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

gut, skin etc
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Query Protein

Search our 3D 3D epitope similarity
(unknown structure) sequence database
Query: GVENYETETTSVIPAARLFKAYILDGD
GVENYETETTSVIPAARLFKAYILDGD - 3D Hit: GVENFETETTSVIPAARLFSALILDGD

Allerg: GLFQYESDTSSVLPAVKLFKAYTIIESD

IgE antibody
: 3
AllerCatPro Allergen Protein hit with known structure
Combined database of known 3D surface structure on top of linear sequence
Cited 40 times in <2 years allergens window similarity
(Vp]
E Accuracy benchmark Sensitivity benchmark Specificity benchmark
D: (allergens vs non-allergens with (allergens vs non-allergens with (allergens vs non-allergens with
Ll o same structure fold) - same structure fold) . same structure fold)
C>> - Highest accuracy on difficult
O . " . benchmark, compared to
. o o son Codex rules both have ~100%
O {oo fon £ on sensitivity to find known
> o " sox allergens but AllerCatPro has
= . . 0 37-fold higher specificity (less
Ll 55% 10% "y =
= - I ) " false positives)
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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

Normalize by protein . .
length and global « Sum |nten5|t!es
fragment intensity. - over all peptides |

Transform to log, space assouafced with
a protein

Sum fragment
intensities for all
spectra associated
with a peptide

n 2. Options: Evaluate top 50 protein hits (or above critical
o concentration) with in silico tool AllerCatPro
C>> B — Allergens among top 50 most abundant
0 e R | oroteins in food sources
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Application 2: Safety assessment for novel food protein

RESEARCH ARTICLE

Mo lar Nutrition
ood Research

Soy Leghemoglobin

www.mnf-journal.com

Evaluating Potential Risks of Food Allergy and Toxicity
of Soy Leghemoglobin Expressed in Pichia pastoris

Yuan Jin, Xiaoyun He, Kwame Andoh-Kumi, Rachel Z. Fraser, Mei Lu,

and Richard E. Goodman™*

Scope: The Soybean (Glycine max) leghemoglobin c2 (LegHb) gene was
introduced into Pichia pastoris yeast for sustainable production of a
heme-carrying protein, for organoleptic use in plant-based meat. The potential
allergenicity and toxicity of LegHb and 17 Pichia host-proteins each
representing =1% of total protein in production batches are evaluated by
literature review, bioinformatics sequence comparisons to known allergens or
toxins, and in vitro pepsin digestion.

State-of-the-art:

1. Introduction

Hemoglobins (Hbs) are ubiquitous iron
binding proteins in nature, present
in bacteria, fungi, higher plants, and
animals.l! Consumption of these pro-
teins serves as an efficient source of
bioavailable iron, which is required

frar Avvaan Franconart racnivabian and

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

@ Singapore



Updates and extensions for upcoming v2.0

update of the underlying data set
structure-guided approach to detect Celiac disease peptides

increased cross-links in the output

W=

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

New: 144 Removed: 11

Database Number of sequences
Allergome 45
7 % UIS 40
i
5 FARRP 17
)
LA
3 UniprotKB + literature 24
z
6
= o Compare 18
@)
o
Total 144
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LOG (F[CELIAC]/F[BACKGROUND])

Updates and extensions for upcoming v2.0

2. structure-guided approach to detect Celiac disease peptides

Old version - 9AA fingerprint

FARRP Celiac Peptide AA
Composition (log-odd score over
background frequency)

Average Celiac
fingerprint score
(highest window of
9AA)

20

e HHHHQ ]

. L] ]

farrp celiac  huran
peptides  proteins

Sensitivity

Gluten 3D-Al extension (new)

MHC
DQ 2.5

P4
Met Leu

Al/ML u

Sensitivity on FARRP dataset for different
prediction methods

Work with TCCC

Specificity on FARRP dataset for different
prediction methods

100% Gluten 3D'A| 100%
90% >
HESI S 0%
85% 5
3
80% I & 85%
75% . 80% .
SEQL SEQ2 STR SAS SVM 4aa  9aa SEQL SEQ2 STR SAS SVM 4aa  9aa

