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Abstract: Stable-isotope dimethyl labeling is a highly reactive and cost-effective derivatization procedure 11 
that could be utilized in proteomics analysis.  In this study, a liquid chromatography-tandem mass 12 
spectrometry in multiple reaction monitoring mode (LC-MS-MRM) platform for the quantification of kiwi 13 
allergens was first developed using this strategy.  Three signature peptides for target allergens Act d 1, Act d 14 
5, and Act d 11 were determined and were derivatized with normal and deuterated formaldehyde as external 15 
calibrants and internal standards, respectively.  The results showed that sample preparation with the phenol 16 
method provided comprehensive protein populations.  Recoveries at four different levels ranging from 17 
72.5–109.3% were achieved for the H-labeled signature peptides of Act d 1 (SPA1-H) and Act d 5 (SPA5-H) 18 
with precision ranging from 1.86–9.92%.  The limit of quantification (LOQ) was set at 8 pg mL–1 for SPA1-H 19 
and at 4 ng mL–1 for SPA5-H.  The developed procedure was utilized to analyze seven kinds of hand-made 20 
kiwi foods containing 0.0175–0.0515 mg g–1 of Act d 1 and 0.0252–0.0556 mg g–1 of Act d 5.  This study 21 
extended the applicability of stable-isotope dimethyl labeling to the economical and precise determination of 22 
food allergens and peptides. 23 

Keywords: stable-isotope dimethyl labeling; liquid chromatography-tandem mass spectrometry; food 24 
allergen; kiwifruit 25 

 26 

1. Introduction 27 
Sensitive and reliable methods for the determination of food allergens are necessary to detect 28 

the undeclared allergens resulting from contamination during food production and to enforce the 29 
regulation of allergen labeling [1].  For these purposes, various techniques have been applied to 30 
detect either the allergen protein itself or a marker indicating its presence [2].  Among those 31 
methods, mass spectrometry (MS)-based proteomic methods, providing high sensitivity and 32 
allowing the identification and quantification of allergenic protein, have been of great importance 33 
for allergen detection [3]. 34 

In general, the methodology of MS-based proteomics absolute quantification is to analyze a 35 
signature peptide using a synthetic analogue with a stable isotope label as the internal standard [4].  36 
A signature peptide is a surrogate peptide that is unique to the target allergenic protein and fulfills 37 
certain criteria, including the length of the peptide, accuracy of digestion, and absence of 38 
posttranslational modification [5].  The stable isotope labels can be introduced into the signature 39 
peptide metabolically, enzymatically, chemically, or provided by synthetic peptide standard [6].  40 
However, many of these proposed methods suffer from several disadvantages, such as limited 41 
biological applicability for labeling in cell culture, the requirement of a certain amino acid for some 42 
chemical labeling methods, and high cost for isobaric tags, which restrict the applicability in routine 43 
use for food samples [7]. 44 
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Stable-isotope dimethyl labeling, as a chemical labeling method for quantitative proteomics, is 45 
achieved by the dimethylation of a primary amine (the N-terminus and side chain of lysine residue) 46 
using different isotope forms of formaldehyde and sodium cyanoborohydride (NaBH3CN) [8].  The 47 
derivatization carried out with deuterated formaldehyde (CD2O) produces a mass increase of 32 Da 48 
for each reductive site (Fig. 1).  On the other hand, dimethylation performed with normal 49 
formaldehyde (CH2O) generates a mass shift of +28 Da per primary amide.  In addition, several 50 
combinations of reagents with different isotope forms were proposed to produce various mass 51 
differences [9].  The reaction of dimethyl labeling completes in minutes without any side product, 52 
and this method is much more economical in cost than other developed methods [9, 10].  In 53 
addition, dimethyl labeling can be practiced on protein from any species [7].  With these 54 
advantages, stable-isotope dimethyl labeling has been applied in many quantitative proteomic 55 
studies [11–14].  Nonetheless, to our knowledge, isotope dimethyl labeling has not been applied in 56 
any analysis method for either allergenic proteins or food samples. 57 

 58 

Figure 1. Reaction and m/z shift of (i) light (hydrogen) and (ii) heavy (deuterium) stable-isotope 59 
dimethyl labeling.  R represents the remainder of the peptide and M represents the m/z of the native 60 
peptide with a single charge. 61 

Kiwifruit (Actinidia deliciosa) is currently considered to be one of the common allergenic foods.  62 
According to the World Health Organization and International Union of Immunological Societies 63 
Allergen Nomenclature Sub-committee (WHO/IUIS-http://www.allergen.org/), 13 kiwifruit 64 
allergenic proteins have been officially registered.  Actinidin (Act d 1), a thiol-protease, is the major 65 
allergen of kiwifruit [15].  Act d 2 belongs to the thaumatin-like protein family which includes 66 
several fruit allergens [16].  Act d 3 is a glycoprotein, but its function is still unknown [17].  Act d 4 67 
is characterized as phytocystatin, which is a cysteine protease [18].  Kiwellin (Act d 5), a major 68 
protein component of kiwifruit, is a cell-wall-related protein [19].  Act d 6 and Act d 7 are a pectin 69 
methylesterase inhibitor and pectin methylesterase, respectively [20].  Both Act d 8, a Bet v 1 70 
homologue, and Act d 9, profilin, are pollen-related allergens [20, 21].  Act d 10 is a lipid transfer 71 
protein, and Act d 11 belongs to ripening-related protein family [22, 23].  Act d 12, an 11S globulin, 72 
and Act d 13, a 2S albumin, are two novel allergens that are located in the seeds [24].  Although 73 
several kiwi allergens have been identified, few methods for their analysis have been proposed [25, 74 
26].  Moreover, the low protein content within kiwifruit increases the difficulty of quantifying fruit 75 
allergens, which means the development of a sensitive method is vital and necessary. 76 

In this work, we report for the first time the application of stable-isotope dimethyl labeling to 77 
the trace quantification of fruit allergens using liquid chromatography-tandem mass spectrometry in 78 
multiple reaction monitoring mode (LC-MS-MRM).  The identification of allergens was carried out 79 
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with liquid chromatography/electrospray ionization-quadrupole-time of flight mass spectrometry 80 
(LC/ESI-Q-TOF).  Eight of the thirteen proposed allergens were identified in this study, and Act d 1, 81 
Act d 5, and Act d 11 were selected as target analytes.  To develop the platform for the 82 
quantification of kiwi allergens, the external and internal standards were prepared by isotopically 83 
labeling the synthetic signature peptide standards with stable-isotope dimethyl labeling.  In 84 
addition, we optimized the protocol for protein extraction described in a previous study [27] and 85 
proposed a more efficient procedure for sample preparation.  Moreover, the established procedure 86 
was validated with certain criteria and was applied to the self-made kiwi foods to examine the 87 
applicability for foodstuff analysis. 88 

