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Quantification of Blo t 5 in mite and dust extracts by two-site

ELISA

House dust mites are a major risk factor for allergic
diseases worldwide (1). Antigens generated by house dust
mites elicit allergic inflammation from individuals who
are genetically predisposed to produce large amount of
allergen specific immunoglobulin (Ig)E.
Epidemiological studies clearly indicated that Der-

matophagoides pteronyssinus (Dp) from the Pyroglyphi-
dae is the most common mite species worldwide, while
Blomia tropicalis (Bt) from the Glycyphagidae (2) is an
important mite species in the tropical and sub-tropical
regions of the world (3, 4). Among Bt allergens cloned
and characterized to date, 14-kDa Blo t 5 is a major
allergen with reactivity in at least 70% of allergic
subjects (5, 6) and is reported to be species-specific
(6, 7).
Mite extracts are commonly used for diagnosis and

treatment of mite allergy. Thus, accurate standardization
of allergen extract is essential to guarantee the quality of
extracts. These extracts contain complex mixtures of
proteins of which only a few have allergenic activity. The
trend in allergen standardization is moving toward the

measurement of major allergens (8), but the evaluation
of the total allergenic potency of an extract should rely
on the quantification of most representative allergens
(9).

Monoclonal antibodies (mAbs) have become very
much a part of biology and medicine that a catalog of
their applications seems superfluous. Their uses include
the quantification of environmental allergens (9), aller-
gens purification (10, 11), epitopes mapping of allergens
(12), immunocytochemistry (13) and crude extract stan-
dardization. Allergen-specific mAbs have some advan-
tages as they show specificity for a unique epitope and
can be produced in unlimited amount in vitro. Two-site
enzyme-linked immunosorbent assay (ELISA) for
groups 1 and 2 dust mite allergens (9, 11) have been
widely used for environmental allergens quantification,
and the monoclonal antibodies are available commer-
cially. However, development of more sensitive assays is
essential to enable the quantification of the minute
amount of specific allergen present in the environment
and crude extract. In this study, we report the development
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of a sensitive Blo t 5 two-site ELISA that has high
specificity and its use in the standardization of Bt extracts
for diagnosis and therapeutic, and quantification of envi-
ronmental Blo t 5.

Methods

Generation of Blo t 5 mAb

Eight-week old female Balb/cJ mice were immunized intra-muscu-
larly with electroporation with pcDNA3-Blo t 5 plasmid on three
occasions with 10 days interval as previously described (14). The
hybridomas were produced by the fusion of myeloma cells (X63-Ag
8.653) and splenocytes from Blo t 5 immunized mice using the
ClonaCell-HY system (StemCell Technologies Inc., Vancouver,
Canada), according to manufacturer instructions. Hybridoma
clones were screened with both Blo t 5 and whole mite extract using
ELISA. Ascites fluid was produced for the highly Blo t 5 specific
clone. Immunoglobulins were enriched by protein G affinity chro-
matography. Animal experiments were performed according to
Institutional Guidelines for Animal Care and Handling, National
University of Singapore.

Production of anti-Blo t 5 serum

Mouse and guinea pig anti-Blo t 5 polyclonal sera were raised using
recombinant Blo t 5 with complete Freund adjuvant (CFA; Life
Technologies, Grand Island, NE), and boosted on days 10 and 20
with incomplete Freund adjuvant (IFA; Life Technologies). Guinea
pig immunoglobulins were enriched by Protein A and biotin hy-
droxysuccinimide ester (Sigma, St Louis, MO) was used for bioti-
nylation, as described by the manufacturer.

Two-dimensional electrophoresis and immunoblotting

The Bt extract was prepared in a cocktail of 9 M urea (Fluka,
Milwaukee, WI), 4% 3-[(3-cholamidopropyl) dimethyl-ammonio]-
1-propanesulfonate (Sigma), 40 mM Tris (JT Baker, Phillipsburg,
NJ), and 1 mM phenylmethylsulfonyl fluoride (Sigma). Two-
dimensional electrophoresis, silver-stained and immunoblotting
were conducted according to protocol described previously
(14, 15).

Preparation of B. tropicalis and dust extracts

The diagnostic and therapeutic Bt extracts were kindly provided by
Strallergenes (Antony, France). Dust was collected from the floor of
10 urban homes. Fine dust was obtained by separating the large
particles with a domestic sieve. Every 50 mg of dust was extracted
with 1 ml of PBS-T with rotating at 4�C overnight.

