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,Novel Food“ — Novel Health Risks ?! GJ Hochschale

— AllergenPro rW Bf R

Commission

"Novel Foods"

*  Products that were practically not consumed in the EU before 1997..

* regulated via EU regulation since 01/2018 — insects are Novel Food = need EU approval

» Stringend scientific assessment of food safety by European Food Safety Authority (EFSA)
to recommend / deny approval & proposed (allergen) risk labelling

» 8 applications for insects as novel food (10/2023) e

Bundesinstitut fir Risikobewertung

\

Yellow / common Mealworm
Tenebrio molitor 06/2021

Migratory Locust, grashopper
Locusta migratoria 11/2021

House Cricket 02/2022 v

L . .
P Acheta domesticus 01/2023
Risk if allergic
to insect venoms? ' Lesser Mealworm

Alphitobius diaperinus  01/2023 +

Black Soldier Fly (larvae) 27
Hermetia illucens o

Tropical House Cricket 29
Gryllodes sigillatus o
o . e.g. mealworm
Risk if allergic )
to house dust mites? Two Spotted Cricket ?7?

Gryllus bimaculatus

Source:URL: https://food.ec.europa.eu/safety/novel-food/authorisations/approval-
insect-novel-food_en .
URL: https://www.bundesregierung.de/breg-de/aktuelles/insekten-in- \ j
nahrungsmitteln-2162992




Allergen-Pro : Insect Food allergenicity assessment
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Development of RT-PCR assays for detection of insect

material in food.
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Patiententests — Analyse der allergenen Wirkung von
Lebensmittelinsekten / Kreuzreaktivitdten
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(Rekombinante) Allergene fiir in-vitro Tests
und IP-MS Methodenentwicklung

Bestimmung der Allergenprofile von Novel
Food Proteinen / WB & DigiWest
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Grounding

LocMi and tryptic digest  LC-MS/MS Spectra annotation.

Development of IP-MS assays for quantification of

insect proteins in food
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‘uCulture
1 culture test sytem

HOTSCREEN C%

Development of a whole blood cell in-vitro system to
measue allergic reactions whit minimal patient risks
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Allergen-Pro : Insect Food allergenicity assessment
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Development of RT-PCR assays for detection of
insect material in food.
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Patiententests — Analyse der allergenen Wirkung
von Lebensmittelinsekten / Kreuzreaktivitaten
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(Rekombinante) Allergene fiir in-vitro Tests und
IP-MS Methodenentwicklung

Bestimmung der Allergenprofile von Novel Food
Proteinen
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Development of IP-MS assays for quantification
of insect proteins in food
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IgE profile —-Immuno-Blot GJ Hochchule

proteins, DNA, RNA

1. separation bl e e | )
(Elektrophoreses) - l l um l li

2. Transfer auf Membran - —t—— i g 4 .
. blotting membrane
(,Blotting”) 9

blocking blocking
. reagent
3.  Blocking of surface = = FEEe —
specific
) ligands Y > r antibodies
4. Detection "probes" = et 4 3 A lectins
{ S — - 2 S =
Blotting tank L
1)) D X ==
2= v /
S =’ A: IgE from sera of ~ goat-anti donkey anti- SuperSignal™ West
allergic patients human IgE goat IgG - HRP Pico Plus
() B: IgG specific for anti-species donkey anti- (Luminol (Enhancer)
Bdn i L e allergen IgG goatlgG-HRP  H0,)
xuujm:m« Autoradiography

source:  R. Westermeier, Electrophoresis in Practice, Wiley-VCH, Weinheim, 2005 / F. Lottspeich, J.W. Engels, Bioanalytik,
2. Auflage, Elsevier, 2006
http://www.hanbio.net/sites/default/files/upload/Western%20bloting.jpg .



DigiWest — Workflow

AMW Fraktionen
. AMW Fraktionen
— d
—
=| ==
—
=
SDS-PAGE Blot & Modification =~ MW fractionation Transfer MW Fraction on bead IDs
separation biotinylation 96 membrane One snipplet per well
3-25 ug snipplets elute proteins
total protein Add colour coded
per lane streptavidin coated beads
Greyscale
Mix of AMW fractions §1 WB equivalent
N
‘T 4 N
= TPweEl] - ‘
mmna! Eilnn.n
Pooling Screening Assay - throughput FACS Readout
Combine beads Distribute Bead-Mix in MTP Laser 1 identifies the bead = MW (PAGE)
from all wells incubate different 1st Ab / one per well

Add detection Ab
> 200-500 assays

J
NMI g=
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Markus Templin
Annette Dottinger

Protein MW fractions
are bound to
streptavidin on colour-
coded Luminex beads

Protein MW fractions on
colour coded beads are
tested with different prim
Abs binding to different
antigens

Laser 2 identifies Ab1/Ab2 detector = analyte

digital readout

Source: Treindl, F., Ruprecht, B., Beiter, Y., Schultz, S., Dottinger, A., Staebler, A., Joos, T. O., Kling, S., Poetz, O., Fehm, T., Neubauer, H., Kuster, B., & Templin, M.
F. (2016). A bead-based western for high-throughput cellular signal transduction analyses. Nat Commun, 7, 12852.

https.//doi.org/10.1038/ncomms12852
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Luminex based Digi West readout o Hochschale
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Markus Templin
Annette Dottinger

. y . 4th: streptavidin labelled with
phycoerythrin (fluorescent dye)

500 bead types 3rd: species specific biotinylated

Work in MTP
FACS type bead identification
=> bead colour (red laser)

secondary antibody

2nd: Analyte specific primary antibody
Analyte quantification by
fluorescence of phycoerythrin
green laser EX 545,569 nm
EM 580 yellow-orange

