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Abstract

Background—It is not clear if cross-reactivity or co-sensitization to glutathione S-transferases 

(GST) occurs in tropical and subtropical environments. In the United States, Bla g 5 is the most 

important GST allergen, and lack of co-exposure to GST from certain species allows a better 

assessment of cross-reactivity.

Objectives—To examine the molecular structure of GST allergens from cockroach (Bla g 5), 

dust mites (Der p 8, Blo t 8) and helminth (Asc s 13) for potential cross-reactive sites, and to 

assess the IgE cross-reactivity of sensitized patients from a temperate climate for these allergens 

for molecular diagnostic purposes.

Methods—Four crystal structures were determined. Sera from cockroach and mite allergic 

patients were tested for IgE reactivity to these GST. A panel of six murine anti-Bla g 5 mAb was 

assessed for cross-reactivity with the other three GST using antibody binding assays.

Results—Comparisons of the allergen structures, formed by two-domain monomers that 

dimerize, revealed few contiguous regions of similar exposed residues, rendering cross-reactivity 

unlikely. Accordingly, anti-Bla g 5 or anti-Der p 8 IgE from North American patients did not 

recognize Der p 8 or Bla g 5, respectively, and neither showed binding to Blo t 8 or Asc s 13. A 

weaker binding of anti-Bla g 5 IgE to Der p 8 versus Bla g 5 (~100-fold) was observed by 

inhibition assays, similar to a weak recognition of Der p 8 by anti-Bla g 5 mAb. Patients from 

tropical Colombia had IgE to all four GST.
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Conclusions—The lack of significant IgE cross-reactivity among the four GST is in agreement 

with the low shared amino acid identity at the molecular surface. Each GST is needed for accurate 

molecular diagnosis in different geographic areas.
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Introduction

Cockroach allergy is an important risk factor for emergency room admissions with asthma in 

the U.S., especially in inner city-areas, where cockroach infestation is common.1-5 Each 

patient has a unique profile of sensitization to allergens identified from cockroach.6 

Although none of the allergens are dominant in the U.S. population, Bla g 5 is one of the 

most prevalent among cockroach-allergic asthmatic patients, with an IgE antibody reactivity 

against the natural allergen of 68%, measured by radioimmunoassay.7 Bla g 5 belongs to a 

group of enzymes, the glutathione S-transferases (GST), which primarily catalyze the 

addition of a glutathione molecule (GSH) to another (commonly toxic) compound destined 

for removal from the cell, thus having a detoxifying function.7,8 Glutathione S-transferase 

homologs to Bla g 5 have been described among mite allergens and nematode parasite 

proteins. Mite allergens Der p 8 and Blo t 8 are GST from Dermatophagoides pteronyssinus 

and Blomia tropicalis, respectively, and are also clinically relevant. Interestingly, Der p 8 is 

a major allergen in sub-tropical and tropical areas, although lower prevalence has been 

reported in temperate areas.9-13 Infection with the nematode Ascaris lumbricoides 

(ascariasis) induces IgE synthesis against parasite antigens that may cross-react with 

homologous allergens. Cross-reactivity of allergens from nematodes and other sources, 

especially described for tropomyosins, is thought to aggravate the allergic response.14-17

Diagnosis often becomes complex when patients are sensitized to clinically cross-reactive 

allergens. The identification of the primary source of sensitization is difficult when skin tests 

are positive to extracts from different sources containing cross-reactive allergens. The use of 

purified species-specific allergens for molecular diagnosis facilitates the process of 

differentiation. IgE cross-reactivity has been reported in tropical and subtropical areas for 

GST from the American cockroach and the mite homolog Der p 8.9 However, different 

classes of GST exist, and it is unknown whether IgE cross-reactivity occurs between Bla g 5 

and Der p 8, the most relevant and common GST from cockroach and mite in the U.S.. A 

recent study showed simultaneous IgE reactivity to Bla g 5, Der p 8, Blo t 8 and Asc s 13 in 

some Ascaris-infected patients from Colombia.18 Asc s 13 represents the Ascaris suum 