Purification of native Blo t 5

Immuno-affinity purification column was produced as described
previously (14) with Blo t 5 mAb (4A7). Bt extract were prepared
from cultured mites (16) and loaded to the column. The column was
then washed thoroughly with TBS, pH7.5. Native Blo t 5 was eluted
with acidic buffer 0.1 M glycine, 0.15 M NaCl, pH2.6 and neut-
ralized with Tris-HCl, pH8.0. The purified native Blo t 5 was dia-
lyzed against deionized water and kept at )80�C until further
analysis.

Two-site ELISA

Microtiter plates were coated overnight at 4�C with 100 ng/well of
purified mAb in 0.1 M sodium bicarbonate buffer, pH 8.3. After
blocking, 50 ll of twofold dilutions of recombinant Blo t 5 was
added to the wells as duplicate and incubated at 4�C, overnight.
Biotinylated guinea pig’s serum was used as detection antibodies
(250 ng/ml), followed by incubating with ExtrAvidin alkaline
phosphatase (1 : 2000; Sigma). Signal was developed by addition of
p-nitro-phenylphosphate (Sigma).

Results

Recognition of Blo t 5 isoforms by mAb 4A7

A high titer Blo t 5 mAb 4A7 of IgG1 isotype was
obtained. The reactivity of mAb 4A7 to Blo t 5 isoforms
was shown in Fig. 1. Results revealed that mAb recog-
nized all the full-length isoforms of Blo t 5, ranging from
isoelectric point 4.5–5.5. However, the mAb was unable
to bind degraded (Fig. 1C) Blo t 5 as compared with
polyclonal antibody (Fig. 1B).

Development of two-site ELISA for Blo t 5

A Blo t 5 two-site ELISA was developed using mAb and
polyclonal antibody, giving rise to a more sensitive two-
side ELISA than commercially available ELISA kit
(Fig. 2A). The detection limit of this assay was deter-
mined to be approximately 10 pg/ml by doubling dilution
of recombinant Blo t 5 (Fig. 2A). Figure 2B showed that
the two-site ELISA developed poses high specificity to
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Figure 1. Two dimensional electrophoresis and immunoblotting
of Blomia tropicalis extract. Fifty micrograms of mite extracts
were focused on 13 cm, pH 4–7 linear IPG strips and separated
on 15% polyarylamide gel. (A) Two-dimensional protein profile
of mite extract. Immunoblots of mite extract incubate with
mouse anti-Blo t 5 polyclonal serum (B), Blo t 5 specific
monoclonal antibody (C), and naı̈ve mouse serum (D).
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Blo t 5 but not Der p 5. Native and recombinant Blo t 5
showed superimposed curve in two-site ELISA (Fig. 2C),
indicating that the recombinant protein has comparable
structure as native protein. Therefore, the possibility of
underestimation by using recombinant Blo t 5 as a
standard for the assay has been ruled out.

Blo t 5 in commercial B. tropicalis extracts

Comparison of Blo t 5 two-site ELISA developed and
commercial ELISA kit (Table 1) showed that the com-
mercial kit was not able to detect any Blo t 5 in all of the
commercially available extracts. While the two-site
ELISA developed described in this study was able to
detect Blo t 5 even in the lowest concentration (1IR) of
the extracts.

Quantification of Blo t 5 in dust samples

Quantification of allergens in the environment is one of
the main applications for two-site ELISA. Results
revealed that Blo t 5 presents in high quantity in
Singapore dust with 0.4 lg (lowest) to 9 lg (highest)
per gram of dust (Table 2).

Discussion

One of the drawbacks of the mAbs is that they are too
specific and recognize only certain isoforms. It has been
reported that isoforms are recognized differently by Der p 2-
and Bet v 1-specific mAbs (17, 18). Studies have shown
that antibodies derived from DNA-immunized animals
are able to recognize the recombinant and the native
forms of the protein encoded by the immunized DNA
(14). In this study, DNA immunization via intramuscular
administration was used to generate the mAbs with the
attempt to obtain mAbs that recognize a full spectrum of
native epitopes of Blo t 5 as a better conformation or
protein presentation can be achieved with in vivo expres-
sion of antigen. Two-dimensional immunoblotting of Bt
extract showed that Blo t 5 consists of several isoforms
that have different isoelectric point (Fig. 1). The
4A7 mAb is able to bind all the isoforms of Blo t 5 in
full length, but not the degraded Blo t 5, suggesting that
the 4A7 mAb is recognizing a conformational epitopes.

