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Summary
Background Blo t 5 is a major allergen of Blomia tropicalis and its complementary DNA (cDNA)

has been expressed in both prokaryotic and eukaryotic expression systems. Although the re-

combinant Blo t 5 has been well characterized, relatively less is known about its native counter-

parts and the allergenicity comparison of the native and recombinant Blo t 5 allergens has not been

reported.

Objective The aims of this study are to characterize the native counterpart of Blo t 5, and compare

the allergenicity of native and recombinant Blo t 5 by in vivo and in vitro assays.

Methods Native Blo t 5 were purified by immuno-affinity chromatography and characterized by

proteomic means. The allergenicity of the allergen was evaluated by skin prick tests, human IgE

ELISA, ELISA inhibition and histamine release assays.

Results Native Blo t 5 consists of at least five distinct isoforms, ranging from pI 3 to 5.5.

Allergenicity assessment of recombinant and native Blo t 5 based on skin reaction, IgE-binding

capacity and histamine release in allergic individuals indicated that there was a good correlation

between both forms of Blo t 5 in general. However, data from IgE ELISA inhibition assay revealed

the presence of additional unique IgE epitopes in native Blo t 5.

Conclusions At least five distinct isoforms of Blo t 5 have been identified. Comparative assessment

of native and recombinant Blo t 5 revealed that the allergenicity of these two forms was similar but

not completely identical suggesting that the various isoforms of native Blo t 5 may exhibit additional

unique IgE epitopes.
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Introduction

Allergic diseases have increased in prevalence during the past
30 years. Epidemiological studies show that house dust mite
(HDM) allergy is the major health problem worldwide [1–3].
It is well established that the common HDMs of the genus
Dermatophagoides are the source that involved in triggering
of allergic symptoms [4, 5]. However, in many tropical and
subtropical regions, allergens from Blomia tropicalis are the
main allergic triggering factor [6, 7].
Previous study had shown that there are at least 21 IgE

binding proteins present in B. tropicalis [8]. At least nine B.
tropicalis allergens have been identified and characterized
with known complementary DNA (cDNA) sequences [9–14].
The frequency of human IgE reactivity to these allergens has
been reported, ranging from 11% to 70% [9–15]. Among B.
tropicalis allergens cloned and characterized to date, 14 kDa
Blo t 5 is a major allergen with reactivity in at least 70% of
allergic subjects [10, 15–18].

The use of recombinant allergens for diagnostic and
therapeutic purposes is an attractive proposition as it allows
component resolved evaluation and allergen standardization
[19]. However, it is also well known that recombinant
allergens with improper protein folding and the lack of
post-translational modifications could lead to a potential
alteration or masking effect of IgE epitopes thereby affecting
the allergen–antibody recognition. Therefore, the comparison
of native and recombinant allergens is essential. Recombinant
protein of Blo t 5 allergen has been expressed in Escherichia
coli as glutathione S-transferase (GST) fusion protein [10, 20]
and in Pichia pastoris KM71 [21] and has been found to
exhibit up to 70% of IgE reactivity [10, 15, 17]. To date there
was no published report on the comparative assessment of
allergenicity of recombinant and native Blo t 5.
This study describes the identification and characterization

of the native Blo t 5. The comparative allergenicity assess-
ment of native and recombinant Blo t 5 was made by
evaluating their ability to elicit skin responses and trigger
histamine release in sensitized subjects. In vitro human IgE
binding and IgE inhibition assays were also performed to
further elucidate the IgE epitopes in native and recombinant
Blo t 5.
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Methods

Human sera

Sera were obtained from 25 children (aged 4–15 years old)
seen at the National University Hospital’s Children’s
Specialist Clinic, with clinically diagnosed allergic disorders
(asthma, rhinitis and or eczema). All had positive skin prick
test (SPT) reactions to B. tropicalis and D. pteronyssinus.
Serum from a non-sensitized subject was used as control.

