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Abstract

Successful research in the wide-ranging field of allergy is usually achieved by definition not only of physicochemical and
immunological properties of natural, but also recombinant allergens. Blomia tropicalis mite is a well-known source for
various groups of hypersensitivity-causing proteins. The goal of the present work was to produce, purify and characterise
by in silico, biochemical and immunological methods the recombinant group-12 allergen of B. tropicalis. The recombinant
Blo t 12 aggregation capacity as well as the affinity to antibodies from BALB/c immunised mice and B. tropicalis-sensitised
human donors were investigated through in silico analyses, dynamic light scattering, SDS-PAGE, ELISA and Western blot.
The presence of Blo t 12 within B. tropicalis extracts was also determined by ELISA and Western blot. High concentrations
of dimeric rBlo t 12 were detected through SDS-PAGE next to other aggregates and the results were confirmed by data from
DLS and Western blot. The YITVM peptide was predicted to be the most aggregation-prone region. The IgE-reactivity of
rBlo t 12 was not completely abolished by aggregate formation but it was significantly decreased compared to rBlo t 5, or
B. tropicalis extracts. Natural Blo t 12 may naturally dimerises, but it was detected in non-delipidified B. tropicalis extracts
in low amounts. Given that this allergen may be a specific marker for B. tropicalis allergy, the recombinant Blo t 12 herein
obtained is characterised as a mid-tier allergen in Brazilian atopic patients and may be useful for the improvement in preci-
sion allergy molecular diagnostic applications.
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Introduction

During the last decades, healthcare systems in developed
and low-/middle-income countries have been burdened with
the increasing number of patients with allergic diseases [1,
2]. Among the triggers of atopic sensitisation, house dust
mites (HDM) represent one of the key sources of allergens
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and risk factors for different allergic illnesses [3]. Like other
sources, their allergens can be classified as major, mid-tier
and minor, when sera from sensitised patients show >50%,
30-50%, and <30% of immunoglobulin-E (IgE) reactivity,
respectively [4, 5]. Although such classification is important,
minor allergens may be clinically relevant, and several were
related to innate immune mechanisms and have been associ-
ated with mild to severe allergic symptoms [4—6]. Recently,
a fatty acid-binding protein family from HDM, frequently
considered minor allergens in many countries, was identified
as direct interactors of serum amyloid A1 proteins, promot-
ing type 2 immunity during acute-phase, with a key role of
the innate cytokine, IL-33 [7].

Blomia tropicalis is considered an important HDM spe-
cies, particularly in tropical and subtropical regions of the
globe [3, 8, 9]. Fourteen B. tropicalis allergens have been
officially recognized by the International Union of Immu-
nological Societies (IUIS) nomenclature subcommittee,
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including the well-established major allergens Blo t 5 and
Blo t 21 [9-11]. Interestingly, some B. tropicalis allergens
are molecule-binding proteins [12—15], displaying unique
IgE-binding features, such as Blo t 12 [15]. In fact, patients’
IgE-reactivity to this chitin-binding allergen has been shown
to be dependent on the geographical area [15, 16]. Despite
the clinical importance of this mid-tier/major allergen has
already been demonstrated in Colombia and Singapore [15,
17], no other research group confirmed these data or investi-
gated other structural features of Blo t 12 to date. These two
research groups have described recombinant expression of
Blo t 12 isoforms, using the yeast Pichia pastoris and E. coli
Origami (DE3) strain as hosts [13, 15, 17, 18]. Other bio-
chemical and immunological features of rBlo t 12 have been
previously shown; however, no clear information on mono-
meric, dimeric, or aggregating behaviour of these purified
proteins were observed in earlier reports [15, 17]. Moreover,
more recently, the same authors stated that Blo t 12 is one
of B. tropicalis allergens in need of further characterisa-
tion [16]. Table 1 summarizes the current physicochemical
characterisation and molecular properties of recombinant
allergens of B. tropicalis, whose list clearly displays rBlo
t 12 in the group of allergens lacking characterisation. The
present study recombinantly produced this allergen, in order
to investigate its presence in B. tropicalis extract and gaining
more knowledge on its aggregation behaviour and antibody
reactivity, especially IgE binding in sera, from Brazilian
allergic donors.