Two-site immunoassays present several advantages
over direct or inhibition ELISA procedures as nonrele-
vant proteins do not interfere with target detection and
the antigens are detected as native proteins in the liquid
phase. However, the possible occurrence of conforma-
tional changes produced by mAb binding has been
reported for the Bet v 1 specific mAb Bip1 (19). The
use of a specific mAb as capture antibody in this study
avoids over estimation of allergens by reducing the cross-
reactive epitopes recognition, while use of specific poly-
clonal serum would avoid the loss of detection produced
by conformational changes affecting one or more epi-
topes. Hence, a specific anti-Blo t 5 polylonal serum has
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Figure 2. Development of two-site enzyme-linked immuno-
sorbent assay (ELISA) using Blo t 5 mAb and Blo t 5 specific
guinea pig immunoglobulins as capture and detection antibody,
respectively. The Blo t 5 two-site ELISA developed has high
sensitivity and specificity. (A) Comparison of rBlo t 5 standard
curve by two-site ELISA developed (r), commercial available
ELISA kit (j). (B) Comparison of rBlo t 5 (s) to rDer p 5 (m)
as standard curve for the developed two-site ELISA. (C)
Comparison of nBlo t 5 (*) and rBlo t 5 (h).

Table 1. Comparison of two detection assays (ELISA) for Blo t 5 in the evaluation of
commercially available extracts

Concentration

Two-site ELISA (pg/ml)

4A7/GP Indoor Biotechnologies

100 IR* 6453.9 nd
1 IR� 16.62 nd
100 IR� 114.00 nd
300 IR� 1315.73 nd

* Diagnostic extract for skin prick test.
� Therapeutic extract for sublingual administration.
ELISA, enzyme-linked immunosorbent assay; nd, not detected; IR, index of reactivity.

Table 2. Quantification of environmental Blo t 5 in 10 Singapore house dust
samples

Dust samples Blo t 5 (ng/g of dust)

D1 450.52
D2 1385.89
D3 9070.44
D4 4489.75
D5 6154.59
D6 421.80
D7 762.91
D8 3905.84
D9 1298.08
D10 1022.83
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been used as the secondary antibody in our assay, unlike
most of the other immunoassays described (9, 11).
The main criteria of a good immunoassay are high

sensitivity and specificity. A comparison of ELISA
sensitivity to Blo t 5 allowed us to conclude that the
two-site ELISA using 4A7 and guinea pig polyclonal
serum as capture and detection antibodies, respectively,
resulting in a more sensitive assay (Fig. 2A). This was
further confirmed with the results shown in Table 1.
Furthermore, the quantification of major allergens has
become an important goal for the standardization of
allergen products intended for clinical use. Therefore, a
more sensitive two-site ELISA assay is essential. Group 5
allergens of these mites shared 77% of sequence homol-
ogy, with similar predicted structure (20). Therefore, high
specificity of assay system for Blo t 5 is important because
of the widely used of two-site ELISA in environmental
allergens quantifications. High species-specificity of 4A7
produced in this study was validated by two-site ELISA,
where the concentration of natural form rDer p 5 was
detected as 104 times less than the actual concentration
(Fig. 2B). These phenomena confirmed the species spe-
cificity of the system developed.

It has been proposed that exposure at levels of more
than 2 lg of Der p1 per gram of dust is a risk factor for
sensitization in mite-allergic subjects, while the compar-
able level of nonatopic children was approximately 50 lg/g
dust (21). It is worth noting that the level of Blo t 5
present in Singapore dust samples (Table 2) has reached
this proposed sensitization risk. The high reactivity of
allergic population to Blo t 5 (>70%) might be due to the
abundance of the allergen in the environment.

In conclusion, we have developed a highly sensitive and
species-specific Blo t 5 two-site ELISA assay. The assay
system described here could be very useful for the
quantification of environmental Blo t 5 and the stan-
dardization of extracts for clinical use.

Acknowledgments

The authors wish to thank Dr I-Chun Kuo and Ms Hongmei Wen
for assistance in raising guinea pig antibody, Ms Chiung-Hui
Huang for discussion of the manuscript. This study is supported
by grant R-178-000-010-303, funded by National Science and
Technology Board, Singapore.

References

1. Platts-Mills TAE, De Weck AL. Dust
mite allergens and asthma – a worldwide
problem. J Allergy Clin Immunol
1989;83:416–472.