2. Results 89 

2.1 Evaluation for protein extraction methods 90 
To determine the appropriate extraction method which could produce the most comprehensive 91 

protein populations, kiwi proteins precipitated by phenol, trichloroacetic acid (TCA), ammonium 92 
sulfate, and sodium chloride methods, were analyzed with SDS-PAGE (Fig. 2).  Four allergenic 93 
proteins, namely, actinidin (Act d 1), thaumatin-like protein (TLP) (Act d 2), glycoprotein (Act d 3), 94 
and kiwellin (Act d 5) were chosen as the indicators to evaluate the extraction quality of each 95 
method.  Ammonium sulfate precipitation (Lane 3, Fig. 2) which gained only one (Act d 1) of the 96 
four indicators showed poor extraction efficacy.  On the other hand, the sodium chloride method 97 
yielded three of them, while the phenol and TCA methods yielded all the indicators.  In particular, 98 
both the phenol and TCA methods spanned broadly in the region from 10 kDa to about 70 kDa 99 
markers (Lanes 2, 4, and 5, Fig. 2), indicating that these two methods could provide the most 100 
complete repertoire of proteins.  To reduce the salt contaminants within the extracted proteins, 101 
which might result in interference and ion suppression in further mass spectrometric assays [28], the 102 
phenol method was eventually chosen for sample preparation. 103 

 104 
Figure 2. SDS-PAGE of the kiwifruit extracts from four different protein extraction methods. Lane 1, 105 
protein ladder; lane 2, phenol extraction method; lane 3, ammonium sulfate precipitation method; 106 
lanes 4 and 5, TCA extraction method; lanes 6 and 7, sodium chloride extraction method.  Arrow 107 
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indicators on the right indicate four indicator proteins, glycoprotein (Act d 3) (40 kDa), actinidin (Act 108 
d 1) (30 kDa), kiwellin (Act d 5) (26 kDa), TLP (thaumatin-like protein) (Act d 2) (24 kDa). 109 

2.2 Determination of signature peptides for kiwi allergens 110 
For the establishment of an LC-MS-MRM approach for protein quantification, selection of 111 

signature peptides from the tryptic peptides was needed.  The protein extracts underwent tryptic 112 
digestion and were then analyzed using LC/ESI-Q-ToF.  The mass spectral interpretation of 113 
proteins in the kiwifruit was performed with the Mascot Distiller, and eight of the kiwifruit 114 
allergenic proteins were identified (Table S1).  Among the eight allergenic proteins, Act d 1, Act d 5, 115 
and Act d 11 were selected as target allergens for quantification due to high coverage and MASCOT 116 
score in protein analysis.  Tryptic peptides verified from these three proteins served as candidate 117 
signature peptides (Fig. 3).  Further screening was carried out in accordance with several criteria: 8 118 
to 19 amino acids in length to fit the scan range limit of the mass spectrometer, the absence of 119 
cysteine and methionine, which could result in chemical modification, and the exclusion from 120 
internal tryptic cleavage sites and ragged end to stabilize the accuracy of tryptic digestion [27].  121 
Peptides fulfilling the requirements described above were subjected to a BLAST search to confirm if 122 
they were specific to the respective allergens and species (Table S2).  Peptide 135SAGAVVDIK143, 123 
which met all the criteria and was absent in other proteins and species turned out to be the signature 124 
peptide for Act d 1 (SPA1).  Instead of peptide 106IVALSTGWYNGGSR119, which existed in other 125 
species, peptide 160NNIVDGSNAVWSALGLDK177 was selected to represent Act d 5 (SPA5).  For Act 126 
d 11, peptide 109GEHNSVTWTFHYEK122 was determined as the surrogate peptide (SPA11).  The 127 
three chosen peptides were artificially synthesized as standards for the establishment of the 128 
quantification methods.  129 

 130 
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Figure 3. Protein sequences of (A) actinidin (Act d 1), (B) kiwellin (Act d 5), and (C) kirola (Act d 11). 131 
The tryptic peptides identified with LC/ESI-Q-ToF are underlined, and the selected signature 132 
peptides are presented in boldface type. 133 

2.3 Sample derivatization and preparation of internal standards 134 
An internal standard is another prerequisite for absolute quantification to calibrate the loss and 135 

error throughout the whole analysis procedure.  For the preparation of internal standards, the 136 
signature peptides were reacted with CD2O to form a dimethyl group on the N-terminus and lysine 137 
residue side chain.  On the other hand, the external calibrants and the samples were derivatized 138 
with CH2O.  To investigate the exact mass shift and the efficiency of the labeling reaction, we 139 
analyzed the peptide markers with and without dimethyl label using a mass spectrometer.  As 140 
shown in Fig. 4, +56 and +64 m/z shift for the H- and D-labeled SPA1 (SPA1-H, m/z 915 and SPA1-D, 141 
m/z 923) were observed when compared with SPA1 (m/z 859).  In addition, the ion peak of the 142 
unlabeled SPA1 was not detected at the m/z of 859 in spectra of SPA1-H and SPA1-D, implying the 143 
complete labeling of peptide standards.  On the other hand, the respective increase in m/z values for 144 
the H- and D-labeled SPA5 (SPA5-H, m/z 965 and SPA5-D, m/z 969) were 28 and 32 (Fig. S1).  145 
Relative to SPA11 (m/z 579), there was a +19 and a +21 m/z shift for the H- and D-labeled SPA11 146 
(SPA11-H, m/z 598 and SPA11-D, m/z 600) (Fig. S1).  The ion peaks of the unlabeled SPA5 were not 147 
detected at the m/z of SPA5 (m/z 937), nor detected at that of unlabeled SPA11 (m/z 579).  Taken 148 
together, these MS results demonstrated that the synthetic peptides were mostly labeled with 149 
dimethyl, indicating that stable-isotope dimethyl labeling provided high labeling efficiency and that 150 
the H- and D-labeled peptides could be properly produced by stable-isotope dimethyl labeling as 151 
external calibrants and internal standards, respectively, for the development of the quantification 152 
methods.  153 

 154 

Figure 4. Mass spectra of (A) SPA1-H and (B) SPA1-D. The dotted line represents the m/z of SPA1 155 
and Δm/z shows the m/z shift of the signature peptide before and after stable-isotope dimethyl 156 
labeling. 157 

2.4 Optimization for LC-MS-MRM parameters 158 

In this study, LC-MS-MRM assay was applied for protein quantification.  To develop the 159 
LC-MS-MRM methods, the conditions of both the mass spectrometer and the LC gradients were first 160 
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optimized to ensure that the parameters could maximize the intensity of the peptides and that the 161 
peptides could be separated appropriately with the LC system. 162 

The transitions and optimized parameters of MRM methods for the following data acquisition 163 
are summarized in Table 1.  In addition to the optimization of MRM parameters, separation of 164 
peptides was accomplished with a linear gradient.  The MRM chromatograms for SPA1-H and 165 
SPA1-D standards are shown in panels A and B of Fig. 5, respectively, and those for the labeled form 166 
SPA5 and SPA11 are shown in Fig. S2.  The retention time of each peptide was obtained using the 167 
standards and is summarized in Table 1.  It should be mentioned that SPA1-D, as the 168 
isotope-labeled internal standard, was coeluted with SPA1-H at almost the same retention time.  169 
When it comes to SPA5-D and SPA11-D, the same situation was also observed.  These results 170 
indicated that the D-labeled peptides, coeluting with the target analytes, could correct not only loss 171 
during sample preparation but also instrumental errors in the LC and MS system.  172 

