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Protein sequence analysis and mapping of IgE and IgG

epitopes of an allergenic 98-kDa Dermatophagoides farinae

paramyosin, Der f 11

Background: A 98-kDa mite paramyosin (Der f 11) from
Dermatophagoides farinae (Df) is highly allergenic, and its cDNA
(Df642) has been cloned. This paper describes the sequence
characteristics and the mapping of the immunodominant human IgE and
IgG epitopes of Der f 11.

Methods: The protein sequence analysis was performed with a
combination of FASTA, GCG, and CLUSTAL W computing packages.
The whole cDNA insert and its PCR-derived DNA fragments were
generated and expressed in E. coli. These overlapping recombinant
peptides (F1 to F5) were used for B-cell epitope mapping with 18 mite-
allergic sera by dot immunoassays.

Results: Df642 cDNA encodes a partial sequence that contains the 2nd to
26th 28-residue repeats and lacks the N-terminus and the C-terminus.
The sequence identity of Der f 11 with other known paramyosins is 34±
60%. The dominant IgE epitopes are located in peptides F1 and F4,
whereas the dominant IgG epitopes are located in peptides F1 and F2.
These peptides are more reactive than whole rDf642.

Conclusions: Mite paramyosin is very similar to other known
paramyosins. The human IgE and IgG epitopes are scattered throughout
the entire molecule. Data also indicate the presence of unique IgE and
IgG epitopes in Der f 11.
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Epidemiologic studies have revealed that allergy to
house-dust mite is a worldwide health problem
affecting about 10±20% of the world population (1).
The two most important clinical mite species are
Dermatophagoides pteronyssinus (Dp) and D. far-
inae (Df); the allergens from these closely related
species show a high degree of IgE cross-reactivity.

In vitro IgE immunoassays have demonstrated
that groups I and II allergens react with speci®c IgE
present in 80±90% of mite-allergic sera (2±5)
whereas the rest of the mite allergens showed up
to 40±50% IgE reactivity in vitro (6±8). The mite

allergens identi®ed to date are of relatively low
molecular mass of 14±60 kDa (9). Although more
than 50% of the mite allergens characterized so far
are enzymes, the group 10 mite allergens have been
identi®ed as muscle-associated tropomyosins (10).
In addition, our recently published report revealed
that a 98-kDa Df mite paramyosin (designated as
group 11 mite allergen, Der f 11) can bind IgE in
allergic sera with high frequency and with strong
potency (11). The cDNA coding for this allergen
has been isolated and characterized (12). Like
tropomyosin, paramyosin is a protein associated
with muscles. Both tropomyosin and paramyosin
are composed of two identical coiled-coil a-helices.
Unlike tropomyosin, paramyosin is found only in
invertebrates, and its distribution and function(s)
are quite diverse. Paramyosin has been identi®ed as
a prominent immunogen in parasites and as a most
promising vaccine candidate for parasitic diseases

________

Abbreviations. Df: Dermatophagoides farinae; Dp: Dermato-

phagoides pteronyssinus; mAb: monoclonal antibody; TBST: tris-

buffered saline containing Tween 20; PBS: phosphate-buffered

saline; PCR: polymerase chain reaction; GST: glutathione-S-

transferase; SDS±PAGE: sodium dodecyl sulfate-polyacrylamide

gel electrophoresis; rDf642: recombinant Df642 protein.
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such as ®lariasis and schistosomiasis. For instance,
Taenia solium paramyosin is a prominent antigen
(antigen B) in human cysticercosis, and may play a
role as a modulator of the host immune response
(13).

The cDNA encoding Der f 11 allergen, desig-
nated as Df642, is 2134 bp long, coding for a
polypeptide of 711 amino-acid residues. This cDNA
insert was subcloned into pGEX-2T expression
vector, and the resulting recombinant Df642 protein
(rDf642) expressed as a fusion protein with
glutathione-S-transferase (GST) was estimated as
about 120 kDa in mass on SDS±PAGE gel (11).
The recombinant Df642 protein, like its native
counterpart, appeared to be very susceptible to
degradation, giving rise to a number of smaller
fragments of 45±110 kDa. Most of the derived
fragments were reactive to human IgE (11). In order
to investigate further the pro®le and distribution of
human IgE and IgG epitopes of Df642, we
generated a panel of overlapping recombinant
peptides from cDNA fragments for this study. We
report the amino-acid sequence analysis and the
determination of human IgE and IgG epitopes of
Df642 with the overlapping recombinant peptides.

