LETTERS TO THE EDITOR

Cancer Society, The Wenner-Gren Foundation and Astma och
Allergiférbundet - forskningsfonden. The meeting was also spon-
sored by Novartis, Thermo Fisher Scientific, PeproTech, Mettler
Toledeo, Bio-Techne, Olink and Affibody.
Jenny Hallgren®
Lars Hellman?

Marcus Maurer®

Gunnar P. Nilsson*®

Sara Wernersson®
Magnus Abrink”

Gunnar Pejler®

!Department of Medical Biochemistry and Microbiology, Uppsala
University, Uppsala, Sweden

2Department of Cell and Molecular Biology, Uppsala University,
Uppsala, Sweden

3Department of Dermatology and Allergy, Allergie-Centrum-
Charité, Charité - Universitdtsmedizin Berlin, Berlin, Germany
4Department of Medicine Solna, Karolinska Institutet, Stockholm,
Sweden

5Department of Medical Sciences, Uppsala University, Uppsala, Sweden
SDepartment of Anatomy, Physiology and Biochemistry, Swedish
University of Agricultural Sciences, Uppsala, Sweden
"Department of Biomedical Sciences and Veterinary Public

Health, Swedish University of Agricultural Sciences, Uppsala, Sweden

Correspondence
Gunnar Pejler, Department of Medical Biochemistry and
Microbiology, Uppsala University, BMC, Box 582, 75123

/i 09
2 WiLEy- L

Uppsala, Sweden.

Email: Gunnar.Pejler@imbim.uu.se

ORCID

Jenny Hallgren https://orcid.org/0000-0002-3685-5364

Marcus Maurer https://orcid.org/0000-0002-4121-481X

Gunnar Pejler https://orcid.org/0000-0002-6779-391X

REFERENCES

1. Maurer M, Pucillo C. What we know (and don't know) about the
biology and functions of mast cells and basophils. Immunol Rev.
2018;282:5-7.

2. Steinhoff M, Buddenkotte J, Lerner EA. Role of mast cells and baso-
phils in pruritus. Immunol Rev. 2018;282:248-264.

3. Marichal T, Tsai M, Galli SJ. Mast cells: potential positive and negative
roles in tumor biology. Cancer Inmunol Res. 2013;1:269-279.

4. Church MK, Kolkhir P, Metz M, Maurer M. The role and relevance of
mast cells in urticaria. Immunol Rev. 2018;282:232-247.

5. Metz M, Grimbaldeston MA, Nakae S, Piliponsky AM, Tsai M, Galli SJ.
Mast cells in the promotion and limitation of chronic inflammation.
Immunol Rev. 2007;217:304-328.

6. Bradding P, Pejler G. The controversial role of mast cells in fibrosis.
Immunol Rev. 2018;282:198-231.

7. Karasuyama H, Miyake K, Yoshikawa S, Yamanishi Y. Multifaceted
roles of basophils in health and disease. J Allergy Clin Immunol.
2018;142:370-380.

8. Piliponsky AM, Romani L. The contribution of mast cells to bacterial
and fungal infection immunity. Immunol Rev. 2018;282:188-197.

9. Metz M, Piliponsky AM, Chen CC, et al. Mast cells can enhance resis-
tance to snake and honeybee venoms. Science. 2006;313:526-530.

DOI: 10.1111/all.14070

Mass spectrometry confirmation that clinically important
peanut protein allergens are present in household dust

To the editor

The route of exposure of peanut in the first year appears to be cru-
cial in determining whether peanut allergy or tolerance develops.
Epicutaneous peanut exposure via an inflamed disrupted skin bar-
rier increases the risk of peanut allergy.* Furthermore, there is evi-
dence that perinatal exposure to peanut in dust is associated with
the development of peanut sensitization and allergy in children
with a disrupted skin barrier.? Environmental exposure to peanut
in early life is therefore an important factor to quantify and con-
sider in the development of peanut allergy. Previous studies have
quantified peanut protein (using a polyclonal whole peanut protein
ELISA) and specific peanut allergens (using a monoclonal Ara h 1

ELISA) in household dust and surfaces.?® Studies linking peanut
protein in dust to peanut sensitization used an ELISA employing a
polyclonal antibody which has been validated for sensitivity, speci-
ficity, and reproducibility with regards analysis of dust samples®;
however, given the specificity of the ELISA,>? it does not confirm
the presence of peanut allergens (eg, Ara h 2) and isoforms thereof.
We therefore used mass spectrometry (MS) to confirm the pres-
ence of peanut proteins present in dust samples previously indi-
cated by ELISA and characterize the repertoire of peanut allergens
present.

