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Abstract

For proteins to cause IgE-mediated allergic reactions, several common characteristics have to be
defined, including small molecular size, solubility and stability to changing pH levels and
enzymatic degradation. Nevertheless, these features are not unique for potent allergens, but are
also observed in non-allergenic proteins. Due to the increasing awareness by regulatory authorities
regarding the allergy pandemic, definition of characteristics unique to potent allergens would
facilitate allergenicity assessment in the future. Despite major research efforts even to date the
features unique for major allergens have not been elucidated so far. The route of allergen entry into
the organism determines to a great extent these required characteristics. Especially orally ingested
allergens are exposed to the harsh milieu of the gastrointestinal tract but might additionally be
influenced by food processing. Depending on molecular properties such as disulphide bonds
contributing to protein fold and formation of conformational IgE epitopes, posttranslational
protein modification or protein food matrix interactions, enzymatic and thermal stability might
differ between allergens. Moreover, also ligand binding influences structural stability. In the
current review article, we aim at highlighting specific characteristics and molecular pattern
contributing to a stabilized protein structure and overall allergenicity.
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1 Introduction

Since many years analyzing common allergen characteristics has been a major research
focus worldwide. To answer the question what makes certain proteins to become allergens,
the terms allergy and allergens have to be well defined. As proposed by an expert panel of
the World Allergy Organization (WAO) in 2003, an allergic response is defined as a
hypersensitivity reaction with objectively documented symptoms triggered by
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immunological mechanisms, which is initiated by an IgE- or non-IgE-mediated response
(Johansson et al., 2004). Due to essential mechanistic differences only the impact of protein
stability in the context of IgE-mediated response will be discussed in this review. Referring
to IgE-mediated allergic reactions, the term allergen describes an antigen triggering an
allergic response by IgE binding after initial sensitization (Aalberse, 2000). Based on this
definition the most important property of allergens distinguishing them from non-allergenic
proteins is the sensitizing capacity in susceptible subjects (Aalberse, 2000). Moreover, also
the elicitation of an allergic immune response is an important characteristic of allergens
(Masilamani et al., 2012). To trigger an allergic immune response, allergens have to come in
contact with immune cells via mucosal body surfaces or the skin. In scientific literature,
allergen characteristics such as solubility, stability, as well as molecular properties and
molecular size have been repeatedly reviewed and summarized (Aalberse, 2000; Huby et al.,
2000). Thus, specific protein properties are essential to reach the organ specific immune
induction sites.

2 Implications of allergen stability based on organ specific entry routes

Allergens get access to the human immune system by two different entry pathways, i.e. via
the skin or via mucosal surfaces (Dunkin et al., 2011). Depending on the location of allergen
uptake, specific molecular properties, which in part are linked with allergen stability, are
required to enable transport through epithelial barriers and interaction with organ resident
immune cells. In turn, requirements for allergens stability can be allocated to different organ
systems based on knowledge regarding specific characteristics of different entry routes (Fig.
1). Allergen stability can be defined as the ability of proteins to preserve their native, three-
dimensional pattern after chemical, physical or protease treatment over time (Breiteneder
and Mills, 2005; Deller et al., 2016).

Allergens entering the organism via the skin have to be able to cross the epidermal barrier.
Between the outer layer of corneocytes, lines of intercellular lipids form hydrophobic and
hydrophilic structures modulating skin permeability (De Benedetto et al., 2012). Thus,
allergens penetrating outer barrier of intact skin have to show hydrophobic properties or
need binding to a lipophilic carrier. Due to lack of protein degrading enzymes no specific
enzyme stability is required in this compartment. Furthermore, the need for specific stability
properties of intradermally injected allergens such as insect venoms is even lower as after
injection no further barrier has to be crossed (Fig. 1).

