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Background: Commercial allergen extracts for allergy skin prick testing (SPT) are widely 29 

used for diagnosing fish allergy. However, there is currently no regulatory requirement for 30 

standardisation of protein and allergen content, potentially impacting the diagnostic reliability 31 

of SPTs. We therefore sought to analyse commercial fish extracts for the presence and 32 
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concentration of fish proteins and in vitro IgE reactivity using serum from fish-allergic 1 

patients. 2 

Methods: Twenty-six commercial fish extracts from 5 different manufacturers were 3 

examined. The protein concentrations were determined, protein compositions analysed by 4 

mass spectrometry, followed by SDS-PAGE and subsequent immunoblotting with antibodies 5 

detecting 4 fish allergens (parvalbumin, tropomyosin, aldolase, collagen). IgE-reactive 6 

proteins were identified using serum from 16 children with confirmed IgE-mediated fish-7 

allergy, with focus on cod, tuna, and salmon extracts. 8 

Results: The total protein, allergen concentration and IgE reactivity of the commercial 9 

extracts varied over 10-fold between different manufacturers and fish species. The major fish 10 

allergen parvalbumin was not detected by immunoblotting in 6/26 extracts. In 7/12 extracts 11 

5 known fish allergens were detected by mass spectrometry. For cod and tuna almost 70% of 12 

patients demonstrated the strongest IgE reactivity to collagen, tropomyosin, aldolase A, or β-13 

enolase but not parvalbumin.  14 

Conclusions: Commercial fish extracts often contain insufficient amounts of important 15 

allergens including parvalbumin and collagen, resulting in low IgE reactivity. A 16 

comprehensive proteomic approach for the evaluation of SPT extracts for their utility in 17 

allergy diagnostics is presented. There is an urgent need for standardised allergen extracts, 18 

which will improve the diagnosis and management of fish allergy. 19 

 20 

Keywords

 22 

: allergy diagnostics, fish allergy, IgE reactivity, parvalbumin, skin prick test 21 

IgE-mediated fish allergy is typically a life-long disease 

1 Background 23 

1, with sensitisation rates of up to 3% 24 

in the general population 2, and up to 8% of fish processing workers 3. The diagnosis of fish 25 

allergy is often confirmed by in vivo allergy skin prick tests (SPT) 4,5, a relatively non-26 

invasive point of care testing, providing immediate results. Commercial fish extracts for SPT 27 

for approximately 30 (mostly European species) are available, while over 1,000 different fish 28 

species are consumed worldwide. Allergic sensitisation to fish seems to be region- and 29 

species-specific, leading to study bias when utilising SPT extracts from European species 6 in 30 

other regions. Furthermore, commercially available extracts do not appear to be standardised 31 

regarding protein and allergen content, thereby impacting the reproducibility and diagnostic 32 

value of SPTs. 33 
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Previous studies have demonstrated significant variation in allergen content of commercial 1 

SPT extracts for birch 7 and grass pollen 8, mould 9,10 and occupational allergens 11-13. A large 2 

heterogenicity in in vivo and in vitro reactivity and allergen content among 5 commercial 3 

crustacean extracts was recently demonstrated 14. Some commercial fish extracts have 4 

previously been analysed for their protein concentration and parvalbumin (PV) content 15. 5 

The current study aimed to examine a more complete fish allergen repertoire including PV 16, 6 

tropomyosin 17,18, aldolase A 19, β-enolase 19, vitellogenin 20, and collagen 21 in a large range 7 

of commercially available fish extracts for SPT as well as the molecular IgE reactivity using 8 

serum from fish-allergic children in a southern hemisphere setting. 9 

2.1 Skin prick test and in-house extracts 11 

2 Methods 10 

Twenty-six commercial extracts for SPT from 5 different manufacturers, covering 11 fish 12 

families/groups including mixes of species, were obtained (details are listed in Table S1). 13 

Extracts from different manufactures for the same species were assigned a number according 14 

to table S 1, i.e. cod-1. In-house protein extracts and purified PVs were generated as controls 15 

for this study, using frozen muscle tissue from Atlantic cod (Gadus morhua), yellowfin tuna 16 

(Thunnus albacares), and Atlantic salmon (Salmo salar). Tissue was homogenised with a 17 

rotor-stator homogeniser (5 min at 13,000 rpm on ice) in phosphate buffered saline (PBS, 18 

10 mM phosphate; pH 7.2; 2 ml/g tissue). After gentle agitation overnight at 4°C, subsequent 19 

centrifugation (20,000 x g) and filtration, extracts were stored at -20°C until further use, 20 

referred as raw protein extracts. For the heated extracts, tissue was heated in PBS (95-100°C) 21 

for 20 min before homogenisation. PV from these 3 species were purified from heated 22 

extracts by ammonium sulfate precipitation with subsequent dialyses against 100 mM 23 

ammonium bicarbonate as previously described 6

 25 

. 24 

2.2 Patients 26 

Sera were obtained from 16 Australian children (1-18 years) with allergist confirmed clinical 27 

history of IgE-mediated symptoms after ingesting fish. The median sIgE levels, determined 28 

by ImmunoCAP (Thermo Fisher Scientific), were 7.0 kU/l for cod (F3), 4.7 for tuna (F40), 29 

and 9.8 for salmon (F41), with a interquatile range of 1.6-75.0, 0.8-17.3, and 1.6-38.9, 30 

respectively (Stata v14). The sIgE level for patient 16 was <0.01 kU/l for all 3 species and 31 

has been excluded for the statical analyses (Table 1). The fish implicated in the allergic 32 

reaction was in 8 cases white fish/cod, in 7 salmon, and in 3 tuna. A pool of serum from 33 

3 non-atopic fish-tolerant donors was used as a negative control. Parents of all participants 34 
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gave written informed consent, and patient anonymity was preserved. Ethical approval was 1 

obtained from the Sydney Children's Hospitals Network (LNR-14/SCHN/185). 2 

 3 

2.3 Protein concentration and SDS gel-electrophoresis 4 

The protein concentration for all fish extracts was estimated using the Pierce™ 660nm 5 