Table 1. The parameters of LC-MS-MRM analysis for dimethyl-labeled peptides 173 

Peptide 

code 

Stable isotope 

dimethyl labeled 

peptide sequence 

Retention 

time 

(min) 

Precursor 

ion (m/z) 

Cone 

voltage 

(V) 

Product 

ion (m/z) 

Collision 

energy 

(V) 

SPA1-H 
(CH2)2-SAGAVVDIK-

(CH2)2 
1.2 915 55 288 45 

     628 40 

SPA1-D 
(CD2)2-SAGAVVDIK-

(CD2)2 
1.2 923 55 292 40 

     632 40 

SPA5-H 

(CH2)2- 

NNIVDGSNAVWSA

LGLDK-(CH2)2 

2.9 965 65 460 30 

     584 25 

SPA5-D 

(CD2)2- 

NNIVDGSNAVWSA

LGLDK-(CD2)2 

2.9 969 65 921 40 

     1563 35 

SPA11-H 

(CH2)2- 

GEHNSVTWTFHYE
K-(CH2)2 

1.5 598 50 466 25 

     302 30 

SPA11-D 

(CD2)2- 

GEHNSVTWTFHYE

K-(CD2)2 

1.5 600 45 527 20 

     855 20 
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 174 
Figure 5. MRM chromatograms of (A) SPA1-H (1 μg mL–1) and (B) SPA1-D (500 ng mL–1) for the 175 
mixture of peptide standards and (C) SPA1-H (479.3 ng mL–1) and (D) SPA1-D (500 ng mL–1) for 176 
kiwifruit raw extract sample. 177 

2.5 Method validation 178 

Prior to the quantification of the allergen commodities, this method was assessed for its 179 
linearity, sensitivity, recovery, and repeatability.  The calibration curves were generated by plotting 180 
the ratio of the area of the external calibrants and internal standards to the concentration of the 181 
spiked external calibrants.  As shown in Table 2, good linearity (R2  0.99) was observed in the 182 
range of 0.008–4000 ng mL–1 for SPA1-H, in the range of 8–4000 ng mL–1 for SPA5-H, and in the range 183 
of 20–4000 ng mL–1 for SPA11-H.  Regarding the sensitivity, the LODs ranged between 8 pg mL–1 184 
and 8 ng mL–1, and LOQs were between 8 pg mL–1 and 20 ng mL–1, depending on the signature 185 
peptides. 186 
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Table 2. Coefficient of determination, LOD, LOQ, recovery, and precision of the target peptides. 187 

Peptide code R2 LODa LOQa Spikeb Recovery (%) Precision(% CV) 

SPA1-H 0.9990 0.008 0.008 12500 109.9 1.86 

    1562.5 83.9 5.11 

    1250 78.9 9.92 

    1000 75.6 8.51 
    125 62.5 7.67 

SPA5-H 0.9936 4 8 25000 75.8 3.44 

    3215 86.3 9.55 

    2500 84.9 9.37 

    2000 72.5 3.87 

    250 97.8 17.2 
SAP11-H 0.9908 8 20 1250 39.8 11.7 

    156.25 —c — 

    125 68.7 36.4 

    100 341.9 72.3 

    12.5 — — 

       

In addition, the assessment of accuracy and precision was performed with the kiwi matrices 188 
spiked with H-labeled standards at five concentration levels and 500 ng mL–1 of internal standards.  189 
Regarding the validation results of SPA1-H and SPA5-H, the lowest recovery was observed for 190 
SPA1-H (65.5%), and the highest coefficient of variation was observed for SPA5-H (17.2%) (Table 2).  191 
The range of recoveries was 75.6–109.3% for SPA1-H within the spiking range of 1000–12500 ng and 192 
72.5–86.3% for SPA5-H within the spiking range of 2000–25000 ng, and the coefficients of variation 193 
for SPA1-H and SPA5-H were 1.86–9.92% and 3.44–9.55%, respectively, which indicated that good 194 
robustness could be achieved when analyzing SPA1-H and SPA5-H.  On the other hand, the 195 
percentage of SPA1-H recovery was from 39.8 to 341.9% with a coefficient of variation ranging from 196 
11.7 to 72.3% (Table 2).  The high variation for SPA11-H observed in the validation assessment 197 
indicated that accurate and precise quantification of SPA11-H could not be carried out by means of 198 
this analytical workflow, and SPA11-H was excluded in the further analysis of food samples.  In 199 
contrast, the quantification of SPA1-H and SPA5-H could be performed with this developed 200 
procedure. 201 

2.6 Analysis of kiwi food samples 202 

The proposed workflow for sample preparation and LC-MS-MRM assay was applied to the 203 
analysis of kiwifruit and kiwi foods.  All the kiwi-based foods, including kiwi jam, hot-air-dried 204 
kiwi, lyophilized kiwi, pasteurized puree, high-pressure-processed (HPP) puree, pasteurized juice, 205 
and HPP juice, were self-made to control the amount of kiwifruit content in the foods.  In addition, 206 
to promote the operation and to reduce the reagents’ use during sample preparation, some steps in 207 
the literature [27] were modified for low-volume extraction.  The amount of kiwi pulp used in the 208 
step of sample preparation was reduced to 0.07 g, the total volume of extraction buffer used was 209 
reduced to less than 500 L, and the reaction time for the protein precipitation step was shortened to 210 
4 h.  Furthermore, to investigate the efficacy of the modified method, we performed one phenol 211 
extraction plus three additional back extractions.  The first three extractions gained approximately 212 
73.7%, 20.2%, and 6.1% of the total extracted protein, respectively (Fig. S3).  On the other hand, the 213 
third back extraction produced little to no protein, which showed that almost all the extractable 214 
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proteins could be obtained with two additional back extractions.  After several modifications, the 215 
optimized procedure and the procedure previously described [27] were carried out eventually to 216 
investigate the extraction efficiency, and the former was found to achieve mostly the same extraction 217 
efficiency (Fig. S4).  Naturally, the modified procedure which was easy to operate and economical 218 
in time was applied to the sample preparation in the following experiments. 219 

Samples prepared with the procedure described above were then analyzed using LC-MS-MRM 220 
(panels C and D of Fig. 5 and Fig. S2).  The content of Act d 1 and Act d 5 was quantified with the 221 
peak area ratio of the corresponding transition for the derivatized signature peptides.  The content 222 
of Act d 1 in kiwi products was in the range of 0.0175–0.0515 mg g–1 product weight (Panel A of Fig. 223 
6).  As can be seen, kiwi jam and hot-air-dried kiwi contained less Act d 1 with concentrations of 224 
0.0175 and 0.0319 mg g–1, respectively, than fresh fruit and other products with concentrations 225 
between 0.0476 and 0.0511 mg g–1.  Panel B of Fig. 6 showed the content of Act d 5 ranged from 226 
0.0252 to 0.0556 mg g–1.  The lower content of Act d 5 was observed in products with thermal 227 
processing (kiwi jam, pasteurized juice, pasteurized puree, and hot-air-dried kiwi) when compared 228 
with fresh fruit, which contained 0.0495 mg Act d 5 in one gram of kiwifruit.  Moreover, all the 229 
products with thermal processing contained less Act d 5 than those without thermal processing did, 230 
indicating that Act d 5 was a heat intolerant allergen.  However, regarding Act d 1, only some 231 
products with thermal processing (hot-air-dried kiwi and kiwi jam) presented lower content of Act d 232 
1 when compared with those without thermal processing, showing that Act d 1 was stable during 233 
pasteurization and that a long period of hot-air drying and severe thermal process could result in the 234 
decrease of the content of Act d 1.  235 