1st: Colour coded bead
+ all different biotinylated
proteins of a AMW fraction bound

. . o r vidin surf
High detection sensitivity to streptavidin surface

Impoved S/N ratio due to low
fluorescence background in
capillary

AMW fraction of
Proteins on bead
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2. Food Allergen Profiles
Immunoblots & DigiWest Allergen

Prof. Dr. Dieter Stoll — NMI & Albstadt-Sigmaringen University



Allergen-Pro : Insect Food allergenicity assessment
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Development of RT-PCR assays for detection of insect Development of IP-MS assays for quantification of
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Patiententests — Analyse der allergenen Wirkung von
Lebensmittelinsekten / Kreuzreaktivitaten

‘uCulture

culture test sytem
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| insect species
" (e.g. mealworm)
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insect proteins in food
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fractionation and
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Development of a whole blood cell in-vitro system to
measue allergic reactions whit minimal patient risks
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Human Test Sera

CentralBiohub, Biospecimens Online [https://centralbiohub.de/]

2 X
2X
4 x

)

Central BioHub®

Biospecimens Online
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Intemal donor sera

Int. Design. Laboratory Laboratory Laboratory Laboratory Quantity Infom‘AliquoisISOp]l
HSAS Lab_Parameter Result_Interpretation |Result_Raw |Result_Numerical |furthernotes Quantity HSAS
Sera from Central BioHub
NC1 sIgk Peanut (f13) negative <0.35 0.35 also neg. for HDM, Sr/Cr, ...pos for wasp 0.50 5x
NC2 slgE Peanut (f13) negative <0.35 0.35 also negative for HDM, wasp, bee..... 100 10x
NC3 slgk Dermatophagoides pteronyssinus (d1) [negative <0.35 0.35 also negative for peanut, HDM, minor against wasp... 0.50 5X
NC4 slgk Dermatophagoides pteronyssinus (d1) [negative <0.35 0.35 also neg. for peanut..., ..only minor pos for dog dender 100 10x
NC5 slgk Shrimp (f24) negative <0.35 0.35 also negative for peanut, HDM, wasp, bee..... 230 23x
NC6 slgk Shrimp (f24) negative <0.35 0.35 also negative for peanut, HDM, wasp, bee..... 210 22x
NC7 slgk Shrimp (f24) negative <0.35 0.35 also negative for peanut, HDM, wasp, bee..... 240 24x
NC8 slgk Shrimp (f24) negative <0.35 0.35 atopic; highly reactive for hazelnut; neg. for peanut, HDM, shrimp | .00 10x
PN1 slgE Peanut (f13) positive 26.30 26.30 0.50 6x
PN2 sIgE Peanut (f13) positive 8.61 8.61 highly allergic to hazelnut 060 6x
PN3 slgE Peanut (f13) positive 5.49 5.49 100 10x
PN4 sIgE Peanut (f13) positive 6.24 6.24 130 13x
PN5 slgE Peanut (f13) positive 64.90 64.90 only tested for peanut 110 11x
PNG6 sIgE Peanut (f13) positive 31.90 31.90 only tested for peanut 050 6x
PN7 slgE Peanut (f13) positive 5.41 5.41 only tested for peanut 0.50 6x
PN8 sIgE Peanut (f13) positive 4.88 4.88 max. for cat dender 050 6x
PN9 slgE Peanut (f13) positive 3.40 3.40
PN10 sIgE Peanut (f13) positive 3.34 3.34 S
PN11 slgE Peanut (f13) positive 4.23 4.23 @H ARITE
PN12 sIgE Peanut (f13) positive 2.76 2.76

sample-ID  Allergy Sensitization Insect Prick Test positive
HDM1 slgE Dermatophagoides pteronyssinus (d1) |positive 100.00 100.00
HDM2 slgE Dermatophagoides pteronyssinus (d1) |positive 42.80 42.80 AP-SR-010 HSM HSM, PN YES mealworm ( TM)
HDM3 slgE Dermatophagoides pteronyssinus (d1) |positive 88.10 88.10
HDM4 slgE Dermatophagoides pteronyssinus (d1) | positive 45.40 45.40 AP-SR-005 PN HSM
HDMS slgE Dermatophagoides pteronyssinus (d1) |positive 52.00 52.00 AP-SR-017  HSM, HE PN
Crsrl slgE Crab (f23) positive 11.40 11.40 AP-SR-011  HSM YES buffalo worm (AT)
CrsSr2 slgk Crab (f23) positive 29.00 29.00 AP-SR-012 ST
CrSr3 slgE Crab (f23) positive 13.40 13.40
Crsr4 slgk Crab (f23) positive >= 100 100.00 AP-SR-013 PN
Crl slgE Lobster (f80) positive 2.51 2.51
cr2 sIgE Crab (f23) positive 7.50 7.50 AP-SR-014 |PN HSM
cr3 slgE Crab (f23) positive 7.50 7.50 AP-SR-015 YES buffalo worm (AT)
Cr4 slgk Crab (f23) positive 7.50 7.50
Cr5 sigE Crab (f23) positive 12.40 12.40 AP-SR-016  HSM, PN
Srl slgk Shrimp (f24) positive 2.70 2.70
Sr2 slgk Shrimp (f24) positive 2.97 2.97
Sr3 slgE Shrimp (f24) positive 3.10 3.10 HDM: House dust mite / PN: Peanut / HE: Hen egg / ST: Shrimp

2

|in‘terna| sample; penicillin allergy; no reation to house dust mites; no food allegy known

|Lm*

|imerna| sample; suspected alle rgy to house dust mites; skin reaction/urticaria after eating locusts




