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INTRODUCTION 
One of the barriers to the effective use of 
challenges in food allergy diagnosis is the lack 
of controlled and properly blinded foods 
containing well characterised allergenic food 
ingredients. These ingredients need to be 
representative of foods as they are eaten, and 
have an allergen profile representative of the 
food type. Major peanut allergens are 
characterised and defined by standardised 
nomenclature (e.g. Ara h 1 to 13), with many 
having multiple known sequences (Figure 1). 
Close homology is common within the 2S 
albumins (prolamins, Ara h 2, 6 and 7) and 
cupin family allergens (Ara h 1 and 3). Mass 
spectrometry allows individual detection of 
isoforms of these allergens, whereas traditional 
detection methods (e.g. ELISA) does not. Here 
we present a data independent approach 
coupled with ion mobility to provide a means of 
characterizing allergenic proteins from peanut 
flour.  

LABEL-FREE QUANTITATIVE PROTEOMIC ASSESSMENT OF ALLERGENIC PROTEINS EXTRACTED FROM 
PEANUT USING MOBILITY ASSISTED DATA INDEPENDENT LC-MS 
T-WAVE  

Katsutoshi Nagase1, Thanai Paxton1, Lee A Gethings2, Phil Johnson3, Antonietta Gledhill2, Anuradha Balasundaram3, Gareth Cleland2, James Langridge2, E.N.Clare Mills3  
1Nihon Waters, Tokyo, Japan, 2Waters Corporation, Manchester, United Kingdom, 3Institute of Inflammation and Repair, Manchester Academic Health Science Centre, Manchester Institute of Biotechnology, University of Manchester, United Kingdom 

References 

1. Database searching and accounting of multiplexed precursor and product ion spectra  from 
the data independent analysis of simple and complex peptide mixtures. Li GZ,  Vissers JP, 
Silva JC, Golick D, Gorenstein MV, Geromanos SJ. Proteomics. 2009 Mar;9 (6):1696-719. 

Figure 4. Example LC-MS total ion chromatogram of a tryptic 
digest of peanut flour extract over a 90 min gradient. Example 
spectra show the low and high energy functions for a Ara h 2 
peptide (APQRCDLEVESGGR, m/z 787.04) 

 
 

CONCLUSIONS 
 

 Over 300 proteins were identified from tryptic digests 
of peanut extracts, including the major protein 
families associated with peanut allergy identified 
with a sequence coverage of 70% or greater. 

 A label-free approach has been applied for the 
analysis of peanut allergens by implementing IM-DIA
-MS, provides both qualitative and quantitative 
information in a single experiment. 

 Peanut based allergens appear to show abundance 
over a wide dynamic range. 

 Potential MRM transitions relating to peanut allergens 
have been derived from the discovery data and 
available for acquiring using the Xevo TQ-S platform. 

Figure 2. Retention and drift time principle ion mobility enabled 
data-independent analysis (IM-DIA-MS). 

Figure 10. Potential MRM transition candidates reviewed and 
selected using Skyline. Example MRM candidates, VLLEENAG-
GEQEER (m/z 786.87) and GENESDEQGAIVTVR (m/z 802.38) 
representing Ara h 1 and Ara h 3, respectively.  

LC-MS conditions 

Label-free LC-MS was used for qualitative and quantitative 
peptide analyses. Experiments were conducted using a 90 min 
gradient from 5 to 40% acetonitrile (0.1% formic acid) at 300 
nL/min using a nanoACQUITY system and a BEH 1.7 μm C18 
reversed phase 75 μm x 20 cm nanoscale LC column. 
 
Data were acquired in data independent analysis (DIA) that 
utilized a hybrid IMS-oaToF Synapt G2-S mass spectrometer. 
Ion mobility (IM) was used in conjunction with both acquisition 
schemes, illustrated in Figure 2. 
 
