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Abstract

Background: Commercial allergen extracter allergy skin prick testing(SPT) are widely
usedfor diagnosng fish allergy However,there is currently noegulatoryrequirement for
standardisation grotein and allergen contepiotentially impacting the diagnostic reliability

of SPTs. We therefore sought to analysentmercial fish extractsfor the presence and
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concentration offish proteins andin vitro IgE reactivity using serum fromfish-allergic

patients

Methods: Twenty-six commercial fish extracs from 5different manufacturerswere
examined The protein concentrationsere determinedprotein compositios analysed by
massspectrometryfollowed bySDSPAGE andsubsequent immunoblotting widmtibodies
detectingd/ fish ‘allergens (parvalbumjntropomyosin, aldolase, collager). IgE-reactive
proteins were identified usingerum from16children with confirmed IgE-mediatedfish-

allergy,with focus on cod, tuna, arsdlmonextracs.

Results The total protein allergen concentratiomnd IgE reactivity of thecommercial
extracs variedover 10-foldbetween different manufacturemadfish speciesThe majorfish

allergenparvalbumin wasiot detectedoy immunoblottingin 6/26 extracs. In 7/12 extrack

5 knownfish allergensvere detectethy mass spectrometrifor cod and tunalmost 70% of
patientsdemonstratethe strongest IgE reactivity to collagen, tropomypaldolaseA, or -

enolasebut not parvalbumin.

Conclusions Commercial fishextracs often contain insufficient amounts ohportant
allergens ineluding parvalbuminand collagen, resulting in low IgE reactiyit A

comprehensive.proteomic approach for the evaluation of &&Bcs for their utility in
allergy diagnosticss presentedThere is an urgent need for standardised alleeygracs,

which will improevethe diagnosisand managemeiof fish allergy

Keywords; allergy diagnostics, fish allergy, IgE reactivity, parvalbumin, skin pesk t

1 Background
IgE-mediated fish allergy is typically a lifeng diseasé, with sensitisation rates of up to 3%

in the general populatioh and up to 8% of fislprocessing workerd The diagnosis of fish
allergy is JoftenJconfirmedy in vivo allergy skin mick tess (SPT)*° a relatively non-
invasivepoint'of care testing, providing immediate resutemmercial fishextracs for SPT
for approximately 3@mostly Europeaspecie} are availablewhile over 1,000different fish
species_areconsumedworldwide. Allergic sensitisation to fish seems to be regiamd
speciesspetifie, leading to study bias when utilising SéXtracs from European specié€sin

other regionsFurthermorecommerciallyavailable extrastdo notappear to be standardised

regardingprotein and allergen content, thereby impacting the reproducibility and diagnostic

value of SPTs.
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Previous wdieshave demonstratedgignificant variation in allergen content @ommercial

d®'°andoccupationabllergens**3. A large

SPTextracs for birch ” and graspollen® moul
heterogenicityin in vivo andin vitro reactivity and allergen content amoBgommercial
crustacean extractwas recently demonstratéd Some ommercial fish extracs have
previouslybeenranalysetbr their protein concentration and parvalbumin (PV) contént
The curredtudyaimed toexamine a more complete fish allergen repertoiciding PV *°,
tropomyosint“®®-aldolase A, B-enolase'’, vitellogenin®, and collagert* in a large range
of commercially available fiskxtracs for SPTas well as thenolecularlgE reactivity using
serum from.fiskallergic childrenin a southern hemisphere setting.

