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Antigenicity of chimeric and cyclic synthetic peptides
based on nonstructural proteins of GBV-C/HGV
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Abstract: In this work, new putative epitopes located in nonstructural proteins of GBV-C/HGV were synthesized using solid-
phase chemistry for their use in immunoassays. The antigens were obtained in linear, chimeric and cyclic forms with the main
aim of improving the sensitivity of the enzyme immunoassays. Our results showed, on one hand, that the combination of different
antigens seems to be necessary to ensure good sensitivity and more specificity and, on the other hand, that cyclic compounds
show higher ability to recognize anti-GBV-C/HGV antibodies than its parent peptide. Furthermore, CD and FTIR have been used
in conjunction to characterize the conformational changes therein with synthetic constructs that could explain their different
antigenicity. Copyright  2005 European Peptide Society and John Wiley & Sons, Ltd.
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INTRODUCTION

GB virus C (GBV-C), also called hepatitis G virus (HGV),
is a single-strand RNA virus belonging to the Flaviviri-
dae family. The GB virus C/Hepatitis G virus (GBV-
C/HGV) has spread worldwide and virus infections are
extremely common, having been found among healthy
blood donors and also at a high rate in individuals with
parenteral risk factors, suggesting that this virus is
transmitted parenterally by transfusion of blood compo-
nents, intravenous drug use and vertically/perinatally.
Coinfections with hepatitis B and hepatitis C are com-
mon, but controversial data exist concerning their
potential to cause hepatitis in humans [1–4]. How-
ever, recent reports raised interest in this apparently
nonpathogenic virus because of a potential beneficial
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effect of the GBV-C/HGV infection that is associated
with prolonged survival in HIV-positive people [5]. The
appearance of anti-E2 antibodies is usually taken as
an indication of recovery of GBV-C/HGV infection [6],
and in spite of people rarely having concurrent GBV-
C/HGV anti-E2 antibodies and GBV-C/HGV viremia
[7,8], more data on the development of antibodies are
needed to understand the effect of previous exposure to
GBV-C/HGV into the progression of HIV disease.

GBV-C/HGV viremia could be detected by a reverse
transcription-polymerase chain reaction (RT-PCR) [9].
Currently, an assay that detects antibodies to the GBV-
C/HGV envelope E2 protein has also been developed
and is commercially available [10]. However, the use of
recombinant proteins such as antigens can be some-
times disappointing, mainly because they may produce
false-positive results as previously reported [11,12]. In
contrast, synthetic peptides provide a uniform, chem-
ically well-defined antigen, thus reducing inter- and
intra-assay variation. In this sense, epitopes other than
those located on the E2 structural protein would be able
to elicit a humoral immune response. In recent years,
synthetic peptides that mimic specific epitopes of infec-
tious agents have been used in diagnostic systems for
various diseases [13–16]. In the context of using syn-
thetic peptides or peptide derivatives for the diagnosis
of GBV-C/HGV infections, Toniutto et al. [16] studied
putative B-cell epitopes in the nonstructural regions 4
(NS4) and 5 (NS5) of the GBV-C/HGV polyprotein. In
our group, new epitopes located in structural (E2) and
NS3 proteins of GBV-C/HGV were also identified and
synthesized for their use in immunoassays [17]. How-
ever, short peptides representing topographic B-cell
epitopes are generally poorly antigenic. Although two
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or more antigens can be used in the assays, the sensi-
tivity and specificity can be affected by the competition
for binding on the solid phase and for changes in the
spatial distribution of antigenic determinants of bound
peptides. There is a tendency toward using chimeric
peptides to avoid those problems and to improve the
sensitivity and specificity of the assays [13,18,19].

Another problem is that peptides are conformation-
ally heterogeneous in aqueous solution, often differing
from the structures their cognate sequences adopt in
the native protein [20]. As a result, the affinity of pep-
tides for antibodies is reduced. A way to overcome
this problem is by constraining the peptide to con-
formations that favor antibody binding by means of
macrocyclization [21,22]. Homodetic cyclopeptides can
be conveniently synthesized by solid-phase synthesis
by anchoring a trifunctional amino acid to the resin
through its side chain. The combination of this strat-
egy with an orthogonal three-dimensional protection
scheme, such as Fmoc/tBu/Dmab solid-phase pep-
tide synthesis (SPPS), results in a powerful cyclization
methodology [23,24].