Material and methods
Pilot heterologous expressions

Blo t 12.0101 mature coding sequence (GenBank acces-
sion no. U27479), without the signal peptide, was codon-
harmonized for optimal expression in Escherichia coli
and was synthesized by ATUM (Newark, CA, USA) into a
pD444-NH vector. After transformation of different strains
(BL21(DE3)pLys S, BL21(DE3) and Top10F") by thermal
shock, the induction of heterologous expression was started
by addition of 1 mM isopropyl-b-D-thiogalactopyranoside
(IPTG;Thermo Fisher, Waltham, MA, USA) at an OD,
of 0.7. These expressions were performed in 5 mL of LB
medium at 37 °C, and the strain with higher heterologous
expression yield was chosen for posterior scale-up expres-
sion. A 12% SDS-PAGE was used to evaluate the expres-
sion of the allergen in these three strains. Given difficul-
ties in confirm the visualization of the allergen band in the
gel, Western blot analysis was performed using the samples
from 3 h of expression. Specifically, Western blot was per-
formed following the transferring of SDS-PAGE bands from
the bacterial extract to a nitrocellulose membrane (Merck
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Millipore, Billerica, MA, USA). The membrane was blocked
with non-fat dried milk diluted in 1 X PBS. Then the mem-
brane was incubated for 1 h with anti-HIS IgG antibody
(1:4000, GE Healthcare, Chicago, IL, USA) as a primary
antibody, followed by incubation for 1 h with a secondary
anti-mouse IgG antibody conjugated with alkaline phos-
phatase (1:2500, Invitrogen, Carlsbad, CA, USA). The reac-
tion was developed using nitro blue tetrazolium (NBT) and
5-bromo-4-chloro-3-indolyl-phosphate (BCIP) substrates
diluted in alkaline phosphatase buffer.

Scale-up expression and purification

Scale-up expression of Blo t 12.0101 was performed in the
strain Top10F". A pre-inoculum (10 mL of LB medium)
of the transformed strain was performed for 16 h at 37 °C.
Then, a dilution (1:100) of this pre-inoculum in 1L of LB
medium was performed for the scale-up expression. For that,
the induction started by addition of 1 mM IPTG at an ODyy,
of 0.7; however, due to the observed dimeric and aggre-
gating band in the first Western blot analysis, we decided
to test if the expression for 16 h at 16°C would change
this behaviour. After this time, the cells were harvested at
4000 g, 20 min, 4 °C. The bacterial pellet was resuspended
in 20 mM sodium phosphate (NaP) buffer (30 mL), pH 8 and
lysed by six freezing/thawing cycles. The protein suspension
was centrifuged at 13,000 g, 20 min, 4 °C and the super-
natant was collected. The lysate was initially resuspended
(30 mL) in NaP buffer containing 3 M urea, centrifuged
again and this supernatant was collected. Then the pellet was
again resuspended in the same volume, but in NaP buffer
with 6 M urea, centrifuged and another supernatant was col-
lected. Given the pilot expression assays resulting in dimeri-
sation and aggregation, a 18% SDS-PAGE and Western blot
analysis were performed to confirm the presence of rBlo t 12
and soluble or insoluble fraction of the extract.

The urea-solubilized extracts were purified by affinity
chromatography using 1 mL of Ni-NTA agarose resin (Qia-
gen, Hilden, Germany) for 10 mL of protein suspension.
Different concentrations of imidazole, ranging from 20 mM
to 500 mM, were used for elution, with fractions of 2 mL
each. Considering that 60 mL of urea-solubilized extracts
were initially obtain, six rounds of purification were needed
to complete obtain purified fractions. Purity assessment was
performed using 12% SDS-PAGE. The eluted samples were
pooled, dialysed and concentrated on a three kDa Vivaspin
column (GE Healthcare, Chicago, IL, USA). To better visu-
alize possible monomeric purified bands of rBlo t 12, 10 g
of the concentrated samples was evaluated in a 18% SDS-
PAGE using three different conditions: (i) standard load-
ing buffer (62.5 mM Tris—HCI pH 6.8, 2.5% SDS, 0.002%
Bromophenol Blue, 5% B-mercaptoethanol, and 10% glyc-
erol), with heating at 100 °C for 5 min; (ii) standard loading
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Table 1 Summary for heterologous expression of the Blomia tropicalis allergens