2 Methods

2.1 Skin prick/est and in-houseextracts

Twenty-six commercial extrast for SPTfrom 5different manufacturerscovering 1 fish
families/groupsincluding mixes of specieswere obtaineddetaik are listed in TableS1).
Extracts from different manufactures for the same species were assigned a acrobaing
to table Sl i.e.cod-1. In-houseprotein extractandpurified PVswere generated as controls
for this study;using frozen muscle tisfuam Atlantic cod Gadus morhua), yellowfin tuna
(Thunnus albacares), and Atlantic salmonSalmo salar). Tissuewas homogenisedith a
rotor-stator homogeniser (@&in at 13,000pm on ice) in phosphate buffered saline (PBS,
10 mM phosphate; pH.2 2 ml/g tissue). After gentle agitation overnigiit4°C, subsequent
centrifugation (2000 x g) and filtration, extractswere stored at-20°C until further use
referred as.raw protein extractsor theheated extracigissue waseatedn PBS (95100°C)
for 20min before homogesation. PV from these 3 specieswere purified from heated
extracts by ammonium sulfate precipitation with subsequent dialyses against rh@0

ammonium bicarboria as previously describéd

2.2 Patients

Serawere obtainedrom 16 Australianchildren (:18 years)with allergistconfirmedclinical
history of lgE-mediated symptoms after ingestiigh. The mediansIgE levds, determined
by Immuno€AP (Thermo Fisher Scientifiayjere 7.0 kU/I for cod (F3), 4.7 for tuna (F40)
and 9.8for"salmon (F41) with a interquatile range 01.6-7%5.0, 08-17.3 and 1.6-38.9,
respectively(Stata v14). The sIgE level fomapent 16 was <0.0kU/| for all 3 speciesand
has been excluded for the statical analy@eble ). The fish implicated in the allergic
reaction wasn 8cases white fish/cqdn 7 salmon, and in 3 tuna pool of serum from

3 nonatopicfish-tolerantdonorswas usedas a negative control. Parents of altipants
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gave written informed conserdand patient anonymitywas preserved. Ethicalpprovalwas
obtainedfrom the Sydney Children's Hospitals NetwokRNR-14/SCHN/185).

2.3 Protein concentration andSDSgel-electrophoresis

The protein=eoncentration for all fiskxtrack was estimated using tH&ierce™ 660nm
Protein Assay (Thermo Scientifig)ith bovine serum albumin as standardhtbuseextracs

were dilutedto I mg/ml, while commercial extrast were analysedundiluted. Proteins
(2.5ul) were separated according to their molecular weights us@rgexrion™ SDSPAGE
system (BieRad) as described by Laemmli [18]. The acrylamide content varied between 10
and 16% ‘depending othe molecular weightof the proteins of interest. Proteins were
visualised dy/Coomassie Brilliant BlueZ0 (CBB) stainingandidentified by subsequent
immunoblottingwith allergenspecific antibodies or patient serum IgE.

2.4Immunoblotting

The separatedproteins were transferred onto nitrocellulose membrane. Aftedrying,
rehydrating.in-PBS antblocking for1 h with 1xCasein(Thermo Scientificyn PBS at room
temperature, the membranes were incubaiitii 4 antibodiegletecting fish allergen®r 1 h
at room temperaturer overnight with patient serum at 4{C.15with 0.2x Casein in PBS
(PBS with 0.5% Twee20®)). The allergensPV and tropomyosinwere detected usingn-
house generategolyclonal antibodiesaisedin rabbitsagainstPV from Asian seabasand
Atlantic salmor??, and tropomyosin from prawff. AldolaseA and collagen were identified
utilising commercialpolyclonal antibodiesgpat antirabbit aldolase 16@141 byRockland
Immunochemicals® and rabbit antituna collagenab23730by Abcam respectively).No
antibody againgt-enolase ovitellogeninwereavailable.

After washing with PBST, the patient blots werencubated with monoclonal mousei-
humanlgE antibody 6c53346 bySantaCruz 1:1,000 with 0.2xCasein in PBEfor 1 h at
room temperature) argalibsequentlyvashed All blots were developeavith a corresponding
IR-labelled-antibody (DyLightantrmouse/rabbit 4REG by Thermo Scientificor IR-Dye
antigoat bysllI-=COR®). The Odysse§ Imaging Systemsl{-COR®) was usedor imaging
membranesand,CBB-stainedgels Densitometricanalysesvere conducteditilising Image
StudioVersion5.2 (LI-COR®) allowing sensitive but sertjuantitative evaluation of signals.
The colours presented in heatmaps arise from individual protein bands or the sum of all

signal intensities for each separate sample. The densitometric analyses utilising this system

This article is protected by copyright. All rights reserved



O 00 N o U B W N

W W W W N N N N N N N N NN P P P P P P P P R
W N R O VW 00 N O U1 B W N P O VL O N O U1 b W N L O

are indepndent of background, contrast or other settings used for best visualisation of the

immunoblot.