In the present work, new putative epitopes located in
two nonstructural proteins of GBV-C/HGV were identi-
fied by computer-aided prediction of antigenicity and
were chemically synthesized using solid-phase pep-
tide chemistry. The corresponding synthetic peptides
NS4a(27–43), NS4b(8–22) and NS5a(112–126) were
used as antigens in an enzyme-linked immunosorbent
assay (ELISA).

With the purpose of raising an adequate antigenic
response, the colinear linking of NS4b(8–22) and
NS5a(112–126) antigens was carried out. Thus, two
chimeric peptides (Qm1, Qm2) with two different epi-
tope orientations and a triglycyl spacer between the
epitopes were also synthesized. In addition, two cyclic
versions of the NS4a(27–43) peptide sequence contain-
ing either a head-to-tail (cyc-HT) or a side-chain-to-tail
(cyc-CT) ring were prepared. All these synthetic con-
structs were evaluated by ELISA to establish whether
the epitopes in chimeric or cyclic peptides are more effi-
ciently recognized by the specific antibodies compared
to the monomeric linear sequences.

In this paper, we also describe our findings con-
cerning the comparative conformational analysis, by
circular dichroism (CD) and Fourier transform infrared
spectroscopy (FTIR), of the parent linear sequences and
the different peptide constructs. These assays were car-
ried out with the aim of establishing a relationship
between conformation and antigenicity.

MATERIALS AND METHODS

Peptide Synthesis

Monomeric and chimeric GBV-C/HGV nonstructural linear
peptides were synthesized manually in a NovaSyn TGA resin

(0.23 mmol g−1) as C-terminal acids by solid-phase synthesis.
The resin and the protected amino acids were obtained from
Novabiochem Ltd (Switzerland).

Peptide synthesis was performed using standard Fmoc/tBu
solid-phase chemistry. The resin (1 g) was acylated with the
symmetrical anhydride of Fmoc-Asp-ODmab. This special pro-
tected amino acid was used with the purpose of using the
same resin-bound peptide intermediate, in a divergent man-
ner, for the synthesis of both linear and cyclic peptides. For
the sequence elongation, couplings were carried out by car-
boxyl activation using N ,N-diisopropylcarbodiimide (DIPCDI)
and N-hydroxybenzotriazole (HOBt). For difficult couplings,
2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium tetraflu-
oroborate (TBTU) and N ,N-diisopropylethylamine (DIEA) were
used as activating mixtures. The efficiency of these reactions
was evaluated by the ninhydrin colorimetric reaction. Repeated
couplings were carried out when a positive ninhydrin test was
observed.

After completion of the peptide assembly, the resin was
treated with 3% hydrazine in dimethylformamide (DMF) to
remove the Dmab-protecting group. Then, peptides were
deprotected and simultaneously cleaved from the resin
with a mixture of TFA/EDT/H2O (95/2.5/2.5), isolated by
precipitation with cold diethyl ether, centrifuged and the
residue material dissolved in distilled water and lyophilized.
Crude peptides were purified by preparative high-performance
liquid chromatography (HPLC) on a Shimadzu chromatograph
equipped with a C18-silica column. The samples were eluted
with a linear gradient from 90% A/10% B to 65% A to 35% B
in 60 min (A: 0.05% TFA in H2O; B: 0.05% TFA in acetonitrile
(MeCN)) at a flow rate of 2 ml min−1 and the effluent monitored
at 215 nm. Purified peptides were successfully characterized
by analytical RP-HPLC, qualitative and quantitative amino acid
analysis (Beckman 6300 System Gold) and matrix-assisted
laser desorption-ionization time-of-flight mass spectrometry
MALDI-TOF MS (Voyager-DE RP, Biosystems).

The cyclic peptides were synthesized on a NovaSyn TG
Sieber resin (1 g, 0.16 mmol g−1) following the procedures
outlined in Figure 3. The resin was firstly deprotected with
piperidine/DMF and acylated with activated Fmoc-β-Ala-OH;
secondly, it was deprotected in the same basic conditions and
acylated with activated 4-hydroxymethylphenoxyacetic acid
(HMPA) and finally it was esterified with preformed Fmoc-Asp-
ODmab anhydride via its side chain. Peptide synthesis was
then continued using standard Fmoc/tBu strategy.

To obtain cyc-CT, the side chain of 32Lys was pro-
tected with 1-(4,4-dimethyl-2,6-dioxocyclohex-1-ylidene)-3-
methybutyl (ivDde), while the N-terminal Thr residue was
protected with tert-butoxycarbonyl (Boc). Prior to on-resin
cyclization, Nε-ivDde and Cα-Dmab groups were removed with
3% hydrazine in DMF followed by treatment with 20% water
in DMF.

