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Summary. Our labs are focused on identifying amino acid sequences

having the ability to react specifically with the functional binding site

of a complementary antibody. Our epitopic definition is based on the

analysis of the similarity level of antigenic amino acid sequences to the

host proteome. Here, the similarity profile to the human proteome of an

HCV E1 immunodominant epitope, i.e. the HCV E1315–328HRMAW

DMMMNWSPT sequence, led to i) characterizing the immunoreactive

HCV E1 315–328 region as a sequence endowed with a low level of

similarity to human proteins; ii) defining 2 contiguous immunodominant

linear determinants respectively located at the NH2 and COOH terminus of

the conserved viral antigenic sequence. This study supports the hypothesis

that low sequence similarity to the host’s proteome modulates the pool of

epitopic amino acid sequences in a viral antigen, and appears of potential

value in defining immunogenic viral peptide sequences to be used in

immunotherapeutic approaches for HCV treatment.
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Introduction

We are defining peptide-based vaccine constructs using

the sequence similarity hypothesis, according to which

amino acid sequences characterized by a low level of

similarity (or no similarity at all) to the host’s proteome

have the potential to evoke immunogenic responses in the

host (Natale et al., 2000; Lucchese et al., 2005). The final

aim consists in using immunogenic peptides from tumor-

associated-antigens to evoke specific anti-tumor antibod-

ies or, on the opposite, using immunogenic peptides from

auto-antigens to block circulating harmful autoantibodies

in autoimmune diseases. Preliminary clinical data appear

positive and encourage pursuing such a research line

(Angelini et al., 2006).

Given this premise, HCV polyprotein appears an inter-

esting experimental model since it seems that this RNA

virus escapes immunosurveillance by being highly muta-

ble. Indeed, the rate of HCV nucleotide change is approxi-

mately 10�3 substitutions per site per year and generates

numerous different HCV types, subtypes and quasispecies

(Forns and Bukh, 1999). So, even if immunogenic HCV

protein sequences exist, they might change (and possibly

their immunogenicity fall) because of subsequent amino

acid variations. This leads to two interwoven conse-

quences: from one side the difficulty of designing an

effective vaccine due to rapidly changing viral targets;

from the other side the continuous and unflagging in-

crease of the number in infected individuals in the

world. HCV peculiarly is able to establish chronic in-

fection and progressive incumbent hepatocellular carci-

noma risk in a large proportion of those exposed (Tanaka

et al., 2006).

In this context, the present study has utilized HCV

E1 protein to study the role of sequence uniqueness in

humoral anti-HCV immune responses since this envelope

glycoprotein: 1) represents a main target of host immune

reaction by being located on the virion surface; 2) has

been already shown to host immunoreactive portions



(Olenina et al., 2002), and, finally, 3) one third of E1

sequence is highly conserved (Sobolev et al., 2000), so

offering the possibility of evaluating the role of sequence

uniqueness in immunogenicity. Due to the extreme het-

erogeneity of the HCV genotypes and the reported large

number of complete and partial sequences (Forns and

Bukh, 1999), we examined HCV genotype 1a, this sub-

type being also more common in Europe with a tendency

to increase in Italy (Bortolotti et al., 2005).

Materials and methods

Sequence similarity analysis of E1 sequence (aa191-382, HCV genotype

1a, accession no. P26664) to the human proteome was conducted using

overlapping viral pentamers as probes, and the peptide match program

from Protein Information Resource (pir.georgetown.edu=pirwww) (Wu

et al., 2002) as previously described (Natale et al., 2000; Lucchese et al.,

2005). By using T-Coffee program (Notredame et al., 2000), peptide

sequence alignment was conducted on HCV genotype 1a, isolate 1

(P26664); 1a, isolate H (P27958); 1b, isolate Taiwan (P29846); 1b, iso-

late BK (P26663); 1b, isolate Con1 (Q9WMX2); 1b, isolate Japanese

(P26662); 1b, isolate HC-JT (Q00269); 2a, isolate JFH-1 (Q99IB8); 2a,

isolate HC-J6 (P26660); 2b, isolate HC-J8 (P26661); 2b, isolate

JPUT971017 (Q9DHD6). The program Drawhca (Gaboriaud et al., 1987)

was utilized in hydrophobic cluster analysis.