Protein Assay (Thermo Scientific) with bovine serum albumin as standard. In-house extracts 6 

were diluted to 1 mg/ml, while commercial extracts were analysed undiluted. Proteins 7 

(2.5 μl) were separated according to their molecular weights using a Criterion™ SDS-PAGE 8 

system (Bio-Rad) as described by Laemmli [18]. The acrylamide content varied between 10 9 

and 16% depending on the molecular weight of the proteins of interest. Proteins were 10 

visualised by Coomassie Brilliant Blue R-250 (CBB) staining and identified by subsequent 11 

immunoblotting with allergen-specific antibodies or patient serum IgE. 12 

 13 

2.4 Immunoblotting  14 

The separated proteins were transferred onto nitrocellulose membrane. After drying, 15 

rehydrating in PBS and blocking for 1 h with 1xCasein (Thermo Scientific) in PBS at room 16 

temperature, the membranes were incubated with 4 antibodies detecting fish allergens for 1 h 17 

at room temperature or overnight with patient serum at 4°C (1:15 with 0.2x Casein in PBS-T 18 

(PBS with 0.5% Tween-20®)). The allergens, PV and tropomyosin, were detected using in-19 

house generated polyclonal antibodies raised in rabbits against PV from Asian seabass and 20 

Atlantic salmon 22, and tropomyosin from prawn 23. Aldolase A and collagen were identified 21 

utilising commercial polyclonal antibodies (goat anti-rabbit aldolase 100-1141 by Rockland 22 

Immunochemicals 19 

After washing with PBS-T, the patient blots were incubated with monoclonal mouse anti-25 

human IgE antibody (sc-53346 by Santa Cruz, 1:1,000 with 0.2xCasein in PBS-T for 1 h at 26 

room temperature) and subsequently washed. All blots were developed with a corresponding 27 

IR-labelled antibody (DyLight anti-mouse/rabbit 4xPEG by Thermo Scientific or IR-Dye 28 

anti-goat by LI-COR

and rabbit anti-tuna collagen ab23730 by Abcam, respectively). No 23 

antibody against β-enolase or vitellogenin were available. 24 

®). The Odyssey® Imaging Systems (LI-COR®) was used for imaging 29 

membranes and CBB-stained gels. Densitometric analyses were conducted utilising Image 30 

Studio Version 5.2 (LI-COR®) allowing sensitive but semi-quantitative evaluation of signals. 31 

The colours presented in heatmaps arise from individual protein bands or the sum of all 32 

signal intensities for each separate sample. The densitometric analyses utilising this system 33 
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are independent of background, contrast or other settings used for best visualisation of the 1 

immunoblot. 2 

 3 

2.5 Mass spectrometry analysis 4 

All commercial cod, tuna, and salmon extracts (diluted to 200 µg/ml), as well as all 5 

prominent IgE-reactive bands of the respective extracts, were subjected to mass spectrometric 6 

analysis after tryptic digestion (see  24 for details). In brief, the extracted peptides were 7 

analysed using an LTQ Orbitrap Elite (Thermo Scientific) coupled to an Ultimate 3000 8 

RSLC nanosystem (Dionex). The nanoLC system was equipped with an Acclaim Pepmap 9 

nano-trap column and an Acclaim Pepmap analytical column. The peptide mix was loaded 10 

onto the trap column before the enrichment column was switched in-line with the analytical 11 

column. The LTQ Orbitrap Elite mass spectrometer was operated in the data-dependent 12 

mode, spectra acquired first in positive mode at 240k resolution followed by collision-13 

induced dissociation (CID) fragmentation. Twenty of the most intense peptide ions with 14 

charge states ≥2 were isolated and fragmented using normalized collision energy of 35 and 15 

activation Q of 0.25 (CID). All results were analysed with Mascot search engine and cross-16 

referenced against NCBI protein database for all bony fish (February 2018). Variable 17 

modifications of carbamidomethyl-C and N-terminus, deamidation N, deamidation Q and 18 

oxidation of M were selected. The search results were further processed using Proteome 19 

Discoverer (Thermo Scientific) for false discovery rate control (1% at peptide spectral match, 20 

peptide and protein level) and protein grouping. A protein group was considered to be 21 

identified with at least 1 significant peptide. Perseus was used for generation of the Venn 22 

diagram 25. 23 

3.1 Protein contents of extracts 25 

3 Results 24 

The total protein content varied between the 26 commercial fish extracts more than 17-fold, 26 

ranging from 0.17 to 2.94 mg/ml (Figure 1A).  27 

 28 

3.2 SDS-PAGE and parvalbumin detection 29 

The protein composition showed large differences in number and abundance of proteins of 30 

different molecular weight in all analysed commercial fish extracts (Figure 1B). In 29% of 31 

the commercial fish extracts, no protein bands were visible in the 10 to 15 kDa range, the 32 

molecular weight of the major allergen, PV. 33 
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Utili sing a PV-specific antibody, PV was detected with similar intensities in all commercial 1 

cod extracts (Figure 1C). Among the commercial tuna extracts, PV was only detected in tuna-2 

1. For salmon-1 the signal for PV was 7-times higher compared to salmon-2, while no PV 3 

was detected in salmon-3. In all other commercial extracts, except flounder-2 and halibut-2, 4 

PV was identified. The highest PV-specific antibody reactivity was observed for the catfish1

 7 

 5 

extract, while the reactivity was very weak for extracts mackerel-5, perch-1, and mix-2. 6 