To obtain cyc-HT standard, protected amino acids were
used. Following solid-phase peptide assembly, the N-terminal
Fmoc group was removed with 20% piperidine in DMF, and
the removal of Cα-Dmab group was carried out under the same
conditions as mentioned above for cyc-CT.

The regio-selectively deprotected peptide-resins were wash-
ed with 1% DIEA-DMF followed by 1% HOBt-DMF. The
on-resin macrocyclization reactions were carried out with
1.5 eq of benzotriazol-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate (PyBOP) at ambient temperature for
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5 days, followed by acidolytic cleavage using a mixture of
TFA/EDT/H2O (95/2.5/2.5) to afford the crude peptides.
The cyclic constructs were isolated by precipitation with
cold diethyl ether; the residue material was dissolved in
10% aqueous acetic acid and lyophilized. The crude peptides
were purified by reversed-phase HPLC and identified by mass
spectrometry as previously described (Table 1).

Serum Specimens

Two panels of serum samples were studied. The first group
consisted of 100 sera from hemodialyzed patients from the
Hospital Clı́nic of Barcelona. The second group consisted
of 100 sera from chronic hepatitis patients from the same
hospital. Thirty-five samples of the hemodialyzed and the
chronic hepatitis panels were tested for the presence of anti-
HGV E2 protein (Roche Diagnostics + GmbH). To determine
the cutoff (CO) value, 80 control sera from volunteer blood
donors were studied and used as negative controls.

Noncompetitive ELISA

Peptides were coupled to assay plates (Costar Corp. DNA-
Bind N-oxysuccinimide surface) at 0.5 µg per well. Coupling
was performed overnight at room temperature at pH 9.6
(0.05 M carbonate/bicarbonate buffer). After incubation, the
plates were washed three times with phosphate buffered saline
(PBS). The remaining free binding sites were blocked with
3% skimmed milk powder in phosphate buffered saline and
Tween (PBS-T) (PBS-T-milk) for 1 h. Sera samples were diluted
50-fold in PBS-T-milk. 100 µl of this solution was added to
each well and the plates were incubated for 2 h at room
temperature. After washing (three times with PBS-T), 100 µl
of antihuman IgG conjugated to peroxidase (Dako P0214;
Glostrup, Denmark) diluted 1/1000 in PBS-T-milk was added
to the wells and incubated for 1 h at room temperature. After
incubation, the plates were washed three times with PBS-T.
Bound antibodies were detected with ortho-phenylendiamine
dihydrochloryde (OPD, Sigma) and 30% H2O2 as substrate.
After an incubation time of 30 min at room temperature, the

reaction was stopped by adding 2M H2SO4 (50 µl per well) and
absorbance values were measured at 492 nm.

Each plate contained control wells that included all reagents
except the serum sample in order to estimate the background
reading and control wells that included all reagents except
the peptide to estimate nonspecific reactions between milk
proteins and positive sera. All assays included positive and
negative controls. Moreover, each plate contained control wells
coated with an irrelevant peptide (a 19-mer peptide sequence
of filaggrin protein) in order to control the specificity of the
peptide–serum interactions. Samples were considered positive
when the absorbance was equal to or higher than the CO. The
CO value was calculated for each panel from the negative
control sera (average plus two standard deviations).

Inhibition ELISA

In order to confirm the specificity of the peptide–antibody
interactions, as well as to estimate the cross-reactivity between
the sera and monomeric and chimeric peptides, competitive
ELISA assays were carried out.

NS4b(8–22), NS5a(112–126), Qm1 and Qm2 either those
in solution or those covalently bound to the ELISA plate
were used. Inhibition enzyme immunoassays were carried out
following the procedures described above, except the step of
serum incubation. A highly positive control serum was added
to each well containing 50,100 and 200 µg ml−1 of inhibiting
peptide. The main inhibition (%) was calculated by comparing
absorbance values in the presence and in the absence of an
inhibitor.

Statistical Analysis

The reactivities of each peptide construct with the two panels
of sera and the reactivities of the peptides obtained in the
different chemistries used to link the peptides on the solid
surface were compared using the t-test analysis. Probability
values less than 0.05 were considered statistically significant.

