
Vol. 46, No. 2JOURNAL OF VIROLOGY, May 1983, p. 653-655
0022-538X/83/050653-03$02.00/0
Copyright © 1983, American Society for Microbiology

Inhibition of a Common Human Anti-Hepatitis B Surface
Antigen Idiotype by a Cyclic Synthetic Peptide
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A common human anti-hepatitis B surface antigen idiotype-anti-idiotype reac-
tion was partially inhibited by a cyclic synthetic hepatitis B surface antigen
peptide. Reduction of the intrachain disulfide bond and subsequent alkylation
destroyed its inhibitory activity, suggesting that a conformation-dependent group
a epitope was associated with this cyclic peptide.

A number of early studies (reviewed in refer-
ence 11) demonstrated that antibody produced
in response to the hepatitis B surface antigen
(HBsAg), the surface or envelope material of the
42-nm hepatitis B virus (HBV) particle, is pro-
tective against infection, whereas antibody to
the core antigen has no protective effect. Effec-
tive Formalin-inactivated HBV subunit vaccines
have been produced (10) and licensed (6) which
utilize purified HBsAg derived from the plasma
of healthy persons chronically infected with
HBV.
Two alternative approaches are available for

the preparation of a well-defined, HBsAg-specif-
ic vaccine. The first became possible when the
DNA fragments derived from HBV were cloned
into bacterial plasmids (12, 17). The second
alternative recently became possible when four
laboratories generated synthetic peptides (2, 5,
9, 14, 18) that contained amino acid sequences
analogous to those associated with the major
building block of HBsAg, i.e., P25, a polypep-
tide with a molecular weight of 25,000 (13). P25
in conjunction with a glycosylated form with
molecular weight of 30,000 (GP30) represents
more than 65% of the protein mass of the 22-nm
lipoprotein spheres associated with HBsAg (11).
The presence of an immunogenic determinant in
association with a P25-GP30 mixture has been
demonstrated in that chimpanzees immunized
with such material were solidly protected
against challenge with infectious HBV (4).

Recently, a report from our laboratory de-
scribed a common idiotype (ID) shared by hu-
man antibodies to HBsAg (anti-HBs) (7). The
common ID was associated in part with the
antibody-combining site, because HBsAg and
nondenatured P25-GP30 partially inhibited the
common ID binding its anti-idiotypic antiserum.

Further characterization revealed that the induc-
tion of the common ID was by the group-specific
a determinant of HBsAg and that conformation
was important, as denatured HBsAg viral poly-
peptides virtually lost their inhibitor capacity
when compared with native polypeptides (8).
Based on these data, we decided to examine the
possibility that two synthetic polypeptides (5)
would also inhibit the common ID-anti-ID reac-
tion.
Both peptides 1 and 2 were capable of partial-

ly inhibiting (30 to 33%) the ID-anti-ID reaction,
whereas no inhibition was detected with similar
concentrations of an unrelated synthetic peptide
containing 18 amino acids (Fig. 1). On a weight
basis the two peptides and intact HBsAg parti-
cles seemed equally efficient as inhibitors. The
specificity of the ID-anti-ID reaction was dem-
onstrated by the inability of human serum albu-
min, human immunoglobulin G, and hepatitis A
virus to inhibit the reaction (Table 1). It has been
shown that a native HBsAg-derived aggregate of
P25-GP30 isolated as a micelle is more immuno-
genic than intact HBsAg particles (15, 20).
Based on this observation, we used HBsAg-
derived polypeptide micelle preparations as in-
hibitors of the ID-anti-ID reaction to establish
whether this virus-specific polypeptide free of
human serum components was a more efficient
inhibitor on a weight basis than HBsAg parti-
cles. A much higher level of inhibition (65%) was
noted with the micelle than with intact HBsAg
(Table 1). By using an increased quantity (250
,ug) of peptide 1 as an inhibitor, a similar degree
of inhibition (63%) was obtained. However, on a
molar basis peptide 1 was much less efficient at
inhibiting the ID-anti-ID reaction (Table 1).
Higher concentrations of peptide 1 were not
available to test for increased inhibition values
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FIG. 1. Inhibition of binding of "25I-labeled ID to
its anti-idiotypic antiserum by various synthetic pep-
tides and intact HBsAg particles as determined by
radioimmunoassay. The unrelated synthetic peptide is
an analog of apolipoprotein C-2, which contains the
sequences from amino acids 60 through 78. Briefly, a
limiting dilution of a rabbit anti-idiotypic antiserum
was used to coat the wells of a polyvinyl, flat-bottom
microtiter plate (Dynatech Laboratories, Alexandria,
Va.) for 8 h at 4°C. After the addition of 1% bovine
serum albumin to block nonspecific binding sites on
the wells, equal volumes of the respective inhibitor
and of 125"-labeled, specifically purified human
immunoglobulin G anti-HBs (ID) which had been
preincubated for 4 h at 4°C were added to the anti-
idiotypic antiserum-coated wells. After incubation for
1 h at 25°C, the excess radioactivity was removed, and
the wells were washed and counted. Percent inhibition
(% I) was calculated by using the following formula: %
I = 100 x [1 -(cpm with inhibitor/cpm without
inhibitor)].