 236 

Figure 6. Content of (A) Act d 1 and (B) Act d 5 in one gram of kiwi foods produce by different 237 
processing.  There was no significant difference between treatments with the same letter (p-value < 238 
0.05. n = 3). 239 

3. Discussion 240 
The sample preparation and protein extraction were key steps for trace peptide determination.  241 

Compared with ammonium sulfate precipitation and sodium chloride precipitation methods, the 242 
phenol extraction coupled with methanolic ammonium acetate precipitation carried out a more 243 
comprehensive population of kiwi proteins in fruit juice samples (Fig. 2).  This could result from the 244 
two-step procedure in the phenol method, in which the first phenol extraction could exclude 245 
interfering components such as water-soluble sugars and acids in food samples, and the following 246 
ammonium acetate precipitation increased the purity of the proteins.  On the other hand, 247 
ammonium sulfate and sodium chloride methods were direct precipitations that could obtain more 248 
hydrophilic compounds and result in poor protein quality.  In addition, the phenol method could 249 
further inhibit protein degradation and retain the protein repertoire as well [29].  Therefore, the 250 
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phenol method was suggested to extract proteins from the complex matrix and food samples with 251 
low protein content. 252 

A signature peptide, the critical element for the protein identification and quantification, should 253 
fulfill several criteria to guarantee its stability and specificity.  It was reported that peptide 254 
containing arginine and asparagine was susceptible to deamidation, which could lead to errors in 255 
MS-based quantitative methods [30].  However, in this study, the quantification of SPA5-H, which 256 
contains three asparagines was not influenced by deamidation, where high recovery and low 257 
coefficient of variation were observed in the validation assessment for SPA5-H (Table 3).  This is 258 
probably because SPA5-D, as the chemically analogous internal standard, would show almost the 259 
same degree of deamidation as the SPA5-H and thus adjusted the variation resulting from 260 
deamidation.  In other studies using an isotope internal standard strategy, good robustness could 261 
be achieved as well when analyzing signature peptides containing arginine and asparagine [31, 32], 262 
which supported our contention that the isotope internal standard could correct the errors caused by 263 
deamidation and indicated that a peptide being prone to deamidation could be selected as a 264 
signature peptide for protein quantification with the employment of an isotope internal standard. 265 

For accurate and precise quantification, a chemically analogous isotope internal standard was 266 
essential to compensate for recovery loss and systematic bias within the analysis procedure.  In this 267 
study, the artificial synthetic signature peptides were derivatized with CD2O as the isotope internal 268 
standard.  The peptides methylated with CH2O served as the standards for calibration curves.  It 269 
was observed that the dimethylation of signature peptide standards had been fully reacted without 270 
any unlabeled peptide detected (Fig. 4 and Fig. S1), and highly linear calibration curves were 271 
established.  In addition, all the signature peptides in the kiwi food samples were labeled with 272 
CH2O as well to minimize possible variation and errors resulting from the incomplete reaction and 273 
to correct and maintain the recovery in sample preparation and the derivatization process.  274 
Fortunately, there were no unreacted allergen peptides detected within food samples after 275 
dimethylation, which indicated that the reaction of food samples was highly effective and efficient.  276 
Moreover, the isobaric tag for relative and absolute quantification (iTRAQ) which labels isotopic 277 
N-methylpiperazine onto peptides is commercially available, and it has been widely utilized for 278 
various types of sample matrices such as blood, plant tissues, and food samples [33, 34, 35].  Unlike 279 
the quantification by dimethylation which labeled the precursor ions of H- and D-labeled peptides 280 
and their sequence fragment ions, the iTRAQ method was carried out by means of detecting the 281 
N-methylpiperazine tag as the reporter ion of the peptides.  Hence, the efficiency of the labeling 282 
reaction would highly influence the number of reporter ions and the recovery of target proteins.  283 
The results in which no unlabeled peptides were detected in the MS spectra (Fig. 4 and Fig. S1) 284 
revealed that formaldehyde methylation was an effective and efficient derivatization and thus 285 
suggested that dimethyl labeling could be an alternative method to iTRAQ. 286 

To assure the reliability of this study, certain parameters such as precision and accuracy should 287 
be evaluated.  In the validation experiments, the H-labeled peptide standards and the D-labeled 288 
internal standards were spiked before the trypsin digestion to examine the recovery and 289 
reproducibility for sample preparation.  After the experiments, good robustness could be observed 290 
when analyzing SPA1-H and SPA5-H (Table 3).  These results represented that, with respective 291 
labeling of CH2O and CD2O on the analytes and the internal standards, the systematic errors such as 292 
recovery loss within the desalting process and inconsistent ionization efficiency for analytes could 293 
be adjusted, and accurate and precise quantification could be achieved.  Furthermore, compared 294 
with other commonly used labeling approaches such as metabolic labeling and the iTRAQ method, 295 
dimethyl labeling was more convenient and accessible due to its low cost and ease of operation [9].  296 
Taken together, the dimethyl labeling method could be a recommended strategy for routine 297 
analysis. 298 

The analytical procedure was validated for SPA1-H and SPA5-H, however, a lower S/N ratio 299 
and a high coefficient of variation was observed when it came to SPA11-H.  This result could be 300 
attributed to the poor performance of SPA11-H on charge competition during the ionization within 301 
ESI and led to poor ionization.  As reported previously, the nonpolar residues contributed to the 302 
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fraction of peptides from ESI droplets, and hydrophobic residues could reduce the ability for 303 
peptides in charge competition [36].  Thus, SPA11-H containing only two nonpolar amino acids 304 
could be less successful in competing for charges with the matrix and led to unstable ionization 305 
efficiency.  To prevent this disadvantage, an amino acid with hydrophilicity was suggested to be 306 
taken into consideration in the selection of the signature peptide for quantitative protein analysis 307 
using dimethyl labeling coupled with LC/ESI-MS/MS. 308 

The workflow in this study was finally applied to kiwi foods, which were low in protein 309 
content.  This extended the applicability of stable-isotope dimethyl labeling to the MS-based 310 
quantification of kiwi allergens at trace level and revealed the potential of this labeling method in 311 
protein analysis of food samples.  Unlike blood or urine samples, in which the matrix is normally 312 
composed of water, proteins, and electrolytes, the matrix of food samples varies based on the food 313 
materials.  In fruits and vegetables, there would be more cellulose and low proteins, but 314 
carbohydrates, lipids, and proteins would be the major components when it comes to soybean seeds.  315 
For meats and seafood, the samples could have high protein and lipid content.  Therefore, the 316 
sample extraction and preparation steps would be critical for different food samples to remove 317 
compounds that could lead to interference in the following sample preparation and instrumental 318 
analysis.  With an appropriate extraction procedure such as the phenol method in this study that 319 
removed the contaminants, complete derivatization reaction could be achieved and resulted in 320 
accurate analysis with the stable-isotope dimethyl labeling method. 321 