GST1, which shares 100% identity in 203 residues to the native Ascaris lumbricoides GST 

allergen Asc l 13, from which five N-terminal residues are unknown.19 It was not possible to 

distinguish whether the IgE reactivity to these GST resulted from co-sensitization or from 

cross-reactivity, because in tropical areas cosensitization to D. pteronyssinus and B. 

tropicalis is common, and may also coincide with sensitization to cockroaches and/or 

helminth infections.
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Here, we investigated the IgE reactivity of cockroach and mite allergic patients from the 

U.S. to four GST: Bla g 5, Der p 8, Blo t 8 and Asc s 13. First, the X-ray crystal structures of 

the four GST were determined in order to compare the solvent accessible areas in common 

that could be responsible for cross-reactivity. Second, the IgE antibody recognition of the 

four GST was assessed by using sera from U.S. patients who are naturally exposed to Bla g 

5 and Der p 8, but not to Blo t 8 and Asc s 13 present in tropical areas. Reactions to the 

tropical GST by patients from a temperate area would most likely indicate that cross-

reactivity rather than co-sensitization occurred. This study is an analysis at the molecular 

level of the IgE cross-reactivity among three GST inhalant allergens and a GST allergen 

from a helminth parasite among patients from a temperate area, for the design of more 

accurate molecular diagnosis techniques.

Methods

Sera from cockroach and mite allergic patients

Sera from cockroach allergic patients (n = 31) were kindly provided by Dr. Robert Wood, 

from The Johns Hopkins University, Baltimore, MD, as part of a collaborative study with 

the Inner City Asthma Consortium (ICAC).20 Twenty-two sera were selected for their 

sensitivity to either Bla g 5 (n = 15) and/or Dermatophagoides pteronyssinus extracts (n = 

18). Eight more Bla g 5 positive sera (3 of which were also Der p 8 positive) were identified 

from 12 sera from cockroach allergic patients additionally provided by ICAC. Fourty seven 

plasma from mite allergic patients were obtained from PlasmaLab International (Everett, 

WA), making a total of 68 samples from dust mite allergic patients from temperate areas of 

the U.S. Additional 32 sera from a tropical area (Colombia) were used to assess IgE 

immunoreactivity of the four GST. Details are provided in the Online Repository.

Expression, purification and determination of the X-ray crystal structures of Bla g 5, Der p 
8, Blo t 8 and Asc s 13

The four GST were expressed in E. coli and purified by affinity chromatography. Their 

three-dimensional structures were determined by X-ray crystallography. Details are 

provided in the Online Repository.

Production of anti-Bla g 5 monoclonal antibodies

Balb/c mice were immunized with recombinant Bla g 5 (E. coli expressed). Splenocytes 

from mice with the highest Bla g 5 titers were fused with myeloma cells. Resulting 

hybridomas were screened against Bla g 5 by ELISA and cloned by limiting dilution 

analysis. The recognition of the four GST by Bla g 5-specific monoclonal antibodies (mAb) 

was assessed by enzyme-linked immunosorbent assay (ELISA), either by direct binding or 

by inhibition assays as described in the Online Repository.

Analysis of IgE antibody binding to GST

IgE antibody binding was analyzed by ELISA using direct or inhibition binding assays as 

described in the Online Repository.
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Results

X-ray crystal structures of Bla g 5, Der p 8, Blo t 8 and Asc s 13

The X-ray crystal structures of Bla g 5, Der p 8, Blo t 8 and Asc s 13 were determined. The 

structures were submitted to the PDB, under the ID codes shown in Table E4 (Online 

Repository). The four GST are dimeric and have an overall fold typical of this group of 

enzymes (Fig. 1A-E). Each monomer (one from each GST shown superimposed in Fig. 1E) 

is formed by two domains: 1) a small thioredoxin-like N-terminal domain (~ 80 residues) 

made of a combination of 3 α-helices and a 4 stranded β-sheet; and 2) a larger helical C-

terminal domain made entirely of α-helices (up to ~120 residues) (Fig. 1A-D).

