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To study the specific allergen in mutton, soluble protein from mutton was extracted, and separated by 
SDS-PAGE. With the positive and negative sera of rats, the special allergen was identified with the 
Western Blot, showing that the 12kDa was the specific allergen. The protein of 12kDa was then analyzed 
by ion exchange and gel filtration chromatography, and the MALDI-TOF/TOF-MS search on the Internet. 
The results indicate that the protein was diamine- N-acetyltransferase.

INTRODUCTION

A food allergy is the especially structural features 
of dietary composition, inappropriate and harmful 

response to immune system. Normally, food hypersensitive 
reactions are harmless, however, in susceptible individuals; 
adverse reactions can range from mild skin reactions to 
severe illness, even to life-threatening reactions (Guo 
et al., 2018). Adverse reaction to food is the general 
term applied to a clinically abnormal response and may 
be mediated by immunologic, pharmacologic, toxic, 
infectious, idiosyncratic, metabolic and neuropsychologic 
mechanisms. Simultaneously, the frequency of adverse 
reactions is very low, because of the general variation in 
dietary habits and low concentration of possible toxins in 
food (Ispano et al., 1998). Moreover, toxic food reactions 
always give neurologic symptoms, or abnormalities with 
hepatic or hematopoietic function (May, 1983).

Food allergies or hypersensitivity affects a large group 
of the general population in the word. It is the biggest reason 
of anaphylaxis evaluated in the emergency department 
in all age groups, and the number of hospitalizations for 
food-induced anaphylaxis has increased more than 3-fold 
in the past research (Gupta et al., 2007; Decker et al., 
2008). The studies hold that more than 20% of sick person 
insist in believing themselves to be allergic to food (Young 
et al., 1994), the ratio of this disorder phenomenon about 
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3% or 4% (Kanny et al., 2001; Sicherer et al., 2004). Food 
allergy accounts for up to 50% of all anaphylactic episodes 
resulting in hospitalization and represents the major 
cause for these hazardous reactions (Brown et al., 2001; 
Sampson, 2000; Smit et al., 2005). Owing to the increasing 
number of food-allergic patients, severity results of food-
induced adverse reactions, or is accompanied by acute and 
chronicity of some hypersensitivities and inflammation. 
prevalence of food allergies, potential severity of reactions 
and chronicity of some hypersensitivities, antigenic 
activity of food now is considered as focus point issue in 
humanity public health (Untersmayr and Jensen-Jarolim, 
2008; Samarten et al., 2001). 

Increasing consumers’ demand for a nutritionally 
balanced and safe foods has led to mutton becoming 
popular as it provides a major source of protein, many 
vitamins and minerals (Li et al., 2005; Williams, 2007). 
Proteins from mutton were the substantial nutrients for 
people. So far, some nutritionists analyzed and evaluated 
the nutrient contribution of mutton to balance of diet and 
nutrition, but there are other studies that have shown 
associations between mutton intake and adverse food 
reactions. Mutton is an important meat resource for human, 
but it also a commonly cause of food hypersensitivity. In 
particular, some patients with food allergies are sensitive 
to mutton. Food allergy is caused by food protei and then 
induces a series of immune response (Untersmayr and 
Jensen-Jarolim, 2008). Food’s protein is the most common 
allergic component and is discerned as potentially threat 
for immune system. Note that, when and only dietary 
proteins will be large enough to elicit immune responses, 
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food’s protein is considered or analyzed as potential food 
allergens. Some studies have indicated that seem to be a 
precondition for the induction of immediate type I immune 
responses.

To our knowledge, the identification, purification 
and isolation of the specific allergens from mutton is 
rarely reported. With this background and knowledge of 
immunological theory to figure out the specific allergen 
of mutton, the purpose of this article was to separate and 
identify immunoreactive substance of mutton by using 
proteomic analysis.

MATERIALS AND METHODS

Preparation of crude protein extract from mutton
Mutton was obtained from the local market. Fresh 

mutton had been cut into small pieces with ophthalmic 
scissors was boiled in phosphate buffered saline (PBS), 
pH7.2 (1:5, weight/volume) (including 100μg/mL 
PMSF) for 3 h at room. And raw extract was followed by 
homogenization using a Waring blender. Homogenate was 
centrifuged at 12000g, 30 min, 4 °C. The clear supernatant 
was collected as the mutton crude protein extract for the 
next process.