3.3 Protein composition evaluated by mass spectrometric analyses 8 

All analysed commercial cod, tuna, and salmon extracts revealed large differences in the 9 

presence of fish proteins and allergens. Across all 12 extracts, an average of 251 protein 10 

groups were identified, ranging from 217 to 381 for cod, 146 to 236 for tuna, and 209 to 279 11 

for salmon (see Figure 2 A-C). In all commercial cod extracts, 155 common protein groups 12 

were identified, while only 94 and 125 were found in all tuna and salmon extracts, 13 

respectively. The cod-3, tuna-2, and salmon-2 extracts differed the most from other extracts 14 

of the same species with 29, 51, and 103 unique proteins identified, respectively. 15 

Four fish proteins registered with the WHO/IUIS, as well as allergenic collagen, were 16 

investigated for all 5 cod, 4 tuna, and 3 salmon commercial extracts (Figure 2D). PV, 17 

tropomyosin, aldolase A, β-enolase, and collagen were detected in 2/5 cod (-3 and -5), 2/4 18 

tuna (-1 and -2), and all 3 salmon extracts. In the other 3 cod extracts, no collagen was 19 

detected but the other allergens. No detectable traces of tropomyosin and collagen were found 20 

in the other 2 tuna extracts, as well as no PV was detected in tuna-4. The fish allergen 21 

vitellogenin was not detected in any of the commercial fish extracts. 22 

 23 

3.4 Allergen profiles of commercial cod, tuna, and salmon extracts by SDS-PAGE and 24 

mass spectrometric analyses 25 

The subsequent analysis focused on the 2 commercial extracts with the lowest and highest 26 

protein concentrations each for cod, tuna and salmon - cod-2 (0.3 mg/ml) and cod-5 (1.1 27 

mg/ml), tuna-3 (0.7 mg/ml) and tuna-1 (2.9 mg/ml), and salmon-2 (0.2 mg/ml) and salmon-1 28 

(2.2 mg/ml) (Figure 3F). The selected extracts were compared to the respective in-house 29 

generated raw and heated extract by SDS-PAGE and subsequent immunoblotting utilising 30 

allergen-specific antibodies (Figure 3). 31 

The protein profiles (Figure 3A) of cod-5, tuna-1, tuna-3 and salmon-1 were similar to the 32 

corresponding raw extract, while cod-2 and salmon-2 showed even fewer protein bands than 33 

the corresponding heated extract. Salmon raw and heated extract, as well as salmon-2, 34 
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contained 2 prominent bands in the molecular weight region of PV monomers (10–15 kDa), 1 

but only one was observed in salmon-1. 2 

Bands identified as allergens by mass spectrometric analyses were quantified by 3 

densitometric analyses (Figure 3G). The abundance of the PV monomer varied maximal 2-4 

fold between all cod extracts, salmon-1, and salmon raw and heated extract. In salmon-1 the 5 

PV monomer was 3-times more abundant as compared to salmon-2, while among all tuna 6 

extracts only in tuna-1 a PV monomer could be identified. The fish allergens tropomyosin 7 

and aldolase A have a similar molecular weight as many other allergenic proteins such as 8 

glyceraldehyde-3-phosphate dehydrogenase, making a clear distinction not possible. Notable 9 

differences between the extracts were found in the abundance of proteins in this molecular 10 

weight range (35–40 kDa).  11 

In cod-5, tuna-1, and salmon-1 a 4-, 6-, and 13-times higher abundance was found as 12 

compared to cod-2, tuna-3, and salmon-2, respectively. The heat-sensitive allergen β-enolase 13 

could not be identified in any of the commercial cod extracts or heated extract of any of the 14 

3 species. The highest abundance of β-enolase was detected in tuna-1, being 7- and 4-times 15 

more abundant than in tuna-3 and raw tuna extract, respectively. In salmon-1 β-enolase was 16 

twice as abundant as compared to the raw salmon extract. No β-enolase was identified in 17 

salmon-2. Collagen could only be identified in the heated extract from all 3 species, however, 18 

myosin heavy chain was also identified in addition to collagen in the high molecular weight 19 

region. In cod heated extract, collagen was 4-times and 9-times more abundant compared to 20 

tuna and salmon heated extract, respectively. 21 

 22 

3.5 Allergen profiles of commercial cod, tuna, and salmon extracts using specific 23 

antibodies 24 

The presence and relative abundance of the 4 fish allergens PV, tropomyosin, aldolase A, and 25 

collagen was further evaluated by immunoblotting (Figure 3B-E) with subsequent 26 

comparative densitometric analyses (Figure 3H). Using the anti-salmon PV antibody, PV 27 

monomers (11-13 kDa) were detected in all cod and salmon extracts, but in only 1 tuna 28 

extract (tuna-1). The antibody reactivity was 5- and 3-times stronger for cod-5 and salmon-1 29 

as compared to cod-2 and salmon-2, respectively. A PV dimer (22-26 kDa) was identified 30 

with a strong signal in salmon-1, while the corresponding signal was 6-times weaker in raw 31 

and heated extract, and 44-times weaker for salmon-3. In cod and tuna extracts, no PV dimers 32 

were detected. In the molecular weight range of PV trimers (33-39 kDa), faint signals were 33 

observed in all extracts, however, their intensity varied greatly. 34 
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The signal for the tropomyosin monomer (35-40 kDa) was 11-, 6-, and 7-times stronger for 1 

the heated compared to raw extract from cod, tuna, and salmon, respectively, and stronger 2 

than the signal for any of the corresponding commercial extracts. Cod-5, tuna-1, and salmon-3 

1 showed a 4-6-times stronger signal intensity as compared to cod-2, tuna-3, and salmon-2. 4 

Faint signals below 35 kDa were observed in all extracts when using the anti-tropomyosin 5 

antibody. However, only for tuna-1 a very strong signal was observed at 25 kDa, indicating a 6 

fragment of this allergen as recently documented 26

Aldolase A was detected in all raw but none of the heated extracts, and neither in cod-2, tuna-8 