The HCV synthetic peptides used in dot-blot immunoassays were:

E1315–328HRMAWDMMMNWSPT; E1315–320HRMAWD; E1316–321RMA

WDM; E1317–322MAWDMM; E1318–323AWDMMM; E1319–324WDMM

MN; E1320–325DMMMNW; E1321–326MMMNWS; E1322–327MMNWSP;

E1323–328MNWSPT; E2-p7741–750SQAEAALENL; NS31160–1173LKG

SSGGPLLCPAG; NS31628–1637GAVQNEITLT; NS5A2182–2191AEAAG

RRLAR. Control peptides were: Tyrosinase4–18AVLYCLLWSFQTSAG;

Tyrosinase233–247IPYWDWRDAEKCDIC. Peptides were synthesized by

Fmoc (N-(9-fluorenyl) methoxycarbonyl) solid phase peptide synthesis

(Primm srl, Milan, Italy).

Serum samples from HCV-infected patients were obtained from the

Dept. of Internal Medicine, University of Turin, Division of Gastroentero-

logy, Hospital San Giovanni Battista, Turin, Italy. HCV studies had been

approved by the Hospital Institutional Review Board. Sera were treated

with RNase=DNase for 2 h at 37 �C, partially purified by precipitation with

40% saturated (NH4)2SO4 (�2), and dissolved in phosphate-buffered sa-

line (PBS).

Nitrocellulose membrane (0.1mm, Schleicher&Schuell, Milan, Italy)

was pretreated with 1% glutaraldehyde. Peptides (10mg) were spotted

on the activated membranes and immunoreacted with partially purified

polyclonal antibodies (pAbs) from HCV-infected patients as described

(Lucchese et al., 2005).

Results

Searching for sequence uniqueness along the HCV E1

protein

To understand the role of sequence similarity in determin-

ing HCV E1 immunogenicity in humans, HCV E1 protein

was analyzed for similarity to human proteins.

To this aim, the E1 primary sequence (amino acids

191–382) was dissected into pentapeptides that were used

as probes to scan the human proteome, since a penta-

peptide unit is a sufficient minimal antigenic determinant

in a protein (Lucchese et al., 2006, and refs. therein).

Consecutive pentamers were offset by one residue, i.e.

overlapped by four residues: YQVRN, QVRNS, VRNST,

RNSTG, NSTGL, etc. The 5-mer sequences were ana-

lyzed for similarity utilizing the PIR non-redundant refer-

ence human protein database (Wu et al., 2002). The HCV

E1 similarity profile is reported in Fig. 1. As already

found in other experimental models (Natale et al., 2000;

Lucchese et al., 2005), the sequence-sequence profiling

has an alternating behaviour. Many viral pentamers ap-

pear repeatedly in human proteome and, at the same time,

there are HCV E1 fragments with a low number of pen-

tamers in common with the human proteome. In this

regard, the sequence HCV E1315–328HRMAWDMMMN

WSPT (indicated by an arrow in Fig. 1) is relevant to

the similarity analysis since most of its pentamers had

no matches at all to the human proteome (see Fig. 1, lower

insert). According to the hypothesis pursued in our labs,

the HCV E1315–328HRMAWDMMMNWSPT sequence ap-

peared suitable to test the relationship between sequence

uniqueness and immunogenicity in immunoassays with

sera from HCV-infected patients.

Consequently, the E1315–328HRMAWDMMMNWSPT

peptide was synthesised for use as an antigen. HCV

NS31160–1173LKGSSGGPLLCPAG peptide was used as a

control, being characterized by a high level of similarity to

the human proteome (total number of 5-mer matches >400)

and a degree of sequence conservation comparable to that

of the low-similarity HCV315–328HRMAWDMMMNWSPT

sequence under analysis (see Table 1).