Reference Standard — Peanut
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Eva-Maria Ladenburger

Lab. Result

<—Ara h1(63kDa)

Ara h 3 (40, 38 kDa)
= acidic SUs

<—Ara h 3 (22 kDa) basic SU

$SAra h 2(19,17 kDa)
<= Ara h 6 (14 kDa)
“= Ara h 3 (13 kDa) N term. acidic SU

Lab. Result

l highly reactive sera

moderate reactive sera

low reactive sera

Ponceau S Immunoblot—negative control patient sera
\0, NC1 NC2 NC3 NC5 NC6 NC7 NC8 PN1 PN2 PN3 PN4 PN5 PN6 PN7 PN8 PNO9PN1OPN11PN12 Designation
kDa Pc-S <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 <0.35 263 861 549 6.24 649 319 541 4.88 3.40 3.34 423 276
140 — T - R R -
" i

———
50 e 1| - 1 B BN | L

— . — P

g
25 (- — — — — = - — —

e
15 —" ] | R e | I
6\03 NC1 NC2 NC3 NC5 NC6 NC7 NC8 PN1 PN2 PN3 PN4 PN5 PN6 PN7 PN8 PN9PN10PN11PN12 Designation

kDa Pc-S <0.35 <0.35 <0.35 <0.35 <035 <0.35 <0.35 263 861 549 624 649 319 541 488 3.40 3.34 423 2.76
140 — H e N 1 N Es 3

.
SO [ O, —— E mis "

1 ]

- - -

- 3
25 SN T — — " plEm B 'E-B B B B |

" —-—--—---’id-j—. . <—rAra h2 (19 kDa)

15 — oy — —e =t — % .—‘v——:. —

Neg

Peanut HDM Shrimps

Pos Peanut
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Crossreactivity Peanut — Lupine
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g
"‘ Lupinenkerne
L-K

Lupinensamen
L-S

Lupinen gekeimt ‘\:H Eva-Maria Ladenburger
L-G g vﬁ"’

e Sera of peanut allergic patients (PN 1-12)
kDa M L- 5 LK L-G PN1(R26.30) PN5 (R64.90) PNG (R31.90)
Kba PN A2 LS LK LG PN A2 LS LK LG PN A2 LS LK LG
— — [14] | "R R ] - T3 —
Tao— . .
= 100— s 3 7 1 I g_ _______ -_ _______ Lup al (62 kD) x Ara h1 (63 kD)
‘s /0. 2 O e — ey s Lup al (113-532) — Conglutin B1 (48 kD x Ara h1 (63 kD))
it =
2] e R wFTEEE —. _______ _.' _______ Lup a/ y- conglutin (45,6 kD) x Ara h3 (40,4 kD)
(0] o L =
‘5 40— ; 25— R
o 35— = e S EL B - = o e Lup a/y conglutin (17 kD) x Ara h3 basic SU (22 kD)
E . 20 1 w == ¥ Lup a/ 8- conglutin (17 kD) x Ara h2 (19 kD)
o = -
o
(@]
© PN2 (R8.61) PN3 (R5.49) PN4 (R6.24) PN7 (R5.41)
o kDa PN A2 L-S LK L-G PN A2 LS LK L-G PN A2 LS LK L-G PN A2 LS LK L-G
W T T B T s s B - =
; Kreuzreaktionen mit 140 — 3 e k- ? 4 . !
Proton IDs_ g | Aergons | e % FERE | EL EREEH B) Lup al (62 kD) x Ara h1 (63 kD)
i) S || Q 50_"‘__5 B F "“_ﬁ'____'.__ P __1"_‘_ __________ .
e |-Congiutin lup2 |Aah3 |Gymé P f ol - =r - '_1 | Lup a / y- conglutin (45,6 kD) x Ara h3 (40,4 kD)
L bt —_——— = | BB N NN N N
o o ] = | ¥ |
*é 25— - d - - -1J :
:?E‘ﬁ:’. }9,?::3:@““ Lup-1 |Araht |Gym§ _g - =M ma o -___'T_.‘;:_____._ﬁ___ Lup a /vy conglutin (17 kD) x Ara h3 basic SU (22 kD)
posn g =SS ElE T HEEE 8 ——_—;.———ﬂ'@-‘» —————— Lup a/ & conglutin (17 kD) x Ara h2 (19 kD)
ol \ = - - i B
mm‘nfg. +-Conglutin Lupa Arah3 | nd
==y e pomcnarensan | T-congiutin
PN8 (R4.88) PN9 (R3.40) PN10 (R3.34) PN11 (R4.23) PN12 (R2.76)
joesver.  [-Congutin _{L;g';n g::g Gy m8 kDa PN A2 LS LKLG PN A2 LSLKLG PN A2 LSLKLG PN A2 LSLKLG PN A2 LSLK LG
et sa— L ans = — - g — Y o |
S -1 ... Lupal (62kD)xArahl (63kD)
ADABASNTLY, ":...f".'""m,, LpaS. [Aahs Gyma i ____h-“-“___*-;-ﬁ_'—_'—__
A 2 10111
ADABAINT24. = £ wd -
ATALALMP 4 g .. r.
O —— -
sosearues  pR{Oproteins | Lupad |Aah8 |Gymd ; NN SR EE Wi E Llup a/y conglutin (17 kD)
,;‘:‘_!.”:::aﬂ'." o : F Ry “ ——Lup a/ 8 conglutin (17 kD)




Peanut samples — DigiWest — Allergen NMISe- @ i

Bead loading equivalence to PAGE v Ao e
Peanut samples — PAGE DigiWest — Loading - control