3, and salmon-2. The signal for cod-3 was 3-times stronger as for the respective raw extract, 9 

while the signal for tuna-1 and salmon-1 was about 2-fold weaker as for the respective raw 10 

extract. 11 

. 7 

Collagen was detected in all heated extracts, but none of the raw extracts or commercial 12 

extracts. The signal for cod heated extract was 3- and 5-times stronger than for the tuna and 13 

salmon heated extract, respectively. 14 

 15 

3.6 Patient IgE reactivity to specific allergens 16 

The 12 extracts were further analysed for IgE reactivity using serum from 16 patients with 17 

confirmed IgE-mediated fish allergy (Figure S1) and further evaluated for the total IgE 18 

reactivity (Figure 4) and reactivity to specific allergens (Figure 5). Subsequent densitometric 19 

analyses demonstrated large differences in total IgE reactivity among tuna and salmon, but 20 

less between commercial cod extracts (Figure 4). A stronger IgE reactivity was observed, 21 

using densitometric analysis, for cod-5 compared to cod-2 for 11/16 patients, while the IgE 22 

reactivity differed in average 1.4-times. Salmon-2 showed a weak to moderate IgE reactivity 23 

with 8/16 patients, while tuna-3 showed a relatively weak IgE reactivity only with three 24 

patients (3, 4, 11). In average tuna-1 and salmon-1 showed a 22- and 8-times stronger IgE 25 

reactivity, respectively, with an up to 65-fold difference between the 2 commercial salmon 26 

extracts. For 11 and 3 patients, the IgE reactivity was more than 10-fold different between the 27 

2 commercial tuna and salmon extracts, respectively.  28 

Among the 6 analysed commercial SPT extracts, cod demonstrated the lowest IgE reactivity; 29 

while 2/16 patients showed the strongest IgE reactivity to cod, whereas 6 and 8 patients 30 

showed the strongest reactivity to tuna or salmon, respectively. 31 

 32 

The most prominent IgE-reactive bands were further analysed by mass spectrometry and the 33 

signal intensities compared between all patients (Figure 5). IgE from all, but 2 patients (11 34 
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and 16), detected a PV monomer (11-13 kDa) in at least one of the 12 extracts. However, the 1 

PV monomer was the most and exclusive IgE-reactive band for only 5/16 patients for cod and 2 

tuna, but 12/16 patients for salmon. Most patients with no or little IgE reactivity to the PV 3 

monomer as well as a level low sIgE level for the respective fish species identified collagen 4 

(100–250 kDa) as the most prominent IgE-reactive protein. IgE-reactive collagen was 5 

detected in all heated, but none of the raw extracts. Collagen was the most IgE-reactive 6 

protein in cod, tuna, and salmon extracts for 6/16, 4/16, and 3/16 patients, respectively. 7 

Tropomyosin and aldolase A were identified in the 35-40 kDa region, while PV and 8 

triosephosphate isomerase were in the 20-30 kDa region. Additional proteins detected in 9 

these regions include glyceraldehyde-3-phosphate dehydrogenase and myosin light chain. 10 

Patients with weak or no IgE reactivity to the PV monomer and collagen, showed the 11 

strongest binding to one of these 2 regions, applicable for 5/16, 6/16, and 1/16 patients for 12 

cod, tuna, and salmon respectively. Half of the patients showed weak to moderate IgE 13 

reactivity to β-enolase (50 kDa) from tuna (10/16) and salmon (8/16) extracts. No β-enolase 14 

band was detected in any of the cod extracts. 15 

This study demonstrates a considerably high heterogenicity in protein and allergen content in 17 

SPT extracts used in routine diagnosis of fish allergy. Twenty-six commercial fish extracts 18 

were evaluated through a comprehensive biochemical and immunological analysis of the 19 

complete protein and allergen content, using immunoblotting and advanced mass 20 

spectrometric analysis. We found the total protein concentration between 26 fish extracts 21 

varying up to 17-fold, from the lowest in flounder-2 (0.17 mg/ml) to the highest in tuna-1 22 

(2.94 mg/ml). In contrast, comparable small variations in total protein content (up to 7-fold) 23 

were previously reported for 14 commercial fish SPT extracts 

4 Conclusions 16 

15. Subsequently using a PV-24 

specific antibody, PV was detected in all 4 analysed salmon extracts and none of 3 tuna 25 

extracts 15

 28 

. In our study, using an in-house antibody, PV was detected in most of the 26 26 

extracts except in 3 of 4 tuna, 1 of 3 salmon and 1 of 3 flounder/halibut extracts. 27 

The difference in PV content and antibody reactivity among tuna extracts is likely explained 29 

by the different species utilised, as none of the manufacturers provided the details of the exact 30 

species. A comparative analysis of in-house raw and heated extracts from yellowfin tuna 31 

(Thunnus albacares) and albacore tuna (T. alalunga) demonstrated over 100-times stronger 32 

antibody reactivity for the latter (unpublished data). We therefore conclude that the analysed 33 

extracts are likely derived from very different tunas, highlighting the importance of choosing 34 
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the appropriate region-specific species when preparing SPT extracts or performing prick-to-1 

prick tests using fresh fish. 2 

 3 

Subsequent analysis of all soluble proteins by mass spectrometry demonstrated that protein 4 

diversity varied greatly between the extracts. PV, tropomyosin, and/or collagen were not 5 

detected in 3/5 cod and 2/4 tuna extracts, while aldolase A and β-enolase were detected in all 6 

12 commercial cod, tuna, and salmon extracts. For example, 155 protein groups were 7 

identified in 5 cod extracts, while the total number of identified proteins groups varied from 8 