As additional controls, we used HCV and tyrosinase

peptides at hand in the lab and having high=medium sim-

ilarity to human proteome: HCV E2-p7741–750SQAEAA

LENL (matches¼ 289), HCV NS31628–1637GAVQNEITLT

(matches¼ 66) and HCV NS5A2182–2191AEAAGRR

LAR (matches¼ 263), tyrosinase4–18AVLYCLLWSFQT

SAG (matches¼ 59), and tyrosinase233–247IPYWDWRD

AEKCDIC (matches¼ 36). This last peptide appeared in-

teresting as an external control by hosting a zero similarity

fragment, i.e. tyrosinase233–241IPYWDWRDA (Lucchese

et al., 2005).

Immune response against the low-similarity

HCV E1315–328HRMAWDMMMNWSPT peptide

As a second step, the low-similarity HCV E1315–328HRM

AWDMMMNWSPT peptide, the conserved high-simi-

larity HCV NS31160–1173LKGSSGGPLLCPAG peptide

480 L. Polimeno et al.



control, plus the above described additional HCV and

tyrosinase peptide controls were analyzed for immuno-

reactivity using sera from 11 HCV-infected and 4 healthy

subjects. Representative peptide dot-blot immunoassay

analyses are shown in Fig. 2. Table 2 details the recogni-

tion pattern of the 15 sera monitored in the study.

Dot-blot immunoassays indicate that the unshared

E1315–328HRMAWDMMMNWSPT peptide is immuno-

reactive with almost all of the HCV-infected sera (81%,

9 out of 11 sera). No signal was detected using the 4 HCV

peptides endowed with medium to high level of similarity

to the human proteins (similarity is given in Fig. 2 as

match number in parentheses). Moreover, whereas the

tyrosinase4–18AVLYCLLWSFQTSAG peptide control did

not react with any of the sera, the second external con-

trol represented by tyrosinase233–247IPYWDWRDAEK

CDIC showed intense immunoreactivity with all of the

sera used in this study, both the healthy and HCV-

infected ones. While the HCV E1315–328HRMAWDMMM

NWSPT-induced signal was weak, the intensity of the

tyrosinase233–247IPYWDWRDAEKCDIC signal was com-

paratively much higher (Fig. 2 and Table 2). As recently

reported (Lucchese et al., 2005), the tyrosinase233–247IPY

WDWRDAEKCDIC sequence immunoreacts with vit-

iligo, melanoma and healthy sera, apparently deriving

Table 1. Sequence conservation of the low-similarity HCV315–328HRM

AWDMMMNWSPT peptide and the high-similarity HCV1160–1173LKG

SSGGPLLCPAG peptide control among different HCV isolate genotypes

HCV genotypes Peptide sequence

1a HRMAWDMMMNWSPT LKGSSGGPLLCPAG

1a (H) HRMAWNMMMNWSPT LKGSSGGPLLCPTG

2a (JFH-1) HRMAWDMMMNWSPT LKGSSGGPVLCPRG

2a (HC-J6) HRMAWDMMMNWSPT LKGSSGGPVLCPRG

1b (Taiwan) HRMAWDMMMNWSPT LKGSSGGPLLCPSG

1b (BK) HRMAWDMMMNWSPT LKGSSGGPLLCPFG

1b (Con1) HRMAWDMMMNWSPT LKGSSGGPLLCPSG

1b (Japanese) HRMAWDMMMNWSPT LKGSSGGPLLCPSG

1b (HC-JT) HRMAWDMMMNWSPT LKGSSGGPLLCPSG

2b (HC-J8) HRMAWDMMLSWSPT LKGSSGGPVLCSRG

2b (JPUT971017) QRMAWDMMLNWSPT LKGSSGGPVLCPRG

Changed amino acids are given underlined

Fig. 1. Similarity profile of HCV E1 protein to human proteome by using 5-mer motifs as probes. Lower insert: similarity profile of the

E1315–328HRMAWDMMMNWSPT sequence

HCV E1 sub-epitopic dissection 481



its immunogenicity from a low-similarity portion in the

NH2 terminus.