Coomassie Stain Signal Histogram

EN100 EN200

_100ug/tube  200yg / tube ge
kba ™M 10 20 20 40 g2
e Ee
— o i %
140 = i;—
100 - 3
70— |
50 -
40 -
35—
25
: EArah3

Mous liver lysate

i

k Streptavidin-Phycoerythin (Strep-PE)
Binds to all biotinylated proteins on the bead
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OFFGEL Fractionation of extracted proteins —

Optimized Identification of allergenic proteins

Agilent 3100 OFFGEL Fractionator
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Agilent Technologies

Cooling Platform
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@
Control Module iy
e 2828 &% o J

On/0ff

Ul DT ]

pl driven fractionation 12 / 24 fractions

Serial number

SDS-PAGE
Shotgun MSMS ID
DigiWest
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OFFGEL Fractionation — characterization

peanut IEF fractions

Coomassie stain

IgE Immunoblot

OFFGEL-Fraction
|
kDa M OGE 1/2 3/4 5 6 7

|
8 9/10 11/12

260 — —— &
140 — .
100 — - S
70 ——-— - — <— Arah 1 (63 kDa)
50 — s
el Ara h 3 (38, 40 kDa)
40 — -' ¥ acidic SUs
35 — —— -
25 — P - e
: > —
L == €3 Arah 2(19, 17 kDa)
15 — s S @ == T aahs(14kDa)
T v. - "’
140 — '_" PN4 Serum
100 — « = 4
707 14. e e <« Arah1(63 kDa)
50— o '
40— - <— Ara h 3 40 kDa acidic SU
35 T ..
25— we . :
y - ; 4 Arah 2 (19,17 kDa)

15— =
F .
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Eva-Maria Ladenburger

IgE immunoblot of PN4 results in
signals of

approx. 20 kDa, 40 kDa and 60 kDa
in OFFGEL fractions 5to 7

= The signals appear to be
consistent with
Arah1l,

= 40 kDa acidic subunit of Arah 3

= poth isoforms of Ara h2



Crossreactivity Peanut — Lupine

Lupine OFFGEL Fractions

Coomassie stain

kDa

260 —
140 -

100 —
70 —

50 —
40 —
35—

25—

15 -

Immunoblot — Serum PN 4 (moderate reactiv:

140 -

100 —
70 —

50 —

40 —
35—

25—

15—

M

N o o 0ON R B WOWN B

Hochachule
Albstadt-Sigmaringsn

Al bl gk Sigmarisgen Uermerely

&

1/2

|
13 14 15 16 17/1819/2021/2223/24 | M

Eva-Maria Ladenburger

3/4 5/6 7/8 9 10 11 12 kDa
— 260
— 140
= 1NN
2nd/31d AR NC1 (R<0.35PN) NC2 (R<0.35PN) NC3 (R<0.35PN)

kDa

140 —

50—

: -
25 —
- — .

Allergens
Allergome

Lupinus Albus

Lup an 33.0101 Non-specificlipid-transfer protein

Lupan3 Non-specific lipid-transfer protein
Lup a4 Blad

Lup a5 y-Conglutin 2 alpha subunit

Lup al Gamma conglutin 1 alpha subunit
Lup a5 y-Conglutin 1 alpha subunit

Lup al Gamma conglutin 1

Lup a5 y-Conglutin 1

Lup a5 y-Conglutin 2

Lup aalpha Legumin-like protein

Lup a4 Conglutin R2

PN A2 LS LK L-G

Negative Sera :

PN A2 LS LK L-G PN A2 L-S LK L-G

PN A2 LS LK LG

4

Cross-
Reactive ?!

H

-

Peanut neg Peanut neg HDM neg

ProtParam Expasy

pl (calc) MW
9,35 9235,69
8,87 10200,84
9,66 20404,85
8,58 29034,05
8,73 29209,13
8,73 29209,13
8,24 45608,68
8,24 45608,68
6,52 45873,89
5,47 55718,76
5,95 58894,65



Sample Preparation Process— Insect Extracts

Hochschule
d , Albstadt-Sigrmaringen
Al bl gk Sigmarisgen Uermerely
. Eva-Maria Ladenburger
1 - Select best raw material by total protein yield & protein distribution over the full MW range
mealworm [freeze dried \ heat dried

| SIX FEET ZPve=>

| —— 10 [AI |
Mehlwiirmer - getrocknet !

| u e | “

frozen

O A
IKA ULTRA-TURRAX® ==

IKA Tube Mill control
Tube Drive "ball mill"

"tube mill"

\ *40‘ ) !l: s

3 — Select best extraction - by total protein yield & protein distribution over the full MW range

=

Soft extraction: according to Heick et al, 2011, J.Chromatogr. A 1218:938-943

Established for MS based allergen
Homogenized sample 3 h at 60°C in 50 mM TrisHCI pH 8.2 quantificatio in food

Soft extraction: according to Broekman et al, 2015, Mol.Nutr.Food Res. 59:1855-1864

Homogenized sample — 3-step — protein extraction - sequential treatment
A: low salt buffer ( 20 mM TrisHCI pH 7.6)

B: high salt buffer (6M urea in 20 mM TrisHCL pH 7.6)
C: denaturing SDS /DTT step

19



Sample Preparation — Insect Extracts
Comparison of published allergen extraction methods

9 2 extraction steps é
B-20 mMTris pH 7.6 B-6M HS

Hek | PL 4Pl +PI* D Bl 4Pl 4PI® M

kDa

Hochachule
d , Albstadt-Sigrmaringen
" Al bl gk Sigmarisgen Uermerely

Eva-Maria Ladenburger

9 2 extraction steps (\/_s
B-20 mM Tris pH 7.6 B-6M HS
it e et

M Hek | Pl 4Pl

-

— 260 —
— 140 ]
— 100 —
= 0 —
- 50 |

Tenebrio molitor [SFTE]

M.