Allergen Host Purification Characterisation tests References
steps
ps Stability*  Purity# Folding Protein activity Aggregation Allergenicity
(Expected
function)
Blotl E. coli ASP+AEC None None Crystallogra-  None None Dot blot [9]
P. pastoris  NiAC phy (Cysteine ELISA
protease) SPT
WB
Blot2 E. coli ACP+CEC Degradome MS CD ADA None Dot blot [9, 14]
NiAC+SEC SDS-PAGE FTIR (NPC2 family) ELISA
MRA
WB
Blot3 E. coli GSC None None None None None ELISA [9]
NiAC+AEC (Trypsin) SPT
Blot4 P pastoris GSC None SDS-PAGE None None None SPT [9]
NiAC (a-Amylase) WB
Blot5 E. coli AAC CD MS CD None DLS Dot blot [9, 11, 22]
P. pastoris AEC+SEC Degradome SDS-PAGE FTIR (Unknown) ELISA
CHO cells GSC NMR MRA
NiAC SPT
WB
Blot6 E. coli AEC None SDS-PAGE None None None ELISA [9, 17]
P. pastoris NiAC (Chymot- SPT
rypsin) WB
Blot7 P pastoris CEC+SEC None SDS-PAGE None ADA None ELISA [10]
(BPI protein)
Blot8 E. coli GSC None SDS-PAGE Crystallogra- None None ELISA [9, 13]
phy (Glutathione SPT
S-transferase) WB
Blot 10 E. coli GSC None None None None None ELISA [9]
(Tropomyosin) SPT
WB
Blot 1l E. coli CEC None SDS-PAGE None None None Dot blot [9]
Sf9 cells GSC (Paramyosin) ELISA
WB
Blot12 E. coli AEC None SDS-PAGE NMR Chitin-binding None ELISA [13, 15, 18]
P. pastoris  NiAC assay
(Chitin-binding
protein)
Blot 13 E. coli GSC None SDS-PAGE None ADA None ELISA [7,9,12]
P. pastoris NiAC (Fatty acid- WB
binding
protein)
Blot 19 Unknown Unknown None None NMR None None None [9]
Blot21 E. coli AEC+SEC CD MS CD None DLS ELISA [9, 35]
NiAC Degradome SDS-PAGE FTIR (Unknown) MRA
NMR SPT
WB

Only allergens deposited in the International Union of Immunological Societies database for allergens were considered for this review

AAC antibody affinity chromatography, ACP acidic precipitation, ADA ANS (8-Anilinonaphthalene-1-sulfonic acid) displacement assay, AEC
anion exchange chromatography, ASP ammonium sulphate precipitation, BPI bactericidal permeability-increasing, CD circular dichroism, CEC
cation exchange chromatography, DLS dynamic light scattering, ELISA enzyme-linked immunosorbent assay, FTIR Fourier-transform infrared
spectroscopy, GSC glutathione Sepharose chromatography, MRA mediator release assay, using basophil lineages or patient-isolated basophils,
MS mass spectrometry, NiAC nickel-based affinity chromatography, NMR nuclear magnetic resonance spectroscopy, NPC2 NPC Intracellular
Cholesterol Transporter 2, SDS-PAGE sodium dodecyl sulphate—polyacrylamide gel electrophoresis, SPT skin prick test, WB western blot

*The protein shelf time in freezing or room temperature verified by CD or SDS-PAGE, or proteolytic in vitro assays using cell lines and MS tan-
dem verification of the generated peptides (degradome)

#The display of any indication of purity level, either by SDS-PAGE pictures or MS spectra
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buffer, with heating at 70 °C for 20 min; and (iii) stronger
reducing buffer (200 mM Tris, 5% SDS, 0.1 mM EDTA,
8 M Urea, 100 mM DTT, and 0.1% Bromophenol Blue) and
heating at 37 °C for 10 min.

Dynamic light scattering

The aggregation behaviour of the purified rBlo t 12 in solu-
tion was assessed by dynamic light scattering (DLS). The
experiment was performed on a Zetasizer ZS90 (Malvern
Instruments, Malvern, UK) with samples as follows: (i)
sample at 0.5 mg/mL in 20 mM NaP buffer pH 8, room
temperature (RT); (ii) addition of 3 M urea in the buffer; (iii)
addition of 6 M urea in the buffer. Ten measurements were
accumulated for evaluation using Zetasizer software and dis-
played as mass weighted distribution of the hydrodynamic
radius (Ryy) using GraphPad Prism 7 (San Diego, CA, USA).
Data was normalized taking into account the measurements
of the buffers alone.