Inhalant allergens, such as pollen, house dust mite proteins or spores, do not require specific
stability to low pH levels or to enzymes. Upon inhalation allergens need to exhibit extensive
solubility in the aqueous milieu of the mucosal surfaces and the correct particular size to
enter and escape mucus binding properties, as both mucus and tissue of the respiratory tract
might act as an allergen reservoir (Rimmer et al., 2015). Tear film mucins show similar
functional properties, due to their genuine role to prevent antigen and pathogen interaction
with the ocular surface (Hodges and Dartt, 2013). Of interest, the proteolytic activity of
allergens themselves seems to confer enhanced sensitizing potential by disruption of
epithelial barrier layers as it has been shown e.g. for house dust mite allergens (Wan et al.,
1999).
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Allergen sensitizing via the gastrointestinal tract require high protein stability to ensure
proteolytic and hydrolytic resistance (Breiteneder and Mills, 2005). If food processing
precedes ingestion, major allergens triggering an allergic response via the oral route even
have to show heat resistance. Due to the high stability requirements for proteins triggering
an allergic response after oral ingestion, this article will primarily focus on this route of
allergen exposure to highlight the relevance of protein stability in allergic disease.

3 Characteristics of food allergens associated with protein stability

When it comes to allergens triggering an allergic response via the oral route, several specific
characteristics have been described in the scientific literature. Only few proteins account for
most food allergies and many food allergens share some common characteristics, which
nevertheless are not unique to them (Bannon, 2004; Breiteneder and Mills, 2005; Vickery et
al., 2011). Food allergens are usually relatively abundant in the food source, which seems to
enhance their chance to interact with the immune system (Bannon, 2004). Allergenic food
proteins are generally relatively small with a molecular size below 70 kDa (Vickery et al.,
2011) However, a molecular size of at least 3.5 kDa is necessary to induce an antibody
response, as smaller fragments of e.g. digested p-lactoglobulin (BLG) were no longer
immunoreactive (Bogh et al., 2013). For a long time food allergens were typically classified
into two groups. Class | allergens or complete allergens were described to sensitise via the
oral route (Bannon, 2004). This group included allergens found in peanut, milk or wheat,
which were accepted to elicit severe, generalized symptoms. Class 11 allergens, also known
as non-sensitising elicitors or incomplete allergens, were revealed to share homologies with
aeroallergens (Aalberse, 1997; Vieths et al., 2002). Sensitisation was defined to occur
indirectly towards cross-reactive aeroallergens via the respiratory route. Class Il allergens
were considered to be associated with milder, local symptoms such as the oral allergy
syndrome (Webber and England, 2010).

In line with this classification, frequently found linear IgE binding epitopes seem to play an
important role in food allergy as conformational epitopes are lost during the passage through
the gastrointestinal tract (Bannon, 2004). Especially in milk and egg allergy, the presence of
IgE recognizing linear epitopes was described to be associated with reactions to heated
allergens and persistence of allergic symptoms (Chatchatee et al., 2001; Jarvinen et al.,
2007). However, the ratio of recognised linear versus conformational epitopes was shown to
vary between different milk allergens a-lactalbumin (ALA), B-casein and BLG (Madsen et
al., 2014). Thus, the sensitising capacity after gastrointestinal digestion may depend on the
one hand on allergen stability to proteolysis during passage through the digestive tract and
on the other hand on the abundance of linear epitopes with immunostimulating capacity, as
conformational epitopes may get destroyed.
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4 Gastrointestinal physiology or food associated factors influencing
allergen stability