Table 1 Primary sequences and peptide characterization by RP-HPLC and mass spectrometry of synthetic
peptides used in this study

MALDI-TOF-MS

Name Sequence RP-HPLCc Theory (Da) Experimental (Da)

NS4a(27–43) TDWDVKGGGSPLYRHGD k ′ = 2.88b 1859.97 1859.90
NS4b(8–22) GESAPSDAKTVTDAVD k ′ = 2.50a 1562.61 1562.65
NS5a(112–126) GTSGWAEVVVTPTHVD k ′ = 2.20a 1654.80 1654.83
Qm1 NS5a(112–126)-GGG-NS4b(8–22) k ′ = 3.57a

3371.54
3371.10

Qm2 NS4b(8–22)-GGG-NS5a(112–126) k ′ = 4.44a 3371.71
cyc-HT TDWDVKGGGSPLYRHGD k ′ = 3.36b

1841.97
1842.9

cyc-CT TDWDVKGGGSPLYRHGD k ′ = 5.45a 1841.7

a 10% B to 35% B in 30 min.
b 5% B to 60% B in 30 min.
c Kromasil C18 column (4.6 × 150 mm). Eluant A: 0.05% TFA in water. B: 0.05% TFA in acetonitrile. Flow rate at
1 ml min−1 and detection at 215 and 280 nm. Gradient elution.
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Circular Dichroism

CD spectra were recorded at 5 °C in a Jasco 810 spectropo-
larimeter flushed with nitrogen (20 l min−1). Measurements
were carried out between 190 and 260 nm using a 1.0 mm
path length cell. Data acquisition was performed at 10 nm
min−1 using 1 nm as spectral band and 4 s as time con-
stant. Data from three consecutive scans were averaged and
processed to improve the signal-to-noise ratio. Peptide con-
centration (30–60 µM) was determined by quantitative amino
acid analysis and spectrophotometrically at 280 nm. Pep-
tide conformation experiments were carried out in aque-
ous buffer (5 mM Hepes, pH 7.4) and in the presence of
structure-promoting solvents such as trifluoroethanol (TFE) or
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP). CD spectra quanti-
tative analysis were performed by Dichroweb server [25] and
using the formalism of Chen et al. [26].

Fourier Transform Infrared Spectroscopy

A Bomem MB-120 Fourier transform infrared spectrometer
equipped with DTGS detector was used for transmittance
measurements on filters. FTIR spectra were measured with
a resolution of 4 cm−1 and 50 scans were taken in order to
obtain an appropriate signal-to-noise ratio without losing the
signal. A CaF2 flow cell and a window of 100 µm path length
spacer were used. Peptide concentration was of 1.3 mM in D2O,
TFE and HFIP. Reference spectra of solvents were recorded in
the same microcells and under identical instrument conditions
as the sample spectra. Difference spectra were obtained by
digitally subtracting the solvent spectrum from the peptide
spectrum. Spectra deconvolution was carried out using Peakfit
v 4.0 software.

RESULTS

Peptide Synthesis

The selection of the putative new epitopes from the
GBV-C/HGV polyproteins was performed by the align-
ment of 34 published sequences of GBV-C/HGV iso-
lates. The consensus sequences were obtained by
means of a comparative study of GBV-C/HGV iso-
lates using the Clustal W program (Figure 1), which
is based on the prediction of antigenicity by analyz-
ing the hydrophilicity and accessibility profiles of the
proteins using the methods of Hopp and Woods [27]
and Welling et al. [28]. Figure 2 shows the hydrophilic-
ity and accessibility plots as well as the presence of
β-turns that corresponds to NS4a, NS4b and NS5a
GBV-C/HGV proteins.

The monomeric and chimeric peptides, whose pri-
mary sequences are shown in Table 1, were successfully
synthesized by the robust solid-phase peptide method-
ology described in the Materials and Methods section.
Yields based on a peptidyl-resin weight increase were
almost quantitative. The purity of the samples after
HPLC purification was checked by analytical RP-HPLC,
in all cases being higher than 95%. Mass spectra

showed the only presence of the expected molecular
peaks (Table 1).

Since the NS4a(27–43) region is located in a β-turn
or loop region of the protein (Figure 2), conformational
restricted cyclic peptides were designed to mimic the
native secondary structure better than the linear form,
thus becoming more appropriate candidates for the
development of synthetic antigens. The syntheses of
cyclic constructs were successfully accomplished in
the solid phase using an orthogonal three-dimensional
protection scheme (Figure 3).