Preparation of anti-serum
Serum was obtained from SD rats with dietary mutton 

for 4 weeks and concentrations of IgE in rats’ serum was 
determined as an allergen and used in this study. The serum 
was used for Western blot without dilution. All extraction 
and purification procedures were performed at 4°C.

SDS-PAGE analysis
SDS-PAGE was performed using a 12% 

polyacrylamide separating gel and a stacking gel of 5%. 
Electrophoresis was carried out with a Mini Protean 3 
Apparatus (Bio-Rad, USA). Each sample was dissolved 
with Laemmli sample buffer (Bio-Rad, USA) in the 
presence of 5% 2-mercapto-ethanol, heated at 95°C, 5 
min in water bath and subjected to electrophoresis. The 
protein marker (Bio-Rad, USA) was run along with 
samples as a control. The volume of samples loading was 
10μL and electricity was 80V in stacking gel and 120V in 
separating gel. After electrophoresis, the gel was stained 
by Coomassie brilliant blue R-250. Protein masses were 
appraised by comparing the mutton protein bands with a 
marker using BIO-RAD Gel Doc 2000 and Quantity One 
software (Bio-Rad, USA).

Western blot
After SDS-PAGE, the separated proteins were 

electro transferred from the gel to Polyvinylidene fluoride 

(PVDF, Bio-Rad, USA) membrane using Semi-Dry 
Electrophoretic Transfer systerm at 12 V for 28 min. 
Immunoblotting assay of IgE binding was prepared with 
crude extracts from mutton. The non-specific sites were 
blocked with 5% skimmed milk in TBS. After washing 
with Tris-buffered saline (containing 0.05% Tween 20), 
the transfer membrane was incubated with individual rat’s 
serum at 4 °C, 12h. IgE binding proteins were checked 
by using HRP-labeled goat anti-mouse IgE antibody 
(Sigma, USA) followed by incubation for 30 min at room 
22 °C -24 °C in dark. At last, TMB Substrate Kit (3, 3, 5, 
5etramethylbenzidine) (Pierce, USA) was experimented 
for color. Negative control was the serum from non-
allergic subject.

Purification and isolation of the major allergen
Mutton crude protein extract was applied to a 

1.5×18cm column of DEAE-52 cellulose (Whatman) that 
had been preequilibrated with 20mM Piperazine buffer 
(pH 6.0). 2mL of sample was applied and the column was 
equilibrated by same buffer. Bound proteins were eluted 
with a linear NaCl gradient (0.5 mol/L to 1.0 mol/L) at 
a flow rate of 1.0 mL/min. Elution were followed by 
continuous monitoring at 280 nm. Fractions were collected 
from each peak, after measuring the concentrations of their 
protein, these fractions were performed to SDS-PAGE and 
immunoblotting for detecting the allergenic activity.

Those with allergenic activity from fraction 2 
were applied to a 1.5×18 cm column of Sephadex 
G-75(Amersham) that was equilibrated with PBS 0.01 
mol/L (pH 7.0). The elution was recorded by continuous 
monitoring at 280 nm and 10 mL fractions from peak were 
collected. After concentration and measurement of the 
protein concentrations, the fraction was analyzed by SDS-
PAGE and immunoblotting.

Identification of allergenic activity protein
The protein band identified on immunoblotting were 

excised from the gel and transferred to micro-centrifuge 
tubes with distilled water. Protein sample was bleached by 
50mM Ammonium bicarbonate solution including 50% 
Acetonitrile for 20 min and then dried. After digesting 
with trypsin, the protein fractions were analyzed by 
matrix-assisted laser desorption-ionization time of flight 
(MALDI-TOF/TOF) tandem mass spectrometer with 4700 
Proteomics Analyzer. The sample irradiated with a N2 laser 
(335nm, 150ns pulse) and each pulse was accelerated by a 
20 kV using a positive reflection ion mode. Spectra were 
analyzed to identify protein fractions by Mascot sequence 
matching software (Matrix Science) with National Center 
for Biotechnology Information (NCBI) Database (Richard 
and Simpson, 2002).
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Fig. 1. The SDS-PAGE profile of crude protein extracts 
from mutton. M, marker; 1, protein extracts from mutton.