Dust samples were collected from UK households using a

method previously described®; they had high (n = 2, infant's play-area

Abbreviations: ELISAs, Enzyme-linked immunosorbent assays; FDR, False Discovery Rate; HPLC, High Performance Liquid Chromatography; MS, Mass spectrometry.
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FIGURE 1 Confirmation of the presence of the Ara h 2 isoform
Q6PSU2-3 in dust sample 1. Protein coverage map (A) shows

all observed peptides (indicated by blue line) at FDR < 0.1%
confidence, with modifications indicated (c = carbamidomethyl,

o = oxidation). The peptide boxed in red is described further in
inset (B), which shows the MS2 spectrum of the peptide DPYS(P*)
SQDPYS(P*)SQDPDR (P* denoting hydroxyproline). This peptide
is unique to the peanut allergen Ara h 2 (Q6PSU2 isoforms). Major
y-ions (red) and b-ions (blue) used to confirm peptide presence are
shown

(1) and bed-sheet (2)) or low (n = 1, maternal bed-sheet (3)) peanut
concentration (determined by the Veratox polyclonal peanut ELISA
(detecting total peanut protein), Neogen Europe) were used for the

MS analysis.

1 | SAMPLE PREPARATION

Chemicals were obtained from Sigma-Aldrich unless otherwise indi-
cated. Dust (5 mg) was extracted 1:20 (weight: volume) in 50 mmol/L
Tris CI” (pH 8.8), 50 mmol/L DTT, 0.04% (w/v) Rapigest™ (kind gift of
Waters Corporation). Samples were reduced, alkylated, and digested
using trypsin (Promega) as described previously,” prior to sample
cleanup using Pierce C18 spin columns (Thermo Scientific) according
to manufacturer's instruction. Samples were stored frozen at -20°C

prior to analysis.

2 | MASS SPECTROMETRY

Samples were analyzed by the Biological Mass Spectrometry Facility
of the University of Manchester using reverse phase HPLC elec-
trospray ionization MS (RP-HPLC-ESI-MS) using a Nanoacquity

nano-LC (Waters) coupled to an Orbitrap Elite mass spectrometer

(Thermo Scientific).”® In order to maximize the likelihood of peanut
detection, the total digests derived from 5 mg of dust were analyzed
using a single injection. Data Analysis was performed as described in
the Methods S1. The FASTA database used was downloaded from
Uniprot (TAXID 3818: A hypogaea) (https://unl.box.com/s/gg8xo
ql7k8aj6fjoomrOmnsfk470d800).

The polyclonal ELISA quantified the concentration of pea-
nut protein in dust samples 1 and 2 as 85 and 80 ug/g, respec-
tively, whereas that in dust sample 3 was below the lower limit of
quantitation (<0.625 ug/g). Abbreviated analysis of the MS/MS
data obtained from the same extracted dust samples is shown in
Table 1 (more extensive reporting available: https://unl.box.com/s/
gg8xoql7k8ajéfjoomrOmnsfk470d800). In dust samples 1 and 2,
many peptides derived from peanut proteins were evident even at
FDR < 0.1%, the highest stringency allowable with the PEAKS data
package. In the case of dust sample 3, (suggested by ELISA analysis
to contain little or no peanut protein) there was an indication of
far fewer peanut derived peptides. Results followed a similar trend
for both ELISA and number of peanut peptides identified, with dust
sample 3 having the smallest amount of peanut, followed by 2 and
1 having the most.