Identifying antibody binding sites on the

E1315–328HRMAWDMMMNWSPT peptide sequence

Successively, we characterized the linear epitope by iden-

tifying residues on the E1315–328HRMAWDMMMNWSPT

peptide sequence that are important for binding human

pAbs. Indeed, as shown in Fig. 3, the E1315–328HRMAW

DMMMNWSPT peptide is characterized by hydrophobic

clustering that makes this viral amino acid sequence sus-

ceptible to three-dimensional conformer structures. There-

fore the possibility exists that the peptide under study might

interact with the human pAbs through conformational epi-

tope(s). Given our starting hypothesis, according to which

linear viral pentamers not represented in the host proteome

should be the potential epitopic targets of the immune

response, it was important to verify this point.

To this aim, fine epitope mapping was performed using

nine consecutive 6-mer peptides containing five overlap-

ping residues and covering the E1315–328HRMAWDMM

MNWSPT sequence. Figure 4 illustrates the representative

immunoreactivity pattern of the nine 6-mers when assay-

Table 2. Reactivity of the low-similarity HCV E1315–328HRMAWDMMMNWSPT peptide with sera from HCV-

infected patients

Serum HCV peptide Tyrosinase peptide

1 (3) 2 (289) 3 (411) 4 (66) 5 (263) 6 (59) 7 (36)

Healthy

1 � � � � � � þþþ
2 � � � � � � þþþ
3 � � � � þ � þþ
4 � � � � þ � þþþ

HCV infected

5 þþ � � � � � þþ
6 þþ � � � � � þþþ
7 þþ � � � � � þþþþ
8 þþ � � þ � � þþþ
9 þþþ � � � þ � þþþ

10 þþþ � � � � � þþþ
11 þþ � � � � � þ
12 þþþ � � � � � þþþ
13 þþþ � � � � � þþþþ
14 � � � � � � þþþ
15 þ þ � þ � � þþ

The synthetic peptides correspond to the amino acid sequences: 1) HCV E1315–328HRMAWDMMMNWSPT; 2) HCV

E2-p7741–750SQAEAALENL; 3) HCV NS31160–1173LKGSSGGPLLCPAG; 4) HCV NS31628–1637GAVQNEITLT;

5) HCV NS5A2182–2191AEAAGRRLAR; 6) Tyrosinase4–18AVLYCLLWSFQTSAG; 7) Tyrosinase233–247IPYWDWR

DAEKCDIC. In parentheses: peptide similarity level as number of perfect 5-mer matches shared between the viral

peptide sequence and the human proteome. Signal intensity shown with increased numbers of plus signs

Fig. 2. Immunoreactivity of the low-similarity HCV E1315–328HRM

AWDMMMNWSPT peptide with pAbs from human HCV-infected ser-

um. Dot immunoassay was performed using pAbs from normal healthy

subject as a control. HCV peptide: 1) E1315–328HRMAWDMMMN

WSPT; 2) E2-p7741–750SQAEAALENL; 3) NS31160–1173LKGSSGGPL

LCPAG; 4) NS31628–1637GAVQNEITLT; 5) NS5A2182–2191AEAAGRR

LAR. Tyrosinase peptides: 6) Tyrosinase4–18AVLYCLLWSFQTSAG;