In silico assessment of aggregating domains

Bioinformatics were applied to identify aggregation-prone
domains, using PASTA 2.0 and AGGRESCAN3D servers
[19, 20]. The amino acid sequence of Blo t 12 was uploaded
to the PASTA 2.0 server, choosing 100 top pairing ener-
gies and energy threshold of 1.192 kcal/mol. For AGGRES-
CAN3D, the tertiary structure of the Blo t 12 chitin-binding
domain (CBD) [19, 21] was used as input. This 3D struc-
ture is based on the sequence of Blo t 12.0102 [21], so we
mutated the CBD accordingly to obtain the scores related
only to Blot 12.0101 CBD.

In vitro IgE-binding assays

Human IgE antibody reactivity to rBlo t 12 was measured by
indirect ELISA according to a protocol previously published
by our group [11]. We performed rBlo t 12 concentration
curves (1.25 pg/mL to 80 pg/mL) and different biotin anti-
human IgE dilutions (1:62.5 to 1:500) in order to verify the
level of decreasing in IgE-binding. We also used B. tropica-
lis extract (BtE) and rBlo t 5 as control antigens, using the
optimal concentrations and dilutions of our published data
[11, 22]. For this assay, eight sera were obtained from atopic
donors living in Salvador, BA, Brazil. Following this pilot
assay, we performed another ELISA using 30 atopic, and 10
non-atopic donors. The IgE cut-off was defined by the mean
plus two standard deviations of the results obtained using
sera from non-atopic donors. Atopy was characterised by
positive results of anti-BtE IgE in the ImmunoCAP assay
(d201, Phadia, Upsala, Sweden) and skin prick tests (SPT)
to BtE extract, as described [11]. Donors signed an informed
consent, which was approved by the Ethics Committee on
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Research of the Faculty of Medicine of the Federal Univer-
sity of Bahia (CAAE 45376814.0.0000.5577).

In vivo immunisation and IgG-binding assay

The main goal of mice immunisation was to obtain poly-
clonal anti-rBlo t 12 IgG antibodies that could be used to
detect the native allergen (nBlo t 12) in BtE. Therefore,
six to eight-week-old male BALB/c mice were subcutane-
ously immunised with 25 ug of rBlo t 12 on days 0, 15, 30
and 45. rBlo t 12 was diluted in 50 pl of PBS plus 50 pl of
Complete Freund’s Adjuvant in the first immunisation and
50 pl of Incomplete Freund’s Adjuvant in the subsequent
immunisations. Sera were taken two days preceding the first
immunisation and two days after each immunisation. The
kinetics of IgG antibodies against rBlo t 12 was measured
by ELISA. Mice experiments were approved by the Ethical
Committee for Use of Experimental Animals of the Institute
of Health Sciences of Federal University of Bahia (CEUA-
ICS 137/2018).

Evaluation of Blo t 12 presence in B. tropicalis
extracts

The extraction procedure of B. tropicalis antigens was done
as described in previous publications by our group [11, 23].
Due to the hydrophobic nature of chitin, we took different
samples during the delipidification steps in the presence
of diethyl ether (PA ACS; Hexis Cientifica, Jundiai, SP,
Brazil). Samples were obtained following this profile: (i)
sample from the first centrifugation (11,000 g for 15 min,
10 °C) without diethyl ether incubation; (ii) sample from
the first cycle of incubation for 30 min with diethyl ether
and centrifugation; and (iii) sample from the third and last
cycle of diethyl ether incubation and centrifugation. Twenty-
five micrograms of each sample and 2 pg of rBlo t 12 as
control were used for SDS-PAGE and then transferred to a
nitrocellulose membrane (Merck Millipore, Billerica, MA,
USA). The membrane was blocked with non-fat dried milk
diluted in 1 X PBS. Incubation with mice sera (1:1000) was
performed at RT for 1 h. The three last time points of immu-
nisation were evaluated in this assay. As detection antibody,
an alkaline phosphatase-conjugated anti-mouse IgG anti-
body (1:4000) was incubated with the membrane for 1 h at
RT. Reactions were visualised using NBT and BCIP as sub-
strates and the optical density (OD) for ELISA assays was
read at 450 nm in a spectrophotometer (Multiskan, Thermo
Fisher, Waltham, MA, USA).

Statistical analysis

GraphPad Prism 7 (San Diego, CA, USA) was used for data
plotting and statistical analyses. Kolmogorov—Smirnov test
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was chosen for checking the normality of data. Mann Whit-
ney test was used to compare the IgE reactivity among the
different antigens in each conjugate dilution in both IgE
reactivity assays. Pearson’s or Spearman’s rank correlation
coefficient was determined to verify possible correlations
between ELISA and ImmunoCAP® results. Friedman analy-
sis with Dunn’s post-test was used to determine differences
between IgE binding of BtE samples. P values <0.05 were
considered statistically significant.