2.5Mass spectrometry analysis

All commereial’cod, tuna, and salmoextract (diluted to 20Qug/ml), as well as all
prominent/lgkreactive bands dhe respective extragtwere subjectetb mass spectrometric
analysis after tryptic digestion (seé* for details). In brief, the extracted peptides were
analysed wsing abhTQ Orbitrap Elite (Thermo Scientific) coupled to an Ultimate 3000
RSLC nanosystem (Dionex). The nanoLC system was equiwjiedan Acclaim Pepmap
nanotrap column and an Acclaim Pepmap analytical coluie peptide mix was loaded
onto the trap/column before the enrichment column was switchHatkimwith the analytical
column. The LLTQ Orbitrap Elite mass spectrometes operatedn the datadependent
mode spectraacquired first in positive mode at 240k resolution followed dojlision
induceddissociaibn (CID) fragmentation. Twenty of the most intense peptide ions with
charge state=2 were isolated and fragmented using normalizedcollision energy of 35 and
activation Q.0f.0.25 (CID)AIll results were analysed witlascotsearch engine and cress
referenced,againsNCBI protein databasefor all bony fish (February 2018. Variable
modifications of carbamidometh@ and Nterminus, deamidation N, deamidation Q and
oxidation of M-were selected’he search results were furtherocessed using Proteome
Discoverer (Thermo Scientifidpr false discovery rate control (1% at peptide spectral match,
peptide and protein level) and protein grouping. A protein group was considefas to
identified with at leastl significant peptidePaseuswas usedor generation of the Venn
diagram®.

3 Results

3.1Protein.contentsof extracts

The total_protein content varied between tbe@mmercial fishextract more than 1+old,

ranging from 0:17 to 2.9dhg/ml (FigurelA).

3.2SDSPAGE and parvalbumin detection

The proteincomposition showethrge differences in number and abundance of proteins of
different molecular weight in all analysed commercial &sttracs (Figure1B). In 2% of

the commercial fishextracs, no protein band&ere visible in the 10 to 15kDa range the

molecular weight of the major allergdpV.
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Utilising a PV-specific antibodyPV was detectedvith similar intensiiesin all commercial
codextracs (Figure1C). Among theeommercialtunaextracs, PV was onlydetectedn tuna-
1. For salmonl the signal for PV was-fimes higher compared tsalmon2, while no PV
was detectedh salmon3. In all othercommercial extrast except floundeR and halibui2,
PV wasidentified The highest P\specific antibody reactivity wasbservedor the catfish

extract, while the reactivity was very wefak extracs mackerels, perchl1, and mix-2.

3.3 Proteiljcompositionevaluated bymass spectrometric analyses

All analysed commerciatod, tuna, and salmoaxtracs revealedlarge differences in the
presence of fish proteinsnd allergensAcross all12 extrack, an averageof 251 protein
groupswereidentified, ranging from217 to 381for cod, 146 to 23@or tung and 209 to 279
for salmon(see Figure A-C). In all commercial codextracs, 155 commorprotein groups
were identified 'while only 94 and 125 were founidh all tuna and salmorextracs,

respectively. The ce8, tuna-2 andsalmon2 extracs differed the most from othesxtracs

of the same species wift9, 51, and 103 unique proteins identifiszspectively.

Four fish preteinsregistered with the WHO/IUISas well as allergenic collagemwere

investigatedfor/all 5 cod, 4tuna, and3 salmoncommercial extrast (Figure2D). PV,

tropomyosin, aldolase A, p-enolase, andollagenwere detectedn 2/5 cod (3 and-5), 2/4

tuna (-1 and.=2)andall 3 salmonextract. In the other3 cod extracs, no collagenwas

detectedut the other allergens. No detectable tracasopbmyosin and collagemerefound

in the other2 tuna extrad, as well asno PV wasdetectedin tuna-4.The fish allergen

vitellogeninwasnot detectedn any of thecommerciaffish extracs.