The allergens belong to different classes of GST enzymes based on the structure and 

sequence analysis (Fig. E1, Tables E2 and E3, Online Repository). 21 The catalytic site 

between both domains had specific features depending on the class of GST. Bla g 5 and Asc 

s 13 are structurally related to the sigma class of GST enzymes (also known as Class II in 

studies of insect GST) (Fig. 1A, 1D). In a structure search, the best matches are to other 

GST from nematodes. Structural comparisons show that Bla g 5 (Fig. 1A) closely resembles 

the drosophila GST: dmGST-2. Initial studies confirm that Bla g 5 efficiently catalyzes the 

GSH-hydroxynonenal (NHE) conjugation similar to dmGST-2 (data not shown).8 In 

addition, Bla g 5 is unique among GST enzymes with a Cys at position 10 in the active site 

loop. In one molecule out of six in the crystal lattice, Cys10 was covalently linked to a GSH 

molecule, which remained in the canonical GSH position. However, to accommodate this 

linkage, the active site loop flipped to an alternate conformation that is expected to occlude 

an additional HNE substrate. Figure 1A (bottom) shows the typical GST conformation 

(magenta) and an alternate conformation (white) where Tyr9, which is usually the activating 

hydroxyl, is flipped away from the GSH and Cys10 forms a disulfide bond with the GSH.

Der p 8 and Blo t 8 are similar to the mu class of mammalian GST (Fig. 1B, C). Mu class 

enzymes typically attach GSH to highly electrophilic compounds. A distinctive difference of 

the mite GST appears to be the rare occurrence of a large aromatic moiety at position 14 in 

the active site loop instead of the usual leucine. This indicates that these enzymes may have 

different substrate specificities from other mu-class GST (Fig. 1B, 1C; bottom).

Lack of significant cross-reactivity with IgE from allergic patients and anti-Bla g 5 mAb

Originally, 22 sera from cockroach allergic patients and 16 plasma from mite allergic 

patients from North America were tested for direct binding to Bla g 5 and Der p 8. Fifteen of 

22 sera from cockroach allergic patients had Bla g 5-specific IgE, in agreement with the 

streptavidin ImmunoCAP analysis20. None of the 15 sera showed significant IgE reactivity 

to Der p 8, despite the fact that most sera (18/22) had IgE against D. pteronyssinus extracts 

(15.0 ± 25.8 kU/L; range 0.46 to >100 kU/L) (Fig. 2A). Similarly, 12 out of 16 plasma/sera 

from dust mite allergic patients, with IgE specific for D. pteronyssinus allergens, reacted 

with Der p 8, and none significantly reacted with Bla g 5 (despite IgE reactivity to Bla g 1 

and/or Bla g 2 in n = 6) (Fig. 2B). No significant IgE cross-reactivity was observed among 

the four GST tested, since none of the Bla g 5 or Der p 8-positive IgE antibodies reacted to 

the three remaining GST (Fig. 2C and D). Additional sera/plasma were tested to identify 
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samples suitable for IgE antibody binding inhition assays (Fig. E2 Online Repository). 

Considering all samples tested, the prevalences of IgE sensitization to Bla g 5 and Der p 8 

were 68% (23/34) and 49% (33/68), respectively. The immunoreactivity of each of the four 

GST to IgE from patients allergic to the respective source was proven for Bla g 5 and Der p 

8 (Fig. 2, E2), and for Blo t 8 and Asc s 13 (using sera from South American patients from 

tropical Colombia; Fig. E3 Online Repository).18

IgE binding to Der p 8 was only inhibited by Der p 8, but not by Bla g 5, Blo t 8 or Asc s 13 

using either a sera pool (Fig. 3A) or plasma from individual mite allergic patients from 

North American patients (Fig. 4A-E). Among cockroach allergic patients, Bla g 5 inhibited 

IgE antibody binding to Bla g 5, as expected, but so did Der p 8, partially or totally (Fig. 4F-
H). However, this binding by IgE from cockroach allergic patients to Der p 8 was at least 

~100-fold weaker than to Bla g 5 (Fig 4G-H insets). This low level of cross-reactivity only 

for cockroach allergic patients is similar to what was observed for anti-Bla g 5 murine mAb 

reacting with Der p 8 at very high mAb concentrations (Fig. 5, see below).