Hck: Extracts Heick et al, process

B : Broekman et al, process

-Tris: A step - low salt extract

-6 M urea: B step — high salt extract

+/- Pl : with / without protease inhibitor

Locusta migratoria [SFTE]

= 40

— 35 T

— 25

- >
-
““"’..l'

Acheta domesticus [SFTE]

MW marker proteins

(HALT inhibitor cocktail, Thermo)

Reproducable — but
e differences due to fat content and raw material
processing

* Strong oxidation in low salt frozen insect extracts
needs phenylthiocarbamate (PTC)

20



Sample Preparation — Insect Extracts Hochschule
d , Albstadt-Sigrmaringen

Eva-Maria Ladenburger

Tm-WCE Tm-OGE Ad-WCE Ad-OGE Lm-WCE Lm-OGE BW-fd
: fd  hd

[N N)
Q
=
@
(%)
(%)
©
€
o
o
U —
>~ Tropomyosin is a known Pan-Allergen of
260~ crustaceen, arachnides (house dust mite), insects & molluscs
< 100 - ! ST P (I
= 7O | = | | - | | - | | -—
8 -— -— [ —
- g S50 — e — -— N\ ‘
kS) 40— o} . ¢ . <
28 L | ERTER S acens T mw - }:&“
o
e
B |_I 254 - - %
=
=g Anti-Tropomyosin Ab
15— - MA-1A6, Indoor Biotechnologies, Inc
(House dust mite: epitope of Der p10
M: MW marker proteins F: frozen fd: freeze dried hd: heat dried * Antl-tjnousj Ab AQOM; Merck, Sigma
Tm: Tenebrium molitor (mealworm) Ad : Acheta domesticus (house cricket) Super§|gn?I West Pico PLUS .
Lm: Locusta migratoria, (grashopper)  Bw: Alphitobius diaperinus (Buffalo worm = lesser mealworm) Chemiluminescent Substrate, Pierce

WCE / W: Whole Cell Exctraction Protocol : 2,5 % SDS, 1 % DTT, 40 mM TrisHCIl pH 8, 95°C, 10 min

OGE / O: OFFGEL Extraction Protocol : 1,25 x OFFGEL-buffer (8,75 M urea, 2,5 M Thiourea, 1,25 % DTT, 6,25 % Glycerol),
30°C, 90 min
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Hochachule
, Albstadt-Sigrmaringen

Hbink-Sigmarizgen Uermrely

Identification of allergenic proteins

OFFGEL Fractionation of extracted proteins — — @[

Eva-Maria Ladenburger

%v;ﬁfg@e Mealworm, freeze dried (fd), OGE protocol

OFFGEL-Fraction

§ 1
kDa M OGE 1/2 3/4 5 6 7 8 9 10 11 12 13/1415/1617/1819/2021/2223/240GE M  kpa
260— . r e I e

i .
1£ 140 Anti-Tropomyosin Ab
o 100 MA-1A6, Indoor
Biotechnologies, Inc
S0——— (House dust mite:
A0— — a0 epitope of Der p10
_ B + Anti-mouse Ab A9044;
33 35 Merck, Sigma
25 - 25 SuperSignal™ West Pico
PLUS Chemi -
luminescent Substrate,
Pierce
= Allergen
enriched
fractions

= Improved

25— - Tropomyosin Tm - MW UniProt / Optional PTM? 25 allergen ID
AOA4P8D332_TENMO - Tropomyosin1l 13,0 kDa 112 aa (Shotgun
AOA4P8D346_TENMO - Tropomyosin 2 13,6 kDa 117 aa

15-1%. AOA482D3R9_TENMO - Tropomyosin 32,4 kDa 284 aa 15 MSMS)

T ¢ [T

1234 5 6 7 g 9 10 11 12 13 1415 161718 192021 222324. Fraction
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Shotgun MS based protein identification 9 SIGNATOPE Hochichule

d Albstadt-Sigrmaringen

Tobias Meisinger
Al bl gk Sigmarisgen Uermerely

. UniProtKB # entries # proteins found in
Species (NOV-2021) this study

r~ o

TTMO ALPDI I [=] g T. molitor 634 1,150
N ___ 2{ |i| Il

’ i o R A. diaperinus 47 440
e .?II II G. sigillatus 37 360

GRYSI HERIL
k. w m/z
ﬁ pee Grounding H. illucens 17,599 2,051
ACHDO LOCMI  and tryptic digest ~ LC-MS/MS Spectra annotation
A. domesticus 159 450
Fully annotated protein databases are missing!
Use MS data to find insect proteins & species specific peptides L migratoria 1,559 600
Fractions fd Tm OFFGEL-Fraction
kba M OGE'1/2 3/4 5 6 7 8 9 10 L8520
200 T 7 T ( ESI-MSMS —Mascot ID
140 _ NS D.lﬁt"N’I_R'\.Ir E(:(
00— = FFIFT g
70 — . 100 " — 10=+5
50 — ==
20 e 20 [ 5015
35— E‘E_ €0 — :—E.Oe+5 g
25 ; £ 4= |7 B g
Tropomyosin | s o T |z [ 20005 S
B 5 [0S 3
15 8 . - & 20 ‘ _m :—2.0e+5
B o . |l I T ].I.I.J I| TR -—0.0en‘O
00 observed
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Anti-tropomyosin

Coomassie

Ab MA1A6

Identify allergen modifications caused by food processing

%@-‘iﬁg% Mealworm — OFFGEL Fractions

OFFGEL-Fraction

kDa M OGE 1/2 3/4 5 &

260
140— e S8
100— s 8
70—
50—
40—
35—

25— ..