Results

Recombinant expression of Blo t 12 in E. coli induces
formation of dimers and aggregates

rBlo t 12 was small-scale expressed in three different E. coli
strains, being the best expression results that of the strain
ToplOF” (Fig. Sla, S1b, Slc). As shown in Fig. Sla and
S1b, we could only clearly detect in the SDS-PAGE possi-
ble recombinantly expressed protein in Top10F “strain (Fig.
S1b), but the bands migrated as an approximately 28 kDa
dimeric protein band. This outcome led us to perform a
Western blot analysis for confirmation, using the samples of
the bacterial pellets from before and 3 h after IPTG induction
(Top10F strain), as well as adding a sample of BL21(DE3)
pLys S of 3 h induction. Surprisingly, the BL21(DE3)pLys
sample displayed bands, under reducing conditions, with
molecular weight (MW) of approximately 45 kDa, even
though with weak reaction (Fig. S1c). Top10F, differently,
showed stronger bands, which also migrated mostly as an
approximately 28 kDa dimeric protein band. This data differs
from Blo t 12 theoretical molecular weight (MW) of approx-
imately 15 kDa (Fig. S1c). Regarding the Top10F scale-up
expression at 16 °C, the same dimeric bands were found
and the solubility test confirm that rBlo t 12 was obtained
in both soluble and urea-solubilized fractions of the bacte-
rial extract (Fig. S1d and Sle). However, given the stronger
presence of the recombinant protein in the urea-solubilized
fractions (Fig. Sle), these samples were chosen for purifica-
tion. The highest protein elution was at 200 mM imidazole
and dimers were present in all eluted fractions (Fig. 1a).
Western blot analyses revealed that the use of lower heating
temperature and stronger reducing conditions in the SDS-
PAGE may reduce the aggregation, but no monomeric band
was observed (Fig. 1b and c¢). DLS experiments showed that
purified rBlo t 12 was dimeric (8.73 nm to 8.87 nm) and
mostly aggregated (>24.88 nm) in solution at RT (Fig. 1d).
In the sample without urea, size distribution was determined
to be between 8.87 nm and 235.25 nm, but these values
were slightly decreased to 8.84 and 202.75 as well as 8.73
and 125.15 upon addition of 3 M and 6 M urea, respectively
(Fig. 1d).

Amino acid residues YITVM may be a key region
of aggregation

Results of in silico analysis of primary structure of Blo
t 12 are displayed in Fig. 2. The most aggregation-prone
sequences were identified inside CBD, between residues
91 and 106 (Fig. 2a). The top paring values determined by
PASTA 2.0 server are depicted in Fig. S2a. Ordered and dis-
ordered regions were also identified (Fig. 2a). Paring prob-
ability plot revealed that, among the residues between 91 and
106, LWYITVM residues exhibited the highest pairing and
linear probability (Fig. 2b). Aggregation and disorder profile
and aggregation free energy profile are plotted in Figs. 2¢c
and S2b, respectively, confirming aggregation proneness of
LWYITVM sequence. However, AGGRESCAN3D scores
shortened this sequence to YITVM residues (Fig. 2d).

While the aggregation-prone region showed p-strand
high probability (Fig. 3a), only moderate coil probability
was found during PASTA 2.0 analysis (Fig. 3b). Figure S2c
confirms no helix probability and Fig. S2d and S2e portray
3D-structures using the two servers. In Fig. 3c, other resi-
dues with high A3D scores (Fig. 2e) are closely located to
YITVM residues after folding.

rBlo t 12 forms IgE-reactive aggregates

Our comparative analysis determined lower IgE reactivity to
rBlo t 12, compared to rBlo t 5 and different BtEs (Fig. 4a).
The optimum concentration for rBlo t 12 for coating seems
to be 40 ug/mL. Lower dilution of secondary conjugate anti-
body did have some effect on increasing the IgE reaction
to rBlo t 12 and control antigens as well. Delipidification
of BtE significantly decreased IgE binding, comparing the
lipidified BtE with the thrice-delipidified BtE. But there was
no significant difference between lipidified and one step deli-
pidified BtE (Fig. 4a). The panel of 30 sera from donors
with BtE-reactive IgE antibodies displayed IgE reactivity
percentages of 46.67% (14 sera out of 30) for rBlo t 12 and
83.33% (25 out of 30) for rBlo t 5 (Fig. 4b). Twelve out of
thirty (40%) sera were reactive to both recombinant aller-
gens, whereas 6.67% (2 out of 30) and 43.33% (13 out of 30)
were mono-sensitised to rBlo t 12 and rBlo t 5, respectively.
Moreover, the lower IgE reaction to rBlo t 12 was significant
compared to rBlo t 5 and BtE (Fig. 4b). However, in ELISA,
rBlo t 12 IgE-reactive sera showed stronger and more sig-
nificant correlation with sIgE in ImmunoCAP (Fig. 4c) than
rBlo t 5 and BtE reactive sera (Fig. S3a and S3b).