Methods Methods



Updates and extensions for upcoming v2.0

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

AllerCatPro Results

Known allergenic proteins

Gluten
# of 3x6-
Protein SEz:;T;e a(l:’e(r)g?_s mer Best hit idezutity % o Result = Comment
overlaps| # - . Allergen : IgE Cross Sequence : * | identity, Show3D " Show3D #
v repeats ) - o e
- B ) 7] hits pr::rtﬁén Species info At | | S0AEL HET R prevalence = reactivity homology I|neaaar 80 3D epitope é[éeré'[%’ IEDB IEDB IEZ?WB
ol " o o v o window | ©Pitope - 5 - | e
pos- Bl pEmEE IPR00545 : : :
Profilin- 133 0 . 934 | [Betv | (Europeanwhite | o) | posgig | SsF55770 | PF00235 | IPRO36140 - 100.0 1000 | showin § 45gq | showin § .o | og Sl
2.0101 birch) (Betula structure structure >93%
Bet.p. IPR027310
verrucosay).
Amaranthus
retroflexus Che a 2, Cro
neg- ) ) )
Profilin- 126 0 . 233 | Amar2 (Rl AG(2) | C3W207 | SSF55770 | PF00235 . 12 . Cucm2 | 55 444 | Showin § gy, | showin |, 0 EEL &lDiren
amaranth) Hev structure structure evidence <=93%
Sac.c.
(Redroot
pigweed).
vk List of all hi | b
L ISt of all nits (not just best)
o Hit Protein Name Species AllerCatPro | \; iprot = SUPFAM = Pfam InterPro %
LLI pe: D identity
> 1 Betv 2.0101 Betula pendula (European white birch) (Betula verrucosa). 1887 P25816 | SSF55770 @ PF00235 E%Z%B%@LO 100.0 C rO S S_l I n kS tO I I I u |t| p | e
8 2 lpdb|1CQAJA Chain A, SEQRES S = - - = 5 9.2 d b f . f . I
m 3 Betv2 Betula pendula (European white birch) (Betula verrucosa). 212 A4K97Z8 | SSF55770 | PF00235 %Zmﬂ 96.2 a ta a S e SI O r p rOte I n a l I l I y
e 4 Cora2 Corylus avellana (European hazel) (Corylus maxima). 299 A4KA45 | SSF55770 | PF00235 %zmﬂ 93.2 (d O I ' l a | n S), I ' l O re | n fo | n
U 5 Cora2 Corylus avellana (European hazel) (Corylus maxima). 300 A4KA44 | SSF55770 @ PF00235 m%zmﬂ 91.0 Al | e rgo m e etc
L]
Z 6 Cora2 Corylus avellana (European hazel) (Corylus maxima). 302 A4KA39 | SSF55770 | PF00235 %%zmﬂ 91.0
5 7 Cora2 Corylus avellana (European hazel) (Corylus maxima). 301 A4KA40 | SSF55770 | PF00235 %ﬁg%ﬂ 91.0
; 8 Ricc8 Ricinus communis (Castor bean). 1410 BORKF4 | SSF55770 | PF00235 mﬁgz%%m 895
O 9 Glym 3 Glycine max (Soybean) (Glycine hispida). 477 11K602 | SSF55770 | PF00235 %zmﬂ 86.5
o
10 Mer a 1.0101 Mercurialis annua (Annual mercury). 1908 049894 | SSF55770 | PF00235 %Zmﬂ 85.0
1 Olee2 Olea europaea (Common olive), 835 A4GDS52 | ssFss770 | proopas |  IBRO0S455 IPR036140 858

IPR027310
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Protein

w

pos-
Profilin-
Bet.p.

neg-
Profilin-
Sac.c.