RESULTS

The SDS-PAGE profile of mutton crude protein 
extract, followed by staining of the gel, it gave at least 12 
protein bands from 6 kda to 100kda. The most prominent 
bands were about 6kda, 12kd, 25kda and 40kda (Fig. 1).

To isolation the allergenic protein, the protein band 
in a raw extract was transferred to a PVDF membrane 
from SDS-PAGE gel and subsequently, subjected to 
immunoblotting. Figure 2 reported the immunoblotting of 
mutton crude protein extract with the anti-serum and non-
allergic serum, showing the allergenic protein of the band 
about 12kd. On the other hand, none of the protein bands 
that were incubated with non-allergic serum as a negative 
control were observed (band not shown).

Fig. 2. The western blot profile of protein extracts with 
sera from rats. M, marker; 1, positive sera; 2, negative sera.

The mutton crude protein extract was fractionated 
by ion-exchange chromatography (DEAE-52 cellulose) 
with a linear NaCl gradient and divided into four fractions 
(Fig. 3). After concentration of their protein fractions, 
the fraction 2 was shown the allergenic activity by 
Immunoblotting. This fraction was further purified by 

gel filtration chromatography (Sephadex G-75) with PBS 
0.01mol/L, pH7.0 (Fig. 4). The fraction A was purified in 
fractions 2 and submitted to SDS-PAGE.

 

Fig. 3. Ion-exchange chromatography (DEAE-52 
cellulose) of crude protein extract from mutton with a 
linear NaCI gradient and divided into four fractions.

Fig. 4. Purification of peak 2 on Gel filtration 
chromatography Sephadex G-75 (Flow-rate, 1.0 mL/min; 
fraction volume, 10 mL).

To identify the allergenic activity protein, when the 
gel was excised and digested with trypsin, it was analyzed 
by MALDI-TOF/TOF-MS. The results of spectra were 
submitted to NCBI protein databases to identify peptides in 
the light of their fragment masses. The protein identification 
was verified by precise of peptide fragments and quality of 
mass spectrum. By comparison with established databases, 
the MS profile was showed in Table I. Each peptide 
fragment was assigned a ladder score and a probability 
based score algorithm that gave an indication for the 
reliability of the peptide identification. The MS profile of 
the peptides from fraction A, the 12.208kda protein, was 
showed high similarity with diamine N-acetyltransferase 
from mutton.
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Table I.- Identification and bioinformatic analysis of the purified protein by MALDI-TOF/TOF-MS

Identification of the purified protein by MALDI-TOF/TOF-MS
1 SVVALDVAKN WRSVVALDVA KLAMGLYESF GFRNLHICEV TAKNWRFMID
51 QQYAGKGYAK LLIQFLQEKF ECKMNLHICE VTAKNWRFEC KIIYLSLHPD
101 NKKEAGDNAS DDKSDDGSES ESEKGTNGTS EHVNGSNGER ESVAAHKDEV
151 APVESKQDER SDDGSESESE KEAGDNASDD KAHSPDSRET TDHESKNGND
201 EPVIKYFNCN LKMDYIFLRR QWELQFANKV EYAKELLHAG KQVFLDSELS
251 LKKEQNNSLL ESMIYVEQNN SLLESMIYVC GFASRSAFYA SFSKCSLEEL
301 PQRCGFASRK FSVMIDTNQT YLSNVVNKYF NCNLKMDYLF LRRQWELQFA
351 NKVEYAKELL HAGKQVFLDS ELSLKKEQNN SLLESMIYVC GFASRSAFYA

Bioinformatic analysis on the purified 12kda protein
Accession No. Molecular mass Score Describe

gi|218234692 12208 120 putative diamine N-acetyltransferase [Bacillus cereusB4264]

gi|30020157 12173 120 Spermine/spermidine acetyltransferase [Bacillus cereusATCC 14579]

gi|206972099 12212 119 putative diamine N-acetyltransferase [Bacillus cereusAH1134]

gi|212692580 14647 119 hypothetical protein BACDOR-02077 [Bacteroides dorei DSM 17855]

gi|150003792 14649 110 hypothetical protein BVU-1224 [Bacteroides vulgatus]

DISCUSSIONS

In this study we described a 12.208kda protein 
from mutton crude protein extract by SDS-PAGE and 
Immunoblotting as an allergenic activity protein, Ion 
exchange and Size exclusion chromatography were used 
to separation and purification. 

