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abstRact
Background: Current research in allergy diagnosis suggests the potential 
utility of panallergens representing families of proteins with structural simi-
larities. Many allergies could thus be diagnosed using a discrete number 
of proteins occurring in distantly related species. Recombinant proteins are 
chosen because they are easy to produce in large quantities. However, 
posttranslational modifications and differences in secondary and tertiary 
structures (folding) make them different from their native homologues. In this 
study we assess differences in reactivity between native and recombinant 
tropomyosins from black tiger shrimp (Peneus monodon) using the chemilu-
minescent IMMULITE® 2000 3gAllergy™ assay for allergen-specific IgE. 

Methods: Recombinant Pen m 1 (rPen m 1) was cloned and expressed in 
E. coli, affinity purified and refolded by dialysis against 0.2 M bicarbonate 
buffer at pH 9.5. The cDNA sequence was identical to the tropomyosin  
from Peneus aztecus (Pen a 1). Native Pen m 1 (nPen m 1) was extracted 
from black tiger shrimp and purified to homogeneity. Both nPen m 1 
and rPen m 1 reacted with a commercial monoclonal antibody against 
arthropod tropomyosin (MAb 1A6, Indoor Biotechnologies). 

Results: The reactivity of IgE from the sera of patients known to be allergic 
to shrimp was tested with both nPen m 1 and rPen m 1 by IMMULITE 2000 
and compared to Pharmacia’s UniCAP® which uses rPen a 1. rPen m 1 and 
rPen a 1 showed similar results in detecting serum specific IgE. However, 
the recombinant proteins were less sensitive than the native one. nPen m 1 
reacted with serum from a shrimp-allergic patient (class 3) missed by both 
rPen m 1 and rPen a 1. nPen m 1 previously incubated with an IgE-reac-
tive pool inhibited the reactivity to rPen a 1 (UniCAP) by 86%. Mouse anti-
sera against nPen m 1 and rPen m 1 reacted to tropomyosins from shrimp, 
lobster, squid, cockroach and house dust mites. 

Reactivity differences may be related to the formation of high-molecular-
weight species in nPen m 1 absent from rPen m 1. By Western blot, 3 shrimp-
allergic patients out of 30 reacted with the high-molecular-weight forms, but 
not the monomer, of nPen m 1 and were negative against rPen m 1. 

Conclusions: This study demonstrates the validity of using panallergens in 
the diagnosis of allergies and the determination of cross-reactivity. It also 
suggests that recombinant proteins may not always be as effective as native 
proteins in allergy diagnosis.

INtRoductIoN
Tropomyosin belongs to a family of highly conserved proteins with multiple 
isoforms present in muscle and nonmuscle cells of all species of vertebrates 
and invertebrates. Its native structure consists of two parallel alpha-helical 
molecules wound around each other to form a coiled-coil dimer. Aller-
genic tropomyosins are found in invertebrates such as crustaceans (shrimp, 
lobster, crab, crawfish), arachnids (house dust mites), insects (cockroaches), 
and mollusks (octopus, squid, snail).1 Vertebrate tropomyosins are nonal-
lergenic. Because it shows high cross-reactivity among shellfish and arthro-
pods, tropomyosin is considered an invertebrate panallergen.2,3 

IgE reactivity correlates with three-dimensional structure.4 Therefore, struc-
tural differences between native tropomyosin and its recombinant counter-
part may result in different patterns of patient recognition. Posttranslational 
modifications or inappropriate refolding may be the cause of the reduced 
allergenicity of bacteria-expressed tropomyosin. The acetylation of the  
N-terminus of vertebrate tropomyosins is believed to contribute to their 
inability to elicit an IgE response. Reports using native tropomyosin found 
that the frequencies of IgE reactivity to D. farinae and P. americana were 
80.6%5 and 41.4%,6 respectively, while similar research for the recombi-
nant homologous tropomyosins from D. pteronyssimus and B. germanica 
found frequencies of 5.6% and 16.2%, respectively.7

Recent studies have emphasized the classification of allergens in clus-
ters of structurally related families.8–10 At the core of this classification is 
the phenomenon of cross-reactivity, largely determined by the structural 
aspects.11 The wide use of bioinformatic tools allows clustering of proteins 
into families on the basis of their shared amino acid sequences and 
conserved three-dimensional structures. In 2001, the FAO/WHO proposed 
that a protein be regarded as potentially cross-reactive if it has an identity 
of at least six contiguous amino acids or more than 35 percent sequence 
similarity over a window of 80 amino acids when compared with known 
allergens.9 

The classical view that patients might react from one to hundreds of aller-
gens has been challenged by the discovery of narrowly reactive (family-
restricted) or broadly reactive (panallergens) allergenic proteins. Thus, a 
patient’s reactivity resulting from the sensitizing process could be traced 
back to exposure to a single source.8 The clinical relevance of the molec-
ular approach to study allergenic cross-reactivity and its implications on the 
development of component-resolved diagnosis and immunotherapy have yet 
to be determined.

mEthods
Native Pen m 1 was purified from a modification of the method of Smillie.12 
Briefly, black tiger shrimp tails were frozen in liquid nitrogen and subjected 
to a series of ethanol and acetone extractions. The tropomyosin in the 
acetone extract was further purified through isoelectric and ammonium 
sulfate precipitation steps and ion exchange chromatography. 