260—
140—

100— -
TO—| w—

7 &

1
9 10 11 12 13/1415/1617/1819/2021/2223/240GE M  kDa

. 260

= - 140
100
- 70

OFFGEL-Fraction

T
kDa M OGE 1/2 34 5 &
60— =
140_-‘
100 —
T ——

su__ _—
40—
35—

S0— w—
40— -
35— .

15— —-—

15—

Tenebrio molitor

frozen
£ —
{‘-lé‘d[iﬁfﬁe - F

7

15— s

Tenebrio molitor
Freeze dried

4aZ

g = e
(‘-'lé.-i-‘t\g(’&e ;{g;},

5 10 11 12 13/1415/1617/1819/2021/2223/240GE M  ypa
; 260

= 140

S 100

—— 70

— — 50

OFFGEL-Fraction

®

Hochachule
Albstadt-Sigrmaringen

Hbink-Sigmarizgen Uermrely

Eva-Maria Ladenburger

260—
140—

100~
FO— —

50— =

40— = =9
35—

25—

15— \

Tenebrio molitor
Heat dried

Cy, §

24

!
M OGE 1/2 3/4 5 9 10

1
13/1415/1617/1819/2021/2223/240GE M kDa

= 260

- 140

=100

- - 70
-l

-0

- 35

- 25

=15



Identify allergen in 4 crustacean species ( Hochschule
. d Albstadt-Sigrmaringen
via IgE Immunoblot ‘J

Al bl gk Sigmarisgen Uermerely

WCE OGE
Da M Pm Cp Cc Nn M Pm Cp Cc Nn Pm: Penaeus monodon (Black Tiger Prawn) | 4
i« BfR

igg: —i.' Cp: Cancer pagurus (crab);  cThmes
o 100- ' Cc: Crangon crangon (shrimp; North Sea shrimp);
) 1 — . .
%S so- Nn: Nephrops norvegicus (Norway lobster; Scampi)
%umf-::~ 1 >
S 35— 2 g

25—

= — - -
15 = e i — 2;-‘

260 Two anti-Tropomyosin ab MA-1A6 and PA-SHM
£ 100— - -

2 70 — w— -

%2 50 _|dak i Pm: strong - verystrong 1 band

2 X 40-we - - AN Cp: medium— medium 2 bands

— - -

E 2 35w e )&- Cc: weak - veryweak 1band
5. - 4'“& Nn: strong - medium 1 band
- = Similar extractability in both protocols

250

£ 100-

“ 70 | - -

S5 50 ~

ga 40 - == - p— " &\

lg g 35— - S e— -— — )_.

=] 25

15—



=4

Screening for IgE profiles in Novel Food Hochschule
. . d Albstadt-Sigrmaringen
sera of crab allergic patients \J R —

Eva-Maria Ladenburger

BtP: Black Tiger Prawn CrS4 crab NC5 Crd crab Cr5 crab
Cp: Cr:'? (cancer pangurus) positive serum Negative control | Positive serum Positive serum
Cc: shrimp (Crangon crangon) Lab value: 100 Lab value: 100 Lab value: 100
Nn: Norway lobster Cross reactivit . Y
(Nephros norvegicus) ) ) y Cross reactivity Cross reacthlty
highly reactive Bee, Pollen, shrimp
Ab control cockroach, cockroach,
HDM , wasp;
peanut neg. HDM negative
2ndf3 AR Crsrd NC5 Crd cr5 NC7
kpa M 'aTp Cp Cc Nn ' B Cp Cc Nn ' kDa M BTP Cp Cc Nn ' e Cp Cc Nn ' kDa M BTP Cp Cc Nn ' e Cp Cc Nn :
260 — 260 — o B 260 —
_ 140-— 140 — ' .
o 10D — e 100 — === s = o 100 — - e ———
=] 70 — . 70N - W . — 70 — - o -_—
B: 50 — = S0 ——. 50 — .
w & P—— - - e _ 3‘--- .- —_—— -
E 40 — 40 _ -
8 < mnena —— - - ! —_ 40T 5 !2_
gc 35 — . EL . —_— . 25 _ o, - —_
1 - e P -
£ . _mm 25 — .. - - 25 — .
- = = - — p— = -
15 . 15— 2 B e B o R = =

(3o

260 — 260 — -
= 140 — 10 .‘:
A 100 — 100 — :
— i - ?0 Per
g 70 L] ‘ =
88 s0- 50— -
-]
g : 40 — e -..— — - e e ey == == == == e o - eSS - = ph, T mm e mm mm e e e e e e e e e e
25 o Tropomyosin I 5 !
- — .. — o — i—ﬂ"‘ ———————————————
Eid
-
g = =
== — No tropomyosin activity
- ‘
— other allergens!!
151 15 —
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IgE |mmur30blot Screening of : @L e
sera reactive to crustaceans - insect allergens &

Hbink-Sigmarizgen Uermrely

Crse1/ 11.40 Crsr2,/ 29.00 Crsr3/ 13.40 CrSrd / >= 100 Cr1/2.52 Cr2/7.50 €r3/7.50 Crd [ 7.50 Cr5 / 12.40
Pm Cp Cc Nn Pm Cp Cc Nn Pm Cp Cc Nn Pm Cp Cc Nn Pm Cp Cc Nn Pm Cp Cc Nn Pm Cp Cc Nn Pm Cp Cc Nn Pm Cp Cc Nn