3.4 Allergen_profiles of commercial cod, tuna, and salmonextracts by SDSPAGE and
mass spectrometric analyses

The subsequent analydiscusedon the2 commercial extrastwith the lowest and highest
protein coneentrationsachfor cod, tuna and salmoncod2 (0.3 mg/ml) andcod5 (1.1
mg/ml), tuna=3(0.7 mg/ml) and tund (2.9 mg/ml), andalmon2 (0.2 mg/ml) andalmonl
(2.2 mg/mb)*(Figure8F). The selectedextract were compared to the respectivehouse
generated ravand heated extracby SDSPAGE and subsequent immunoblotting utilising
allergenspecific antibodies (Figur@).

The protein profiles (Figur@A) of cod5, tunal, tuna-3 andalmonl were simiar to the
correspondingaw extract while cod2 andsalmon2 showedevenfewer protein bands than

the correspondindneated extractSalmonraw and heated extractas well assalmonr2,
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contained Zorominent bands in the molecular weight region of PV monomérslgkDa),
but only one was observedsalmonl.

Bands identified asallergens by mass spectrometric analyses were quantified by
densitometricanalyses (Figur8G). The abudance of the PV monomer varied maximal 2
fold between all co@xtracs, salmonl, and salmomaw andheated extracin salmonl the
PV monomer was -8Bmes more abundant as compared $almon2, while among all tuna
extracs oy in tuna-1a PV monomer could be identifiedhe fish allergensropomyosin
and aldolase A have a similar molecular weight as many other allergenic prsteihsas
glyceraldehyde8-phosphate dehydrogenase, makingear distirttion not possibleNotable
differences,between thextract were found in the abundance of proteins iis tholecular
weight range (3540 kDa).

In cod5, tuna‘l and salmonl a 4, 6-, and 13times higher abundance was found as
compared ta@od-2, tuna-3 andsalmon2, respectivelyThe heatsensitiveallergenp-enolase
could not be identified in any of tredmmercialcod extract or heated extraadf any of the

3 species. Théighest abundance @fenolase wasletectedn tuna-1 being 7 and 4times
more abundanthen in tuna-3 andaw tunaextract,respectivelyln salmonl B-enolase was
twice as abundant as compared to the raw salextract No B-enolase was identified in
salmon2. Collagen could only be identified in thheated extradrom all 3specieshowever,
myosin heavyschain waasoidentified in addition tocollagenin the high molecular weight
region In codheated extractollagen wast-times and Qimes moreabundantompared to

tuna and salmoheated extractespectively.

3.5 Allergen profiles of commercial cod, tuna, and salmonextracts using specific
antibodies

The presence and relatimbundancef the4 fish allergens PV, tropomyosin, aldolase A, and
collagen_was._further evaluatedoy immunobloting (Figure3B-E) with subsequent
comparativedensitometric analyses (FiguBel). Using the antrsalmonPV antibody, PV
monomers(ti=13 kDa) were detectedn all cod and salmomxtracs, but in onlyl tuna
extract(tuna=)). The antibody reactivity was- and 3timesstronger forcod-5 andsalmonl
as compared tgod2 andsalmon2, respectively A PV dimer (22-26 kDa) was identified
with a strongsignalin salmonl, while the corresponding signaks 6timeswealer in raw
andheated extracgnd 44timeswealer forsalmonr3. In cod and tunaxtracs, no PV dimers
were detected In the molecular weight range of PV trimgB&3-39 kDa), faint signalswere

observedn all extract, however ther intensity varied greatly
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The signal forthe tropomyosinmonomer (3540kDa) wasl1-, 6-, and #times strongerfor
the heateccompared taaw extractfrom cod, tuna, and salmon, respectively, atranger
than the signal for any of the correspondoognmercial extrast Cod-5, tuna-landsalmon