Natural Blo t 12 is faintly present in B. tropicalis
non-delipidified soluble extract

Mice immunisation with rBlo t 12 produced IgG anti-
bodies against Blo t 12, as it is shown in sera dilution
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Fig. 1 Expression, purification and aggregation behaviour of rBlo t
12. a Scale-up expression and purification. Above each lane is indi-
cated the sample added. The molecular weight maker is shown in the
left. Arrows indicate the band for rBlo t 12. b Migration and aggrega-
tion verification by 18% SDS-PAGE using different sample buffers.
¢ Western blot analysis comparing different reducing conditions. In
both b and ¢ two pg of purified rBlo t 12 were added to the wells as

curves in Fig. 5a. The optimal concentration of antigen
for coating was 2.5 pg/mL and 1:1600 was the optimal
sera dilution. Antibody kinetics revealed that the produc-
tion of IgG antibodies occurred from day 15 on (Fig. 5b
and c). Additionally, faint bands were observed only in
non-delipidified BtE, especially when sera after the 3rd
and 4th of immunisation were used (Fig. 5c). Two bands
were identified between MW of 25 kDa and 30 kDa, and
50 kDa and 60 kDa for natural Blo t 12, but only using the

4th immunised sera (Fig. 5¢).
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follows: 1 — Standard SDS-PAGE sample buffer, heating at 100 °C for
5 min; 2 — Same buffer as in 1, but heating at 70 °C for 20 min; and
3 — More reducing SDS-PAGE sample buffer, heating at 37 °C for
10 min. ¢ Dynamic light scattering measurements of purified rBlo t
12. Each coloured curve represents a sample and is indicated above
the plot. Ry, hydrodynamic radius. (Color figure online)

Discussion

New data on the relevance of structural features of mite
allergens are essential for improvement of diagnosis and
treatment of allergic illnesses [3, 4, 22]. Given the increas-
ing epidemiological prevalence of allergies caused by B.
tropicalis allergens in Latin America and Asia [3, 8, 24],
the search for new allergens, or further studies on their
hypersensitivity potential on different populations and
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specific-characteristics of new allergens are currently
needed. Although we recently identified through proteomic
analysis six B. tropicalis allergen not yet been recognized
by IUIS [23], the studies focusing in some B. tropicalis
allergens are still scarce [9], highlighting the need of con-
firmation or further investigation on their physicochemical
and immunological features [16].

Herein, we described expression and purification issues
during the recombinant production of group 12 B. tropicalis
allergen using Escherichia coli as host. Although we man-
aged to express this allergen in a bacterial host system, which
has intrinsic advantages over eukaryotic systems [25], the
recombinant protein was prone to dimerisation and aggrega-
tion. Although the first reports on recombinant expression
of Blo t 12 did not showed SDS-PAGE images [15, 17],
later on isoform Blo t 12.0101 was used as a control assay,
which clearly showed that the recombinant protein produced
in P. pastoris had also migrated as a dimeric protein, with
MW around 28 kDa [13]. Additionally, the authors, in due
course, stated that although P. pastoris expressed-isoform
Blo t 12.0101 displayed IgE-binding capacity (50% of IgE
reactivity), it would not allow the obtention of an optimal
recombinant for allergy diagnosis, due to excessive glyco-
sylation of the expression in this host [26]. The same iso-
form posteriorly expressed in E. coli Origami (DE3) showed
similar MW in reducing conditions, and high MW aggre-
gates in non-reducing conditions [18, 26]. Therefore, our
aggregation outcome is not an exclusive issue of E. coli
Topl10F expressed-rBlo t 12, and this behaviour may be an
intrinsic property of the allergen. We then investigated the
influence of this on the recombinant allergenicity.