Expression and purification of glutathione
S-transferase-Blo t 5

The Blo t 5 cDNA insert was amplified from B. tropicalis
cDNA library [12] using specific primers. The insert was
ligated to pGEX-4T1 vector with BamHI and XhoI restriction
enzyme sites, and transformed to E. coli strain BL21 (DE3).
The fusion protein was produced by 1mM isopropyl b-D-
thiogalactoside (Calbiochem-Novabiochem, Darmstadt, Ger-
many) induction and purified using glutathione sepharose
(Amersham Biosciences, Buckinghamshire, UK) as described
previously [12]. Purified GST-Blo t 5 was cleaved by thrombin
(Sigma, St Louis, MO, USA) and followed by purification via
hydrophobic interaction and ion exchange chromatography.

Native Blo t 5

B. tropicalis extract were prepared from cultured mites [22] by
grinding in a mortar, suspended in phosphate-buffered saline
(PBS) containing 1mM phenylmethylsulphonyl fluoride
(Sigma). Native Blo t 5 was immuno-affinity purified from
the extract as previously described [23] with the used of Blo t 5-
specific monoclonal antibody (clone 4A7), generated in our
laboratory [24]. Blo t 5 from extract was eluted with acidic
buffer 0.1M glycine, 0.15M NaCl, pH 2.6, and neutralized
with Tris-HCl, pH 8. The purified native Blo t 5 was dialysed
against deionized water and kept at � 80 1C until further
analysis.

N-terminal microsequencing

Ten micrograms of purified native Blo t 5 were ran on 10% of
Tricine polyacrlamide gels at a constant voltage of 100V/gel
using Hoefer TM SE250 electrophoresis unit (Hoefer
Pharmiacia Biotech Inc., San Francisco, CA, USA). The gel
was then electroblotted onto polyvinylidene difluoride (Milli-
pore, Bedford, MA, USA) membranes at constant current at
100mA for 45min and visualized with Coomassie brilliant
blue G-250. Stained bands were cut and subject to automatic
Edman degradation analysis according to the manufacturer’s
standard protocol.

Matrix-assisted laser desorption/ionization time of flight
mass spectrometry analysis

Ten microlitres of dialysed recombinant Blo t 5 (0.2mg/mL)
was dried in a Savant Automatic Environmental Speed-Vac
AES2010 Centrifugal Concentrator (Savant, Holbrook, NY,
USA). The dried sample was digested overnight at 37 1C with
20mL of tryptic digestion buffer (0.02mg/mL trypsin in 25mM

ammonium bicarbonate, pH 8.5) and was then passed
through a C18 ZipTip (Millipore). One microlitre of the

sample was loaded onto matrix-assisted laser desorption/
ionization time of flight mass spectrometry (MALDI-TOF)
sample plate along with 1mL of matrix solution (10mg/mL a-
cyano-4-hydroxycinnamic acid, 0.1% trifluoroacetic acid,
50% acetonitrile). The sample was allowed to dry under
ambient condition. Mass analyses were carried out using the
Voyager-DE STR MALDI-TOF mass spectrometer (Persep-
tive Biosystem, Framingham, MA, USA). The computed
monoisotopic peptide masses were calculated using Peptide-
Mass [25]. The protein identification based on the MALDI-
TOF peptide masses was performed with ProFound [26].

Two-dimensional electrophoresis and western blotting

Two-dimensional electrophoresis was performed according to
manufacturer’s instruction. Briefly, 1mg native Blo t 5 was
loaded per gel. The first dimensional isoelectric focusing
(IEF) was performed on 7 cm, pH 3–10 linear IPG strips
(Amersham Biosciences) at 20 1C with maximum current
setting of 50mA/strip using IPGphor IEF unit (Amersham
Biosciences). SDS-PAGE was performed on 1.0mm thick
15% glycine polyacrylamide gels at a constant current of
20mA/gel at 15 1C using electrophoresis units. The gels were
then silver stained [27]. For western blotting, the separated
proteins were transferred onto nitrocellulose membrane
(Amersham Biosciences) at 100mA/gel for 1 h at room
temperature. The membranes were blocked with 3% non-
fat milk in 0.05% PBS-Tween 20 (PBST) for 1 h, before
incubating with five pooled sera of Blo t 5-sensitized allergic
children (5 � dilutions) at 4 1C, overnight. After washing, the
blots were incubated with horseradish peroxidase-conjugated
mouse-anti human Ig (Sigma) (10 000 � ) 1 h at room tem-
perature. The signals were detected by autoradiography using
SuperSignal West Pico chemiluminescent substrate (Pierce,
Rockford, IL, USA).