Six mAb raised against Bla g 5 were tested for their reactivity to Der p 8, Blo t 8 and Asc s 

13, to search for common antigenic determinants. The anti-Bla g 5 mAb showed minimal 

cross-reactivity to Der p 8 and Asc s 13 at very high concentrations of antibody (at least 

1,000-fold more than for binding Bla g 5) (Fig. 5). Four of the mAb were ~10-fold more 

reactive to Asc s 13 than to Der p 8. No cross-reactivity was observed between Bla g 5 and 

Blo t 8 (Fig. 5). Inhibition assays showed that the six mAb bound to at least 4 different 

overlapping areas of Bla g 5. The mAb 4B8, 1G9 and 3F3D7 were in the same cross-

reactive group (data not shown). Assuming that each epitope measures about 900 Å2, four 

non-overlapping epitopes would cover an important part of the immunogenic Bla g 5 surface 

(approximately 3,600 Å2 from 8,500 Å2, or 42% of the Bla g 5 monomer surface area). All 

tested mAb were able to individually inhibit IgE antibody binding to Bla g 5, showing their 

relevance for IgE antibody binding (Fig. 3B). The mAb 6E5 was not tested due to the low 

expression by the hybridoma.

Potential cross-reactive surface residues

In order to assess the similarity of the residues on the surface of the four GST, their 

structures were aligned and then colored for residue similarity (Fig. 6). In panels A-F, Asc s 

13, Der p 8, and Blo t 8 were compared to Bla g 5 and shaded accordingly. None of the 

structures display any substantial contiguous surface with amino acid identity to Bla g 5. 

The oval in Fig. 6C identifies 4 contiguous and two adjacent residues in common between 

Bla g 5 and Der p 8, which appears to be the most similar area between the two allergens 

that may account for the observed weak cross-reactivity (Fig. 6B, E4). This similarity is not 

present in the other two GST. The lack of similar surface residues is in agreement with the 

absence of substantial cross-reactivity or antibody binding of the six anti-Bla g 5 mAb tested 

for binding to Asc s 13, Der p 8 and Blo t 8.

From the structures, a Surface Area Similarity (SAS) index based on the surface exposed 

residues was calculated (Tables E1, E2, Online Repository). The weak mAb binding to Asc 

s 13 was in line with a larger number of identical residues on the Bla g 5 surface when one 
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compares Asc s 13 versus Der p 8 and Blo t 8 (SAS: 58% versus 47% and 46% respectively 

(Fig. 6, Table E2).

For a comparison where there is known cross-reactivity, Der p 1 is colored in Figure 6G 

with the similarity to Der f 1 (SAS: 86%), showing many identical residues. The structure of 

the epitope for the cross-reactive mAb 4C1, known to interfere with IgE antibody binding, is 

indicated in Figure 6G.22 Similarly, it was recently demonstrated that patient IgE antibodies 

cross-react with the cyclophilin allergens Cat r 1 and Mala s 6.23 Both allergens share 

surface residue similarity (Fig. 6H-I). Near the cyclophilin active site, there is a substantial 

contiguous surface of residue identity that is likely to be the source of the cross reactivity 

(SAS: 75%) (Fig. 6H).

Discussion

This study is a comparative analysis of four glutathione-S-transferase allergens at the atomic 

level, coupled with assessment of IgE cross-reactivity to these GST in U.S. allergic patients 

for diagnostic purposes. Most studies of GST allergens have been performed in tropical or 

sub-tropical areas, where cross-reactivity among certain GST has been suggested.9,18 The 

species producing these allergens often co-exist, and the distinction between co-sensitization 

and cross-reactivity is controversial.24 For example, dual sensitization to Blomia tropicalis 

and Dermatophagoides pteronyssinus is common. IgE cross-reactivity between both species 

is generally low and unique allergenic specificities of B. tropicalis allergens have been 

found.25 B. tropicalis allergens share little cross-reactivity with the three major 