4.1 Stability to gastrointestinal protein digestion

As outlined above, one of the main characteristic of proteins triggering an allergic response
via the gastrointestinal tract seems to be resistance to gastrointestinal digestion. Protein
digestion is influenced by several factors and consequently varies among different
individuals. Digestion of ingested proteins starts with mastication and maceration in the oral
cavity. Breaking food into smaller particles facilitates the subsequent gastrointestinal
enzymatic digestion. In the oral cavity the enzymes a-amylase, secreted by the salivary
glands, and lingual lipase start enzymatic degradation. The cleavage of 1,4-glycosidic bonds
of carbohydrates by amylase affects allergens, as most are glycoproteins (Fig. 2) (Boehlke et
al., 2015). After this initial oral digestion, ingested proteins are swallowed. Following a
quick esophageal passage, proteins enter the stomach and denature due to the acidic gastric
fluid. Besides denaturation, a low gastric pH is essential for pepsin activation. At low pH
levels, pepsinogen, the inactive zymogen secreted by the parietal cells, gets activated.
Moreover, unfolded proteins are more susceptible to enzymatic hydrolysis due to exposed
cleavage sites. With an enzymatic optimum between pH 1.8-3.2, pepsin, an aspartic
protease, hydrolyses proteins preferentially, but not exclusively, between hydrophobic and
aromatic amino acid residues phenylalanine, tyrosine, tryptophan and leucine (Oka and
Morihara, 1970; Tang, 1963; Trout and Fruton, 1969). In fasted state, gastric fluids of
healthy adults are acidic with a pH between 1.5 and 3 and with a pepsin concentration
between 0.11-0.22 mg/ml increasing up to 0.58 mg/mL after eating (Fig. 2) (Kalantzi et al.,
2006; Lu et al., 2010). Gastric fluid of newborns is less acidic since the acid secretion
increases with parietal cell mass (Gan et al., 2018). This implies a reduced activity of pepsin,
which together with lower concentrations of other digestive enzymes may cause overall less
proteolysis in the gastrointestinal tract of infants than in adults (Gan et al., 2018). Also in
advanced age a reduced gastric acid production was reported, mainly in association with
Helicobacter pylori infection and atrophic gastritis, and age additionally seems to impact on
pepsin output (Feldman et al., 1996). Though a certain pH is needed for optimal enzyme
activity, the gastric pH is far from being constant. Fluctuations of pH levels depend on the
amount and composition of ingested food. While a protein rich meal has a high buffer
capacity, a high fat content delays gastric emptying and leads to acidification (Charman et
al., 1997). The gastric pH can increase from pH 2 in the fasted state up to pH 6.5 depending
on the buffer capacity of the ingested food and pH levels decrease again with time (Gan et
al., 2018; Kalantzi et al., 2006).

Despite its clear physiological function, the role of gastric acidity is still controversially
discussed in scientific literature. Due to increasing knowledge regarding pH fluctuations
depending on the composition of the ingested meals, the importance of an acidic gastric
environment has been questioned (Keller, 2012). Other studies concluded that enzymatic
digestion in the stomach is not essential for overall protein digestion, as patients after gastric
bypass surgery, which excludes main parts of the stomach from digestion, did not show
signs of protein malabsorption (Bojsen-Moller et al., 2015). In contrast, the important
protein digestive function of the stomach in allergies was underlined by the fact that gastric
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bypass patients were revealed to have an increased risk for developing allergies evidenced by
increasing numbers of sensitizations after Roux-en-Y gastric bypass surgery (Shakeri-
Leidenmihler et al., 2015). Moreover, pharmacologically induced gastric hypoacidity was
found to be associated with food sensitization and food allergy induction in both
experimental mouse studies and human observational studies in patients being treated with
anti-ulcer medication due to dyspeptic disorders (DeMuth et al., 2013; Pali-Schdll et al.,
2010; Scholl et al., 2005; Trikha et al., 2013; Untersmayr et al., 2005; Untersmayr et al.,
2003).

As the food bole enters the intestine, the low pH of the gastric content induces secretin
release, which in turn leads to secretion of bicarbonate from the pancreas to increase the pH
up to 7 (Keller and Layer, 2005). The presence of amino acids in the duodenum leads to
secretion of cholecystokinin which triggers release of pancreatic enzymes trypsin,
chymotrypsin, carboxypeptidase A and B, enteropeptidases and elastase (Fig. 2). They are
secreted as inactive zymogens and have a pH optimum at 7-8 (Keller and Layer, 2005).
Activated trypsin and chymotrypsin cleave peptide bonds at the carboxyl side of basic and at
the carbony! group of aromatic amino acids, respectively (Erickson and Kim, 1990). Also
the duodenal pH shows fluctuations. With a pH at 6.2 in the fasted state, the duodenal pH
increases after administration of a complete nutrient drink, but slowly decreases with gastric
emptying (Kalantzi et al., 2006).