217 to 349, indicating very different methods of generating the commercial extracts between 9 

manufacturers. 10 

 11 

A recent study by Asero et al. demonstrated the unsuitability of 3 commercial prawn extracts, 12 

using SDS-PAGE and antibody-based approaches, due to the absence of important shellfish 13 

allergens 27

 18 

. In our study, we present for the first time a comprehensive proteomic approach 14 

using mass spectrometry for a fast and reliable evaluation of commercial SPT extracts for 15 

their utility in allergy diagnostics. We demonstrate that 5/9 commercial cod and tuna extracts, 16 

examined by mass spectrometry, lack important fish allergens. 17 

Among the 6 cod, tuna and salmon extract analysed in detail, using 4  antibodies detecting 19 

fish allergens, we confirmed the large heterogenicity in allergen content. Heat-labile 20 

aldolase A was detected in all in-house raw extracts as well as the 3 commercial extracts with 21 

a high total protein concentration. The same 3 extracts also showed a comparable high PV 22 

and tropomyosin content. In contrast, collagen, poorly extracted without heat treatment, was 23 

only detected in in-house heated extracts, but not in the raw or any SPT extracts. Therefore, 24 

we can assume that these 6 extracts were not heat-treated. 25 

 26 

The total in vitro IgE reactivity to commercial fish extracts depend on antigen content and 27 

differed between patients and fish species. In the Asia-Pacific region, clinicians often 28 

consider reactivity to cod as a marker for allergy to any white fish. According to our data, 29 

even the cod SPT extract with the highest antigen amount showed less reactivity than salmon 30 

and tuna extracts with higher antigen content. This study highlights region- and species-31 

specific IgE reactivity to fish, leading possible to false-negative diagnostics 6. Species-32 

specific sensitisation was also demonstrated in other studies for salmonids, tilapia, catfish, 33 
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and angler 28-30

 3 

. However, the patient- and fish species-dependant reactivity requires further 1 

investigations with a larger patient cohort and region-specific species.” 2 

Comparing the IgE reactivity of serum from patients with clinically confirmed fish allergy to 4 

cod and tuna, 11/16 patients showed the strongest IgE reactivity to collagen, tropomyosin, 5 

aldolase A, and β-enolase and 5/16 to PV. In contrast, for salmon PV was the most IgE-6 

reactive in 12/16 (75%) patients. Several studies have previously indicated that the PV 7 

content is species-specific affecting allergenicity, however no additional fish allergens were 8 

investigated 15,31-33. While it is generally accepted that PV is the major fish allergen 9 

accounting for 70-95% of allergic reactions, here we demonstrate the importance of 10 

additional fish allergens in different fish species 4

 12 

. 11 

Analysing the IgE reactivity for in-house heated extracts, collagen was the second most IgE-13 

reactive fish protein after PV, with up to 9/16 Australian fish allergic patients showing strong 14 

reactivity to this allergen. Initial protein analysis confirmed the differential abundance of 15 

collagen, which was 4- and 9-times higher in cod as compared to tuna and salmon, 16 

respectively. However, in all analysed commercial extracts collagen was underrepresented, 17 

resulting in low IgE reactivity in serum from patients sensitised to the fish allergen collagen. 18 

In a recent study, prick-to-prick testing with  raw fish resulted in false-negative results due to 19 

lack of collagen 34. Several studies from Japan confirmed the importance of collagen as a fish 20 

allergen and highlighted the high collagen content in the skin 21,35

 26 

. According to the 21 

ImmunoCAP results, one patient in our cohort was not sensitised to fish, but showed strong 22 

IgE reactivity to only collagen. The next generation of improved SPT extracts should 23 

consider the utilisation of fish skin and heat treatment. The possible introduction of purified 24 

collagens in in vitro fish allergy diagnostics should also be evaluated in future studies. 25 

In conclusion, many commercial fish extracts contain insufficient amounts of allergens such 27 

as PV and collagen, resulting in low IgE reactivity and limited suitability for reliable in vivo 28 

allergy testing. We recommend either standardisation and regulation of protein concentration 29 

and profiles in commercial allergen extracts or the use of improved in vitro diagnostics 30 

implementing a large variety of fish species and purified allergens. Further research must be 31 

conducted to meet the urgent need of region- and species-specific diagnostics, allowing 32 

improved management of this life-threatening disease. 33 
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 21 

Table 1: Clinical characteristics and relevant sIgE profiles of 16 fish-allergic patients 22 

recruited for  the study. 23 

Patients ImmunoCAP results 
Implicated 

fish* 
Symptoms 

# Sex 
Age 

(yr)  

Cod Tuna Salmon 

(kU/L) Class (kU/L) Class (kU/L) Class 

1 M 11 88.50 5 4.83 3 25.30 4 
Tuna and 

white fish 

AE, GIS, 

OAS, U 

2 F 1 5.47 3 5.14 3 5.58 3 
Asian 

seabass 
AE, RD, U 

3 M 11 92.10 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 

7 M 4 25.50 4 17.30 3 21.00 4 White fish 
U, 

abdominal pain 

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 

10 M 12 7.01 3 3.90 3 31.80 4 
Salmon, 

tuna 
E, U 

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 

16 M 1 <0.01 0 <0.01 0 <0.01 0 
Tinned 

salmon 
AE, U 

Note: AE, angioedema (lip swelling); E, eczema; GIS, gastrointestinal syndrome (vomiting); 1 

OAS, oral allergy syndrome (itchy mouth or swelling throat); RD, respiratory distress; U, 2 

urticaria (erythema, hives, rash). *Fish species which was associated with the clinical 3 

reaction upon ingestion. 4 

 6 

Figure legends 5 

Figure 1: Protein concentration, SDS-PAGE profile, and PV-specific antibody reactivity 7 

of 26 different fish SPT extracts from 5 different manufacturers. 8 

Protein concentrations were determined and the mean values from 3 replicates with the 9 

corresponding standard deviation are shown (A). The extracts were further analysed by SDS-10 

