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Allergenicity Assessment
of Novel Food Proteins:

What Should Be
Improved”?
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Allergenicity prediction is one of the
most challenging aspects in the
safety assessment of foods derived
from either biotechnology or novel
food proteins. Here we present a
bottom-up strategy that defines a
priori the specific risk assessment
(RA) needs based on a database
appropriately built for such purposes.

Background, Challenges, and
Future Needs

Obtaining alternative proteins from genetic
engineering approaches and novel food
sources is a priority for Food 2030', the re-
search and innovation policy framework
from the European Commission to future-
proof our food system. This is because
there is an urgent need for plants with im-
proved resistance to abiotic stress and
pathogens and for dietary proteins from
novel sources that will support reductions
in greenhouse gas emissions from a more
sustainable food system. One of the most
difficult aspects of assessing the safety of
foods derived from biotechnology or novel
food proteins is allergenicity RA. Central to
the current weight-of-evidence approach
applied to assess potential allergenicity is
the use of bioinformatics to compare the
sequence of a novel protein with those of
allergen proteins, which cause allergic re-
actions [1-3]". Traditionally, the sequence
of a novel protein is compared with those
of known allergens using a local alignment
algorithm such as FASTA and a threshold

value against amino acid sequence align-
ments (i.e., 35% sequence similarity over a
sliding window of 80 amino acids) is used
to indicate potential allergenic risks requiring
further assessment'. The scientific commu-
nity has also used this approach to compare
allergens and non-allergens and to develop
more advanced in silico tools (e.g., using
machine learning) for improved allergenicity
prediction for novel food proteins [4-6].
However, poor understanding of the spe-
cific characteristics of a protein that confer
potential allergenicity limits the usefulness
of bioinformatics for RA. Here we present a
bottom-up strategy, which, contrary to the
current paradigm, defines a priori the spe-
cific RA needs for the investigation of any
given novel protein’s cross-reactive aller-
genic potential.

Bottom-Up Food Safety Evaluation
in Allergenicity Assessment

A bottom-up strategy would place greater
emphasis on the development of allergen
sequence databases, where curation al-
lows additional criteria to be applied to
rank the clinical relevance of the allergens
including, for example, their proven ability
to act as triggers of allergic disease. Such
a robust, reliable, and verifiable database
will allow risk assessors to calibrate and
frame the RA around the defined public
health objectives. For example, similarity
of a novel protein to a potent allergen af-
fecting many individuals will be of greater
concern and of higher regulatory burden
than if similarity is shown to an allergen
that affects only a few allergic individuals
and has low potency to elicit a reaction.

Currently, the allergen sequence data-
bases used for allergenicity RA do not pro-
vide systematic data about their allergenic
potential and often employ different inclu-
sion criteria. For example, an allergen
from peanuts called Ara h 5 was identified
using human sera by screening an expres-
sion library [7]. However, this protein is of
very low abundance in peanut seed but is
more likely to be expressed in pollen and
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is thought to be a problem for inhalant al-
lergen cross-reactivity [8]. This allergen
therefore poses a low risk to individuals
with allergies to peanut seed but might
be important in considering pollen allergy.
Currently, such metadata are missing
from allergen sequence databases, reduc-
ing the usefulness of bioinformatic analysis
and making interpretation of the sequence
similarities identified more difficult. Their
lack also undermines efforts to develop
advanced bioinformatics tools that might
better predict the risk of a novel protein
triggering allergic reactions by providing
higher sensitivity, specificity, and accuracy
than the classical FASTA algorithm. Such
a bottom-up approach could benefit RA
strategies for novel proteins and their po-
tential capacity to trigger adverse immune
reactions related to both celiac disease
(CD) and IgE cross-reactivity.

Strategy for the RA of Novel Proteins
and CD

In the case of CD, there have been several
attempts to build a database containing
many celiac epitopes™”. However, no
agreement has been reached on the
inclusion criteria — based on precise evi-
dence requirements — necessary to iden-
tify CD-relevant gluten epitopes [9]. While
Propepper' has more than 400 celiac epi-
topes, AllergenOnline" comprises more
than 1000 celiac epitopes, and Sollid and
coauthors [9] identified only around 40 epi-
topes, showing large inconsistencies be-
tween databases. These discrepancies
are the documented evidence of the lack
of consensus on the inclusion criteria for
building an appropriate/reliable database.
Thus, while Sollid and coauthors [9] have
compiled a reviewed list of the most im-
portant and immunodominant epitopes
mainly based on the recognition of gluten
peptides by CD4* T cells from one or
more CD patients, the Propepper' and
AllergenOnline" databases comprehen-
sively cover the full scale of currently
available peptides that have been tested
for T cell activation potential, even if the
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induction of celiac enteropathy has not
been clinically demonstrated for the vast
majority of these peptides. Likewise, it is
important to stress that several additional
relevant epitopes are as yet likely to be
identified [9].

Our proposal can resolve the issue. Practi-
cally, we propose to define clear inclusion
criteria that can serve to launch an initial
screening phase designed to identify any
potential protein fulfiling such a priori
established criteria. The criteria defined
by Sollid and coauthors [9] could serve
such purpose, although other criteria may
also be fit for purpose. Since no univocal
list of criteria exists, an in-depth discussion
and possibly consensus within the scien-
tific community is indispensable. In a fol-
lowing phase, we propose to rank T cell

PHASE 1

epitopes according to their clinical rele-
vance and related features to further
boost the delivery of more transparent
and robust RA to the public (Figure 1). At-
tempts in this direction have already been
initiated [3,10], and additional efforts are
imperative since new findings show that
proteins from origins other than cereals
might inherit hazardous potential for indi-
viduals with CD [11].