1 showed a %b-timesstrongersigral intensity as compared to ¢@d tuna-3 andsalmon2.
Faint signals=below 3kDa were observed in adixtracs when using the artiiopomyosin
antibody. However, only fauna-1a very strong signal was observed akP®, indicatinga
fragment of this allérgen as recently documented

Aldolase Awas detecteth all raw but none of théneated extractsindneither incod-2, tuna-
3, andsalmon2. The signal folcod-3 was 3timesstrongeras for the respective raw extract
while the signal fotuna-1and salmonl was about 2fold weaker agor the respectiveaw
extract

Collagen was detected @l heated extractsbut none of theraw extractsor commercial
extracs. The signal for codheated extraolvas 3 and 5timesstrongerthan for the tuna and

salmonheated extractespectively.

3.6 Patient.gEjreactivity to specific allergens

The 12 extrack were furtheranalysedfor IgE reactivity using serum from Jatientswith
confirmed IgE-mediatedfish allergy (Figure ) and further evaluatedfor the total IgE
reactivity (Figure4) andreactivity to specific allergendigure5). Subsequent densitometric
analyses demonstratéarge differences in total IgE reactivity among tuna and salmon, but
less betweerrommercialcod extract (Figure4). A strongerlgE reactivity was observed
using densitometric analysifgr cod5 compared taod2 for 11/16 patients, while the IgE
reactivity differed in averagé.4times. SalmofR showed aveakto moderate IgE reactivity
with 8/16 patients, whilguna-3 showed arelatively weakIgE reactivity only with three
patiens (3,.4,11). In averageuna-1 andsalmonl showed a 22and 8times strongerigE
reactivity, respectively with an up to65-old difference between th2 commercialkalmon
extracs. For-il:an® patientsthe IgE reactivity was more than-1dld different between the
2 commerciakuna and salmoaxtracs, respectively.

Among thes6 analysed commercial SPT extramid, demonstrated the lowest IgE reactivity
while 2/16 patientsshowedthe strongest IgE reactivity to codthereas6 and 8 patients

showed the strongestactivity totuna or salmon, respectively.

The most prominent IgEeactive bands were further analyssdmass spectrometry and the

signal intensitiecompared between all patier{tsigure5). IgE from all, but2 patients (11
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and 16), detectedRV monomei(11-13kDa) in at leasbne d the 12extracs. However, the
PV monomer was the moand exclusivégE-reactive band for only 5/16 patients for cod and
tuna, but 12/1¢atients for salmanMost patients with no or little IgE reactivity to the PV
monomeras well asalevel low sIgE level for the respective figpeciesdentified collagen
(100-25kDa)*as the most prominent Igieactive protein. IgEeactive collagenwas
detectedin’ all heated but none of theaw extracts Collagen was the most Igteactive
protein in ¢od, tuna, and salmertracs for6/16, 4/16, and 3/16 patientsspectively.
Tropomyosin and aldolage were identified in the 35-40kDa region while PV and
triosephosphate isomerasgesre in the 20-30kDa region Additional proteins detected in
these regionsinclude glyceraldehyd8-phosphate dehydrogenase and myosin light chain
Patients withweak or no IgE reactivity to the PV monomer and collagehowed the
strongesthinding to one ofhese2 regions applicable for5/16, 6/16, and 1/16 patienfisr

cod, tuna, and salmon respectively. Half of the patients showed weak to moderate IgE

reactivity top-enolase (5@Da) from tuna (10/16) and salmon (8/1&jtrack. No B-enolase
bandwas detectedh any of the codextracs.