In conclusion, we first introduced the stable-isotope dimethyl labeling method to develop a 322 
reliable and economical LC-MS/MS quantitative procedure for kiwi allergens.  The high efficiency 323 
of the dimethyl labeling was proved, and the developed procedure was validated and was used on 324 
kiwi food samples for trace allergen analysis.  This dimethyl labeling strategy could be further 325 
utilized and applied to the quantification of allergens in different food matrices and could have 326 
potential for the analysis of bioactive peptides and of peptide markers for food authenticity. 327 

4. Materials and Methods  328 

4.1 Materials and reagents 329 
Dithiothreitol (DTT), iodoacetamide (IAA), ethanol, ammonia, formic acid, formaldehyde (37% 330 

solution in H2O), formaldehyde-D2 (20% solution in H2O), phenol, sodium deoxycholate (SDC), 331 
trichloroacetic acid (TCA), ethylenediaminetetraacetic acid (EDTA), β-mercaptoethanol, and 332 
triethylammonium bicarbonate buffer (TEAB) were purchased from Sigma-Aldrich (St. Louis, MO).  333 
Acrylamide, ammonium persulfate, sodium dodecyl sulfate (SDS), N,N′-methylene-bis-acrylamide, 334 
glycine, and N,N,N′,N′-tetraethylmethylenediamine were obtained from Bio-Rad (Hercules, CA).  335 
MS grade trypsin was provided by Fisher Scientific (Houston, TX).  Acetonitrile (MS grade), 336 
acetone, Coomassie brilliant blue, methanol, Tris-Base, and ammonium acetate were from J.T.Baker 337 
(Phillipsburg, NJ).  Sodium cyanoborohydride was purchased from Alfa Aesar (purity 95%, 338 
Haverhill, MA).  Urea was from VWR International (Radnor, PA).  Ammonium sulfate was 339 
obtained from Taiwan Fertilizer Co. (Hsinchu, Taiwan).  The peptide standards, 340 
IVALSTGWYNGGSR (SPA1), NNIVDGSNAVWSALGLDK (SPA5), and GEHNSVTWTFHYEK 341 
(SPA11) were synthesized at the National Institute of Infectious Diseases and Vaccinology (Taipei, 342 
Taiwan).  Kiwifruits were purchased from a local market in Taipei city. 343 

4.2 Phenol extraction 344 
The phenol extraction method was modified according to a previously described method [27].  345 

Seventy μL of the extraction buffer (1.8 M sucrose, 240 mM Tris-HCl, pH 8.0, 24 mM EDTA, and 346 
0.96% (v/v) β-mercaptoethanol) was added to 0.07 g homogenized kiwi powder, and 100 μL of 347 
saturated sucrose in phenol was added subsequently.  Being mixed for a few seconds, the mixtures 348 
were placed in an ultrasonicator bath for 20 min at 40 C and centrifuged at 3900g for 15 min at 25 C.  349 
Afterward, the supernatants (the phenol phase) were transferred to a new tube, and the lower 350 
aqueous phase was extracted twice with the same steps described above.  Proteins were 351 
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precipitated from the collected phenol phase with five volumes of 0.1 M ammonium acetate in 352 
methanol at –20 C for 4 h and then pelleted by centrifugation at 21100g for 10 min at –9 C.  The 353 
protein pellets were further washed with 0.1 M ammonium acetate in methanol, 80% ice-cold (v/v) 354 
acetone, and cold 70% (v/v) ethanol.  Being dried with a vacuum dryer, the protein pellets were 355 
finally stored at –20 C. 356 

4.3 TCA precipitation 357 
Kiwi puree (4 g) was added to 25 mL TCA buffer (10% (w/v) TCA and 2% (v/v) 358 

β-mercaptoethanol in acetone).  Extracts were mixed for a few seconds and precipitated for 1 h at 359 
–20 C.  The precipitated proteins were pelleted by centrifugation at 5000g for 30 min at 4 C and 360 
washed twice with 10 mL ice-cold acetone.  The pellets were dried with a vacuum dryer and 361 
resuspended in 15 mL tank buffer (25 mM Tris-base, 0.2 M glycine, and 0.1% (w/v) SDS).  The 362 
extracts were centrifuged at 5000g for 10 min at 4 C, and the resulting supernatants were transferred 363 
to a new tube and stored at –20 C. 364 

4.4 Ammonium sulfate precipitation 365 
Kiwi pulp (250 g) was blended with 250 mL of extraction buffer (100 mM Tris-HCl, 2 mM NaCl, 366 

and 10 mM EDTA).  After the centrifugation (4500 rpm, 15 min, 25 C), the supernatants were 367 
added with ammonium sulfate to 95% saturation and precipitated overnight at 4 C.  The 368 
precipitated protein was collected by centrifugation (9300g, 15 min, 4 C).  Afterward, the protein 369 
pellets were suspended in dialysis buffer (200 mM Tris-HCl, 20 mM EDTA, 2 mM NaCl, 0.8% (v/v) 370 
β-mercaptoethanol) and dialyzed against water for at least 24 hours.  The treated solution was 371 
finally stored at –80 C. 372 

4.5 Sodium chloride extraction 373 
This method was carried out as described previously [28].  One mL extraction solution (0.5 M 374 

NaCl, pH 8.3, 10 mM DTT) was added to 0.7 g of homogenized kiwi pulp.  Extracts were placed on 375 
ice for 1 h and centrifuged at 16000g for 10 min at 4 C.  The supernatants were transferred to a new 376 
tube and stored at –20 C. 377 

4.6 SDS-PAGE analysis 378 
Extracted proteins were separated via polyacrylamide gel electrophoresis (PAGE) using 12% 379 

SDS-PAGE gels at a voltage of 60–130 V.  After the separation, the proteins were visualized with 380 
Coomassie blue G-250, and the gels were finally digitized with a scanner. 381 

4.7 Tryptic digestion 382 
For samples subjected to LC/ESI-Q-TOF analysis, the protein pellets collected from the phenol 383 

extraction were resuspended with 0.5 mL of resuspending buffer (9 M urea in 1 M TEAB buffer).  384 
The protein solution was then diluted to the concentration range of 1.5–2.4 μg μL–1.  Reduction of 385 
the disulfide bonds was performed with 0.6 μL of 100 mM DTT, and the alkylation of the cysteine 386 
residues was carried out in the dark for 30 min with 0.9 μL of 500 mM IAA.  Afterward, 4 μL of 100 387 
mM DTT was added, and the treated solution was incubated for 10 min to quench the alkylation 388 
reaction.  Prior to tryptic digestion, the solution was first diluted with 182 μL of water.  Finally, 2.5 389 
μL of trypsin (0.1 mg mL–1) was added to the samples for 16-hour digestion at 37 C. 390 