Recombinant Pen m 1 was cloned and expressed in E. coli as a His-tagged 
protein, purified by affinity chromatography in 6 M guanidine, and refolded 
by dialysis against 0.2 M bicarbonate buffer at pH 9.5. 

The purity of the Pen m 1 preparations was evaluated by SDS-PAGE under 
denaturing and reducing conditions. Reactivity against a commercially avail-
able monoclonal antibody (MAb 1A6) was used for identification purposes 
(Figure1).

3gAllergy (DPC, Los Angeles, CA, US) is a two-step enzyme (alkaline phos-
phatase) immunoassay that uses liquid-phase allergens and a chemilumines-
cent substrate (1,2-dioxetane phosphate) to quantitate allergen-specific IgE 
in human serum. It is run in the same manner as other immunoassays on the 
IMMULITE 2000 or IMMULITE 2500 immunoassay system.

REsults

coNclusIoNs
•  The performance of the native Pen m 1 is frequently superior to both the recombinants  

Pen m 1 and Pen a 1 over a wide range of IgE concentrations.

•  Native Pen m 1 inhibited the immunoreactivity of different species of invertebrates—- 
crustaceans, arachnids, mollusks and insects—-as well as almost completely inhibiting  
the immunoreactivity of the recombinants Pen m 1 and Pen a 1.

•  The strong cross-reactivity of native Pen m 1 underscores its utility as a panallergen in  
clinical diagnosis.

•  Purified natural proteins might offer superior performance in comparison to recombinant 
allergens and they are likely candidates for tools in component-resolved diagnosis.
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Figure 3. 3gAllergy Specific IgE (sIgE). Immunoreactivity of native Pen m 1 compared to whole shrimp extract 
(F24), recombinant Pen m 1 (3gAllergy) and recombinant Pen a 1 (UniCAP).
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Figure 4. Inhibition of recombinant Pen m 1 and recombinant Pen a 1 by native Pen m 1. Native Pen m 1 was 
diluted appropriately and allowed to react with a positive pool for 1 h at RT. The inhibited positive pool was evalu-
ated by UniCAP (recombinant Pen a 1) or 3gAllergy (recombinant Pen m 1). Controls were run with negative sera 
and diluent.
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Figure 5. Inhibition of native Pen m 1 by tropomyosin from nine different invertebrate species. Whole extracts 
from nine different invertebrate species were diluted appropriately and allowed to react with arthropod-posi-
tive serum pool for 1 h at RT. The inhibited arthropod-positive serum pool was then reacted with native Pen m 1 
and evaluated by 3gAllergy. Controls were run with negative sera and diluent. 
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Figure 6. Inhibition of native Pen m 1 by tropomysin from nine different invertebrate species as a function of 
sequence homology. Sequence identity was determined by multiple sequence alignment using the program 
ClustalW (www.ebi.ac.uk/clustalw/). ClustalW scores are calculated as a percentage of the number of identi-
ties in the best alignment divided by the number of residues compared (gap positions excluded).13
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Figure 1. a) SDS-PAGE (reducing conditions) of the purified native (N) and the purified recombinant (R) Pen m 1. 
b) Western blot of the purified native (N) and the purified recombinant (R) Pen m 1 probed with MAb 1A6 (raised 
against arthropod tropomyosin, Indoor Biotechnologies) and alkaline phosphatase–labeled goat antimouse  
polyclonal antibody.
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Figure 2. Immunoreactivity of purified native and purified recombinant Pen m 1 against patients’ sera. Samples 
were analyzed by Western blot using the serum of different patients as the primary antibody and alkaline 
phosphatase–labeled anti–human IgE as the secondary antibody. Patients 1, 2 and 3 showed immunoreactivity 
to high-molecular-weight forms of native Pen m 1 but not to recombinant Pen m 1.  Patient 4 (provided here 
for comparison) immunoreacted with both native and recombinant Pen m 1 (high-molecular-weight bands 
were prominent only for the native protein). Nr = native reduced, Rr = recombinant reduced,  
Nnr = native nonreduced, Rnr = recombinant nonreduced.