Updates and extensions for upcoming v2.0

4. inclusion of experimental epitopes from IEDB

AllerCatPro Results

Known allergenic proteins

w
Gluten
Sequence allergens #‘:;::6'
Length (# of Q- Best hit
overlaps # - - Allergen - IgE Cross
t
w repeats) o hits pr::rts;n Species info UniProt = SUPFAM Pfam InterPro prevalence | reactivity
Bet v (Eﬁtrl.(‘)fegin\zl;‘i?e R
133 0 - 234 q AG(5) P25816 | SSF55770 PF00235 | [PR036140 247 -
2.0101 birch) (Betula
IPR027310
verrucosay).
Amaranthus
retroflexus
126 0 . 233 | Amar2 (Rl AG(2) | C3W207 | SSF55770 | PF00235 . 12 .
amaranth)
(Redroot
pigweed).

For protein families with
IEDB info, epitope similarity
match over best known B
cell epitope with 3D and
linear match reported

# mendel3 bii.a-star.edu.sg

Query: pos-Profién-Bot p
pitope.

H59H,

Hover with Mouso over residue &
pbions.

% Y
: . 7 o Result = Comment
sequence | @M | igentity, | show3p er{"tity showan| # | 2. Il o v
homology 6 3D epitope 3D IEDé IEDB IEDB M
- window e o o - et @
show in show in 3Depi
° ey famm structure 0D structure 13 2 >93%
Che a 2, Cro
s2, Cucm2, show in show in weak 3Depi
Hev b 8, Sal k e structure 60.0 structure 0 0 evidence <=93%
4

Reference model: 767_TRI_A_12_0102_C_P49233_AFTER L
€ 7 K52K

5 500 A5 POSON NuMber. Rightclick for more

Spin ON | Spin OFF | Save IMAGE

& mendel3 bii.a-star.edusg

Query: pos-Profién-Bot p
Reference model: 767_TRI_A_12_0102_C_P49233
30 IEDB epitope: Eot 4

ith mouse over residue 1o see ts postion number. Right.click for more

Spin ON | Spin OFF | Save IMAGE
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Updates and extensions for upcoming v2.0

5. cross-reactivity between insect and shellfish allergens

> Food Chem. 20217 Jun 30;348:129110. doi: 10.101¢/j.foodchem.2021.129110. Epub 2021 Jan 19.

A
Protein extraction protocols for optimal proteome wﬂ s JAMES COOK
measurement and arginine kinase quantitation from *>” UNIVERSITY

. . AUSTRALIA
cricket Acheta domesticus for food safety
assessment

| | | Improvement by adding family-specific
Fle 5 ahneton B, Sl sochwel B, Ken sy B, vachsnes Limignedn, shellfish allergen epitope score and
: clinical data guided threshold

Sebastian Maurer-Stroh 3, Andreas L Lopata ?, Michelle L Colgrave

Arginine kinase (AK) phylogenetic tree

%identity,

linear 80 aa #IEDB  #IEDB-2M

window Threshold
Known ,
- arginine kinase(Lit v 2) Whiteleg shrimp BOFRF9 100 35 39
allergenic _t
AKs arginine kinase(Pen m 2) Giant tiger prawn E7CGC2 100 28 37
r arginine kinase(Bla g 9.0101) German cockroach Q2HZF2 100 3 23
l— arginine kinase fragment cricket AOA120MGB4 97.5 3 11
arginine kinase cricket Xbra0010686 96.2 6 33
arginine kinase oriental migratory locust AGM9J4 95.0 6 27
creatine kinase Human AAC31758 1 86.2 0 0
creatine kinase M-type Cow NP 777198.2 90.0 0
Non-allergeni¢ 4*
¥ 91.2 0 0
AK homologs creatine kinase M-type Chicken NP 9908381

Old

11



Agency for
Science, Technology
and Research

SINGAPORE

THANK YOU

www.a-star.edu.sg

wn
L
(a'd
L
>
@)
W)
A
()]
)
Z
o
T
=
@)
(a