Material and methods

Sera

Human allergic sera were obtained from patients
attending the Allergy Clinic of the National Taiwan
University Hospital, Taipei, Taiwan. All these
patients showed positive skin test reaction to D.
pteronyssinus and D. farinae extracts.

SDS±PAGE and immunoblotting

SDS±PAGE was performed as previously described
(12). The proteins were transferred from the gel to
the polyvinylidene ¯uoride (PVDF) microporous
membrane (Millipore Corp., Bedford, MA, USA)
with a semidry blotting apparatus. For the speci®c
antibody-binding capacity assessment of recombi-
nant peptides expressed from the cDNA fragments,
an immunoblot containing puri®ed peptides was
incubated with antinative Der f 11 mouse serum
(1:100 000 diluted) for 1 h at 37uC. After extensive
washing with TBS buffer containing 0.05% Tween
20, the blot was incubated with HRP-conjugated
rabbit antimouse IgG (diluted 1:3000) for 1 h at
37uC. After washing, the blot was incubated with
ECL reagent (Amersham, Buckinghamshire, UK)

Figure 1. Schematic diagram showing strategy for generation of Df642-derived cDNA fragments by PCR. Numbers indicate
nucleotide number of cDNA insert, and numbers in parentheses indicate amino-acid residue of deduced protein. Sequences for
PCR primers (P1 to P10) are listed below. F1 to F5 represent ®ve overlapping peptides generated.
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for 1±2 min and exposed to radiograph ®lm for
5±20 s at room temperature.

Human IgE and IgG immunodot analysis

The dot-blot immunoassay for IgE and IgG was
performed by a protocol previously described (12).
An amount of 2 mg of each puri®ed protein was
applied to nitrocellulose membrane in duplicate.
The dot-blots were blocked with phosphate-
buffered saline (PBS) containing 5% skim milk
and 0.1% Tween 20. Allergic sera were diluted 1:1 in
PBS and incubated with the dot-blots for 12±16 h at
4uC. The incubation with the secondary antibodies
was performed with 1:1000 dilution of biotinylated
mouse antihuman IgE (PharMingen) or biotiny-
lated mouse antihuman IgG (PharMingen) for 1 h,
followed by 1-h incubation with extravidin perox-
idase (Sigma). The signal of the reaction was
developed with enhanced chemiluminescent detec-
tion reagent (Amersham) and autoradiography.
The dot-blots were extensively washed with PBS
containing 0.1% Tween 20 after each treatment step
throughout the immunoassay protocol. Western
blots were prepared by separating protein samples
on an SDS±PAGE gel and transferred to nitro-
cellulose membranes by protocols previously
described (14).

Protein sequence analysis

The nucleotide and deduced amino-acid sequences
were compared by FASTA with those in the Swiss-
Prot and GeneBank databases, and the sequence
analysis and alignments were performed with the
GCG and CLUSTAL W packages (15). The
hydrophilicity plot was computed with the Hopp
and Woods algorithm with a program provided by
the Bioinformatics Unit, Weizmann Institute of
Science, Israel.

Expression of Df642 cDNA clone and its derived cDNA
fragments in E. coli

A BamHI fragment containing the entire
Df642 cDNA sequence was produced by polymer-
ase chain reaction (PCR) ampli®cation. In addition,
®ve overlapping cDNA fragments were generated
by PCR ampli®cation. Fig. 1 shows the schematic
diagram of the strategy for the generation of such
cDNA fragments. These PCR products were
subcloned into the expression vector pGEX-2T
and expressed as GST fusion proteins in E. coli (16).
Production and puri®cation of the recombinant
proteins were done by a protocol previously
described (14). Brie¯y, a bulk culture of the
recombinant protein was grown in Luria broth
containing 100 mg/ml of ampicillin to log phase and

Figure 2. Amino-acid sequence alignments of Df642 and various paramyosins from invertebrates. Identical and similar
residues are shown by (*) and (.), respectively. Gaps (- - -) were introduced for optimal alignment.
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then induced with 1 mM of isopropyl b-D-thio-
galactopyranoside. After cell harvesting, the protein
was puri®ed from cell lysate supernatant by
glutathione af®nity chromatography.