2. Colloff MJ. Taxonomy and identifica-
tion of dust mites. Allergy 1998;53:7–12.

3. Fernandes-Caldas E. Allergenicity of
Blomia tropicalis. J Invest Allergol Clin
Immunol 1997;7:402–404.

4. Chew FT, Zhang L, Ho TM, Lee BW.
House dust mite fauna of tropical
Singapore. Clin Exp Allergy
1999;29:201–206.

5. Arruda LK, Fernandez-Caldas E,
Naspitz CK, Montealegre F, Vailes LD,
Chapman MD. Identification of Blomia
tropicalis allergen Blo t 5 by cDNA clo-
ning. Int Arch Allergy Immunol
1995;107:456–457

6. Kuo IC, Cheong N, Trakultivakorn M,
Lee BW, Chua KY. An extensive study
of human IgE cross-reactivity of Blo t 5
and Der p 5. J Allergy Clin Immunol
2003;111:603–609.

7. Simpson A, Green R, Custovic A,
Woodcock A, Arruda LK, Chapman
MD. Skin test reactivity to natural and
recombinant Blomia and Dermatophag-
oides spp. allergens among mite allergic
patients in the UK. Allergy
2003;58:53–56.

8. American Academy of Allergy. The use
of standardized allergen extracts. J
Allergy Clin Immunol 1997;99:583–586.

9. Chapman MD, Heymann PW, Wilkins
SR, Brown MJ, Platts-Mills TA.
Monoclonal immunoassays for major
dust mite (Dermatophagoides) allergens,
Der p I and Der f I, and quantitative
analysis of the allergen content of mite
and house dust extracts. J Allergy Clin
Immunol 1987;80:184–194.

10. Ferrandiz R, Casas R, Dreborg S.
Purification and IgE binding capacity
of Der s 3, a major allergen from Der-
matophagoides siboney. Clin Exp Allergy
1997;27:700–704.

11. Ferrandiz R, Casas R, Dreborg S,
Einarsson R, Bonachea I, Chapman M.
Characterization of allergenic compo-
nents from house dust mite Dermatoph-
agoides siboney. Purification of Der s 1
and Der s 2 allergens. Clin Exp Allergy
1995;25:922–928.

12. Chapman MD, Sutherland WM, Plattts-
Mills TA. Recognition of two Dermat-
ophagoides pteronyssinus-specific epi-
topes on antigen P1 by using monoclonal
antibodies: binding to each epitope can
be inhibited by serum from dust mite-
allergic patients. J Immunol
1984;133:2488–2495.

13. Ree JA, Carter J, Sibley P, Merrett TG.
Localization of the major house dust
mite allergen Der p 1 in the body of
Dermatophagoides pteronyssinus by
Immustain. Clin Exp Allergy
1992;22:640–641.

14. Yang L, Cheong N, Wang DY, Lee BW,
Kuo IC, Huang CH et al. Generation of
monoclonal antibodies against Blo t 3
using DNA immunization with in vivo
electroporation. Clin Exp Allergy
2003;33:663–668.

15. Seow TK, Ong SE, Liang RC, Ren EC,
Chan L, Ou K et al. Two-dimensional
electrophoresis map of the human
hepatocellular carcinoma cell line, HCC-M,
and identification of the separated pro-
teins by mass spectrometry. Electro-
phoresis 2000;21:1787–1813.

16. Yi FC, Chew FT, Jimenez S, Chua KY,
Lee BW. Culture of Blomia tropicalis
and IgE immunoblot characterization of
its allergenicity. Asian Pac J Allergy
Immunol 1999;17:189–194.

17. Smith AM, Benjamin DC, Hozic N,
Derewenda U, Smith WA, Thomas WR
et al. The molecular basis of antigenic
cross-reactivity between the group 2 mite
allergen. J Allergy Clin Immunol
2001;107:977–984.

18. Akkerdaas JH, van Ree R, Aalbers M,
Stapel SO, Aalberse RC. Multiplicity of
crossreactive epitopes on Bet v 1 as
detected with monoclonal antibodies and
human IgE. Allergy 1995;50:215–220.

Quantification of Blo t 5

111



19. Laffer S, Vangelista L, Steinberger P,
Kraft D, Pastore A, Valenta R. Bip 1, a
monoclonal antibody with specificity for
the major birch pollen allergen Bet v 1,
modulates IgE binding to the allergen.
Int Arch Allergy Immunol
1997;113:260–261.

20. Liaw SH, Chen HZ, Liu GG, Chua KY.
Acid-induced polymerization of the
group 5 mite allergen from Dermatoph-
agoides pteronyssinus. Biochem Biophys
Res Commun 2001;285:308–312.

21. Gelber LE, Seltzer LH, Bouzoukis JK,
Pollart SM, Chapman MD, Platts-Mills
TAE. Sensitization and exposure to in-
door allergens as risk factors for asthma
among patients presenting to hospital.
Am Rev Respir Dis 1993;147:573–578.

Yi et al.

112