Strategy for the RA of Novel
Proteins and IgE-Mediated
Adverse Reactions

In the case of IgE food allergy, several da-
tabases have been developed and are
currently in use for RA purposes" ", offer-
ing diverse possibilities. The criteria for in-
clusion of allergens and the number of
entries varies between databases [12],

Database of clinically relevant celiac-toxic T cell epitopes
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(based on HLA association, T cell reactivity, prevalence, and severity of symptoms)
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while those relying on the reviewed
UniProtkB"" may be affected by the
curation strategies used in that database,
which relies on the identification of canon-
ical sequences to reduce redundancy [13].
These differences can lead to misunder-
standings and different RA outcomes; for
example, bioinformatic analysis results
may vary depending on the database
used to search for relevant hits.

Under the current paradigm, whenever a
relevant hit is identified, the follow-up RA
strategy analyses the quality of the pairwise
sequence alignment and the specific simi-
larity regions between the novel protein
and the allergen. Clinical relevance is usu-
ally considered only as an additional ele-
ment in the overall picture. Preliminary
attempts to differentiate allergens (allergens

Further assessment®
(if needed)

L1

L)

Bioinformatic analysis
Based on sequence identity: perfect match and partial
match (including the Q/E-X1-P-X2 motif)

Novel protein

High
DQ2.5
epitopes
PHASE 2
HLA-DQ peptide
| modeling
Further
assessment”
(if needed)
HLA-DQ and/ T cell
binding assays or testing

° Level of requirements could be adjusted
depending on the determined risk for celiac disease and the
accompanying uncertainty level of such risk
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Figure 1. Strategy for the Risk Assessment of Novel Food Proteins Potentially Causing Celiac Disease. Clinical relevance and related features can be used to
allocate any specific epitope to a defined ‘category of risk’. In the case of celiac disease, we propose to rank relevant gluten T cell epitopes into three categories (i.e., high,
medium, and low). When the ranking phase is completed, a subsequent targeted bioinformatic tool can be developed together with dedicated follow-up risk assessment
steps depending on the risk level and accompanying uncertainties.
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and putative allergens versus proteins with
insufficient evidence of allergenicity) within a
database were initiated by AllergenOnline.
However, there are no clear common
views on how such a grading of allergenic
potency should be assigned/interpreted
and the weight-of-evidence that a risk as-
sessor should attribute to such a classifica-
tion. Attempts in such directions have been
proposed for allergenic tree nuts [14]. Nev-
ertheless, the current approach heavily relies
on expert judgement to interpret a posteriori
the outcome of the biocinformatic analysis of
the assessment, which can lead to a lack
of harmonization, reproducibility, and trans-
parency of the RAs.

An alternative approach would be to
define a priori the characteristic and
clinical relevance that any potential aller-
gen has and the specific follow-up actions
to be undertaken if ‘hits’ are identified
(Figure 2).

Concluding Remarks

Building fit-for-purpose RA databases for
food allergy is an urgent priority. To this
end, the ranking of CD-relevant gluten T
cell epitopes and IgE allergens within any
given database is of major importance as
it provides more precise information on
the clinical relevance of any given allergen
to the RA process. This will translate into
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a sounder RA capturing specific needs
considering the input from the scientific
community and stakeholders. These two
relevant actors should interact and even-
tually collaborate following principles pre-
viously described [15]. This approach will
also allow refinement of the current, over-
simplistic, RA view where proteins are cat-
egorized as allergens or non-allergens
according to their inclusion or exclusion
in a specific allergen database. Resources
devoted to the development of sophisti-
cated and refined bioinformatics tools will
be better used once additional relevant
protein features are defined and consid-
ered in the assessment.

PHASE1 |.

Building a fit-for-purpose risk assessment database of proteins involved in IgE-mediated allergic reactions
* Ranking of proteins with different allergenic potential according to their clinical relevance (based on quality criteria; e.g.,
method of detection and diagnosis, prevalence, and severity of symptoms)

Novel protein

properties, 3D conformation, HLA alleles, etc.

Development of a fit-for-purpose risk assessment bioinformatic tool specific to the database developed and capable of allocating novel
food proteins in any of these quality levels according to their amino acid sequence and physicochemical properties, secondary structure
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basophil activation,
histamine release, or
skin test reactivity)
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Figure 2. Strategy for the Risk Assessment of Novel Food Proteins Potentially Causing IgE-Mediated Adverse Immune Reactions. The principles
described in Figure 1 can also be applied here. However, this is more challenging for IgE-mediated food allergy than celiac disease since many more molecules and
foods are involved and our knowledge of what constitutes a clinically relevant allergen is more limited. Our proposal is to rank ‘allergens’ depending on the clinical
relevance and quality of the scientific evidence, as described in this figure, and to attribute different follow-up actions depending on the risks allocated to the allergen
‘hit’. When the ranking phase is completed, a targeted bioinformatic tool can be developed together with dedicated follow-up risk assessment steps depending on the

risk level and accompanying uncertainties.
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Ranking allergens according to allergenic
potential and the subsequent develop-
ment of targeted bioinformatics tools
founded on enhanced algorithms will
streamline RA approaches, fostering
more transparent and credible information
for the public. Improving the quality of the
bioinformatic assessment will also make
it more straightforward to identify when
further testing is warranted using more ex-
pensive in vitro and in vivo tests, which
also have their shortcomings and are
often not validated. They can also be diffi-
cult to execute, especially when relying
on the availability of serum panels from
food-allergic subjects. Developing an in-
ternational consensus on a more robust
approach to allergen-sequence database
curation will be essential to improve the
quality of allergenicity RA of foods pro-
duced by biotechnology and novel foods,
which will be urgently needed in an era of
climate change and transition towards
more sustainable food systems.
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