The digestion protocol for samples for LC-MRM analysis was as follows.  The protein pellets 391 
from the phenol method were added to 100 μL of resuspension buffer (5% SDC in 50 mM TEAB 392 
buffer) and 1 μL of 500 mM DTT in 50 mM TEAB.  The protein pellets were then resuspended by 393 
pipetting.  For the protein solution, disulfide bonds were reacted with DTT for 30 min at room 394 
temperature, and the cysteine residues were alkylated with 8 μL of IAA (50 mM in TEAB buffer) for 395 
30 min in the dark at room temperature.  The alkylation reaction was quenched with 6 μL of DTT 396 
(500 mM in TEAB buffer) for 10 min at room temperature.  The treated protein solution was then 397 
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diluted with 885 μL of TEAB buffer.  Afterward, 35 μL of the diluted protein solution was 398 
transferred to a new tube and added with 15 μL of internal standard solution, formed by mixing the 399 
D-labeled peptide standards, SPA1-D, SPA5-D, and SPA11-D, with the concentration of 25 μg mL–1 400 
of each in the ratio 1:1:1 (v/v/v).  The mixed solution was finally added with 2.5 μL of trypsin (0.1 401 
mg mL–1) and incubated for 7 h at 37 C. 402 

4.8 Stable isotope dimethyl labeling 403 
This procedure was modified from the study previously proposed [8].  For the preparation of 404 

standards, five μL of 4% (v/v) formaldehyde solution (light, CH2O; heavy, CD2O) was added to 25 405 
μL of the peptide standards (1 mg mL–1) diluted with 100 μL of TEAB buffer.  Immediately after the 406 
addition of formaldehyde, five μL of freshly prepared 0.6 M NaBH3CN was added.  After 407 
incubation for 1 h at 20 C, the derivatization reaction was quenched by adding 20 μL of 1% (v/v) 408 
ammonia.  Then, ten μL of 5% (v/v) formic acid was added to acidify the solution.  It should be 409 
noted that the acidification needs to be performed on ice.  After that, the solution of peptide 410 
standards was finally diluted to a concentration of 25 μg mL–1 with 835 μL of water. 411 

For the preparation of samples for LC-MS-MRM analysis, the dimethylation was carried out 412 
after the tryptic digestion.  Samples undergoing tryptic digestion were added with 1.5 μL of 4% 413 
(v/v) CH2O, and 1.5 μL of freshly prepared 0.85 M sodium cyanoborohydride was then added right 414 
after the addition of formaldehyde.  The reaction was quenched with the addition of 6 μL 1% (v/v) 415 
ammonia after 1 h of incubation at 20 C and was then acidified with 3.5 μL 5% (v/v) formic acid.  416 
The treated samples were finally centrifuged at 15700g for 2 min to pellet SDC, and 52 μL of the 417 
supernatants were transferred to a new tube. 418 

4.9 Zip-Tip desalting 419 
Prior to LC-MS/MS analysis, samples were desalted using the Zip-Tip C18 pipette tips.  The 420 

tips were prewetted with acetonitrile and then equilibrated with 0.1% (v/v) formic acid before use.  421 
The peptides were bound to the tips by approximately 30 times of up-down pipette draws.  The tips 422 
were then washed with 0.1% (v/v) formic acid for desalting.  After that, the peptides were eluted 423 
with 20 μL of 60:40 acetonitrile/0.1% formic acid (v/v) by aspirating and dispensing the elute 424 
solution for about 20 times.  The eluted solution was finally diluted with 180 μL of water and stored 425 
at –20 C for further analysis. 426 

4.10 LC/ESI-Q-TOF analysis 427 
Samples treated with digestion and desalting were subjected to LC/ESI-Q-TOF analysis.  The 428 

peptide mixtures were separated with a Waters Acquity solvent delivery system.  Mobile phase A 429 
was 0.1% (v/v) formic acid in water whereas mobile phase B was 0.1% (v/v) formic acid in 430 
acetonitrile.  The separation was carried out on a ACQUITY UPLC® Peptide BEH C18 431 
nanoACQUITY column (1.7 μm, 75 μm  250 mm) at a stationary flow rate at 0.25 mL min–1 with 120 432 
min total run time, and the injection volume was 5 μL.  The mobile phase gradient started from 2% 433 
to 10% mobile phase B over 0.1 min; mobile phase B was then linearly ramped 40% over 90 min; 434 
from 90.1 min to 95 min the amount of mobile phase B increased linearly from 40% to 85% and this 435 
proportion was maintained for another 5 min.  Following this, mobile phase B was changed to 2% 436 
in 5 min, and the column was re-equilibrated under the initial condition for 15 min.  The eluted 437 
peptides were ionized with positive-ion electrospray ionization and analyzed using a Waters 438 
nanoACQUITY-SYNAPT G2 HDMS hybrid quadrupole-time of flight mass spectrometer.  The 439 
capillary voltage was set at 2.75 kV, sample cone at 40 V, desolvation temperature at 300 C, and 440 
source temperature at 100 C.  Data of full scan and MS/MS scan were obtained in the range of m/z 441 
350–1700 and of m/z 50–2000, respectively. 442 

 443 
 444 
 445 
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4.11 LC-MS-MRM analysis 446 

The samples for quantification were analyzed using a Waters ACQUITY UPLC-Quattro Primer 447 
XE mass spectrometer.  The ACQUITY UPLC® Peptide BEH C18 nanoACQUITY column (1.7 μm, 2.1 448 
mm  50 mm) was run at a flow rate of 0.25 mL min–1.  Mobile phase A was 5 mM ammonium 449 
acetate in water with 0.1% (v/v) formic acid and mobile phase B was 0.1% (v/v) formic acid in 450 
acetonitrile.  The column was equilibrated using 15% mobile phase B and the samples were injected 451 
with 10 μL injection volume.  A linear gradient was employed from 15% to 40% mobile phase B 452 
over 3 min; mobile phase B was then ramped to 90% from 3 min to 3.25 min and was maintained for 453 
1 min with this proportion. Afterward, mobile phase B was changed to 15% in 0.5 min and was 454 
re-equilibrated for 5 min.  The mass measurement system was operated in positive mode.  455 
Solutions were sprayed through a capillary held at 2.8 kV. The source temperature was set at 120 C, 456 
desolvation temperature at 450 C.  The quadrupoles were scanned in MRM mode with a dwell 457 
time of 0.05 s.  The cone voltage and collision energy for each transition were derived from 458 
repetitive tuning to obtain the highest signal intensity and are summarized in Table 2.  459 
Chromatograms and mass spectra were recorded and processed using MassLynx (Waters; v. 4.1). 460 

4.12 Validation experiments 461 
This analytical method was validated for the three allergens in accordance with International 462 

Conference on Harmonization of Technical Requirements of Registration of Pharmaceuticals for 463 
Human Use guidelines Q2 (R1). 464 

The calibration curves were established with diluted peptide standards over the concentration 465 
range of 0.008–4000 ng mL–1 and internal standards at the concentration of 500 ng mL–1.  The LOD 466 
and LOQ were determined on the basis of sign-to-noise ratio (S/N), where the LOD > 3 and the LOQ 467 
> 10.  For the assessment of the accuracy and precision, five different concentration levels of the 468 
H-labeled peptide standards were spiked before tryptic digestion was analyzed.  The spiked 469 
amounts of the quality control standards are 125–12500 ng for SPA1-H, 250–25000 ng for SPA5-H, 470 
and 12.5–1250 ng for SPA11-H. 471 