1
|
|

2%/ FLAE TP o

SERETECVRERE S R s' o
50 — -— - = . -— |
g R[RE--w e : :
2 - Heterogeneous IgE Crossreactmty :

|

15 I 5 " of Crustacean sera to insect protelns : |
- , |
Crsrl Crsr2 Crsr3 Crsrd Cr2 Cr5 |

Tm Ad Lm BW Tm Ad Lm BW Trl1 Ad Lm EW Hm ad  Lm E.wI Tm Avd Lm Trr| Ad Lm BW Trn Ad Lm BWI Tm Ad Lm BW Tm Ad Lm BWI :

260 — T e T el — F B

7 " -

- Ll_g.;u 1'. l E :

o -
40 - - r
. IIIB &_1 T |
25— - ’

157 SN =S | erde®

= =

CrSr2 and CrSr4 IgE bind to insect tropomyosin?
Other sera IgE bind to other insect

signals obtained by CrSrl and Cr5 are restricted to Tenebrio molitor? proteins



Crustacean IgE are crossreactive to IEF fractions “ Hochschule
Albstadt-Sigrmaringen

of insect proteins e e

OFFGEL-Fraction

IgE immunoblot of CrSr2 and CrSr4

13 15 17 19 21 231
I M kDa

kba M 1 5 2 56 7 8 910 1112 1; 1o 15 20 2 a8
140 a : - 140 sera from crustacean allergic patients
- ; ~70 .
oll's. - X L GONR l ~50  IgE Immunoblot tested on OFFGEL fractions of extracts from
40— . - —40 Crsr2 . .
35— “ -35 House Cricket Acheta domesticus (freeze-
25— ‘ o= — 25
dried)
15— -15
140 — Tropomyosin — 140
18- ~ 70
50: 2 4 4 © —50 |gE Immunoblot
EC I - & 10 osn
25— -25
15— ~15
140 - 140 So far unknown 100 kD band
198- — —_70 ;
s0- = /y L5 Wester Blok is detected .by Igl? from the sera of
35 - Ll e "30 a-Tropomyosin HDM allergic patients as well
25— = . _5e (MA-1A6)
15— ~ o —15
140 — _ . ':!:' B
98- . RE=_ ~70
50 — == .!! =50
gg: B " :gg Coomassie stain
==
25— - = - -25
15 [ TT TV T et
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Hochachule
Albstadt-Sigrmaringen

Hbink-Sigmarizgen Uermrely

HDM IgE are crossreactive to IEF fractions
of insect proteins

T Dermatophagoides pteronyssinus (Dp) and D. farinae (Df); 20 ug / lane)

S N

' e kb 1
[
I ob\‘gb NC2 NC5 NC6 NC7 I: HDM1 HDM2 HDM3 HDM4 }Designatian
| Pc-S T <0.35 <0.35 <0.35 <0.35 I! 100.00 42,80 88.10 45.40 ‘Lab‘ Result [|Ufm|]
e i L2 DE  Dp DF, De bt _bp bf Po.EF_LBo.Di buiDi Dp D, bp o |
el i re f |
1401“-----’-----{-"T-"{-—-’-----+- - - - -—
-— - | i [ 1
umeal o LU _ N R Lo DL | ~—1100kD?
50 L P 1
1 - ' |
| - ‘
25'—‘ |
[ \
1 _ - \
15 e N . |' ] - ‘ ‘ ‘
i Oleal |-l SLOC gTF ! : L 3 out of 4 sera from HDM allergic patients
I PonceauS | Control HDM negative | HDM allergic patientsera |~ Were reactive to house cricket proteins
| |
[ e o e e e - - heeeeeennmmnnceeeeeernnnnnana—eeennnnnns |
____________ [~——====-= il Uit Sruimiain il
Ponceau § I 2+/3eam NC2 : HOM1 (R 100.00) HOM2 (R 42.80) HOM3 (R B8.100  HOMA (R 45.40)
e e ol S 37 o8 N ottt R o L o IR o i Rt L
MI:I'thmEW:I'I'mMLmE'L'HI "Tm Ad Lm BW | Tm Ad Lm BW Tm Ad Lm EW Tm Ad Lm BW Tm Ad Lm EW

ris - ' R

o= o = BN B 100kD? |
—_— I
L R——
=g —
40—y == == -
35 — = .
—_—— _ ._-‘-'I L] -
25 — - - i



House cricket proteins are bound by IgE from sera of i
HDM allergic patients

Hochschule
, Albstadt-Sigrmaringen
Hbink-Sigmarizgen Uermrely

! Ea\ OFFGEL-Fraction

f
12 34 5 6 7 8

So far unknown 100 kD band

is detected by IgE from the
sera of crustacean allergic

S oo patients as well

Other potential allergens
from House Cricket bound by
IgE from sera of HDM allergic

IgE Immunoblot patients
HDM4

0 Coomassie stain
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3. Summary
- Allergen Fractionation

— IgE Profiling — DigiWest Allergen

Prof. Dr. Dieter Stoll — NMI & Albstadt-Sigmaringen University



Summary 1: Fast acces to fully characterized relevant C Hochichule
. . ege ‘ Mbﬁtﬂdt'i‘ﬂ,ﬂﬁﬁl’lgen
natural allergens for diagnostic IgE profiling \J

Al bl gk Sigmarisgen Uermerely

Pure natural allergens
Application in established Allergy Diagnostics

Fractionation

Immulite 2000  Patient's serum IgE

(Siemens) Anti-IgE
: ; Phos
C- adarr
e i

Patient's serum IgE

Allergen

Control Module a ImmunOCAP

(ThermoFisher) Anti-IgE
Methyl
— galactc
Allergen

B-galactosidase ‘
*FI
—w = - Patient's serum |gE
E Hytec 288 Plus -G

mi (Hycor) >Ani
a mé | * ‘ ) PNt
- LC-MS/MS Spectra annotation % C *
Cole

32

On/0ff




Multiplexed Allergy Screening

ImmunoCAP™ |SAC™ ThermofFisher @ ey kais

Al bl gk Sigmarisgen Uermerely

Allergen molecule Fluorescence-labeled
secondary anti-human
IgE

Allergen-triplet after
fluorescence-reaction

* Array based IgE FIA ;
* 112 recombinant allergens, triplicates i
* Total IgE

Pure natural allergens
Application in modern
multiplexed Allergy Diagnostics \ Sreaghnilien

