O-glycosylation site on
peptides
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IgG + ve (n=20) and EBV-IgG —ve (n=20) serum samples,
confirmed by indirect immunofluorescence [21], on the non-
glycosylated chip. By evaluating all sera against each pep-
tide in two independent experiments, we identified in-
creased IgG reactivities in EBV + ve sera localized within
the 731-790 sequence, which re-confirmed the position of
an immune dominant sequence at C-terminal region of
gp350/220 protein, previously identified by Zhang and co-
workers [22]. In Fig. 3 we showed that EBV-IgG + ve sera
had high IgG reactivites to 10mer overlapping sequences of
the 731-791 region compared with the essentially non-
reactive EBV-IgG —ve sera. We found a remarkable inter-
individual reactivity to different peptides. For example,
peptide 731 was reactive for three EBV-positive sera (#1,
#7, #11), whereas the 20-mer peptide 741 reacted with five
EBV-positive sera (#1, #4, #11, #13, #16). Interestingly,
peptide 751 bound to a different set of sera (#5, #7, #9,
#14) and peptide 761 reacted with sera #7, #9, #11 and #14.
The last sequence of this region, covered by peptide 771,
showed additional reactivity to sera (#7, #8, #16, #20). All
together, we demonstrated a pattern of individual reactivites
to a restricted peptide stretch not glycosylated by GT2/T3 or
predicted by the NetOglyc algorithm. Peptide reactivities to
other parts of the protein were seen for both EBV-IgG + ve
and EBV-IgG —ve sera, suggesting non-EBV related cross-

Fig. 6 Dot-plot of cumulative

I A1 BEBE

o $ > &)
SRS S
RN Y

$ D I
o’ A UG P )
Q:\ Q”\ 0’0 Q:\ Q”\

Hg [1]

reactivities by other serum antibodies (Supplementary S1).

Next, the same serum set was evaluated after enzymatic
on-chip Tn-glycosylation of scan peptides and increased
reactivities were found for peptide sequences 821-841.
Evaluation of individual sera showed that four EBV-
positive sera produced a distinct reactivity to the peptide
glycosylated by the GT2/T3 reaction (sera #1, #3, #7, #20)
but not to the naked peptide (Supplementary S2). Addition
of GalNAc residues to peptide 841 was ascertained by (i)
VVA B4 isolectin binding and (ii) by reproduction of GT2/
T3 enzymatic O-glycosylation (1 sites) in solution as mon-
itored by MALDI-TOF (data not shown). To further char-
acterize the epitope properties of peptide 841, we
chemically synthesized four Tn-glycosylated glycopeptide
variants of the 841 sequence with site-specific Tn-
glycosylation at position T**°, T! §852 and S*7, respec-
tively, and evaluated the contribution of glycosylation at each
site with respect to the reactivity with EBV-positive sera. As
shown in Fig. 4, the site of Tn-glycosylation affected reactiv-
ity with EBV-positive sera. Glycosylation at T** showed
reactivities for serum #2, #4, #5, #9 and #20, whereas glyco-
sylation at T**! only reacted with serum from three individuals
(#5, #13 and #16). The third Tn-glycopeptide (S**?), did not
react with any sera whereas the Tn-glycosylation at S*°7 were
positive for two sera (#2 and #10).

65536 - R 41KPGEVNVTKGTPPQNATSPQ7%
intensities of selected peptides o2 7SITPPQNATSPQAPSGQKTAVP70
and glycopeptides comparing 327681 . ZiPPSTSSKLRPRWTFTSPPVT:;‘S
EBV_IgG + ve and EBV-IgG — - ! TAQATVPVPPTSQPRFSNLS®?
ve serum. Bold and underlined 16384 1 TAQATVPVPPTSQPRFSNLS

- boid 0, . 81 TAQATVPVPPTSQPRFSNLS?
letters on peptide sequences E 81921 o 0
point out O-glycosylation sites o e Gutof
on chemical glycopeptides. 2 L L s
Line on Log = 1024 is average - 204 °° o
background signal and line on N 20481 %
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To further establish that the monosaccharide is part of the
recognition epitope we performed a series of competitive
inhibition experiments with selected chemically synthesized
glycopeptides (T*!, S%?) of 841 and the naked sequence
(Fig. 5). We found that serum reactivity to glycopeptide T
was inhibited by the identical glycopeptide but not by the
naked peptide or if glycan site was altered (glycopeptide
$%5?) indicating that Tn-glycosylation at T*' was required
for this serum sample to react with peptide 841. These data
suggest that differences in Tn-glycosylation of EBV gp350/
220, possibly reflecting different idiotypic expression pat-
terns of GalNAc transferases in the EBV target cells in EBV-
infected individuals, and contribute to the heterogenous serum
reactivity described above. In parallel, individual variations in
the activities of peptide processing proteins such as protea-
somes, peptide transporters to ER-Golgi and antigen present-
ing MHC class I/Il molecules can be also responsible for the
heterogeneity in immune response to EBV infection reported
here and certainly produce distinct sets of antigenic peptides
with and without O-glycosylation [23, 24].

Current methods for serological diagnosis are based ei-
ther on detection of antibodies that are specific for EBV
proteins and glycoproteins of detection of heterophile anti-
bodies, non-related to EBV antigens, but induced as a con-
sequence of unspecific expansion of EBV-transformed B
cells in the infected individual [25]. Assays based on re-
combinant (glyco)protein or synthetic (glyco)peptide anti-
gens tend to be more specific than those using whole or
disrupted virus particles [26]. In this work we showed that
assaying serum reactivity to EBV gp350/220 scan peptides
and glycopeptides displayed on microarrays could be a valid
strategy for development of improved EBV serology. Al-
though the present study did not include any recombinant or
isolated gp350/220 protein for comparison we made a cu-
mulative combination of the most reactive sequences
(Fig. 6) and compared EBV + ve and —ve sera. We selected
peptides with differential reactivity in the identified naked
immunodominant region (741-771 and 821) and glycopepi-
des of sequences 841. In combination and at a cut-off value
of 4000 RFU, these sequences showed high reactivity in
EBV + ve sera, 17 out of 20, (85 %) and 1 out of 20 (5 %)
false positive. Thus, the individual antigenic peptides and
glycopeptides analysed here could not be used as serological
test, due to their scattered reactivity with individual sera, but
the combination of them generated a unique fingerprint to
detect a majority of EBV + ve sera and is comparable to
available commercial systems used for EBV sero-diagnosis
[27]. Also, the individual immune responses towards glyco-
peptide epitopes may further increase understanding of im-
mune reactivity potentially important towards generation of
EBYV vaccines [28, 29].

In summary, our study reveals a diverse individual B-cell
antibody reactivity to EBV gp350/220 peptides and

glycopeptides and in combination, they could differentiate
EBYV infected from non-EBV infected individuals. One pro-
tein may not detect all the antibodies elicited in humans to a
particular infection because variation in titer and timing of
antibody responses and studies to other envelope proteins on
the same virus should be performed to improve monitoring
the disease [30].
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