As previously described [29], the O-Dmab group
is prone to a comparatively slow 1,6-elimination of
the 4-aminobenzyl group following removal of the N-
ivDde entity by 3% hydrazine. The presence of the
4-aminobenzyl ester precludes activation of the aspartic
side-chain functionality and, consequently, the cycliza-
tion is not possible. In our hands, according to unpub-
lished results (Chan, W.C., personal communication),
to facilitate an effective and complete deprotection, after
the hydrazine treatment, the peptide resin was exhaus-
tively washed with 20% water in DMF. Intramolecular
macrocyclization was then successfully achieved upon
activation of the free resin-bound carboxy group by
PyBOP.

The crude products were analyzed by RP-HPLC,
which showed several peaks of similar intensities,
indicating low reaction efficiency. The yields of the cyc-
HT and cyc-CT after RP-HPLC purification were 4.4 and
4.8%, respectively.

Enzyme Immunoassays

In the present work and as we previously reported
[17,30], in order to overcome the low coating efficiency
of highly hydrophilic peptides to microtiter plates in
the ELISA and to avoid unpredictable orientation of
the peptides on the surface, the peptides were coupled
covalently to the plates. Covalent binding, unlike
simple physical binding, may orientate the immobilized
peptides in a defined way on the solid phase. The
most frequent methods of covalent immobilization of
biomolecules on the solid phase involve either the
preactivation of the biomolecules or the preactivation
of the solid phase. In this work, different chemistries to
link the peptides on the solid surface were studied
with the purpose of selecting the best approach.
Firstly, the peptides were immobilized via their amine
groups. Secondly, after the activation with EDC/sulfo-
NHS, the peptides were coupled to the solid phase
by means of carboxy groups. Another approach
involves the peptides coupling to preactivated N-
oxysuccinimidyl active ester plates (Costar) where the
covalent immobilization is performed via the peptide
amino groups. No significant statistical differences
(p > 0.05) in the measured optical density were
observed after the three assay formats performed with
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Figure 1 Alignment of the 34 sequences of GBV-C/HGV corresponding to NS4a(27–43), NS4b(8–22) and NS5a(112–126).

NS4b(8–22), NS5a(112–126) and chimeric peptides
(data not shown); for this reason preactivated Costar
ELISA plates were selected and extensively used to
analyze the whole panels of sera.

ELISA results obtained while working with the 100
serum samples of panels of hemodialyzed and chronic
hepatitis patients are shown in Figures 4 and 5. The
samples were considered anti-GBV-C/HGV antibodies
positive when (absorbance)Abs/CO ≥ 1.

In the case of the hemodialyzed panel (Figure 4),
linear nonstructural sequences, i.e. NS4a(27–43),

NS4b(8–22) and NS5a(112–126), and derived chimeric
(Qm1 and Qm2) and macrocyclic (cyc-HT and cyc-CT)
constructs exhibited a high number of serum sam-
ples scored as positive. Besides, our results indicate
not only that the reactivities of the tests performed
using chimeric and cyclic peptides were higher than
those using the linear NS parent peptides but also that
Abs/CO values tend to more clearly differentiate nega-
tive and positive sera, thus improving the detection of
antibodies anti-GBV-C/HGV in serum. In this context,
when Qm1 and Qm2 were used as coating antigens,
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Figure 2 Hydrophilicity and accessibility plots corresponding to NS4 and NS5a proteins, using the Hopp & Woods ( ),
Welling (- - - - ) and Chou & Fasman ( . . . . . . ) scales.

the number of serum samples giving Abs/CO > 1.2 was
twice as those of the corresponding NS4b(8–22) peptide.
For the NS5a(112–126) peptide, the serum reactivity
was not so different. Similarly, when using macrocyclic
constructs, 15 from the 23 (for cyc-HT) and 12 from
18 (for cyc-CT) scored positive sera rendered Abs/CO >

1.2, while for the parent peptide NS4a(27–43) only 7
serum samples were above this absorbance units. To
sum up, chimeric and macrocyclic peptide construc-
tions gave higher and clearer positive results.

In the case of the hepatitis chronic panel (Figure 5),
the reactivity as well as the measured absorbance in
positive samples were unexpectedly higher, when the

linear NS5a(112–126) parent peptide was coupled to
ELISA plates, than those obtained for NS4b(8–22),
Qm1 and Qm2. In this case, more than 60% of the
serum samples gave Abs/CO > 1.2. However, cyclic
compounds again gave better reactivity and higher
Abs/CO values than their parent peptide.

In Table 2, the ELISA results obtained with all
the synthetic constructs and 35 sera are shown in
comparison to the results obtained when using the
commercial E2 recombinant protein-based test. As
shown, for the linear sequences the percentage of
peptide reactivity working with the positive anti-HGV
recombinant E2 protein sera achieved values of about
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Figure 3 Strategy for solid-phase peptide synthesis of cyc-HT and cyc-CT cyclic peptides.