Serum IgE antibody

BIOCHIP LAYOUT METHOD RESULT
Grass pollen
Bermuda Grass nCynd1 1 ISU
] tPhip 1 1.81SU

Timothy Grass Phi E 5 11 18U
tPhl p 6 0.9 1SU

Tree Pollen

Birch rBet v 1 27 ISU I

Animals

Cat Feld1 5515y .
Feld 4 1,51SU

Dog Canf1 21su

Figure 8. ISAC biochip layout. Results are reported in arbitrary units named ISAC-Standardized Units (ISU).

Source: Salazar, Alberto & Velazquez Soto, Henry & Ayala-Balboa, Julio & Jiménez-Martinez, Maria C. (2017). Allergen-Based Diagnostic: Novel and Old
Methodologies with New Approaches. 10.5772/intechopen.69276.

e i — et e — g ome e =



Multiplexed Allergy Screening Hochichale

Albstadt-Sigmaringan

Allergy Explorer - ALEX 2 st

 Nano Bead Array IgE ELISA

* 15 predefined allergen panels, 295 allergens
* 117 extracts & 178 molekular antigens

« Total IgE iy
* Blocks cross reactives carbohydrate determinants n’
* On-demand panels possible

e >200 pl of blood / =120 pl capillary blood with pre-dilution

Pure natural allergens
Laborbericht: Zusammenfassung der nachweisbaren Application in modern

Sensibilisierungen . . .
multiplexed Allergy Diagnostics

POLLEN MIKROORGANISMEN

Graserpollen [ N W Pilzsporen & Hefe |

Baumpollen [ — TIERISCHE NAHRUNGSMITTEL

Krauterpollen L Milch

MILBEN Ei

Hausstaub- & Vorratsmilben [ N M Fisch & Meeresfriichte

PFLANZLICHE NAHRUNGSMITTEL Fleisch

Hillsenfriichte TIEREPITHELIEN

Getreide Haustiere ] ]

Gewlirze Nutztiere |

Obst - SONSTIGE S
Gemiise Latex tg H ;
Nisse & Samen | Ficus l-<l.
INSEKTEN & GIFTE cop s

Parasit

Ameise, Biene, Wespe

Schaben

Prof. Dr. Dieter Stoll — NMI & Albstadt-Sigmaringen University



Summary 2: Patient Risk Patterns for

24 sera + 2 anti-tropomyosin abs

cross-reactive allergens

Hochachule
Albstadt-Sigmaringsn

@S

Al bl gk Sigmarisgen Uermerely

- 'I--H\‘

b | memerr | pon | | | 7 | m | S | 4 food insects

Pm | Cp |Cc |Nn |Dp | Df |Tm | Ad | Lm | BW
NC1 sIgE Peanut (f13) negative 0.35 - - - - - - - - o ""f-:ff;‘, *
MNC2 slgE Peanut [f13) negative 0.33 - + = = = + r - - - - / 7 I ,
NC3  |slz£D preronyssinus (d1) | negative | 0.35 | }ﬁ’y o,
NC4 =lgE D. pteronyssinus [d1) negative 0.35
NES  |sseshrimeis) ol L et el el Wl Ml Al Ml el Ml 2 House dust mites
MNCB =IgE Shrimp [f24) negative 0.35 - - - = = = = + + aF
MNC7 slgE Shrimp [f24) negative 0.35 + = = = = + - - - - ’/-\\
MNCS =lgE Shrimp [f24) negative 0.35 7\&7’ b
CrSrl |sigECrab(f23) positive 11.40 ++ + + + +++| + + ar M
Cr5r2 |slgECrab (f23) positive 29.00 |4+ | HHH| | |
CrSr3 |sigECrab(f23) positive 13.40 ++ | ++ + + = + + + L L
CrSrd  |slgECrab(f23) positive 100.00 _ _ j
Crl =IgE Lobster [f20) positive 2.51 ++ | ++ | + + - - - - \
Cr2 =gk Crab [f23) positive 7.50 ++ | ++ |+ | ++ + + + i
Cr3 sIgE Crab (f22) pasitive TE0 | 4 | ||+ ++ | | |
Crd =lgE Crab [f23) positive 7.50 ++ | ++ + + ++ | ++ | ++ | ++
Cr5 sIgE Crab [f23) positive 1240 | + | + | ++ | = ++ | = [ 2|
Srl slgE Shrimp [f24) positive 2.70 ++ | - - = + + r aF
Sr2 sIgEShrimp [f24) positive 2.97 + |+ |+ | - + | + | + | + .
sSr3 =lgE Shrimp [f24) positive 3.10 ++ | - = + + + + + 260 ImmunObIOts
HDM 1 | sigED. pteronyssinus (di) positive 100.00 (| | | 260 X 24 fraCtion bIOtS
HDM2 |sigeD. preronyssinus a1)|  positive | 42.80 el B Bl R ... ...DigiWest Allergen
HDM 3 | slzE D. pteronyssinus [d1) positive 88.10 ++ | ++ | + + + aF H
HDMA | slgED. pteronyssinus (d1) positive 45.40 B I = o = B o > 6500 ImmunObIOt
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