PAGE (B) and immunoblot with anti-PV antibody (C). Purified PV from Atlantic cod, 11 
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yellowfin tuna, and Atlantic salmon was used as positive control for the cod, tuna, and 1 

salmon SPT extracts. The numbers in superscript on the common species names represent the 2 

different manufacturers listed in Table S1. 3 

 4 

Figure 2: Protein groups and fish allergens detected in cod, tuna, and salmon SPT 5 

extracts. 6 

Mass spectrometric analyses were performed after in solution tryptic digestion. Proteins were 7 

identified by mascot and groups were defined using Proteome Discoverer (Thermo 8 

Scientific). For each SPT extract the total number of identified protein groups is given in 9 

brackets. The Venn diagram (InteractiVenn) shows the number of shared protein groups 10 

between the 5 cod (A), 4 tuna (B), and 3 salmon (C) SPT extracts. Detected fish allergens are 11 

indicated by solid field (D). The numbers after species name in A-C represent the different 12 

manufacturers listed in Table S1. 13 

 14 

Figure 3: Protein profile and allergen-specific reactivity of selected cod, tuna, and 15 

salmon extracts. 16 

The two SPTs with the lowest protein concentration (cod-2/2, tuna-3/3, salmon-2/2) and the 17 

highest (cod-5/5, tuna-1/1, salmon-1/1

 31 

) were compared with in-house prepared raw (RE) and 18 

heated (HE) protein extracts from the corresponding species. Proteins were separated by 19 

SDS-PAGE (A) and allergens identified using specific antibodies for PV (B), tropomyosin 20 

(C), aldolase A (D), and collagen (E). Heatmaps were generated for the protein concentration 21 

of each SPT extracts (F), the allergen abundance on the gel (G), and reactivity of the 22 

allergen-specific antibodies (H). *The identity of proteins extracted from bands was 23 

confirmed by mass spectrometric analyses. The superscript numbers on the fish species 24 

represent the different manufacturers listed in Table S1. Note: The colouring of the boxes 25 

represent intensity, with red being the highest, orange 50% and green 0% of the highest 26 

band/signal intensity. The colour scheme is valid for each row only and not comparible with 27 

shading in other figures of the manuscript. TM, tropomyosin; G3PD, glyceraldehyde-3-28 

phosphate dehydrogenase; MHC, myosin heavy chain; PV, parvalbumin; n.d., not 29 

determined. 30 
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Figure 4: Patients’ total IgE reactivity to proteins to selected cod, tuna, and salmon SPT 1 

extracts. 2 

The IgE reactivity of 16 patients to the two SPTs with the lowest protein concentration (cod-3 

2, tuna-3, salmon-2) and the highest (cod-5, tuna-1, salmon-1) was compared. The numbers 4 

after the species name represent the different manufacturers listed in Table S1. The patient 5 

number corresponds to Table 1. Note: The colouring of the boxes represent intensity, with red 6 

being the highest, orange 50% and green 0% of the highest total IgE reactivity of the patient. 7 

The colour scheme is valid for each row only and not comparible with shading in other 8 

figures of the manuscript. 9 

 10 

Figure 5: Allergogram analysis of patients’ IgE reactivity to allergens in different cod, 11 

tuna, and salmon extracts. 12 

The IgE reactivity of 16 patients to the two SPTs with the lowest protein concentration (cod-13 

2, tuna-3, salmon-2) and the highest (cod-5, tuna-1, salmon-1) was compared with in-house 14 

prepared raw (R) and heated (H) protein extracts from the corresponding species. The identity 15 

of proteins extracted from IgE-reactive bands (Figure S1) was confirmed by mass 16 

spectrometric analyses. The numbers after the species name represent the different 17 

manufacturers listed in Table S1. The patient number corresponds to Table 1. Note: The 18 

colouring of the boxes represent intensity, with red being the highest, orange 50% and green 19 

0% of the highest IgE reactivity of the patient to extracts. The colour scheme is valid for each 20 

patient and species only and not comparible with shading in other figures of the manuscript.. 21 

PV, parvalbumin; MLC, myosin light chain; TPI, triosephosphate isomerase; TM, 22 

tropomyosin; G3PD, glyceraldehyde-3-phosphate dehydrogenase; MHC, myosin heavy 23 

chain. 24 

 25 

Table S1: Details of analysed 26 Skin Prick Test fish extracts from 5 different 27 

manufacturers. 28 

Supporting information  26 

 29 

Figure S1: IgE reactivity of 16 fish-allergic patients to cod, tuna, and salmon extracts. 30 
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Species

Manufacturer 2 5 RE HE 1 3 RE HE 1 2 RE HE

F

Protein concentration 347 1,078 1,000 1,000 2,937 701 1,000 1,000 2,230 220 1,000 1,000

G

PV monomer 1,960 1,130 2,000 2,210 121 2 5 - 1,030 354 1,060 1,370

TM, Aldolase A, G3PD 545 1,940 2,560 5,160 9,430 1,460 8,310 6,910 7,270 569 6,500 5,230

β-enolase n.d. n.d. n.d. n.d. 10,100 1,350 2,600 31 5,070 2 2,540 -

Collagen, MHC - - - 6,180 - - - 1,610 - - - 701

H

Asian seabass PV 1,460 1,630 n.d. n.d. 1,080 11 n.d. n.d. 989 132 n.d. n.d.

Salmon PV - monomer 4,900 23,100 31,700 6,490 8,580 53 74 488 702,000 236,000 604,000 724,000

Salmon PV - dimer 4 369 513 480 489 449 164 13 38,600 1,260 5,960 6,220

Salmon PV - trimer 623 1,700 1,080 5,720 1,870 250 982 3,850 11,700 183 19,300 10,100

Tropomyosin 110 606 374 4,080 1,430 333 544 3,040 1,210 244 223 1,670

TM fragment - 60 187 413 3,700 117 263 69 161 83 182 223

Aldolase A - 2,820 995 144 4,180 264 5,870 - 1,540 - 2,620 -

Collagen 1,724 1,539 - 90,840 2,570 2,649 4,210 35,700 5,634 6,641 5,810 17,810
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2 5 1 3 1 2