4 Conclusions

This studydemonstratea considerably higleterogenicityn protein and allergeoontent in
SPT extracs used in routine diagnosis of fish allergywenty-six commercial fishextracs
were evaluatedhtough a comprehensive biochemical and immunologeellysis of the
complete protein andallergen content, usingimmunoblotting and advanced mass
spectrometricanalysis We found thetotal protein concentratiotetween26 fish extracs
varying up to 174old, from the lowest in flounde2 (0.17mg/ml) to the highestin tuna-1
(2.94mg/ml). In contrast comparal® small variations in total proteicontent(up to #fold)
were previously reportedor 14 commercial fishSPT extracs *°. Subsequently using a PV
specific_antibody,PV was detectedn all 4 analysedalmonextracs and none of 8ina
extracs “>ln.our study usingan in-house antibodyPV was detectedn most of the26

extracts exeeptin 8f 4 tuna, lof 3 salmon and bf 3 flounder/halibuextracts

The difference in PV content amatibody reactivityamong tunaxtracs is likely explained
by the different,species utilised, asne of theananufacturerprovided thaletails of theexact
species. A comparative analysis ah-houseraw and heate@xtractsfrom yellowfin tuna
(Thunnus albacares) andalbacoretuna {T. alalunga) demonstratedver 100times stronger
antibody reactivityfor the later (unpublished data)lVe therefore conclude that the analysed

extracs are likelyderivedfrom very different tung highlightingthe importance of choosing
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the appropriateegionspecificspecies when preparing SXtracs or performingprick-to-

prick teds using fresh fish.

Subsequent analysis of abluble proteins bynass spectrometnygemonstrated that protein
diversity=varied greatlypetween the extract®V, tropomyosin,and/or collagenwere not
detectedn/3/5 cod and 2/4 turextracs, while ddolaseA and B-enolase were detected in all
12 commercial cod, tuna, and salmaxtracs. For example, 155protein groups were
identified in5 codextracs, while the totalnumber of identified proteins groups variedm
217 to 349,.indicating very different methodsgeinerating the commerciektract between

manufacturers

A recent study'by Aseret al. demonstrated the unsuitability ot8mmercial prawmxtracs,

using SDSPAGE and antibodybased approaches, due to the absence of important shellfish
allergens”’. In our study we presenfor the first timea comprehensive proteomic approach
using mass, spectrometrfpr a fast and reliable evaluation of commercial S&iracs for

their utility in.allergy diagnosticaVe demonstrate that 58 mmercial cod and turextracs,

examineddymass spectrometrigckimportantfish allergens.

Among the 6.cod, tuna and salmoextractanalysed in detgilusing 4 antibodiesdetecting
fish allergens we confirmed the large heterogenicityin allergen content Heatlabile
aldolaseA wasdetectedn all in-houseraw extractas well aghe 3commerciakextracs with
a high totalprotein concentrationThe same &xtract also showe@ comparabldigh PV
and tropomyosimcontent.In contrast,collagen poorly extracted without heat treatmengs
only detectedn in-househeatedextracts but not in the ravor any SPTextracs. Therefore,

we can assume that thesex@rack werenot heattreated

The totalimvitr@'IgE reactivity to commercial fish extraclepend on antigen content and
differed between patients and fish species.the AsiaPacific region, clinicians often
consider_reactivity to cod as a marker for allergy to any white fishording toour data,
even the cod SPT extract with the highest antigen amount showed less rethaivisgimon
and tuna extracts with higher antigen content. This study higbligigion and species
specific IgE reactivity to fish leading possible to falsgegative diagnostic§. Species

specific sensitisation was also demonstratedther studies for salmonids, tilapia, catfish,
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and anter 2#*°. However, the patienand fish speciedependant reactivity requires further

investigations with a larger patient cohort and regipecific species.”

Comparing the IgE reactivity aglerum frompatients with clinically confirmed fish allergy to
cod and=tuna;*11/16 patients showed the strongest IgE reattivibllagen, tropomysin,
aldolaseA fand B-enolaseand 5/16to PV. In contrastfor salmon PV was the most IgE
reactive in"12/16 (75%) patits. Several studiehave previouslyindicated thatthe PV
contentis speciespecificaffectingallergenicity, however no additional fish allergens were
investigated™ 3. While it is generally acceptethat PV is the major fish allergen
accounting, for. 705% of allergic reactions, here we demonstrate the importance of

additional fish"allergens in different fish specles

Analysing the IgE reactivity for Hnouse heated extractgllagenwasthe second most IgE
reactive fish protein after PV, withp to 9/16 Australiafish allergicpatientsshowing strong
reactivity to_this allergeninitial protein analysis confirmed the differential abundance of
collagen whieh/was 4- and 9times higherin cod as comparedot tuna and salmgn
respectively.However, n all analysed commercialxtract collagen wasinderrepresented,
resulting in"low IgE reactivityn serum frompatients sensitised to the fish allergen collagen.