4.13 Statistical analysis 472 
All the error bars of the bar charts were SD of at least three independent experiments by 473 

performing duplicates.  The difference between experimental groups was determined with 474 
one-way analysis of variance.  A p-value under 0.05 was considered a statistically significant 475 
difference.  476 

Supplementary Materials: The following are available online, Table S1 and S2, Figure S1-S4. 477 
Author Contributions: Conceptualization, Yi-Chen Shih; Data curation, Yi-Chen Shih and Jhih-Ting 478 
Hsiao; Formal analysis, Yi-Chen Shih; Funding acquisition, Fuu Sheu; Investigation, Yi-Chen Shih; 479 
Methodology, Yi-Chen Shih; Project administration, Fuu Sheu; Resources, Fuu Sheu; Supervision, 480 
Fuu Sheu; Validation, Yi-Chen Shih; Writing – original draft, Jhih-Ting Hsiao; Writing – review & 481 
editing, Jhih-Ting Hsiao and Fuu Sheu. 482 
Funding: This research was funded by MOST, Taiwan (MOST 102-2313-B-002-041-MY3 and MOST 483 
107-2314-B-002-184-MY3). 484 
Acknowledgments: We gratefully acknowledge A. Prof. Hwan-Ching Tai at Department of 485 
Chemistry of National Taiwan University served as scientific advisor. We also appreciate the 486 
instrument support by College of Public Health, National Taiwan University. 487 
Conflicts of Interest: The authors declare no conflict of interest. 488 

 489 
 490 
 491 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2019                   

Peer-reviewed version available at Molecules 2019, 24, 1920; doi:10.3390/molecules24101920

https://doi.org/10.3390/molecules24101920


 15 of 17 

 

References 492 

1. van Hengel, A. J. Food allergen detection methods and the challenge to protect food-allergic 493 
consumers. Anal. Bioanal. Chem. 2007, 389, 111-118. [CrossRef] 494 

2. Poms, R. E.; Klein, C. L.; Anklam, E. Methods for allergen analysis in food: a review. Food Addit. 495 
Contam. 2004, 21, 1-31. [CrossRef] 496 

3. Monaci, L.; Visconti, A. Mass spectrometry-based proteomics methods for analysis of food 497 
allergens. TrAC Trends Anal. Chem. 2009, 28, 581-591. [CrossRef] 498 

4. Kirkpatrick, D. S.; Gerber, S. A.; Gygi, S. P. The absolute quantification strategy: a general 499 
procedure for the quantification of proteins and post-translational modifications. Methods 2005, 500 
35, 265-273. [CrossRef] 501 

5. Koeberl, M.; Clarke, D.; Lopata, A. L. Next generation of food allergen quantification using 502 
mass spectrometric systems. J. Proteome Res. 2014, 13, 3499-3509. [CrossRef] 503 

6. Ong, S. E.; Mann, M. Mass spectrometry-based proteomics turns quantitative. Nat. Chem. Biol. 504 
2005, 1, 252-262. [CrossRef] 505 

7. Sap, K. A.; Deemers J. A. In Integrative Proteomics; Leung, H. C., Man, T. K., Flores, R., Eds.; 506 
InTech: Janeza Trdine, Rijeka, Croatia, 2012; Chapter 6, pp. 111-132. [CrossRef] 507 

8. Hsu, J. L.; Huang, S. Y.; Chow, N. H.; Chen, S. H. Stable-isotope dimethyl labeling for 508 
quantitative proteomics. Anal. Chem. 2003, 75, 6843-6852. [CrossRef] 509 

9. Hsu, J. L.; Chen, S. H. Stable isotope dimethyl labelling for quantitative proteomics and beyond. 510 
Philos. Trans. A Math. Phys. Eng. Sci. 2016, 374. [CrossRef] 511 

10. Jentoft, N.; Dearborn, D. G. Labeling of proteins by reductive methylation using sodium 512 
cyanoborohydride. J. Biol. Chem. 1979, 254, 4359-4365. 513 

11. Fang, H.; Xiao, K.; Li, Y.; Yu, F.; Liu, Y.; Xue, B.; Tian, Z. Intact protein quantitation using 514 
pseudoisobaric dimethyl labeling. Anal. Chem. 2016, 88, 7198-7205. [CrossRef] 515 

12. She, Y. M.; Rosu-Myles, M.; Walrond, L.; Cyr, T. D. Quantification of protein isoforms in 516 
mesenchymal stem cells by reductive dimethylation of lysines in intact proteins. Proteomics 517 
2012, 12, 369-379. [CrossRef] 518 

13. Lau, H. T.; Suh, H. W.; Golkowski, M.; Ong, S. E. Comparing SILAC- and stable isotope 519 
dimethyl-labeling approaches for quantitative proteomics. J. Proteome Res. 2014, 13, 4164-4174. 520 
[CrossRef] 521 

14. Musunuri, S.; Wetterhall, M.; Ingelsson, M.; Lannfelt, L.; Artemenko, K.; Bergquist, J.; Kultima, 522 
K.; Shevchenko, G. Quantification of the brain proteome in Alzheimer's disease using 523 
multiplexed mass spectrometry. J. Proteome Res. 2014, 13, 2056-2068. [CrossRef] 524 

15. Pastorello, E. A.; Conti, A.; Pravettoni, V.; Farioli, L.; Rivolta, F.; Ansaloni, R.; Ispano, M.; 525 
Incorvaia, C.; Giuffrida, M. G.; Ortolani, C. Identification of actinidin as the major allergen of 526 
kiwi fruit. J. Allergy Clin. Immunol. 1998, 101, 531-537. [CrossRef] 527 

16. Breiteneder, H. Thaumatin-like proteins–a new family of pollen and fruit allergens. Allergy 528 
2004, 59, 479-481. [CrossRef] 529 

17. Palacin, A.; Rodriguez, J.; Blanco, C.; Lopez-Torrejon, G.; Sanchez-Monge, R.; Varela, J.; 530 
Jimenez, M. A.; Cumplido, J.; Carrillo, T.; Crespo, J. F.; Salcedo, G. Immunoglobulin E 531 
recognition patterns to purified Kiwifruit (Actinidinia deliciosa) allergens in patients sensitized 532 
to Kiwi with different clinical symptoms. Clin. Exp. Allergy 2008, 38, 1220-1228. [CrossRef] 533 

18. Bublin, M.; Mari, A.; Ebner, C.; Knulst, A.; Scheiner, O.; Hoffmann-Sommergruber, K.; 534 
Breiteneder, H.; Radauer, C. IgE sensitization profiles toward green and gold kiwifruits differ 535 
among patients allergic to kiwifruit from 3 European countries. J. Allergy Clin. Immunol. 2004, 536 
114, 1169-1175. [CrossRef] 537 

19. Tamburrini, M.; Cerasuolo, I.; Carratore, V.; Stanziola, A. A.; Zofra, S.; Romano, L.; Camardella, 538 
L.; Ciardiello, M. A. Kiwellin, a novel protein from kiwi fruit. Purification, biochemical 539 
characterization and identification as an allergen. Protein J. 2005, 24, 423-429. [CrossRef] 540 