DLS measurements confirmed dimerisation and aggrega-
tion of rBlo t 12. Similar pattern was already observed in
other heterologously expressed or native proteins, including
some allergens, with Ry;>200 nm [27-30]. In silico analyses
revealed that a C-terminus organized region inside Blo t 12
CBD may be responsible for this aggregation. The YITVM
residues indeed display similar hydrophobic characteristics
to other key residues in dimeric HDM allergens, such as Der
p 5, Der f5, Der p 21, and Der f 21 [31-34]. Interestingly, in
these reports, Val residues were essential to create a stabiliz-
ing hydrophobic surface and dimerisation occurred due to
the creation of a zipper domain [32, 33]. Ile residues showed
the highest A3D scores, and, after folding, they were local-
ized in the proximity of the most aggregation-prone region.
We believe this may add hydrophobicity to the region, and,
in turn, increases the tendency for aggregation. However,
in future studies, the mutation of such residues and expres-
sion of a mutated Blo t 12 would be needed to confirm such
hypotheses. Nevertheless, we considered these in silico pre-
dictions important scientific tools, after all they have been
previously essential, for instance, to decrease the number
of bench experiments in the production of hypoallergenic

derivatives [4, 35]. Furthermore, bioinformatics has also
served as an earlier method not only to identify potential
dimeric regions, but to determine the cross-reactivity among
allergens, reducing the number of recombinant allergens or
peptides needed for bench experiments [33, 36].

Additionally, allergen aggregates can may take a part
in the degree of allergenic responses, sometimes leading
to decreased IgE binding [29, 37]. Our results evidenced a
lower IgE-binding of rBlo t 12 in comparison with rBlo t 5
and BtE. In fact, the critical residues for IgE binding of Blo
t 12.0101 were identified as Y121, 1122 and T123 [15], all of
them are inside the aggregating-prone sequence. Therefore,
either dimers or aggregates may possibly be hiding the IgE
epitopes, resulting in low IgE reactivity. In addition, absorb-
ance signals for rBlo t 12 were significantly lower than those
for rBlo t 5, even though the antigen coating concentration
was higher [11]. Antigen titration curves are usually used as
way to define the optimal concentration for coating, based
in the strength of the absorbance signal [11, 38]. In our
case, using data from a previous report as basis [11], we
decided for seven concentrations in a titration curve that
would include rBlo t 5 optimal concentration, 5 pg/mL[11].
With that in mind, the strongest absorbance signal for rBlo
t 12 was the coating antigen concentration of 40 pg/mL,
considering that the signal decayed in 80 pg/mL.

Nevertheless, our results indicate that the dimeric rBlo t
12 is a mid-tier allergen in Brazil, a different finding from
a previous Singaporean report [17]. However, the IgE
reactivity of our rBlo t 12 was close to the one reported in
Colombia [15, 16]. It is important to note that these rBlo
t 12 IgE-binding findings are the first in a set of Brazilian
allergenic patients, something that lead us to believe this
mid-tier allergen should be included in personalized medi-
cine tools, such as the one our group recently published [39].
Even with aggregation explaining the lower reaction of sera
from B. tropicalis-sensitised donors, specific-sensitisation
patterns may also be a reason, since isoforms of Blo t 12
already displayed different reaction profile in patients from
different countries [15, 17]. Remarkably, rBlo t 12 reactive
sera in the present study correlated better with sIgE detected
by ImmunoCAP® than rBlo t 5 reactive sera, indicating that
the chitin-binding allergen may be useful in diagnosis of B.
tropicalis allergy. This allergen has been previously stated
as a possible specific marker of B. tropicalis sensitisation,
considering that its Dermatophagoides spp. counterpart was
not identified yet [15, 16, 26]. A World Allergy Organization
consensus document clearly summarized the importance
of recombinant allergens for precision allergy molecular
diagnostic applications [40]. Hence, the continued study on
structural and allergenic features of a recombinant allergen,
which is a possible specific marker for B. tropicalis allergy,
is highly desirable to improve such diagnostic tools in the
future [39, 40].
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We only found small signs of nBlo t 12 in non-delipidified
BtE, showing that soluble extracts may not always identify
the whole set of allergic response in patients. A possible
explanation for this finding resides in the possibility of a
different isoform, which may be present in higher amounts
in our extract. It has been previously observed that different
isoforms are absent in mites collected from different regions
of the globe [15-17]. Besides this possibility of allergic pol-
ymorphisms in mites, cultivation conditions, such as storage
temperature and humidity, type of feeding, and extraction
procedures were described having impacted allergens’ con-
tent before [23, 41]. Therefore, the expression of nBlo t 12
in the extract of the present study may have been lower for
these reasons. However, in a previous proteomic study of our
group, we could not find Blo t 12 in any of our 11 soluble
BtE, as well as in a commercial extract [23]. Considering the
sensitiveness of proteomic analyses, the absence of Blo t 12
in an indicative that the allergen may be weakly expressed
in general. Nonetheless, the hydrophobic nature of the chi-
tin usually bound to the allergen should be also taken into
account.