An overview of the specific allergen detection by mass spec-
trometry which underlies the detection of peanut allergen families
(eg, Ara h 1 or Ara h 2) and example isoforms thereof in dust are
shown in Table 1. We indicate only one isoform for each allergen,
but unique peptides indicating the presence of different isoforms
were detected (see link: https://unl.box.com/s/gg8xoql7k8aj6fj
oomrOmnsfk470d800). It should be noted that MS analysis is lim-
ited by availability of sequences and that this study relied upon the
UniProt sequences available for peanut which are not complete.
Protein sequence coverage was poorer compared with previous
profiling of allergens from peanut flour using data-independent ac-
quisition but was similar between allergens, with better coverage
being observed for Ara h 2 and 6 compared with Ara h 1 and 3 in
the dust samples. The allergens Ara h 3, 1, 2, and 6 dominate the
peanut seed proteome, and this is reflected in high-quality assign-
ment of peptide spectra. However, the less abundant allergens Ara
h 7, 8,9, 10, and 11 are also detectable in dust sample 1. We did
not detect the profilin allergen Ara h 5, consistent with previous
work.” Dust sample 3 contained poor coverage of the most abun-
dant allergens (Ara h 1, 2, and 3). The detection of the allergen Ara
h 2 in dust sample 1 is shown in detail in Figure 1. Multiple peptides
and MS2 fragmentation thereof allow for the confident demonstra-
tion of allergen presence. When signal peptides and those peptides
too small for detection using our methodology are discounted, we
observed all expected peptides at a FDR < 0.1%. Furthermore,
we were able to confidently detect hydroxyproline modifications,
which have been found to be important for IgE binding.® Although
number of identified peptides is correlated with protein quantity,
variable factors such as ionisation efficiency and MS2 spectral qual-
ity make derivation of protein quantity from this data imprecise. For
this reason, we have not attempted quantitation of allergens using
this data.
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We have confirmed the presence of the clinically important pea-

nut allergens Ara h 1, 2, 3, and 6 in peanut containing dust samples
using MS analysis which offers more specific, sequence-specific,
detection than ELISA method. The findings from this MS analysis
confirm the utility of mass spectrometry in detection of food al-
lergens in complex environmental samples such as house dust and
furthermore the detection of specific proteins known to cause al-
lergic reactions. We suggest that more rapid, targeted, quantitative
MS methodology based on that presented here could form the basis
of broader environmental analysis to further investigate the role of
food allergens in dust may play in sensitizing individuals through en-

vironmental exposure.

CONFLICT OF INTEREST

Dr Brough reports grants from Food Allergy Research & Education
(FARE), other from UK Dept of Health through NIHR, during the
conduct of the study; being on scientific advisory board for DBV
Technologies, and research support from Thermo Scientific out-
side the submitted work. Dr Mills reports grants from The UK Food
Standards Agency, during the conduct of the study; grants from
Reacta Biotech Ltd, outside the submitted work; in addition, Dr Mills
has a patent PCT/GB2016/051637 pending to Reacta Biotech Ltd,
and a patent PCT/GB2016/053829 pending to Reacta Biotech Ltd
and is Chief Scientific Officer and shareholder of Reacta Biotech
Ltd, a start-up developed to commercialize foods for use in oral food
challenges. Dr Lack reports other from UK Dept of Health through
NIHR during the conduct of the study; personal fees and other
from DBV Technologies, other from Mighty Mission Me, personal
fees from Aravax, outside the submitted work. Mrs Richards and Dr

Johnson have nothing to disclose.

AUTHOR CONTRIBUTIONS

Dr Brough and Dr Johnson designed the study, analyzed and pre-
pared the results for publication, drafted the letter, and critically
revised it. Mrs Richards acquired the data for the dust using the
polyclonal ELISA and contributed to the revising of the manuscript.
Professor Lack and Professor Mills made substantial contributions to
the conception and design of the study as well as interpretation of
data and were involved in drafting and revising the letter. All authors
have given final approval for the version to be published and agree
to be accountable for all aspects of the work.
Helen A. Brough??3
Elizabeth Naomi Clare Mills*
Kerry Richards®?
Gideon Lack'??
Philip E. Johnson*>

paediatric Allergy Group, Department of Women and Children’s
Health, School of Life Course Sciences, King’s College London, St.
Thomas’ Hospital, London, UK