Skin prick tests

SPTs of native and recombinant Blo t 5 was performed with
38 skin tested B. tropicalis-positive subjects (28 females and
10 males, aged 10–49 years old). Three non-atopic subjects
were included as negative control. SPTs were conducted
according to the protocol described previously [12]. Twenty-
five micrograms per millilitre of purified allergen was used in
this study.

Human immunoglobulin E enzyme-linked immunosorbent
assay and dose-dependent inhibition assay

ELISA was performed by coating each well with 250ng of
fusion proteins in 0.1M sodium bicarbonate buffer, pH 8.3,
overnight at 4 1C. The wells were blocked with 1% bovine
serum albumin in PBST for 1 h at room temperature,
followed by incubation overnight at 4 1C with diluted mite-
allergic children sera. Specific IgE was detected by 0.25mg/mL
biotinylated mouse anti-human IgE (Southern Biotechnology
Associates Inc., Birmingham, AL, USA) followed by 1 : 2 000
diluted ExtrAvidin-alkaline phosphatase (Sigma) each for 1 h.
Signal was developed by addition of p-nitro-phenylphosphate
(Sigma). For standard curve, the wells were coated with
purified mouse anti-human IgE (Southern Biotechonology
Associates Inc.) as capture antibody, and semi-purified
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human IgE from human IgE myeloma (Chemicon Interna-
tional Inc., Temecula, CA, USA) was used as standard.
For dose-dependent ELISA inhibition assays, various

concentrations (1 pg/mL–100mg/mL) of recombinant and
native Blo t 5 were used to absorb diluted pooled serum of
five Blo t 5-sensitized allergic children at 4 1C for 16 h. The
sera were then reacted to either recombinant or native Blo t 5
coated wells at 4 1C, 16h. The IgE binding was detected by
the ELISA protocol described above. The percentage of
inhibition was calculated as (1�OD 405 nm with inhibitor/
OD 405nm without inhibitor) �100.

Histamine release assay

Native and recombinant Blo t 5 were diluted in a histamine
release reaction buffer to concentration ranging from
0.001pg/mL to 10mg/mL. Histamine release was performed
with histamine release in heparinized whole blood kit (IBL,
Hamburg, Germany), according to the manufacturer’s
recommendations. Briefly, 200mL heparinized whole-blood
samples were incubated at 37 1C for 1 h with different
concentrations of the allergen. Release of histamine will
occur upon stimulation of basophilic granulocytes depending
on their sensitivity to the allergen. The released histamine in
the supernatant was subsequently determined using a specific
plasma immunoassay, the histamine ELISA (IBL), according
to the manufacturer’s instructions.

Results

Sodium dodecyl sulphate–polyacrylamide gel
electrophoresis and N-terminal amino acids sequencing of
native Blo t 5

The protein profile of immuno-affinity purified native Blo t 5
is shown in Fig. 1a. This showed the presence of protein band
with molecular weights about 14 kDa (arrow indicated). To
confirm the identity of the immuno-affinity purified native

Blo t 5, N-terminal amino acids sequencing and mass
spectrometry analysis were performed. The N-terminal amino
acids sequences of the native Blo t 5 were summarized in
Table 1. Most of the sequences obtained are a mixture of N-
terminal peptide starting at position Glu12 to Phe114,
indicating the purified native Blo t 5 was partially truncated.
Peptide mass fingerprinting was conducted using the tryptic

peptides generated in non-reduced condition. Six peptides
masses were found to match with the protein sequence,
representing 62% of the full-length amino acid sequence (data
not shown).

Two-dimensional western blotting analysis of native Blo t 5

Two-dimensional SDS-PAGE showed at least five protein
spots at 14 kDa (Fig. 1b) with pI values ranging from 3 to 5.5,
suggesting at least five distinct isoforms of Blo t 5.
These isoforms are allergenic as IgE immunoblots (Fig. 1c)

show that IgE from sensitized subjects binds these isoforms.
The blot also showed that IgE bound to protein at
approximately 28 kDa, suggesting the formation of dimer in
native protein. In contrast, non-atopic serum did not show
any IgE binding (data not shown).