In arecent studyprick-to-prick testing with raw fishresulted in falseegative resultdue to

lack of collagert®. Several studies from Japan confirmed the importance of collagen as a fish
allergen and highlighted the high collagen content in the sKif. According to the
ImmunoCAP results, one patient in our cohort was not sensitised to fish, but showed strong
IgE reactivity t@ only collagenThe next generation of improved SPé&xtracs should
consider the utilisation of fish skin amgattreatment. Tie possibleintroduction of purified

collagensgn.in vitro fish allergy diagnosticshouldalso be evaluated future studies.

In conclusion;many @mmercial fishextract contain insufficient amoustf allergens such

as PV and=eollagen, resulting in low IgE reactivity dimdted suitability for reliablein vivo
allergy testingWe recommend either standardisation and regulation of protein concentration
and profiles*in,commercial allergesxtracs or the use of improvedn vitro diagnostics
implementing a large variety of fish species pudified allergens Further research must be
conducted to meet the urgent need of regiand speciespecific diagnostics,allowing

improved management of this ktareatening disease.
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Table 1: Clinical characteristics and relevant sIgE profiles of 16 fiskallergic patients

recruited for the study.

Patients ImmunoCAP results
Implicated
Age Cod Tuna Salmon fish* Symptoms
# Sex ish
(yn). I (kU/L) Class| (kU/L) Class| (kU/L) Class
Tuna and AE, GIS,
1 M 1118850 5 4.83 3 25.30 4 o
white fish OAS, U
Asian
2 F 1 5.47 3 5.14 3 5.58 3 AE, RD, U
seabass
3 M 11 9210 5 39.50 4 66.10 5 Salmon AE
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4 F 2 | 90.40 5 31.00 4 73.40 5 Cod fish AE, U

5 M 8 | 75.00 5 21.00 4 70.50 5 || White fish GIS, RD, U

6 F 7 2.87 2 1.19 2 3.08 2 | White fish U

U,
abdominal pain

7 M 4 | 2550 4 1730 3 21.00 4 | White fish

8 F 4 1.54 2 0.71 2 0.47 1 Basa fish AE, E, U

9 F 12 [°55.00 5 14.90 3 38.90 4 Flathead AE
Salmon,

10 M 12 7.01 3 3.90 3 31.80 4 E,U

tuna

11 M 14 0.10 1 0.28 1 0.21 1 Salmon AE

12 F 2 0.14 1 0.78 2 0.60 1 Salmon AE, U

13 M 8 11.50 3 4.67 3 9.80 3 Salmon OAS

14 M 14 1.42 2 0.71 2 1.60 2 Salmon OAS, U

15 M 18 3.36 2 1.06 2 3.21 2 Tuna RD, U
Tinned

16 M 1 <0.01 0 <0.01 0 <0.01 0 AE, U
salmon

H W N

]

Note: AE, angieedema (lip swelling); E, eczema; GIS, gastrointestinal syndrome (vomiting);
OAS, oral‘allergy syndrome (itchy mouth or swellthgoat); RD, respiratory distress; U,
urticaria (erythema, hives, rash). *Fish species which was associated with the clinical

reaction‘upon-ingestion.

Figure leqgends

Figure LisProtein concentration, SDSPAGE profile, and PV-specific antibody reactivity
of 26 different fish SPT extracts from 5 different manufacturers.