IES could separate of the ions and polar molecules 
by their different charge. Protein is a special functional 
macromolecule, which contains both positive and negative 
charges. By altering the pH or the ionic concentration of 
the mobile phase, fattaginous protein molecules could be 
separated. In addition, it can be used for detaching any 
kind of charged molecule including small nucleotides and 
amino acids (Hamish, 1989; Weiss, 2005; Gjerde and Fritz, 
2000; Robards et al., 1995). In first step, IEC was used 
for simple separation and purification of the mutton crude 
protein extract. With elution of a linear NaCl gradient 
(0.5 mol/L to 1.0 mol/L), the peak 1-4 were collected and 
the fractions were carried out Immunoblotting to detect 
allergenic activity. The resulting showed that the peak 2 
was represented the allergenic activity. From Figure 3, IEC 
provided good isolation results for mutton crude protein 
extract initially. SEC also is a chromatographic separation 
method, it can separate the molecules in solution by 
their size, and molecular weight (Stephanie et al., 2007). 
Usually, it is placed in the final step of purification, because 
of its low resolution chromatography and not discern 
similar species exactly.

But the superiority of this method is that it could be 
offered good separation of large molecules from the small 
molecules (Skoog, 2007), and all kinds of solutions could 
be applied on the filter without any effects, all biological 
activity of the particles could be preserved. If there are 
short, well-defined separation times and narrow bands, 
SECcould lead to good sensitivity. From Figure 4, with 
elution of PBS 0.01 mol/L (pH 7.0), SEC provided good 
purification results for the allergenic activity protein.

For instance, matrix-assisted laser desorption/
ionization time-of-flight or electrospray ionization 
mass spectrometry, Mass spectrometric methods is 
enthusiastically applied to the analysis of posttranslational 
protein mechanizations. Compared to other analysis, 
MALDI-TOF MS of peptides begets principally single-
charged ions (Mann and Jensen, 2003; Karas and Kruger, 
2003). The results of peptides’s masses are measured 
by MS, MALDI-TOF and matched to peptide masses 
that have been generated theoretically from proteins in 
databases (Samyn et al., 2004). Currently, the chief method 
of identify proteins from multiple samples is Tandem mass 
spectrometry (MS/MS). A focus of proteomics research 
is how to establish the acceptable confidence measures 
for the assignment of protein’s identification from an 
unknown sample (Falkner et al., 2007; Soga and Heiger, 
2000; Piraud et al., 2003; Heerma and Kulik,1988). 

After analyzing by MALDI-TOF/TOF-MS, the 
spectra of purified allergenic activity protein were obtained 
and subjected to NCBI protein databases. The resulting 
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showed that the 12.208kda protein was high similarity 
with diamine N-acetyltransferase. In enzymology, 
N-acetyltransferase is an enzyme, it could catalyze the 
transfer of acetyl groups from acetyl-CoA to arylamines 
(Evans, 1989). It has extensive specificity for aromatic 
amines, particularly serotonin, and catalyze acetyl transfer 
to arylamines without CoA, belongs to the family of 
transferases (Ragione and Pegg, 1982). There are two 
NAT isozymes in humans, NAT1 and NAT2, both of which 
are now known to be polymorphic (Vatsis et al., 1995). 
There has been a lot of discussion on the role of NAT 
polymorphism in determining susceptibility to cancer, 
such as colorectal cancer, prostate cancer and breast cancer. 
Most of the investigations of NAT as a susceptibility 
factor in cancer have involved NAT2 polymorphism as it 
has been better characterized than NAT1 polymorphism 
(Wohlleb et al., 1990; Hein, 2002).

CONCLUSIONS

From immunoblotting, there was a 12kda protein 
in mutton that was identified as the special allergen with 
the positive and negative sera of rats. Identification of 
the result indicated that protein fragment was diamine 
N-acetyltransferase by using MALDI-TOF/TOF MS .This 
method is simply, effective and time-saving.
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