Results

Clone Df642 codes for a fragment of D. farinae paramyosin

The homology search revealed that the Df 11
allergen (Df642) shows a high degree of sequence
identity with paramyosin from invertebrates. The
results of the sequence alignments shown in Fig. 2
indicate that the 711 amino-acid residues of Df642
protein shared 60% identity and 76% homology
with the paramyosin of Drosophila melanogaster. It
also shares 50% identity and 70% homology with
paramyosin from Caenorhabditis elegans, and 34%
identity, 55% homology with that of Schistosoma
japonicum.

Although the sequence identity of the various
paramyosins listed is 34±60%, their amino-acid
compositions share a number of common char-
acteristics. They all have high numbers of charged
residues such as E, D, R, and K, and these charged
residues make up about 45% of the protein
sequence. Proline (helix breaker) and cysteine
residues, as well as aromatic residues, are present
in low numbers. Leucine is the most abundant
hydrophobic residue present in all paramyosins
under comparison. A characteristic feature of
paramyosins is the presence of a serine-rich N-
terminal region. Df642 contains a lower number of
serine residues than other paramyosines. This is
probably due to the truncation of the N-terminus of
the cDNA. Hydrophobicity analysis of DF642
reveals that the molecule is highly hydrophilic and

therefore does not resemble the structure of typical
globular proteins (data not shown).

Antibody-binding capacity of recombinant Der f 11 fragments

A DNA fragment containing BamHI restriction
enzyme sites was PCR ampli®ed from Df642 cDNA
and subcloned into the pGEX-2T expression vector.
The resulting recombinant Df642 protein (rDf642)
was expressed as a fusion protein with GST and
estimated to be about 120 kDa in mass on SDS±
PAGE gel. The recombinant protein, like its native
counterpart, is very susceptible to degradation,
giving rise to a number of protein fragments of
45±120 kDa. Five overlapping DNA fragments
were produced by PCR ampli®cation with a
combination of PCR primers, as described in
Material and methods (Fig. 1). Each of these
PCR products was expressed as a fusion protein
with GST. The numbers of residues for the
recombinant peptides F1 to F5 were 153, 144,
149, 201, and 179, respectively. The predicted
molecular masses for these recombinant fusion
peptides F1 to F5 were 44, 42, 43, 49, and 46 kDa,
respectively. All ®ve peptides reacted strongly with
the anti-Der f 11 mouse serum that was raised with
native Der f 11 (Fig. 3, lanes 3±7).

The reactivity of human IgE and IgG to rDf642
and the peptides (F1 to F5) was studied by
immunodot assay. Fig. 4 shows the immunodot
assay results obtained with a selected panel of four
mite-allergic sera and a nonatopic control serum.
Tables 1(a) and (b) summarize the in vitro IgE- and
IgG-binding results for 18 mite-allergic sera and one
nonatopic control serum. For the IgE reactivity, the
recombinant peptides F1, F2, F3, F4, and F5
reacted with 72% (13/18), 55% (10/13), 61% (11/18),
78% (14/18), and 55% (10/18) of the 18 allergic sera,
respectively, whereas whole rDf642 reacted with
55% (10/18) of the sera. For human IgG reactivity,
both the recombinant peptides F1 and F2 reacted
with approximately 94% (17/18) of the allergic sera.
Peptides F3, F4, and F5 reacted with 67% (12/18),
89% (16/18), and 50% (9/18) of the tested allergic
sera, respectively. Whole rDf642 reacted with 61%
(11/18) of the sera tested. All the 18 allergic sera
showed positive IgE and IgG reactivity to the
recombinant Der p 2, and two of these sera showed
negative IgE reactivity to the whole rDf642 protein
and peptides F1 to F5.