Allergenicity comparison between native
and recombinant Blo t 5

In vitro IgE-binding activity was evaluated by ELISA (Fig. 2)
with the sera of 25 mite-allergic children. The results revealed
that IgE reactivity of both native and recombinant Blo t 5
correlates well, with only one child who showed high IgE
binding to native Blo t 5 but not to recombinant Blo t 5.

Table 1. N-terminal peptide sequence of native Blo t 5

Peptide Sequence Position

1 EHKPKKDD 2–9

2 KPKKDDFRNE 4–13

3 NEFDHLLIEQ 12–21

4 FDHLLIEQAN 14–23

pI  3  10
(a) (b)

(c)

14 kDa 14 kDa

28 kDa

14 kDa

Fig. 1. Protein profile and human IgE immunoblots of native Blo t 5. (a)
SDS-PAGE analysis after Coomassie Brilliant Blue staining, arrows
indicated the bands of native Blo t 5, (b) silver-stained two-dimensional
SDS-PAGE, pH 3-10. (c) Analysis of native Blo t 5 isoforms by two-
dimensional western blotting using pooled sera from five Blo t 5 allergic
subjects.

nBlo t 5 (ELISA unit) 

105

105

104

104

103

103

102

102

101

101
100

100

rB
lo

 t 
5 

(E
LI

S
A

 u
ni

t)
Fig. 2. Relative human IgE reactivity for native and recombinant Blo t 5
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Enzyme-linked immunosorbent assay inhibition

To compare the equivalent of protein IgE epitopes repres-
ented in the recombinant and native Blo t 5, IgE ELISA
inhibition experiments were carried out. Sera from five Blo t
5-sensitized allergic children were used. As shown in Fig. 3,
when the recombinant Blo t 5 was used as antigen, both
native and recombinant displayed superimposable inhibition
patterns on the recombinant molecule (Fig. 3a), suggesting
the two molecules present comparable protein epitopes.
However, inhibition by recombinant Blo t 5 was not complete
(Fig. 3b) when native Blo t 5 was used as antigen, indicating
that native molecule possess additional unique epitopes.

Skin prick test responses

Allergenicity of native and recombinant Blo t 5 was evaluated
by SPTs (Fig. 4) in 38 B. tropicalis-sensitive subjects and 16 of
them showed comparable skin reaction (weal size) to both
proteins. The other nine subjects had larger skin test reactions
to native allergen, with six of them showing no reaction to
recombinant Blo t 5. However, there were 11 subjects that
showed larger skin reactions to recombinant Blo t 5. Two of
the B. tropicalis-positive subjects were negative to Blo t 5. No
positive reaction was observed in non-atopic subjects.

In vitro basophils histamine release

To evaluate the capacity of recombinant and native Blo t 5 to
induce histamine release, whole blood from B. tropicalis-
allergic subjects were challenged with various concentrations
(0.001pg/mL–10mg/mL) of recombinant and native Blo t 5.
A typical of dose-dependent histamine release (Fig. 5) from
basophils was observed in all allergic subjects. There was no
significant difference in histamine release between native and
recombinant protein. All five subjects showed histamine
release at 1 ng/mL of native and recombinant Blo t 5. No
histamine release in response to native and recombinant Blo t
5 was triggered when basophils from non-atopic subject were
used (data not shown).

Discussion

To date, only crude extracts have been used as diagnostic
reagents. However, difficulties with standardization have
been a major drawback. With the improvement in recom-
binant DNA technology, production of pure recombinant
allergens is a promising step to circumvent this problem.
Thus, the question arises as to whether this recombinant
material could replace the laboriously purified natural
allergens for diagnostic or therapeutic applications.
A diagnostic or potential therapeutic application of

recombinant allergens requires the availability of recom-
binant protein preparations with properties comparable with
those of the purified natural counterpart. Many [28–30],
but not all [31] allergens expressed from cDNA so far have
shown a considerable IgE binding reactivity that seems to be
comparable with their natural counterpart. The immunogeni-
city of recombinant and native Blo t 5 was compared using
direct human IgE ELISA (Fig. 2) and Blo t 5-specific two-site
ELISA assay (data not shown) developed in our laboratory.
The results showed that both native and recombinant Blo t 5
were very similar, suggesting a native-like folding of
recombinant Blo t 5. However, the results of our absorption
study with native and recombinant Blo t 5 (Fig. 3b) revealed
that there was a significant difference between the two forms
of allergen in IgE inhibition, suggesting that there are some
antigenic structural differences between them. Further studies
are necessary to address this question.
This study also showed that the recombinant and native