2Paediatric Allergy Group, Peter Gorer Department of

Immunobiology, School of Immunology & Microbial Sciences, King’s
College London, Guys’ Hospital, London, UK

3Children’s Allergy Service, Evelina Children’s Hospital, Guy’s and St.
Thomas’ Hospital NHS Foundation Trust, London, UK

“Division of Infection, Immunity & Respiratory Medicine, School

of Biological Sciences, Manchester Academic Health Science

Centre, Manchester Institute of Biotechnology, The University of
Manchester, Manchester, UK

5Department of Food Science and Technology, University of Nebraska,
Lincoln, NE, USA

Correspondence

Helen A. Brough, Children’s Allergy Service, Evelina London,
2nd Floor, Stairwell B, South Wing, St Thomas’ Hospital NHS
Foundation Trust, London SE1 7EH, UK

Email: helen.brough@gstt.nhs.uk

ORCID

Helen A. Brough https://orcid.org/0000-0001-7203-0813

Gideon Lack https://orcid.org/0000-0001-7350-4021

REFERENCES

1. Leung DY, Guttman-Yassky E. Deciphering the complexities of atopic
dermatitis: shifting paradigms in treatment approaches. J Allergy Clin
Immunol. 2014;134:769-779.

2. Brough HA, Liu AH, Sicherer S, et al. Atopic dermatitis increases
the effect of exposure to peanut antigen in dust on peanut sensi-
tization and likely peanut allergy. J Allergy Clin Inmunol. 2015;135:
164-170.

3. Perry TT, Conover-Walker MK, Pomes A, Chapman MD, Wood RA.
Distribution of peanut allergen in the environment. J Allergy Clin
Immunol. 2004;113(5):973-976.

4. Brough HA, Makinson K, Penagos M, et al. Distribution of pea-
nut protein in the home environment. J Allergy Clin Immunol.
2013;132:623-629.

5. Jayasena S, Smits M, Fiechter D, et al. Comparison of six commercial
ELISA kits for their specificity and sensitivity in detecting different
major peanut allergens. J Agric Food Chem. 2015;63(6):1849-1855.

6. Johnson PE, Sayers RL, Gethings LA, et al. Quantitative proteomic
profiling of peanut allergens in food ingredients used for oral food
challenges. Anal Chem. 2016;88:5689-5695.

7. Sayers RL, Johnson PE, Marsh JT, Barran P, Brown H, Mills EN. The
effect of thermal processing on the behaviour of peanut allergen pep-
tide targets used in multiple reaction monitoring mass spectrometry
experiments. Analyst. 2016;141(13):4130-4141.

8. Bernard H, Guillon B, Drumare MF, et al. Allergenicity of peanut
component Ara h 2: contribution of conformational versus lin-
ear hydroxyproline-containing epitopes. J Allergy Clin Immunol.
2015;135(5):1267-1274.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section.


mailto:﻿
https://orcid.org/0000-0001-7203-0813
https://orcid.org/0000-0001-7350-4021
mailto:helen.brough@gstt.nhs.uk
https://orcid.org/0000-0001-7203-0813
https://orcid.org/0000-0001-7203-0813
https://orcid.org/0000-0001-7350-4021
https://orcid.org/0000-0001-7350-4021

MS data (.raw files) were analysed using PEAKS Client 8.5 build 20180507 (Bioinformatic
Solutions Inc, Waterloo, Canada). Bioworks v. 3.3.1 (ThermoScientific, Waltham, USA) was
installed to allow PEAKS to process.raw files directly. Analytical variables were set as follows:
parent ion mass tolerance 5ppm, MS2 ion tolerance 0.5 Da, 2+ and 3+ charge states only. Up to
1 missed cleavage (trypsin) were allowed at either end of the peptide. Carbamidomethyl
(cysteine) was set as a required modification and oxidation (methionine) and hydroxylation
(proline) set as variable modifications. The false discovery rate (FDR) for protein identities was

set at 0.1%.
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