Bioinformatics 

The LC-MS peptide data were processed and searched with  
TransOmics LC-MS software. Data were searched against a in-
house protein sequence database. Normalized label-free  
quantification was also achieved using the same software 
platform. Scaffold was used to interrogate the data further. 

METHODS 
Sample preparation 

A lightly roasted, mechanically-defatted peanut flour (Golden 
Peanut Company 12 % fat, lightly roasted) has been widely 
used for peanut challenges was chosen for analysis. Proteins 
were extracted from three individual batches of flour using a 
buffer containing 50 mM Tris (8.8) and 1% (v/v) RapiGest. 
Extracts were reduced and alkylated in solution prior to 
overnight trypsin digestion. Following digestion, TFA (final 
concentration 0.1%) was added and samples centrifuged. In 
preparation for LC/MS analysis, samples were reconstituted in 
0.1% formic acid. 
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RESULTS 
The extraction of the major allergenic proteins of peanut under 
different conditions was initially assessed using SDS-PAGE. The 
most efficient extraction was used for preparation of samples 
for mass spectrometry. 

Figure 9. Normalized abundances for each peanut protein iden-
tified. Common peanut allergens are highlighted, showing Ara 
h 1 to be the most abundant of all the allergenic proteins iden-
tified. 
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Figure 6. Identified allergenic proteins from peanut. Number of 
peptides (black), summed intensity (measure for molar 
amount) of the 3 most abundant peptides (grey) and sequence 
coverage (blue).  

Figure 7. Arachin 6 protein sequence coverage (78%) with a 
representative fragmentation spectrum for peptide 
TANELNLLILR (m/z 635.38). 

Tryptic digests were analyzed using LC-MS (Figure 4). Data 
were loaded into TransOmics, automatically aligned, illustrated 
in Figure 5, peak picked and processed prior to searching 
against a Arachis hypogaea database. A total of 300 proteins 
were identified, including known allergens such as the Ara h 
class (Figure 6). Protein identifications were accompanied with 
high (reproducible) sequence coverage. Example peptide 
fragmentation data is shown in Figure 7. 

 
 

 
 

Statistical analysis to interrogate the data further and provide 
added confidence for protein identifications is shown in Figure 
8. Using probabilistic statistics, TransOmics search engine 
scores are translated into peptide identification probabilities 
using Scaffold. Distributions representing +2 and +3 peptides 
(based on a 50% peptide threshold filter), provides a protein 
FDR of less than 3%.  
 
Normalized abundances for each proteins can also be gener-
ated from the label-free IM-DIA-MS data (Figure 9). 
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Figure 8. Peptide assignments to protein identifications (based 
on +2 and +3 peptides). The distribution to the right (red) sig-
nifies correct assignments, whilst the left distribution (blue) 
shows incorrect assignments with the peptide filter set to 50%.  

 
 

The results from the discovery data can be used to determine 
potential transitions for multiple reaction monitoring (MRM) ex-
periments. Identified fragments are used to construct a library 
with Skyline. A number of potential transitions can be gener-
ated for constructing the MRM method. Figure 10 provides ex-
amples of typical transitions for the allergen proteins identified 
from the Synapt G2-S data. 

 
 

Figure 5. Alignment of raw data shows a high degree of repro-
ducibility (scores of >80%). A single file is selected as a refer-
ence. Regions of the chromatogram showing good alignment 
can be viewed in the Ion Intensity Map panel (highlighted by 
the green coverage), with features selected (blue points) as 
alignment vectors.  
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Figure 3. SDS-PAGE of the major allergenic proteins from un-
roasted (raw), 170oC roasted and a commercially available 
peanut flour. Extraction of major visible peanut allergens was 
most efficient in the presence of RapiGest when compared with 
NaCl. 

Figure 1. (a) Major allergens of peanut and biochemical char-
acteristics are provided in the above table; (b) The alignment 
of known peanut proteins with isoforms of major allergens, 
with strong similarities between Ara h 1 and 3, and Ara h 2, 6 
and 7 (based on UniProt sequences). 
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