A previous study showed that while isoform 0102 binds
less to chitin, the isoform used in the present study (0101)
had a higher affinity to chitin and was in lower amounts
in the soluble supernatant [18]. However, using an ELISA
assay, this group detected isoform 0101 in mite bodies and
faeces from a commercial extract. Moreover, their two-
dimensional gel results revealed that nBlo t 12 indeed aggre-
gated, with spots of MW around 40 kDa [26]. Although their
extraction method is different from ours [18, 23], explaining
perhaps the low detection of nBlo t 12 in our extract, previ-
ously published reports of our group confirm the quality
of our method, which allow us to identified, at a proteomic
level, new allergens of B. tropicalis as well as confirm atopy
in several studies [11, 23, 35, 42]. Furthermore, we demon-
strated a significant reduction in IgE reactivity of BtE after
delipidification, underscoring that not only some allergenic
components are being lost, but also allergens with hydro-
phobic molecule-binding features may be currently under
investigated in allergy diagnosis [4, 6]. Therefore, two major
possibilities should be considered for the weak presence of
nBlo t 12 in BtE: (i) mite from our city may be polymorphic
distinct, something that was previously observed in cities
such as Singapore and Colombia [15, 17]; and (ii) the aller-
gen was lost due to the delipidification steps or other purifi-
cation and cleaning procedures of protein extracts [23, 41].
In fact, a thorough study on commercial extracts revealed
the absence of not only major allergens, but also minor
and mid-tier HDM allergens [41]. Hydrophobic molecule-
binding allergens, such as Der p 2 and Der p 5 were absent
in some extracts, leading to false-negative diagnostic test
results in a few asthmatic and allergic rhinitis patients [41].
These data emphasize both the importance of minor and
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mid-tier allergens in atopic reactions as well as the need
of quality control of allergenic extracts currently used in
allergy diagnosis.

Up to now, the importance of a molecule from allergenic
organism is mostly given by its capacity to induce IgE
reactivity and, in turn, stronger value is given to the clas-
sifications minor, mid-tier or major allergen. This notion
is changing, as some authors recently stated how it is time
to let go this once useful classification in allergology [5].
We agree and also think that molecules considered minor/
mid-tier allergens must be reviewed to investigate their
capacity to induce IgE-independent inflammatory responses
through the innate immune response, as it has been per-
formed in some cases [7, 9, 10, 16]. Particularly, Group 2
innate lymphoid cells (ILC2) and invariant natural killer T
cells (iNKT cells) have been involved in allergic reaction,
mainly in asthmatic patients [43—45]. These innate cells can
be activated by hydrophobic molecules, lipids for instance
[43, 46]. Therefore, it is possible to infer that there is a con-
tinuous activation of the innate immune system by hydro-
phobic molecule-binding allergens. Concomitantly with that,
the adaptive immune responses induced by other allergens,
considered major, may lead to more symptoms in patients.
Considering this, it will be important, in futures studies, to
investigate if Blo t 12 and other minor/mid-tier allergens
may have a role in the innate responses against B. tropicalis
and other important allergenic organisms.

Conclusion

In view of these results, E. coli Topl0OF ‘may be an alter-
native expression vector for the recombinant production of
Blo t 12, with high yields of expression and isoform 0101 is
a mid-tier allergen in B. tropicalis-sensitised patients from
Brazil. Considering these findings, we believe this allergen
should be included in personalized diagnostic tools as well
as in the set of critical allergens for B. tropicalis allergy
diagnosis. Additionally, our data indicate that this chitin-
binding allergen may indeed naturally dimerise, with sug-
gestion of specific residues causing this outcome. Future
studies shall be performed, testing Blo t 12 capacity for acti-
vation of innate immune cells, as well as producing mutated
rBlo t 12 and purifying nBlo t 12 from BtE by affinity chro-
matography in order to better understand the importance of
some amino acid residues on the aggregation behaviour of
Blot 12.
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