4.2 Matrix effects influencing protein stability

In addition to the physiological conditions in the gut, the protein source itself influences
stability to gastrointestinal protein digestion. Beside the intrinsic susceptibility of an allergen
to enzymatic degradation, other components of the food can alter digestion patterns. The
lipid content of food prolongs transit time and p-casein and BLG proteolysis has been shown
to differ between emulsions and solutions (Macierzanka et al., 2009; Mackie et al., 2012).
Therefore, also the activity of lingual, gastric and pancreatic lipase may play a significant
role in allergen digestion and absorption. Phosphatidylcholine, a lipid contained in milk and
gastric secrets, has been shown to hinder proteolysis of BLG (Mandalari et al., 2009).
Different digestion products were found in a simulated gastrointestinal digestion with and
without addition of phosphatidylcholine (Mandalari et al., 2009).

Other properties of the food matrix influence the susceptibility of proteins to digestive
enzymes (Di Stasio et al., 2017; Schulten et al., 2011). A food matrix rich in protein,
carbohydrates and fat was shown to influence the digestion of three different allergens, Mal
d 1, Bos d 5 and Cor a 8. Food composition slowed digestion, but simultaneously also
reduced the allergen uptake by Caco-2 cells, a small intestinal epithelial cell model
(Schulten et al., 2011). Ber e 1, the major allergen from Brazil nut, revealed its allergenic
potential only when interacting with the specific lipid fraction C of the nut. Thus, it seems to
be essential to consider interactions of food components when investigating allergenic
properties of proteins (Mirotti et al., 2013).
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4.3 The role of protein stability in the context of food processing

Food preservation and improvement of food quality is substantially influenced by different
forms of food processing (Sathe and Sharma, 2009). There is growing evidence that food
processing also substantially impacts on protein structure and stability and subsequently also
allergenicity (Merhoeckx et al., 2015). Especially, heat treatments such as baking, cooking,
roasting, pasteurization and others change allergen stability and activity by chemical
modification, unfolding protein structure and/or aggregation with the food matrix (Besler et
al., 2001). Prominent examples are members of the PR-10 Bet v 1 protein family losing their
allergenic activity after heating due to protein unfolding (Bohle et al., 2006). Heat treatment
might also be associated with enhanced allergenic potential due to conformational changes.
Pasteurization was revealed to induce aggregation of the milk proteins BLG and ALA with
direct impact on allergic sensitization due to enhanced uptake via M-cells overlying
intestinal Peyer’s patches (Roth-Walter et al., 2008). Nevertheless, denaturing effects of
heating were also shown to reduce IgE binding capacity of BLG (Ehn et al., 2005). With
regards to thermal processing the presence of food matrix such as lipids and carbohydrates is
of paramount importance. A prominent example is protein glycation during the Maillard
reaction (Teodorowicz et al., 2017). After roasting, peanut allergenicity was found to be
enhanced by formation of aggregates influencing also protein digestibility (Gruber et al.,
2005; Maleki et al., 2000). Also for the shellfish allergen tropomyosin, Maillard
modification in dried fish products was described to have a higher IgE binding capacity due
to creation of new epitopes being associated with primary sensitization to the glycated
tropomyosin (Nakamura et al., 2005). However, glycation of fruit allergens seems to have a
varying effect on allergencity. While the Maillard reaction decreased the IgE binding
capacity of the PR-10 protein Pru av 1, the major cherry allergen (Gruber et al., 2004), it
protected the lipid transfer protein (LTP) apple allergen Mal d 3 from denaturing thermal
processing effects (Sancho et al., 2005).