in the ID-anti-ID reaction. Similar results have
been obtained during the immunochemical anal-
ysis of other proteins. Different peptide frag-
ments of sperm-whale myoglobin exhibited only
a portion of the antigenic reactivity that was
demonstrated by the intact protein (1). This
decreased efficiency was dependent on both the
size of the peptide and its location with respect
to other amino acids that were responsible for
stabilizing the three-dimensional conformation
of myoglobin.
The role of disulfide bonds in maintaining the

antigenicity and immunogenicity of HBsAg has
been reported by several laboratories (3, 16, 19).
Our synthetic peptides were cyclized by the
formation of an intramolecular disulfide bond
between cysteine residues at positions 124 and
137 (5). The importance of conformation was

demonstrated since reduction of the intrachain
disulfide bond and alkylation of the cysteine
residues of peptide 1 completely destroyed its
ability to inhibit the ID-anti-ID reaction (Table
1).
The observations that our synthetic polypep-

tides can inhibit the binding of a common ID
with its anti-idiotypic antiserum and can also
block the binding between a common anti-HBs

ID and HBsAg provide direct evidence that the
peptides represent a portion of HBsAg determi-
nants which elicit antibodies produced during
HBV infection in humans. Similar to the anti-
genic activity of native HBsAg, the antigenic
determinants appear to be conformation depen-
dent. The synthetic peptides produced by Ler-
ner et al. (9), Prince et al. (14), and Bhatnagar et
al. (2) induce antibody responses in rabbits or
mice. In addition, Vyas (18) and Prince et al. (14)
have reported that synthetic peptides containing
immobilized P25 amino acid residues 134 to 146
and 138 to 149, respectively, bind human anti-
HBs. Bhatnagar et al. (2) reported that amino
acid residues 139 to 147 contain the group-
specific a determinant, whereas the data pre-
sented in this report suggest that a second con-
formation-dependent a epitope may be
associated with residues 119 to 137. It is note-
worthy that on a molar basis peptide 1 was

TABLE 1. Percent inhibition of the common anti-
HBs ID binding its anti-idiotypic antiserum with

different concentrations of various inhibitors

Inhibitor Concn InhibitionInhibitor ~~~~(tLg) ()
HBsAg 25 33

2.5 22

Native HBsAg-derived 7.5 65
polypeptideb 0.75 22

0.075 12.5

Peptide 1 250 63
25 33
2.5 30

Peptide 1, reduced and 25 1
alkylatedc 2.5 0

Human immunoglobulin G 20 0
5 1

Human serum albumin 20 0
5 0

Hepatitis A virus 20 0
5 0

a The inhibition determinations represent the means
of triplicate values. Solid-phase radioimmunoassay
was used to measure the percent inhibition of the ID-
anti-ID reaction (7).

b Aggregate of P25-GP30 isolated as a micelle.
I Peptide 1 was reduced with a threefold molar

excess of 2-mercaptoethanol and alkylated with a 10 M
excess of iodoacetate under an N2 atmosphere. The
reduced peptide was desalted on a Bio-Gel P2 column
equilibrated in bicarbonate buffer (pH 8.6). The con-
centration of peptide was determined by absorbance at
275 nm, using an extinction coefficient of 8.3 for a 1%
solution.
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approximately 103-fold less efficient than intact
HBsAg in inhibiting the ID-anti-ID reaction,
whereas the peptide of Bhatnagar et al. was
1010-fold less efficient at binding a rabbit anti-
peptide 139 to 147 when compared with intact
HBsAg. Although no comparison can be made
between techniques involving the inhibition of
an ID-anti-ID reaction and direct binding, the
inability of the respective peptides to compete
equally with HBsAg on a molar basis indicates
that neither peptide represents the complete a
determinant and suggests that more than one a
epitope is present.

Inhibition of a common anti-HBs ID-anti-ID
reaction offers an alternative approach for im-
munoanalysis of synthetic peptide preparations.
The inhibition by the two synthetic polypeptides
in this report suggests that they are related to
antigenic determinants responsible for eliciting a
population of anti-HBs expressing a common
ID.
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