Dermatophagoides pteronyssinus allergens Der p 1, Der p 2 and Der p 5.24-26 In temperate 

areas like the U.K., for patients naturally exposed only to D. pteronyssinus, a low cross-

reactivity was found. Cross-reactivity in this population was not due to group 5 allergens, 

which were species-specific.27

Four GST molecular structures were determined here, including the first two published 

structures of GST enzymes from the class Arachnida (Der p 8 and Blo t 8). The structures 

revealed a similar overall fold, typical of this group of enzymes, but low overall amino acid 

identities (23-37%). It has been estimated that cross-reactivity is rare below 50% identity at 

the level of the entire protein, and requires more than 70% identity in most cases.28 This is 

illustrated by the observation that Tyr p 8 cross-reacts with Der p 8 (which shares 83% 

identity). In contrast, two different classes of GST from Blattella germanica (mu Bla g 5 and 

a delta GST, sharing only 14% identity), showed IgE reactivity that was attributed to co-

sensitization.29,30 Despite this general rule, an unexpected cross-reactivity between Bla g 5 

and a GST from Wuchereria bancrofti (WbGST), a major lymphatic filarial pathogen of 

humans, was reported, with only a 27.9% identity between both proteins (alignment in Fig. 

E1, Online Repository).31 Although the authors identified shared linear epitopes possibly 

responsible of a low level of cross-reactivity, the corresponding peptides were unable to 

fully inhibit the IgE antibody binding to the protein.

The fundamental determinant of cross-reactivity is the presence of clusters of identical 

amino acids on the molecular surface that are accessible to antibodies; these clusters are not 

always readily apparent in a sequence comparison. A low level of homology, without 
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clusters of high identity, was found on the molecular surface of the four GST structures 

analyzed, in contrast with the positive control comparison of Der p 1 and Der f 1.22 In 

agreement with these findings, the immunological analysis showed no significant cross-

reactivity among the four GST using either IgE antibodies from U.S. patients sensitized to 

Bla g 5 and/or Der p 8, or murine anti-Bla g 5 mAbs that bind to epitopes overlapping with 

IgE binding sites, by direct and/or indirect binding assays.

Regarding direct binding assays, it has been reported that passive adsorption on polystyrene 

results in partial loss of protein function. Therefore, allergens coating the plates may not 

always be present in their “native state”.32 The plates were coated with a large amount of 

allergen (10 μg/ml). Even a large loss of 90% of protein, would leave 100 ng/well in the 

native conformation. In addition, NMR experiments showed that there was no effect of pH 

changes (mimicking the ones that occur due to allergen adsorption to plates in direct binding 

assays) on the allergen conformation (data not shown). The levels of IgE antibody binding 

measured strongly suggest the presence of correctly folded IgE conformational epitopes in 

the recombinant GST used for the direct antibody binding assays.

IgE were specific for Der p 8 among mite allergic patients from temperate areas. The 

epitopes for these IgE antibodies may either be located in parts of the allergen surface non-

structurally equivalent, or in structurally equivalent parts of the surface that have different 

amino acids. On the other hand, IgE against Bla g 5 showed weak binding to Der p 8 by 

antibody inhibition assays. This low level of IgE cross-reactivity between Bla g 5 and Der p 

8, only among cockroach allergic patients, was similar to the one observed for anti-Bla g 5 

murine mAb reacting with Der p 8. There are residues in common between Bla g 5 and Der 

p 8 (i.e. 18-25 and 65-80 by Bla g 5 sequence numbering (Fig. E1 Online Repository), but 

they are mostly not accessible for antibody binding in Der p 8. A structural alignment 

revealed a possible discontinuous epitope on Der p 8 that could be responsible for this low 

level cross-reactivity (Asp 28, Asp 31, Arg 33, Gln 35, Asn 49 and Lys 201 of Der p 8, Fig. 
E4). Since a lack of cross-reactivity was observed among mite allergic patients, these results 

suggest a low level of asymmetric cross-reactivity between Bla g 5 and Der p 833, and 

confirm a lack of significant IgE cross-reactivity among the four GST. Although Aalberse et 

al. suggested that complete absence of cross-reactivity cannot be proven, the results clearly 

show a lack of significant in vitro IgE cross-reactivity, that should translate into a lack of 

clinical cross-reactivity (whereas the reverse does not always occur).34 This observation was 

facilitated by using sera from patients living in temperate areas, who are not co-sensitized to 

allergens or parasite antigens present only in tropical environments (i.e. Blo t 8, Asc s 13).

The strongest IgE responses in patients from temperate areas were to Bla g 5 and Der p 8. 