Discussion

Paramyosin is known as a major structural protein
of thick ®laments in the muscle of most inverte-
brates, and contains a central a-helical coiled-coil
rod, organized in 29 groups of 28-residue repeats

Figure 3. Western blot analysis of recombinant protein
Df642 and peptides (F1±F5). All recombinant proteins were
produced as fusion proteins with GST and af®nity puri®ed.
IgG immunoassay was performed with Df642-speci®c
mouse. Lane 1) GST control; lane 2) rDf642; lanes 3±7
correspond to peptides F1±F5, respectively.
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and ¯anked by two short, serine-rich, non-a-helical
N- and C-termini (17). The sequence alignment of
Df642 to other paramyosins suggests that the Df642
sequence contains the 2nd±26th 28-residue repeats
and lacks both the N-terminus and the C-terminus
and the 1st, 27th, 28th, and 29th repeats. The
sequences of many a-helical coiled-coil proteins,
especially the muscle proteins tropomyosin, myosin,
and paramyosin, have been analyzed (17, 18). The
a-helical coiled-coil rod displays a strong heptad
repeat (abcdefg)n, with the hydrophobic residues
concentrated in the ``a'' and ``d'' positions and
many charged residues clustered on the helix
surface. Both myosin and paramyosin show
28-residue repeats, which have a characteristic
pattern of hydrophobic residues and a remarkable
distribution of charges. The hydrophobic residues
at the ``a'' and ``d'' positions form a closely packed
hydrophobic interface between two strands of the
coiled coil, and the periodic distribution of charged
residues could provide the driving force for the
®lament assembly (18, 19).

Although the sequence identity of the various
paramyosins listed is 34±60%, their amino-acid
composition shares a number of common char-

acteristics. The amino-acid composition usually
contains high proportions of charged residues (D,
E, R, and K) (40%), N plus Q (12%), and
hydrophobic residues L (14%) and A (11%), but
low contents of G, C, P, F, Y, and W (<1%). Most
proline residues in paramyosin appear at the N-
terminal fragment, which is unlikely to form a
regular a-helical structure. Paramyosin contains
very few cysteine residues. The two cysteine residues
in the D. melanogaster and nematode (C. elegans, O.
valvulus, B. malayi, and D. immitis), paramyosins,
and the one cysteine residue in Schistosoma mansoni
are also located in the ``a'' or ``d'' position and are
predicted to form intermolecular disul®de bonds. It
has been shown that the two cysteine residues of
D. melanogaster are located in position ``a'' of the
heptad repeat and contribute to dimerization under
denaturing conditions in the absence of reducing
agents (20). Therefore, it is deduced that the two
cysteine residues found in Df642, which are located
at the ``a'' position, might form intermolecular
disul®de bonds for the protein's stability and
assembly. In addition, there are two putative N-
glycosylation sites in Df642, and they are probably
functional, because high-mannose N-glycan chains
has been detected in native protein (11).

For the determination of IgE and IgG epitopes,
the ®ve overlapping recombinant peptides F1 to F5
were produced as fusion proteins with GST and
used for epitope-mapping by immunodot assay. Out
of the 18 mite-allergic sera tested, two (13 and 17)
did not show any IgE reactivity to rDf642 and its
®ve derived peptides F1 to F5. The remaining 16
sera reacted positively to either the whole rDf642
protein or one or more of the ®ve overlapping
peptides. Five out of the 16 sera that showed
negative IgE binding to the whole rDf642 reacted
positively to peptides F1 and F4, indicating that
these peptides have higher IgE binding capacity
than whole rDf642. This result is in accordance with
the observation that the degradation products from
the native and recombinant Df642 could bind
human IgE (11, 12). In turn, the existence of these
allergenic degradation products from mite para-
myosin may account for some of the multiple
IgE-binding proteins with molecular masses of
40±80 kDa that were commonly observed in the
IgE immunoblot analysis of crude mite extract (21,
22). Absorption studies performed with rDf642 or
its derived recombinant peptides will help to
con®rm such a hypothesis.