Protein concentrations were determined and the mean values from 3 replicates with the

10
11

corresponding standard deviation are shown The extracts were further analysed by SDS
PAGE B) and immunoblot with and?V antibody C). Purified PV from Atlantic cod,
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yellowfin tuna, and Atlantic salmon was used as positive control for the cod, tuna, and
salmon SPT dxacts. The numbers in superscript on the common species names represent the

different manufacturers listed in Table S1.

Figure 2: Protein groups and fish allergens detected in cod, tuna, and salmon SPT
extracts.

Mass spectrometric analyses were perforadéer in solution tryptic digestion. Proteins were
identified "'by mascot and groups were defined using Proteome Discoverer (Thermo
Scientific). For each SPT extract the total number of identified protein gisugisen in
brackets. ThesVenn diagram (InteractiVenn) shows the number of shared prowgns g
between the'Sad (A), 4tuna B), and 3salmon C) SPT extracts. Detected fish allergens are
indicated by solid fieldd). The numbers after species namé\#& represent the different
manufacturers lisd in Table S1.

Figure 3:[Protein profile and allergenspecific reactivity of selected cod, tuna, and
salmon extracts.

The two SPTs.with the lowest protein concentraticod@/?, tuna3/, salmon2/%) and the
highest ¢od5/°, tunal/*, salmorl/*) were compared with ihouse prepared raw (RE) and
heated (HE) protein extracts from the corresponding species. Prateiasseparatety
SDSPAGE,(A).and allergens identified using specific antibodies for BY, {ropomyosin

(C), aldolase"AD), and collagenE). Heatmaps were generated for the protein concentration
of each SPIsextracts), the allergen abundance on the g8l),(and reactivity of the
allergenspecific antibodies H). *The identity of proteins extracted from bands was
confirmed by mass spectrometric analyses. The superscript numbers oshtlepdties
represent the different manufacturers listed in Table S1. Notecdlbaring of the boxes
represent intensity, witlhed being the highestprange50% andgreen0% of the highest
band/signalntensity The colour scheme is valid for each row only and not comparible with
shading in_other figures of the manuscript. TM, tropomyosin; G3PD, glycerae8hy
phosphate dehydrogenase; MHC, myosin heavy chain; PV, parvalbumin; n.d., not

determined.
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Figure 4: Patients’ total IgE reactivity to proteins to selected cod, toa, and salmon SPT
extracts.

The IgE reactivity of 16 patients to the two SPTs with the lowest protein vaten cod

2, tuna3, salmonr2) and the highestc6d5, tunal, salmonl) was comparedlhe numbers

after thevspecies name represent the different manufacturers listed in Table S1. The patien
number carresponds to Table 1. Note: The colouring of the boxes represent intensigd with r
being the highest, orange 50% and greeno®@%e highest total IgE reactivity of the patient.

The colour scheme is valid for each row only and not comparible with shading in other

figures of the manuscript.

Figure 5: Allergogram analysis of patients’ IgE reactivity to allergens in different cod,
tuna, and salmen extracts.

The IgE reactivity of 16 patients to the two SPTs with the lowest protein vaten cod

2, tuna3, salmonr2) and the highestc¢d5, tunal, salmorl) was compared with thouse
prepared raw+(R) and heated (H) protein extracts from the corresponding.spleeigkentity

of proteins ‘extracted from IgEeactive bands (Figure S1) was confirmed by mass
spectrometric analyses. The numbers after the species name represent the different
manufacturers_listed in Table S1. The pdtisamber corresponds fbable 1 Note: The
colouring-of'the boxes represent intensity, with red being the highest, orange 50%emd gr
0% of the highest IgE reactivity of the patient to extracts. The colour sakerakd for each
patient and species only and not comparible with shading in other figures of the mpanusc
PV, parvalbumin; MLC, myosin light chain; TPI, triosephosphate isomerase; TM,
tropomyosin; G3PD, glyceraldehy@ephosphate dehydrogenase; MHC, myosin heavy

chain.

Supporting.information

Table S1; Details of analysed 26 Skin Prick Test fish extracts from 5 different

manufacturers:

Figure S1: IgE reactivity of 16fish-allergic patients to cod, tuna, and salmon extracts.
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