In addition, there are also numerous non-thermal processing methods such as e.g.
hydrolysis, fermentation UV-exposure and radiation influencing protein stability. In most
cases, hydrolysis of food allergens by digestive enzymes is associated with a reduced
allergenicity, which is also used for e.g. the preparation of hypoallergenic hydrolysed milk
formula (Bahna, 2008). Additionally, fermentation of milk proteins by Lactobacilli was
found to reduce IgE binding capacity and allergenicity (Yao et al., 2015). Lactic acid
bacteria found in sourdough were furthermore able to hydrolyze wheat allergens and
degrade IgE epitopes (De Angelis et al., 2007; Rizzello et al., 2006).

Nevertheless, stability to both enzymatic digestion along the gastrointestinal tract as well as
resistance to different methods of food processing depends on protein characteristics such as
folding and ligand binding.

5 Protein intrinsic characteristics affecting allergen stability

5.1 Protein sequence and three-dimensional protein structure

The molecular protein structure is directly linked to allergen stability. The knowledge
regarding allergen structure has substantially increased during the past years and more than
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one hundred non-redundant allergen structures have been published so far (Dall’ Antonia et
al., 2014). Nevertheless, the major allergens can be grouped in a limited number of protein
families (Masilamani et al., 2012).

Disulphide bonds may contribute to the digestion resistance of allergens by stabilising the
three-dimensional structure in the harsh environment of the gastrointestinal tract or by
hindering the dislocation of digestion fragments and stabilizing IgE binding epitopes (Fig. 3)
(Sen et al., 2002). The 17 kDa protein Ara h 2 has eight cysteine residues with the potential
to form four intramolecular disulphide bonds. Digestion with pepsin, chymotrypsin and
trypsin leads to a 10 kDa digestion resistant fragment, which contains multiple IgE binding
epitopes. The chemical reduction of the disulphide bonds decreased overall allergenicity,
changing the secondary and tertiary structure of the molecule and making it susceptible to
proteases (Sen et al., 2002). The importance of disulphide bonds for the allergenicity of Ara
h 2 as well as Ara h 6 was confirmed by another study (Apostolovic et al., 2013). Chemical
modification, reduction and alkylation, changed the tertiary structure and decreased IgE
binding. After the digestion of peach and barley LTP the intramolecular disulphide bonds
prevent the dissociation of digestion fragments (Wijesinha-Bettoni et al., 2010). As a
consequence, allergen epitopes remain intact and allergenic. The importance of disulphide
bonds for the stability to digestion was confirmed for Pru p 3, in another study. While the
unfolded protein has a reduced sensitising capacity, it was still able to activate T-cells (Toda
etal., 2011).

The importance of the structural integrity of allergens has been shown in a study comparing
the reactions against native and denatured allergens. All three proteins, BLG, ALA and B-
casein had a reduced antibody binding capacity when denatured, due to the loss of
conformational epitopes during denaturation. When given orally, the sensitizing capacity of
the three allergens correlated with their susceptibility to digestion (Madsen et al., 2014). The
three-dimensional structure determines whether potential enzymatic cleavage sites are
accessible to proteases. Cleavage sites of wheat lipid transfer protein (LTP) are found in loop
regions on the surface of the protein (Abdullah et al., 2016). In a study evaluating Gly m 5, a
major soybean allergen, three stable fragments remained after simulated gastric and
intestinal digestion and were modelled on the three-dimensional molecule structure (Zheng
etal., 2017). From several cleavage sites only those found solvent exposed on the protein
surface were cleaved. This suggests that the compact trimeric complex of the protein with its
B-barrel structures protects from enzymatic degradation.