1 38,231 51,539 2,140 235 2,048 381

2 254 667 4,267 235 2,180 286

3 19,233 20,443 37,562 893 10,588 2,427

4 54,245 64,298 86,809 2,011 67,947 24,471

5 5,499 8,193 11,978 453 66,840 23,284

6 935 734 2,867 222 3,702 432

7 3,496 2,716 1,887 275 9,525 3,150

8 148 370 1,974 71 1,010 62

9 7,511 5,260 11,555 304 11,058 2,694

10 113 179 1,470 143 22,966 7,113

11 139 141 733 166 976 113

12 85 1,083 1,380 144 2,617 158

13 2,419 1,966 2,796 43 10,082 643

14 1,596 1,146 844 115 965 121
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16 107 118 1,118 82 529 68
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2 5 1 3 1 2

1 38,231 51,539 2,140 235 2,048 381

2 254 667 4,267 235 2,180 286

3 19,233 20,443 37,562 893 10,588 2,427

4 54,245 64,298 86,809 2,011 67,947 24,471

5 5,499 8,193 11,978 453 66,840 23,284

6 935 734 2,867 222 3,702 432

7 3,496 2,716 1,887 275 9,525 3,150

8 148 370 1,974 71 1,010 62

9 7,511 5,260 11,555 304 11,058 2,694

10 113 179 1,470 143 22,966 7,113

11 139 141 733 166 976 113

12 85 1,083 1,380 144 2,617 158

13 2,419 1,966 2,796 43 10,082 643

14 1,596 1,146 844 115 965 121

15 600 617 1,645 159 4,704 637

16 107 118 1,118 82 529 68
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Patient

Preparation 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H

PV monomer 38,000 51,200 64,700 23,700 254 313 264 89 19,200 20,400 26,200 21,700 54,100 64,200 73,900 67,000 4,770 8,030 11,100 6,550 866 589 610 568 2,220 1,460 1,230 854 106 89 60 45 5,820 5,190 4,670 3,360 106 83 66 100 0 0 0 0 0 0 0 0 2,320 1,720 2,180 1,430 1,430 855 1,060 379 456 328 420 272 0 0 0 0

PV dimer, MLC, TPI 150 149 210 525 0 0 347 343 0 17 0 306 105 38 23 197 709 106 47 316 33 113 763 190 716 146 389 1,550 27 101 169 740 1,590 0 185 90 7 10 45 86 113 86 241 1,340 0 219 68 542 70 62 121 378 51 192 140 208 144 79 62 482 83 42 102 341

TM, aldolase A, G3PD 58 78 84 119 0 354 330 113 33 26 41 412 40 60 77 119 20 57 0 180 36 32 119 1,170 560 1,110 363 3,900 16 180 274 375 101 70 165 96 0 86 84 61 26 54 12 63 17 338 157 546 29 184 214 679 115 99 77 285 0 210 171 384 24 75 137 585

β-enolase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Collagen, MHC 22 112 0 75 0 0 0 257 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 225 0 0 0 0 0 0 0 389 0 0 0 509 68 526 0 2,210 0 0 0 9,670 0 0 0 2,600 0 0 0 4,930 0 0 0 7,000

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Patient

Preparation 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H

PV monomer 632 0 0 0 3,380 120 3 110 36,700 579 36 447 85,800 1,940 758 1,210 11,000 160 19 76 1,060 22 8 11 511 25 0 41 577 5 10 1 9,930 171 0 211 437 44 18 1 0 0 0 0 0 0 0 0 938 0 0 0 214 2 41 15 108 0 21 0 0 0 0 0

PV dimer, MLC, TPI 793 128 222 77 51 0 151 44 657 314 1,800 0 229 13 57 0 711 173 34 0 348 117 97 86 291 18 74 80 259 0 55 47 809 72 192 67 162 9 0 82 246 67 80 48 230 36 40 0 1,020 20 93 87 313 56 8 208 233 66 122 91 149 37 15 0

TM, aldolase A, G3PD 347 49 151 98 388 44 383 6 205 0 145 13,600 619 58 264 3 267 120 277 439 498 6 369 1,690 804 113 804 5,120 858 17 292 0 477 12 236 36 553 9 446 296 221 60 130 29 781 47 277 369 590 10 175 4,790 174 10 106 63 520 0 227 639 672 0 239 112

β-enolase 368 58 109 0 448 71 143 0 0 0 0 0 161 0 0 0 0 0 0 0 855 77 197 0 281 119 75 0 280 49 58 0 339 48 85 0 318 81 150 0 266 39 62 90 369 62 121 0 248 13 78 0 143 47 165 41 784 93 223 0 297 45 82 0

Collagen, MHC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 106 0 0 0 0 0 0 124 0 0 0 50 0 0 0 0 0 0 0 411 0 0 0 481 0 0 0 1,050 0 0 0 1,820 0 0 0 401 0 0 0 703 0 0 0 793

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Patient

Preparation 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H

PV monomer 1,300 268 863 896 1,310 260 621 719 9,800 2,390 7,670 16,500 59,100 24,000 54,800 87,300 58,900 23,100 33,300 29,400 2,280 417 1,280 1,500 6,110 2,940 3,860 4,860 36 35 13 28 8,100 2,660 5,940 8,560 19,300 7,060 11,700 15,200 0 0 0 0 403 79 235 252 7,970 643 4,230 5,960 520 15 334 522 2,620 576 2,670 4,400 0 0 0 0

PV dimer, MLC, TPI 411 73 170 0 169 26 0 108 572 0 68 110 6,630 418 596 1,680 6,930 164 1,070 976 493 10 52 208 1,570 62 323 232 113 26 52 93 1,950 0 361 773 2,360 53 569 508 161 113 287 8 697 79 275 131 1,230 0 585 9 358 106 212 56 280 61 4 171 15 68 5 35

TM, aldolase A, G3PD 102 40 0 0 455 0 165 69 216 37 169 5,400 1,330 53 228 151 1,010 20 107 339 290 5 215 1,760 1,700 148 534 1,890 373 0 120 39 369 34 136 76 611 0 281 69 188 0 113 73 578 0 56 1,090 166 0 44 2,510 87 0 36 27 688 0 61 301 150 0 116 228