Blo t 5 are able to bind to IgE receptors on basophils from
allergic subjects and trigger them to release similar levels of
histamine (Fig. 5). Recombinant group 2 allergens expressed
in E. coli have been reported to show comparable IgE binding
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Fig. 3. Dose-dependent inhibition assay. Five Blo t 5 allergic patients sera
were pooled and pre-absorbed with different concentration of recombinant
(& ) and native ( � ) Blo t 5, before incubating with (a) recombinant and (b)
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activity to the native counterparts [30, 32]. Taken together,
the post-translational modifications of these two mite
allergens (Blo t 5 and Der p 2) probably do not play an
important role in conferring allergenicity of these major mite
allergens.
It has been known that allergens from various sources

have been shown to comprise several isoforms [32–37], with
different degrees of allergenicity [33, 37, 38]. The significantly
greater skin reaction to native Blo t 5 in two subjects (Fig. 4)
and incomplete ELISA inhibition (Fig. 3), could be explained
by the presence of isoforms in the purified native protein,
shown by heterogeneity on isoelectric points (Fig. 1). This
observation could also be explained by differences in
carbohydrate content, conformational changes, and differ-
ences in amide content. Recently we have isolated and
expressed a number of cDNA coding for Blo t 5 variants
(unpublished data), and the SPT results (data not shown)
revealed that the isoforms have differential allergenicity in B.
tropicalis-allergic subjects. Similar observations have been
reported for food, mite and tree pollen allergens. Four
variants of major allergen in hazelnut (Cor a 1.04) have been
isolated and these variant showed modest differential IgE
reactivity, ranging from 74% to 95% in hazelnut-allergic
patients [33]. In contrast, the IgE binding activity was
generally high in all Der p 2 variants; some slight differences
were observed [38]. Furthermore, a report by Nishiyama et al.
[30], indicated the presence of equal IgE recognition to three
variants of Der f 2 in mite-sensitive patient sera. Unlike Cor
a 1.04 and Der p 2, Bet v 1 consists of 11 isoforms [34]
with three of the isoforms failed to recognize or showed
remarkable low IgE binding [37]. Both Ferriera et al. and
Thomas et al. [37–39] showed that the isoforms not only
affect IgE binding capability but also T cell responses.
Interestingly, these reports showed that the less allergenic
isoforms of Bet v 1 and Der p 2 are the most potent activators
of allergen-specific T lymphocytes and vice versa. The weaker
or no skin reaction (Fig. 4) and lower levels of histamine
release (Fig. 5) with native Blo t 5 in some of the subjects
tested can also be explained by the varying contribution of
other less allergenic isoforms besides the recombinant isoform

that used in this study, suggesting that these less allergenic
isoforms may represent candidates for safe specific immuno-
therapy. However, for this, investigations on the antigenicity
of the isoforms would be needed.
In summary, we have purified and identified at least five

isoforms of native Blo t 5. Comparative allergenicity study of
recombinant and native Blo t 5 revealed that among the B.
tropicalis skin test-positive children, 24 out of 25 could be
detected with recombinant Blo t 5 by in vitro IgE binding
assay. SPT showed greater than 80% of the B. tropicalis skin
test-positive subjects reacted with the recombinant Blo t 5
used in this study. It appears that the recombinant Blo t 5
allergen used in this study is probably representing one of the
most allergenic isoforms of Blo t 5. Therefore, the current
form of recombinant Blo t 5 can be used for diagnostic
purposes. However, since a small subset of allergic subjects
failed to react with this recombinant Blo t 5, evaluation of
additional unique IgE epitopes exhibit by other isoforms is
necessary for the development of better component-resolved
diagnostic reagents.
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