Because the Df642 is highly susceptible to
degradation, and the degraded products have been
shown to react strongly with IgE, it is conceivable
that some subjects were sensitized by the peptides
derived from the whole molecule. This may help to
explain the fact that recombinant peptides F1 and F4

Figure 4. Human IgE and IgG immunodot assay. Panels 1±
4 show IgE (left) and IgG (right) reactivity of four individual
allergic sera to various proteins dotted on nitrocellulose
membranes. Panel 5 shows IgE and IgG reactivity of
nonatopic serum to proteins tested.
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showed higher frequency of IgE reactivity than whole
rDf642. In addition, the recombinant peptides may
have acquired conformations that made the IgE-
binding epitopes more readily accessible to serum IgE
antibodies. Our previous results showed that about
80% (55/67) of the mite-sensitive sera showed positive
in vitro IgE reactivity with native Der f 11 (11), but
this study revealed that only 62% of the sera tested
reacted positively with rDf642 protein. The N- and
C-terminal truncations in the rDf642 may have
resulted in its lower frequency of in vitro IgE
reactivity. The conformational changes in the
recombinant protein may also account for its lower

IgE reactivity than its native counterpart. Table 1(b)
summarizes the IgG reactivity of the 18 mite-allergic
sera with rDf642 and peptides F1 to F5. Interestingly,
certain sera, such as nos. 4, 5, and 16, showed positive
IgE binding, but negative IgG binding to peptides F3
and F5. Furthermore, unlike IgE, where dominant
epitopes are located in peptides F1 and F4, the IgG
dominant epitopes are located in peptides F1 and F2.
Taken together, these data suggest that IgE and IgG
antibodies recognized distinct epitopes. In summary,
the human IgE and IgG epitope-mapping data
indicated that these epitopes were scattered through-
out the entire molecule. The results were not

Table 1. Summary of reactivity of human IgE (a) and IgG (b) to recombinant Df642 and peptides F1 to F5 determined by immunodot assay. Positive and negative binding is shown

by (+) and (x), respectively

Antigen

Df642 F1 F2 F3 F4 F5 GST Der p 2

Immunogenicity

Serum no. IgE IgE IgE IgE IgE IgE IgE IgE

a

Nonatopic control x x x x x x x x
1 + + + + + + x +
2 + x x + x + x +
3 + + + + + + x +
4 + + + + + + x +
5 + + + + + x x +
6 + x x + + + x +
7 + + + x + x x +
8 + + + x + + x +
9 + + + + + x x +

10 + + + + + + x +
11 x + x x + x x +
12 x + + x + x x +
13 x x x x x x x +
14 x + x x x x x +
15 x + x + + + x +
16 x + + + + + x +
17 x x x + + + x +
18 x x x x x x x +
No. of positive reactions 10 13 10 11 14 10 0 18

IgG IgG IgG IgG IgG IgG IgG IgG

b

Nonatopic control + + + + + + x +
1 + + + + + + x +
2 + + + + + + x +
3 + + + + + + x +
4 + + + + + x x +
5 + + + x + x x +
6 + + + + + + x +
7 + + + x + x x +
8 + + + + + + x +
9 + + + + + + x +

10 + x + + + + + +
11 x + + x + x x +
12 x + + x + x + +
13 + + + + + x x +
14 x + x + x x x +
15 x + + + + + x +
16 x + + x + x x +
17 x + + + + + x +
18 x + + x x x x +
No. of positive reactions 11 17 17 12 16 9 2 18
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unexpected in view of the fact that the entire molecule
is largely hydrophilic.

It is intriguing that paramyosin is a potent
antigen of parasites such as S. mansoni (23, 24),
and it is also a potent allergenic protein in mite.
Both immune responses resulted in the production
of IgE. This protein, therefore, provides an inter-
esting model to study the structural characteristics
of an antigen that can induce elevated levels of IgE

in susceptible hosts. This is a useful antigen to
establish animal models to study the immunopatho-
genesis of allergic and parasitic diseases.
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