The lack of significant cross-reactivity between both allergens was proven by direct binding 

and further confirmed by inhibition of IgE antibody binding. Although a moderate cross-

reactivity has been reported between Der p 8 and GST from American cockroach 

(Periplaneta americana) whole body extract,9 this result cannot be extrapolated to Bla g 5 

for several reasons. First, the affinity purification performed in the study by Huang et al., 

using glutathione agarose beads, would have resulted in the isolation of many GST (such as 

the ones described from delta and theta classes, that share only 10-22% identity with Bla g 

5) (details in Online Repository). Second, Bla g 5 belongs to a different class (sigma) than 
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other GST from German cockroach (delta and theta) and Der p 8 (mu). The identity between 

Bla g 5 and these GST is low (~20% with German cockroach GST and 28% with Der p 8), 

below the 35% estimated threshold under which high-affinity cross-reactivity is unlikely.33

The GST positive patients from the U.S. did not recognize the tropical allergens Blo t 8 and 

Asc s 13, in agreement with the low homologies between Bla g 5 or Der p 8 and either Blo t 

8 or Asc s 13 (range 23-37%) (Table E2). Cross-reactivity among GST needs to be further 

evaluated in tropical environments, where evidence of cross-inhibition of a GST band using 

extracts from Ascaris and B. tropicalis has been observed.15 In tropical areas, the 

simultaneous exposure to cockroach, mites and Ascaris could generate a stronger and more 

diverse response with an increased repertoire of recognized epitopes.35 A lack of cross-

reactivity between GST inhalant allergens and the Asc s 13 has implications for the 

interpretation of interactions between disease mechanisms of helminth IgE-binding 

components and allergens. These interactions are likely not to be relevant for GST compared 

to other highly cross-reactive proteins such as tropomyosins.14-17

Diagnosis of cockroach allergy relies on the use of cockroach extracts by either skin test or 

in vitro ImmunoCAP. Molecular allergy diagnosis can also be performed, using a panel of 

four cockroach allergen components (Bla g 1, Bla g 2, Bla g 5 and Bla g 7) available on 

microarray (ImmunoCAP-ISAC). To design a panel of cockroach allergens for molecular 

diagnosis, the aspartic protease Bla g 2 and the GST Bla g 5 are the main allergens of choice 

due to their highest IgE prevalence, and their specificity for German cockroach.3,6 Allergens 

from groups 1 and 7 are clinically cross-reactive and will not allow distinction of IgE 

sensitization between common species such as German and American cockroaches. The 

importance of Bla g 5 in cockroach allergy is additionally supported by: 1) the strength of 

the specific IgE response, with the highest IgE antibody titers compared to allergens from 

groups 1, 2, 4 and 7; and 2) the highest correlation between skin test reactivity to cockroach 

extract and specific IgE to Bla g 5.6,36 The homologous mite allergen Der p 8 is a major 

allergen in tropical and sub-tropical areas.9 The IgE reactivity to native Der p 8 was 96% 

among mite-sensitized subjects from sub-tropical Taiwan, and 75% and 65% in the tropical 

countries of Malaysia and Singapore, respectively.9 Lower IgE prevalences have been 

measured for Der p 8 in Australia (25% and 40%) and in European countries with temperate 

climates (9-16%), and for Blo t 8 (25%).9-12 To diagnose mite allergy, a panel of three 

allergens from D. pteronyssinus is available by ImmunoCAP ISAC: Der p 1 and Der p 2 

(which are immunodominant) and the minor allergen Der p 10. Although the addition of 

mite GST may not be required in temperate areas due to its low prevalence, further studies 

will be required to assess if their addition will improve molecular diagnosis in tropical and 

sub-tropical areas.