20. Oberhuber, C.; Bulley, S. M.; Ballmer-Weber, B. K.; Bublin, M.; Gaier, S.; DeWitt, A. M.; Briza, P.; 541 
Hofstetter, G.; Lidholm, J.; Vieths, S.; Hoffmann-Sommergruber, K. Characterization of Bet v 542 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2019                   

Peer-reviewed version available at Molecules 2019, 24, 1920; doi:10.3390/molecules24101920

https://doi.org/10.3390/molecules24101920


 16 of 17 

 

1-related allergens from kiwifruit relevant for patients with combined kiwifruit and birch 543 
pollen allergy. Mol. Nutr. Food Res. 2008, 52, S230-S240. [CrossRef] 544 

21. Bublin, M.; Pfister, M.; Radauer, C.; Oberhuber, C.; Bulley, S.; Dewitt, A. M.; Lidholm, J.; Reese, 545 
G.; Vieths, S.; Breiteneder, H.; Hoffmann-Sommergruber, K.; Ballmer-Weber, B. K. 546 
Component-resolved diagnosis of kiwifruit allergy with purified natural and recombinant 547 
kiwifruit allergens. J. Allergy Clin. Immunol. 2010, 125, 687-694. [CrossRef] 548 

22. Bernardi, M. L.; Giangrieco, I.; Camardella, L.; Ferrara, R.; Palazzo, P.; Panico, M. R.; Crescenzo, 549 
R.; Carratore, V.; Zennaro, D.; Liso, M.; Santoro, M.; Zuzzi, S.; Tamburrini, M.; Ciardiello, M. A.; 550 
Mari, A. Allergenic lipid transfer proteins from plant-derived foods do not immunologically 551 
and clinically behave homogeneously: the kiwifruit LTP as a model. PLoS One 2011, 6, e27856. 552 
[CrossRef] 553 

23. D'Avino, R.; Bernardi, M. L.; Wallner, M.; Palazzo, P.; Camardella, L.; Tuppo, L.; Alessandri, C.; 554 
Breiteneder, H.; Ferreira, F.; Ciardiello, M. A.; Mari, A. Kiwifruit Act d 11 is the first member of 555 
the ripening-related protein family identified as an allergen. Allergy 2011, 66, 870-877. 556 
[CrossRef] 557 

24. Sirvent, S.; Canto, B.; Cuesta-Herranz, J.; Gomez, F.; Blanca, N.; Canto, G.; Blanca, M.; 558 
Rodriguez, R.; Villalba, M.; Palomares, O. Act d 12 and Act d 13: two novel, masked, relevant 559 
allergens in kiwifruit seeds. J. Allergy Clin. Immunol. 2014, 133, 1765-1767. [CrossRef] 560 

25. Gavrovic-Jankulovic, M.; Spasic, M.; Cirkovic Velickovic, T.; Stojanovic, M.; Inic-Kanada, A.; 561 
Dimitrijevic, L.; Lindner, B.; Petersen, A.; Becker, W. M.; Jankov, R. M. Quantification of the 562 
thaumatin-like kiwi allergen by a monoclonal antibody-based ELISA. Mol. Nutr. Food Res. 2008, 563 
52, 701-707. [CrossRef] 564 

26. Blanusa, M.; Perovic, I.; Popovic, M.; Polovic, N.; Burazer, L.; Milovanovic, M.; 565 
Gavrovic-Jankulovic, M.; Jankov, R.; Cirkovic Velickovic, T. Quantification of Art v 1 and Act c 566 
1 being major allergens of mugwort pollen and kiwi fruit extracts in mass-units by 567 
ion-exchange HPLC-UV method. J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 2007, 857, 568 
188-194. [CrossRef] 569 

27. Lee, D.-G.; Houston, N. L.; Stevenson, S. E.; Ladics, G. S.; McClain, S.; Privalle, L.; Thelen, J. J. 570 
Mass spectrometry analysis of soybean seed proteins: optimization of gel-free quantitative 571 
workflow. Anal. Methods 2010, 2. [CrossRef] 572 

28. Annesley, T. M. Ion suppression in mass spectrometry. Clini. Chem. 2003, 49, 1041-1044. 573 
[CrossRef] 574 

29. Wang, W.; Scali, M.; Vignani, R.; Spadafora, A.; Sensi, E.; Mazzuca, S.; Cresti, M. Protein 575 
extraction for two-dimensional electrophoresis from olive leaf, a plant tissue containing high 576 
levels of interfering compounds. Electrophoresis 2003, 24. [CrossRef] 577 

30. Lange, V.; Picotti, P.; Domon, B.; Aebersold, R. Selected reaction monitoring for quantitative 578 
proteomics: a tutorial. Mol. Syst. Biol. 2008, 4, 222. [CrossRef] 579 

31. Abdel Rahman, A. M.; Lopata, A. L.; Randell, E. W.; Helleur, R. J. Absolute quantification 580 
method and validation of airborne snow crab allergen tropomyosin using tandem mass 581 
spectrometry. Anal. Chim. Acta 2010, 681, 49-55. [CrossRef] 582 

32. Kamiie, J.; Ohtsuki, S.; Iwase, R.; Ohmine, K.; Katsukura, Y.; Yanai, K.; Sekine, Y.; Uchida, Y.; 583 
Ito, S.; Terasaki, T. Quantitative atlas of membrane transporter proteins: development and 584 
application of a highly sensitive simultaneous LC/MS/MS method combined with novel 585 
in-silico peptide selection criteria. Pharm. Res. 2008, 25, 1469-1483. [CrossRef] 586 

33. Christoforou, A. L.; Lilley, K. S. Isobaric tagging approaches in quantitative proteomics: the ups 587 
and downs. Anal. Bioanal. Chem. 2012, 404, 1029-1037. [CrossRef] 588 

34. Chen, T.; Zhang, L.; Shang, H.; Liu, S.; Peng, J.; Gong, W.; Shi, Y.; Zhang, S.; Li, J.; Gong, J.; Ge, 589 
Q.; Liu, A.; Ma, H.; Zhao, X.; Yuan, Y. iTRAQ-based quantitative proteomic analysis of cotton 590 
roots and leaves reveals pathways associated with salt stress. PLoS One 2016, 11, e0148487. 591 
[CrossRef] 592 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2019                   

Peer-reviewed version available at Molecules 2019, 24, 1920; doi:10.3390/molecules24101920

https://doi.org/10.3390/molecules24101920


 17 of 17 

 

35. Yang, Y.; Zheng, N.; Zhao, X.; Zhang, Y.; Han, R.; Ma, L.; Zhao, S.; Li, S.; Guo, T.; Wang, J. 593 
Proteomic characterization and comparison of mammalian milk fat globule proteomes by 594 
iTRAQ analysis. J. Proteomics 2015, 116, 34-43. [CrossRef] 595 

36. Cech, N. B.; Enke, C. G. Relating electrospray ionization response to nonpolar character of small 596 
peptides. Anal. Chem. 2000, 72, 2717-2723. [CrossRef] 597 

Sample Availability: Not available. 598 

  

 599 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2019                   

Peer-reviewed version available at Molecules 2019, 24, 1920; doi:10.3390/molecules24101920

https://doi.org/10.3390/molecules24101920