27% in the case of the hemodialyzed panel, whereas
this value was only moderately higher (36%) for
chimeric peptides. The reactivity obtained was similar
when the negative anti-HGV recombinant E2 protein
sera were studied for monomeric sequences; how-
ever, the number of positive samples detected by
means of chimeric peptides was significantly higher,
10 of 24 for Qm1 (41%, p = 0.009) and 12 of 24 for
Qm2 (50%, p = 0.052). Contrarily, in chronic hepati-
tis panel, reactivities till 8 and 15% for NS4b(8–22)
and NS5a(112–126) monomeric sequences, respec-
tively, were obtained while working with positive anti-
HGV recombinant E2 protein-based tests, but no more
than 15% of samples were positive for chimeric pep-
tides. However, chimeric peptides were able to detect

two times more negative anti-GBV-C/HGV E2 protein
serum samples than monomeric peptides.

Regarding the behavior of cyclic peptides as antigenic
substrates for detecting anti-GBV-C/HGV antibodies,
as it is also shown in Table 2, the sensitivity of the
two cyclic peptide variants was higher than those using
the linear NS4a(27–43) peptide sequence. Specially,
significant differences were observed in the reactivity
of cyc-CT peptide compared to their parent sequence
(p < 0.05).

Conformational Studies

Initial experiments carried out in Hepes buffer with all
linear peptide constructs yielded spectra that exhibited
a large negative band near 195 nm characteristic
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Figure 4 Reactivity in ELISA of the synthetic peptides with
a hemodialyzed sera panel. The samples were considered
anti-GBV-C/HGV antibodies positive when Abs/CO ≥ 1.

of unordered conformations. Next, the effect of the
addition of halogenated alcohols (TFE and HFIP) was
analyzed, the spectra obtained in the presence of both
structure-promoting solvents being very similar (data
not shown). As shown in Figure 6A, when the CD
spectra of chimeric peptides in the presence of TFE
was recorded, bands located at 201–206 and 222 nm
tend to appear, indicating a mixture of conformers
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Figure 5 Reactivity in ELISA of the synthetic peptides
with positive chronic hepatitis sera samples. The samples
were considered anti-GBV-C/HGV antibodies positive when
Abs/CO ≥ 1.

(α-helix and β-turn). As can be seen in the figure,
for the two chimeric peptides, the n→ π∗ transition
(222 nm) exhibits less intensity with respect to that of
the π → π∗

II transition (208 nm) and tends to undergo
a blue-shift. These small differences observed between
the chimeric peptide spectra suggest that Qm1 tends to
adopt a 310 helix conformation, while the Qm2 peptide

Table 2 ELISA reactivity of E2 recombinant protein-based commercial test vs synthetic peptides NS4-NS5. Percentage of
peptides reactivity in parenthesis

Hemodialyzed patients

NS4b(8–22) NS5a(112–126) Qm1 Qm2 NS4a(27–43) cyc-HT cyc-CT

+anti-HG E2 protein (n = 11) 3/11 (27) 3/11 (27) 4/11 (36) 4/11 (36) 1/11 (9) 5/11 (45) 4/11 (36)

−anti-HG E2 protein (n = 24) 5/24 (21) 8/24 (33) 10/24 (41) 12/24 (50) 4/24 (17) 5/24 (21) 5/24 (21)

Chronic hepatitis patients

NS4b(8–22) NS5a(112–126) Qm1 Qm2 NS4a(27–43) cyc-HT cyc-CT

+anti-HG E2 protein (n = 13) 1/13 (8) 2/13 (15) 1/13 (8) 2/13 (15) 1/13 (8) 1/13 (8) 2/13 (15)

−anti-HG E2 protein (n = 23) 2/23 (9) 1/23 (4) 4/23 (17) 2/23 (9) 1/23 (4) 2/23 (9) 2/23 (9)
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Figure 6 (A) CD spectra of chimeric peptides in aqueous buffer (Qm1: dash line; Qm2: bold dash line) and in presence of 75%
of TFE (Qm1: solid line; Qm2: bold solid line). FTIR deconvolution of chimeric peptides in D2O (B) and in 50% TFE (C). Qm1: solid
line; Qm2: bold solid line. β: parallel and antiparallel sheets, α: α-helix, un: unordered, aggre: aggregated sheets/strands.