In conclusion, consistent evidence for a lack of cross-reactivity among GST observed in the 

present study is especially relevant for the development of more accurate molecular 

diagnostic techniques, by which assessment of specific IgE responses to isolated natural or 

recombinant allergens is carried out in single tests or microarrays and multiplex assays. The 

use of species-specific GST should be included in diagnostic panels for evaluating allergies, 

especially to cockroach, for the identification of sources of IgE cross-reactivity to be 

avoided and for the development of immunotherapy. The non-cross-reactive antibodies 
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identified in this study will also be useful for assessment of exposure and sensitization to 

GST allergens.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

Ab Antibody

CR Cockroach

Der p Dermatophagoides pteronyssinus

ELISA Enzyme-linked immunosorbent assay

GST Glutathione S-transferase/s

GSH Glutathione mAb Monoclonal antibody/ies

SDS-PAGE Sodium dodecyl sulfate-polyacrylamide gel electrophoresis

PDB Protein Data Bank

RMSD Root-mean-square deviation

WbGST GST from Wuchereria bancrofti
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Clinical Implications

The lack of significant in vitro IgE cross-reactivity to Bla g 5, Der p 8, Blo t 8 and Asc s 

13 in allergic patients from temperate climates highlights that species-specific GST are 

required for molecular diagnostics.
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Capsule Summary

A low identity at the molecular surface of four GST from cockroach, mite and Ascaris is 

reflected in a lack of significant cross-reactivity of anti-Bla g 5 murine mAb and IgE 

from patients living in a temperate environment.
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Figure 1. GST Allergen Structures
A-C (top) and D) Ribbon diagrams of the dimer. E) Superposition of monomers, and N-

terminal thioredoxin-like sub-domain (dashed oval). Two active site conformations of Bla g 

5, and the active site loop of Der p 8 and Blo t 8 (GSH molecule in white) are shown in 

bottom of A, B and C, respectively. Arrows in three colors indicate how the structures in A-

D are rotated with respect to E. Black arrows in A and E show the C-termini.
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Figure 2. IgE reactivity to GST
A) IgE reactivity to Bla g 5 and none to Der p 8 in 15/22 cockroach allergic patients (from 

which 18 had also IgE reactivity to D. pteronyssinus by ImmunoCAP). B) IgE reactivity to 

Der p 8 and none to Bla g 5, in 12/16 mite allergic patients. C, D) IgE from 15 Bla g 5-

positive sera (C) and 12 Der p 8-positive sera (D) did not bind Asc s 13 and Blo t 8. Two 

positive controls are on the right. Horizontal bars represent the median of the values. Dotted 

lines represent a cutoff value for a positive ELISA reading as defined in the methods.
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Figure 3. Inhibition of IgE reactivity to GST
A) Inhibition of IgE binding to Der p 8 by Der p 8, but not the other three GST using a pool 

of three sera from mite allergic patients from North America. B) Inhibition of IgE binding 

by anti-Bla g 5 mAb, but not by the anti-Bla g 1 mAb 7C11 negative control. Serum was 

from a patient highly allergic to cockroach (>100kU/L) sensitized to Bla g 1 (29.6kU/L) and 

Bla g 5 (94.5kU/L).
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Figure 4. Inhibition of IgE reactivity to GST by Bla g 5 and Der p 8
A-E) IgE reactivity to Der p 8 was only inhibited by Der p 8 among mite allergic patients 

from North America. F-H) IgE reactivity to Bla g 5 was inhibited by Bla g 5, and at ~100-

fold less affinity by Der p 8 among cockroach allergic patients. (insets show larger range of 

inhibitor concentrations).
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Figure 5. Recognition of GST by anti-Bla g 5 mAb
Comparison of dose-response curves of six anti-Bla g 5 mAb binding to A) Bla g 5 (curves 

in solid lines) and to each of the other three GST: B) Der p 8, C) Blo t 8 and D) Asc s 13 

(curves in dashed lines). Note the differences in the X-axis: there was a 1,000-fold lower 

concentration of mAb required for binding to Bla g 5, compared to the other GST.
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Figure 6. Surface residue comparisons
Residue similarity of Asc s 13 (A, B), Der p 8 (C, D), and Blo t 8 (E, F) to Bla g 5. G) Der p 

1 similarity to Der f 1, and epitope for cross-reactive mAb 4C1 (circle).37 H-I) Mala s 6 

similarity to Cat r 1.23 Color bar represents residue similarity from low (light blue) to high 

(maroon) (Online Repository). Grey represents gaps or insertions in sequence alignment. 

Arrows indicate how the structures are rotated with respect to each other.
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