7) Tyrosinase233–247IPYWDWRDAEKCDIC. In parentheses, peptide

similarity level given as number of perfect 5-mer matches shared be-

tween the viral peptide sequence and the human proteome
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ed by dot-blot experiments using HCV-infected sera. It can

be seen that the main epitope sequence on E1315–328HR

MAWDMMMNWSPT is between amino acids 316 and

322 (RMAWDMM) located at the N-terminal of the

E1315–328HRMAWDMMMNWSPT peptide. All of the

HCV-infected sera that were immunoreactive towards

the E1315–328HRMAWDMMMNWSPT peptide (that is

from no. 5 to 13, see Table 2) recognized the aa 316–322

sequence (9 out of 9; 100%). Additionally, Fig. 4 shows

that HCV-infected serum 9 (and serum 6, not shown)

recognized a second domain between aa 322 and 328

(MMNWSPT), thus indicating a possible phenomenon of

intramolecular epitope spreading along the E1315–328HR

MAWDMMMNWSPT peptide sequence.

Discussion

In this study we examined the role of sequence similarity

in determining HCV E1 immunogenicity in human sub-

jects. To this aim, we have 1) undertaken a molecular

dissection of the conserved HCV E1 protein sequence

searching for peptide stretches scarcely represented in

the human proteome, and 2) measured the immunoreac-

tivity of the selected low-similarity HCV peptides in im-

munoassays with sera from HCV-infected patients. We

report that E1316–322RMAWDMM peptide forms a com-

mon sequence signature of the humoral immune response

from the HCV-infected cohort examined here. The epitope

is located in the low-similarity E1315–328HRMAWDM

MMNWSPT peptide sequence, and is flanked by a contig-

uous second non-immunodominant linear E1322–328MMN

WSPT determinant, possibly arising by intramolecular

epitope spreading.

As a first general note, we observe that the procedure

described here results in the identification of an immuno-

dominant viral epitopic sequence with only a minimum

number of synthetic peptides.

As regards the specific anti-HCV response, this study

indicates the presence of effective autoantibodies in HCV-

infected patients (see Fig. 2 and Table 2). Therefore, even

if HCV infection (and maintenance of the chronic infec-

tion) appears associated with an immunosuppressed status

of the host (Nagai et al., 2005), our results appear to

suggest that the inability of the human humoral re-

sponse to induce HCV eradication might be due to its

low extent. In fact, the data of Fig. 2 clearly illustrate the

weakness of anti-HCV E1315–328HRMAWDMMMNW

SPT when compared to the more intense response to the

tyrosinase233–247IPYWDWRDAEKCDIC peptide. Conse-

quently, using specific immunogenic peptide fragments to

elicit more powerful neutralizing antibodies or construct

heterologous antibody preparations might represent a

proper therapeutical solution for augmenting the potency

of anti-HCV reaction.

In this context, the exact identification of the molecular

amino acid sequence targeted by the immune response is

important. Indeed, once that conserved viral epitopes

are identified in vitro, they might be used to selectively

produce neutralizing antibodies to be used in vivo for

therapeutic purposes. In this context, it is pertinent to

recall that previous approaches (such as peptide scanning

through phage display technology) to identify viral HCV

epitopes have been unsuccessful (Allander et al., 2000),

possibly because of the difficulty in separating the anti-

viral response against conformational and glycosylated

regions (Hadlock et al., 2000) from that against linear

peptide sequences.

As a final consideration, the existence of two closely

contiguous, still distinct and well separated sites of immu-

noreactivity on a single low-similarity stretch (Fig. 4)

suggests a mechanism of epitope spreading that could

be analysed and used in the serologic monitoring of viral

infection progression. In conclusion, the present study

offers preliminary data that may contribute to a better

understanding of the mechanisms leading to HCV persis-

Fig. 4. Identification of epitopic fragments on the low-similarity HCV

E1315–328HRMAWDMMMNWSPT peptide sequence. Epitope scanning

by dot-blot immunoassay was carried out using pAbs from HCV-infected

sera (see Table 2)

Fig. 3. Two-dimensional surface-like map of the potential hydrophobic

domain structures of the HCV E1315–328HRMAWDMMMNWSPT pep-

tide epitope analysed in this study
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tence as well to a molecular definition of peptide-based

therapeutical protocols in HCV infection.
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