fits well with an α-helix conformation. The quantitative
analysis of the experimental data performed by the
measurement of θ at 222 nm and by the use of
deconvolution computer programs showed that Qm2
adopted a larger proportion of α-helix structures than
Qm1 (35 vs 23%). Furthermore, higher values for
the [θ ]222/[θ ]negmax(≈205 nm) (R) ratio were obtained for
Qm2 than for Qm1 peptide (0.60 vs 0.39). In this
sense, values between 0.15 and 0.40 for R have been
considered diagnostic for the 310 helical conformation
[31]. These results were supported by the FTIR analyses
performed. As it is also shown in Figure 6, the
characteristic bands assigned to α-helix and β-turn
are obtained. It is noteworthy that while for Qm1
the amide I band located around 1650 cm−1, which
is assigned to an helical structure, only appeared in
the presence of the α-helix promoting solvent (TFE)
(Figure 6C), this component of the deconvoluted FTIR
spectrum obtained for Qm2 was already registered in
aqueous medium (47% content by the Peakfit software)
(Figure 6B). Similar to the CD results obtained, in the
presence of TFE, the two chimeric peptides tend to
adopt a mixture of ordered conformations (43 and 39%

for Qm1 and 46 and 28% for Qm2 contents of α-helix
and β-turn, respectively).

In summary, these results suggest the predominance
of a mixture of ordered structures for Qm1, while
Qm2 has a higher tendency to clearly adopt an
α-helix conformation. Moreover, the linear peptide
conformation estimated by CD and FTIR were in
agreement with each other.

Regarding the CD analysis of cyclic peptides
(Figure 7) in an aqueous medium, cyc-HT showed a neg-
ative band below 200 nm, characteristic of unordered
conformations or a mixture of multiple conformers,
while the cyc-CT spectrum was more associated with
folded conformations like turns, exhibiting the mini-
mum below 200 nm, significantly less intensive than
that observed for periodic-type secondary structures
such as helices and sheets [32]. In the presence of 75%
of TFE, the ellipticity of the band at 203 nm obtained
for cyc-HT was higher than one of the bands at 222 nm,
suggesting that this cyclic peptide tends to adopt prefer-
ably a 310 helical structure, defined as an intermediate
between helix and turn. However, in the same con-
ditions, although there also appeared a blue-shifted
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Figure 7 CD spectra of cyclic peptides in aqueous buffer
(cyc-HT solid line; cyc-CT: dash line) and in presence of 75%
of TFE (cyc-HT: bold solid line; cyc-CT: bold dash line).

band at 203 nm for cyc-CT of similar intensity than the
band located at 222 nm, the lower ellipticity obtained
compared to those in the CD-curve of cyc-HT suggest,
preferably, the presence of folded structures in cyc-CT,
like turns.

DISCUSSION

Several research groups have tried to identify, in
recent years, well-defined immunodominant epitopes to
diagnose infectious diseases using synthetic peptides.
In our group, in order to establish the usefulness of
synthetic peptides in the detection of antibodies anti-
GBV-C/HGV, we initially determined the antigenicity
of several peptide sequences belonging to structural
and nonstructural proteins of this virus [17]. One of
the main conclusions achieved was that the inclusion
of nonstructural related peptides could increase the
sensitivity of the currently available test for GBV-
C/HGV detection that is based on the E2 structural
protein.

Despite the fact that the role of the proteins encoded
in nonstructural regions of the GBV-C/HGV viral
genome is little-known, it is reported that the NS4a
protein is a cofactor required for the NS3-mediated
cleavage of some nonstructural proteins junction [33]
and that the full-length NS4b is required for cleaving
the NS4a/NS4b junction [34]. Related to the NS5
protein, it was found that the (2047–2376) region
contains potential epitopes that elicit a detectable
antibody response [35]. This property is rather similar
to that in HCV infections, in which the antibodies to
nonstructural proteins are easily detected [36,37].

Although synthetic peptides present high specificity
in the recognition of antibodies, they have demon-
strated limited sensitivity in immunoenzymatic assays
when employed individually. In recent years, it has been
reported that there was an improvement in sensitivity
and specificity when sera were tested not only with