β-enolase 235 0 77 0 246 0 65 0 0 0 0 0 887 0 138 0 0 0 0 0 639 0 190 0 0 0 99 0 263 0 60 0 639 0 147 0 695 0 130 0 415 0 262 0 667 0 186 0 301 0 62 0 0 0 0 0 911 0 187 0 233 0 77 0

Collagen, MHC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 106 145 0 0 132 225 0 0 0 0 0 0 0 0 0 0 80 212 0 0 2,090 272 0 0 1,140 415 0 0 571 0 0 0 0 205 0 0 791 131 0 0 650
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Patient

Preparation 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H 2 5 R H

PV monomer 38,000 51,200 64,700 23,700 254 313 264 89 19,200 20,400 26,200 21,700 54,100 64,200 73,900 67,000 4,770 8,030 11,100 6,550 866 589 610 568 2,220 1,460 1,230 854 106 89 60 45 5,820 5,190 4,670 3,360 106 83 66 100 0 0 0 0 0 0 0 0 2,320 1,720 2,180 1,430 1,430 855 1,060 379 456 328 420 272 0 0 0 0

PV dimer, MLC, TPI 150 149 210 525 0 0 347 343 0 17 0 306 105 38 23 197 709 106 47 316 33 113 763 190 716 146 389 1,550 27 101 169 740 1,590 0 185 90 7 10 45 86 113 86 241 1,340 0 219 68 542 70 62 121 378 51 192 140 208 144 79 62 482 83 42 102 341

TM, aldolase A, G3PD 58 78 84 119 0 354 330 113 33 26 41 412 40 60 77 119 20 57 0 180 36 32 119 1,170 560 1,110 363 3,900 16 180 274 375 101 70 165 96 0 86 84 61 26 54 12 63 17 338 157 546 29 184 214 679 115 99 77 285 0 210 171 384 24 75 137 585

β-enolase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Collagen, MHC 22 112 0 75 0 0 0 257 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 225 0 0 0 0 0 0 0 389 0 0 0 509 68 526 0 2,210 0 0 0 9,670 0 0 0 2,600 0 0 0 4,930 0 0 0 7,000

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Patient

Preparation 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H 1 3 R H

PV monomer 632 0 0 0 3,380 120 3 110 36,700 579 36 447 85,800 1,940 758 1,210 11,000 160 19 76 1,060 22 8 11 511 25 0 41 577 5 10 1 9,930 171 0 211 437 44 18 1 0 0 0 0 0 0 0 0 938 0 0 0 214 2 41 15 108 0 21 0 0 0 0 0

PV dimer, MLC, TPI 793 128 222 77 51 0 151 44 657 314 1,800 0 229 13 57 0 711 173 34 0 348 117 97 86 291 18 74 80 259 0 55 47 809 72 192 67 162 9 0 82 246 67 80 48 230 36 40 0 1,020 20 93 87 313 56 8 208 233 66 122 91 149 37 15 0

TM, aldolase A, G3PD 347 49 151 98 388 44 383 6 205 0 145 13,600 619 58 264 3 267 120 277 439 498 6 369 1,690 804 113 804 5,120 858 17 292 0 477 12 236 36 553 9 446 296 221 60 130 29 781 47 277 369 590 10 175 4,790 174 10 106 63 520 0 227 639 672 0 239 112

β-enolase 368 58 109 0 448 71 143 0 0 0 0 0 161 0 0 0 0 0 0 0 855 77 197 0 281 119 75 0 280 49 58 0 339 48 85 0 318 81 150 0 266 39 62 90 369 62 121 0 248 13 78 0 143 47 165 41 784 93 223 0 297 45 82 0

Collagen, MHC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 106 0 0 0 0 0 0 124 0 0 0 50 0 0 0 0 0 0 0 411 0 0 0 481 0 0 0 1,050 0 0 0 1,820 0 0 0 401 0 0 0 703 0 0 0 793

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Patient

Preparation 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H 1 2 R H

PV monomer 1,300 268 863 896 1,310 260 621 719 9,800 2,390 7,670 16,500 59,100 24,000 54,800 87,300 58,900 23,100 33,300 29,400 2,280 417 1,280 1,500 6,110 2,940 3,860 4,860 36 35 13 28 8,100 2,660 5,940 8,560 19,300 7,060 11,700 15,200 0 0 0 0 403 79 235 252 7,970 643 4,230 5,960 520 15 334 522 2,620 576 2,670 4,400 0 0 0 0

PV dimer, MLC, TPI 411 73 170 0 169 26 0 108 572 0 68 110 6,630 418 596 1,680 6,930 164 1,070 976 493 10 52 208 1,570 62 323 232 113 26 52 93 1,950 0 361 773 2,360 53 569 508 161 113 287 8 697 79 275 131 1,230 0 585 9 358 106 212 56 280 61 4 171 15 68 5 35

TM, aldolase A, G3PD 102 40 0 0 455 0 165 69 216 37 169 5,400 1,330 53 228 151 1,010 20 107 339 290 5 215 1,760 1,700 148 534 1,890 373 0 120 39 369 34 136 76 611 0 281 69 188 0 113 73 578 0 56 1,090 166 0 44 2,510 87 0 36 27 688 0 61 301 150 0 116 228

β-enolase 235 0 77 0 246 0 65 0 0 0 0 0 887 0 138 0 0 0 0 0 639 0 190 0 0 0 99 0 263 0 60 0 639 0 147 0 695 0 130 0 415 0 262 0 667 0 186 0 301 0 62 0 0 0 0 0 911 0 187 0 233 0 77 0

Collagen, MHC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 106 145 0 0 132 225 0 0 0 0 0 0 0 0 0 0 80 212 0 0 2,090 272 0 0 1,140 415 0 0 571 0 0 0 0 205 0 0 791 131 0 0 650
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