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The aim – biophysics inspired in silico model 
of 3D allergen recognition

Figure adapted from Toxicological 
Sciences 55;235-246 (2000)

Allergenic 
protein

Immune 
response

Senior 
toxicology 
advisors:
Ian Kimber, Bruni 
Bloemeke and 
Frank Gerberick
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AllerCatPro v1

Combined database of known 
allergens 

3D surface structure on top of linear sequence 
window similarity

Highest accuracy on difficult 
benchmark, compared to 
Codex rules both have ~100% 
sensitivity to find known 
allergens but AllerCatPro has 
37-fold higher specificity (less 
false positives)

Maurer-Stroh S, Krutz NL, Kern PS, 
Gunalan V, Nguyen MN, 
Limviphuvadh V, Eisenhaber F, 
Gerberick GF. AllerCatPro-
prediction of protein 
allergenicity potential from the 
protein sequence. Bioinformatics.
2019 Sep 1;35(17):3020-3027. 
Cited 40 times in <2 years

Krutz NL et al., Kimber I, Maurer-
Stroh S, Gerberick GF. 
Determination of the
relative allergenic potency of 
proteins: hurdles and 
opportunities. Crit Rev Toxicol. 
2020 Jul;50(6):521-530. 
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Application 1: New plant product allergenicity screen

1. Use label-free proteomics to identify most abundant proteins in 
food or plant material for new products 

Jason Winget, Nora Krutz

(Frank Gerberick)

2. Options: Evaluate top 50 protein hits (or above critical 
concentration) with in silico tool AllerCatPro

Protein

Peptides

Spectrum

Sum fragment 
intensities for all 
spectra associated 
with a peptide

Sum intensities 
over all peptides 
associated with 
a protein

Normalize by protein 
length and global
fragment intensity. 
Transform to log2 space
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Allergens among top 50 most abundant 

proteins in food sources

Krutz NL, Winget J, Ryan CA, 
Wimalasena R, Maurer-Stroh S, 
Dearman RJ, Kimber I, Gerberick
GF. Proteomic and Bioinformatic 
Analyses for the Identification of
Proteins With Low Allergenic 
Potential for Hazard Assessment. 
Toxicol Sci. 2019
Jul 1;170(1):210-222. 
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State-of-the-art:
11 of 18 tested proteins have linear window matches to 
allergens. All further evaluated by literature search…

AllerCatPro:
Only 3 of 18 tested proteins have 3D window matches to 
allergens. Shortlist for further focussed searches…

Novel food 
protein: e.g. 
burger patty 
based on soy 
leghemoglobin
produced in Pichia

Application 2: Safety assessment for novel food protein
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Updates and extensions for upcoming v2.0

1. update of the underlying data set

2. structure-guided approach to detect Celiac disease peptides

3. increased cross-links in the output

4. inclusion of experimental epitopes from IEDB both in a linear

and 3D context for selected families

5. application to cross-reactivity between insect and shellfish

allergens
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Updates and extensions for upcoming v2.0

1. update of the underlying data set, 4180=>4313

Database Number of sequences

Allergome 45

IUIS 40

FARRP 17

UniprotKB + literature 24

Compare 18

Total 144

New: 144      Removed: 11
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Updates and extensions for upcoming v2.0

2. structure-guided approach to detect Celiac disease peptides
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FARRP Celiac Peptide AA 
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background frequency)
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Old version – 9AA fingerprint Gluten 3D-AI extension (new)
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Methods

Sensitivity on FARRP dataset for different 
prediction methods
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Methods

Specificity on FARRP dataset for different 
prediction methods

HESI

AllerCatPro v1

Gluten 3D-AI

MHC 
DQ 2.5

Work with TCCC
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Updates and extensions for upcoming v2.0

3. increased cross-links in the output (Format will still be simplified!)

List of all hits (not just best)  

Cross-links to multiple 
databases, for protein family 
(domains), more info in 
Allergome etc.
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Updates and extensions for upcoming v2.0

4. inclusion of experimental epitopes from IEDB

For protein families with 
IEDB info, epitope similarity 

match over best known B 
cell epitope with 3D and 

linear match reported 
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Updates and extensions for upcoming v2.0

5. cross-reactivity between insect and shellfish allergens

Old

X

Threshold

New

Improvement by adding family-specific 
shellfish allergen epitope score and 
clinical data guided threshold
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