The molecular structure also determines the stability under varying pH levels, which in turn
has impact on the enzymatic degradation during gastric and intestinal digestion. To give an
example, the secondary structure of peanut conglutins does not change when lowering the
pH (Apostolovic et al., 2016). In line also LTP from peach and barley remain folded at pH
1.8 (Wijesinha-Bettoni et al., 2010). These proteins were described to be completely
resistant to gastric digestion at pH 2.5 and retain the structure even in the acidic gastric
environment with a very rigid structure preventing degradation by pepsin. Under duodenal
conditions only two out of 14 possible cleavage sites were cut. Molecular dynamics
simulations revealed proteolytic cleavage to preferentially take place at sites with relatively
mobile amino acid side chains, which also explained the higher digestion rate of peach LTP
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compared to barley LTP. This indicates that the flexibility of the protein structure plays an
important role in its digestibility, by granting access to peptide bonds and, thus, facilitating
enzymatic cleavage (Wijesinha-Bettoni et al., 2010). In contrast, the Bet v 1 homologues
Apig1l, Mald1l, Prupland Coralunfold, at least partially, at a pH of 2.5. Pepsin
digestion rapidly degraded their IgE binding sites and eliminated the histamine releasing
ability. These results suggest that, apart from slight differences, all proteins of the PR-10
family are highly susceptible to digestion, due to their shared structural scaffold (Sancho et
al., 2011). However, the allergens Mal d 1 and Cor a 1.04 retain their T cell-activating
capacity after digestion, and can therefore induce T-cell mediated immune reactions
(Schimek et al., 2005).

Protein structure also seem to be involved in stability to heat treatment as higher abundance
of B-structures were found in proteins being resistant to thermal processing (Chakravarty
and Varadarajan, 2000).

5.2 Posttranslational protein modification and allergen stability

Posttranslational protein modification such as glycosylation, nitration, oxidation or reduction
substantially influence protein fold and structure and were shown to impact on protein
stability. It is well accepted that many allergens undergo posttranslational glycosylation in
the endoplasmic reticulum and have surface exposed carbohydrate structures (Verhoeckx et
al., 2015). These glycosylation sites contribute to the interaction of allergens with specific
immune cell receptors facilitating type 2 polarization (Chieppa et al., 2003; Shreffler et al.,
2006). Furthermore, the protein structure stabilizing effect of glycosylation was
demonstrated and discussed in the context of glycosylated seed storage proteins (Pedrosa et
al., 2000; Wormald and Dwek, 1999).

Succinylation of the soy proteins p-conglycinin and glycinin was associated with structural
changes. Depending on the number of succinyl groups added to lysine residues, the
secondary and tertiary structure especially of glycinin was substantially changed in
association with a reduced thermal stability and suppression of thermal aggregation of soy
proteins (Wan et al., 2018).

Also for nitration of tyrosine residues (Bottari, 2015), a paramount impact of this chemical
protein modification occurring due to environmental pollution or during inflammation in the
human body on protein stability was observed. For the egg-white allergen ovalbumin an
enhanced susceptibility to gastric digestion associated with a suppressed de novo sensitizing
capacity via the oral route was observed in an experimental model of food allergy
(Untersmayr et al., 2010). However, in situations with preformed IgE antibodies enhanced
anaphylactic capacity of the nitrated food protein BLG was observed, which could be
attributed to structural changes associated with dimerization (Fig. 4A) (Diesner et al., 2015).

5.3 Theinfluence of ligand binding on protein stability

Protein structure is also influencing the availability of ligand binding sites, while ligand
binding is essential for protein fold. Binding of ligands such as metal ions, lipids or vitamins
is associated with changes in stability of allergens to thermal and proteolytic treatment (Fig.
4B) (Breiteneder and Mills, 2005). Some allergens bind ligands on the surface, others have
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binding domains buried within the molecule in cavities or tunnel like structures.
Parvalbumins and caseins are both able to bind calcium, but in different ways (Breiteneder
and Mills, 2005). Parvalbumins have an EF-hand calcium-binding domain and calcium
binding influences protein conformation and conformational 1gE-epitopes (Declercq et al.,
1991; Untersmayr et al., 2006). For caseins chelating metal ions such as calcium was
described to be associated with nanocluster and micelles formation (Holt et al., 1998;
Tuinier and de Kruif, 2002). In both cases, however, calcium-binding was described to
substantially influence structural behavior, stability and IgE binding potential (Bugajska-
Schretter et al., 2000; Tuinier and de Kruif, 2002).