monomeric but also with chimeric peptides which con-
tain more than one putative epitope [13,38]. The use of
mixtures of synthetic peptides could affect the sensibil-
ity and specificity of the test by the effect of competition
for binding to solid surface and for changes in spatial
distribution of antigenic determinants of bound pep-
tides. In a previous study, we analyzed the ability of
several synthetic peptides of the hepatitis A virus cap-
sid proteins in comparison with the ones of a mixture
of those peptides and with several chimeric constructs
[13], the last approach rending the higher sensitivity.
Similarly, in the present work, the results obtained
using single, chimeric and a mixture of single peptides
with several hemodialyzed sera revealed that the sen-
sitivity of chimeric peptide-based methodology is again
significantly higher (data not shown). As described in
the Results section, chimeric peptides showed to be
more sensitive for the hemodialyzed panel sera than
the monomeric ones. However, the percentage of reac-
tivity of chimeric peptides decreased working with the
chronic hepatitis sera. These unexpected results may
be explained either by cross-reactivity with antibod-
ies directed against other viral proteins present in the
patient sera like proteins of other hepatitis viruses
of linear peptides or by an inadequate immobiliza-
tion of chimeric peptides which could be responsible
for the lower-than-expected antigen-antibody recogni-
tion. The first hypothesis, i.e. the elimination of the
cross-reactivity by the inclusion of more than one sin-
gle epitope in chimeric peptides, has already been
described by other authors for the hepatitis C virus
[39]. The validity of the second hypothesis was explored
by performing inhibition ELISA tests – two negative sera
for the chimeric peptides but positive for the linear NS4
and NS5 peptides were selected. Our results showed
the ability of Qm1 and Qm2 to inhibit up to 25% of
the NS4- and NS5-antibodies recognition, thus sup-
porting the idea of the differential reactivity of chimeric
constructs in solution, and hence a possible explana-
tion for the low sensitivity obtained when performing in
noncompetitive ELISA.

It is also noteworthy that the reactivity of cyclic
peptides with the two panels of sera analyzed was sig-
nificantly higher compared to the linear parent peptide.
These results demonstrated that the constrained pep-
tides could adopt conformations that favor antibody
binding, i.e. the peptides may be presented in such a
way that they easily adopt the conformational features
of the original antigenic site of the native protein.

In addition, it is important to note that the reactivity
of the peptides belonging to nonstructural proteins
with the sera considered negative by the commercial
test ranged between 17 and 21% for the hemodialyzed
panel and, despite the chronic hepatitis panel these
values were lower; the results obtained support the idea
that the combination of antigens belonging to different
viral proteins is necessary to ensure good sensitivity. In
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fact, and according to other studies [16], the sensitivity
of currently available tests for GBV-C/HGV detection
could be increased by the inclusion of nonstructural
related peptides.

Finally, to analyze the conformational changes
induced both in chimeric and cyclic peptides that
could influence their different sensitivity in the GBV-
C/HGV antibodies recognition, CD and FTIR studies
were carried out and the corresponding quantitative
analysis of the experimental data was done using
deconvolution computer programs.

The experimental results obtained by CD and FTIR
allowed us to disclose that, in general, a more
ordered structure is related with a higher sensitivity in
immunoassays. Although the ELISA assays performed
with chimeric peptides did not show significant statisti-
cal differences, the significant variation in the antigenic-
ity observed for linear and cyclic constructs suggest
that the constrained peptides adopt a certain degree
of structural organization that could be related with a
better resemblance between the peptide epitope and the
corresponding region within the whole viral protein.

The macrocyclization of the NS4a peptide to give the
larger cyclic structure (cyc-HT) does not seem to provide
sufficient conformational restriction since this peptide
appeared to display a less ordered structure than cyc-
CT. It is observed that the ring size reduction decreases
the conformational repertoire; while cyc-HT fits well
with a mixture of helix and turn (310 helical confor-
mation), cyc-CT preferentially adopts a more folded
structure. However, although ELISA results clearly
showed the usefulness of cyclization as an approach to
enhance the antigenicity of linear peptides, nonsignifi-
cant differences between the two chemically engineered
cyclic peptides were obtained, suggesting that the bind-
ing of peptides to the solid surface could probably cause
changes in the epitope arrangement, making the access
to the bioactive conformation difficult.

The results of the immunoassays reported highlight,
on one hand, the combination of different antigens that
seems to be necessary to ensure good sensitivity and
more specificity and, on the other hand, that the cyclic
compounds show higher ability to recognize anti-GBV-
C/HGV antibodies than their parent peptide. Besides,
they reflect the difficulty of achieving a high degree of
conformational and chemical fit between the peptide
antigen and the antibody surfaces.

We are currently investigating the synergistic effects
of different presentation formats, and are therefore
involved in the design of new chimeric and cyclic pep-
tides bearing structural and nonstructural domains of
GBV-C/HGV to better mimic the natural presentation of
epitopes in the context of an in vivo antigenic situation.
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