Due to exposed hydrophobic structures on allergens, lipids frequently interact with allergens
(Bublin et al., 2014). Lipid binding is common for LTPs or Bet v 1 homologues, as well as
BLG. The stabilizing effect of lipid ligands has also been shown for the digestion-labile
allergen Ara h 8, a Bet v 1 homologous allergen in peanuts (Petersen et al., 2014). The
recombinant Ara h 8 molecule without lipid ligands degraded more rapidly during in vitro
digestion than the native molecule (Petersen et al., 2014). In contrast, in vitro gastroduodenal
digestion of wheat LTP is enhanced after lipid ligand binding (Abdullah et al., 2016). After
120 min of wheat LTP digestion only 30% of the protein with a lipid ligand remained intact
compared to 80% of the protein without ligand bound. While the cleavage pattern remains
the same, the rate of proteolysis is accelerated. The lipid ligand increases the flexibility of
the tyrosine residue 79 by displacing it from the hydrophobic cavity. As a result the cleavage
site is more accessible to enzymes. In contrast lipid binding to peach LTP did not affect
digestion (Abdullah et al., 2016).

Very recently binding of retinoic acid to the hydrophobic intramolecular pocket of BLG was
shown to enhance stability to lysosomal degradation, which was associated with suppressed
immunogenicity (Hufnagl et al., 2018). Of interest, stability to degradation in this specific
case was associated with a lower allergenic potential, which has to be taken into
consideration in future research studies.

6 Future directions and clinical outlook

Allergen stability directly contributes to allergenicity. Even though in scientific literature the
correlation between digestion stability and allergenicity is not fully clear (Bogh and Madsen,
2016), it is increasingly accepted that gastrointestinal digestion clearly has an influence in
food allergies (Untersmayr and Jensen-Jarolim, 2008). Despite common properties shared by
digestion stable allergens, such as three-dimensional structure under changing pH and
hindering enzymatic cleavage, disulphide bonds and binding of ligands stabilizing protein
structure, the allergenic potential of food proteins may always be considered in the context
of encountered gastrointestinal conditions, including pH and enzyme levels, food matrix or
the immune status of the individual. To date there is no test available sufficiently predicting
allergenicity of novel food proteins (Naegeli et al., 2017). Therefore, an EFSA expert panel
recently recommended a stepwise approach to assess allergenic potential of novel food
proteins (Naegeli et al., 2017). Still, further knowledge about the complex interaction of
food processing and enzymatic degradation in the gastrointestinal tract and subsequent
interaction with the intestinal immune system is needed to be able to reduce the disease
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burden of allergies and develop effective therapies. Additionally, new insights shall help
allergic patients to minimise the risk for severe allergic reactions and anaphylaxis. Thus, it is
extremely important to generate more protein specific knowledge and data regarding
protein-matrix interactions to define in detail the role of allergen stability in the context of
allergenicity.
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Allergen uptake via skin and mucosal surfaces. To survive the compartment specific
environment, different stability requirements enable allergens to penetrate epithelial barriers
and to interact with immune cells for induction of an allergic response.
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Colonic microbical

protein fermentation

Protein digestion during the gastrointestinal transit. Gastrointestinal enzymes and varying
pH levels influence digestion of orally ingested proteins.
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Fig. 3.

Disulphide bonds contribute to protein stability. Due to the presence of intramolecular
disulphide bonds, the three-dimensional allergen structure and IgE binding epitopes are
preserved by enhanced protein resistance to proteolytic enzymes.
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Fig. 4.
Different forms of protein interactions account for protein stability. Either by formation of

oligomers or by interaction with matrix components, food allergens are modified, which
contribute to conserved three-dimensional structure and overall stability.
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