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Nowadays health benefits of bioactive food constituents, known as probiotic microorganisms, are a growing
awareness. Cow's milk is a nutritious food containing probiotic bacteria. However, milk allergenicity is one of
the most common food allergies. The milk protein, 3-lactoglobulin (BLG), is in about 80% of all main cases of
milk allergies for children and infants. With the aim of screening proteolytic strains of lactic acid bacteria to eval-
uate their potential for the reduction of allergenicity of the major bovine milk proteins, we isolated new proteo-
lytic strains of cocci lactic acid bacteria from traditional Iranian dairy products. The proteases produced by these
strains had strong proteolytic activity against BLG. Proteolysis of BLG, observed after sodium dodecyl sulfate-
PAGE, was confirmed by the analysis of the peptide profiles by reversed-phase HPLC. The two isolates were sub-
mitted to 16S rDNA sequencing and identified as Lactcoccus lactis subsp. cremoris and Lactcoccus lactis subsp.
hordniea. The competitive ELISA experiments confirmed that these isolates, with high proteolytic activity, reduce
significantly the allergenicity of BLG. Accordingly, these isolates can reduce the immunoreactivity of bovine milk
proteins, which can be helpful for the production of low-allergic dairy products.
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1. Introduction

The food allergy has been known as the sixth human health prob-
lem by the World Health Organization (WHO) [1]. Many academies
in the world have decided to share and expand information on the
food allergic diseases due to their increasing role in human life. Al-
though any food can stimulate immune response reaction, nearly
few foods are responsible for the majority of food-induced allergic
reactions. These foods include milk, peanut, fish, crustacean shell-
fish, tree nuts, wheat, soy and egg [2]. One of the most abundant
food allergens is cow's milk [3,4].

Cow's milk allergy (CMA), which is very common in infants and
young children, is an immunological reaction related to the recognition
and binding of IgE to specific epitopes in milk proteins [5-7]. The prev-
alence of allergy to milk proteins varies between 3.0 and 7.5% among
populations of different countries. It is estimated that about 80% of the
allergic children overcome the problem in the adulthood. However,
the other 20% will remain allergic for life [8-12]. There are different clin-
ical symptoms of CMA including digestive, skin, respiratory problems,
and in extreme cases anaphylaxis [13-17].
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Cow's milk contains 30-35 g protein per liter. The acidification of the
milk to pH 4.6 results in the separation of proteins into 2 fractions: co-
agulum (curd), which contains approximately 80% of the cow's milk
proteins (CMPs), and lactoserum (whey), which contains approxi-
mately 20% of the CMPs. The most important allergen proteins in
cow's milk are B-Lactoglobulin (BLG) and aisq-casein [18-22]. More
than 50% of the individuals with CMA are sensitized to these proteins
[23-26].

{3-Lactoglobulin belongs to the lipocalin structural family. It is a small
globular protein with a molar mass of 18.3 kDa [27-30]. BLG is known as
a natural molecular nanocarrier. It has three possible binding sites for
hydrophobic ligands, such as fatty acids and some vitamins [31-34].
The biological function of this protein has not yet been well determined.
Studies of epitope mapping of BLG proposed several immunoreactive
epitopes; residues 41-60, 102-124, 149-162 and 84-91 have been rec-
ognized as the common immunoreactive epitopes of the protein. Sev-
eral other peptides are distributed all along the sequence of the
protein [35]. BLG remains stable or break down into high molecular
weight (MW) peptides in the acidic and proteolytic environment of
the stomach, which maintain the IgE binding and T-cell stimulating
properties [36,37]. However, many studies have been carried out to re-
duce the allergenicity of cow's milk proteins. Also, the better use of
cow's milk in infant nutrition has been developed with the help of dif-
ferent technological processes [38-40]. The molecular basis of changes
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in allergenicity is the formation of new epitopes, better availability of
hidden epitopes and inactivation or demolition of epitopes by denatur-
ation of the natural allergen epitopes [41,42].

Various processing methods, such as enzymatic and heating treat-
ments have been used to induce some modifications in the proteins’
main epitopes and reduce their capability for binding to specific IgE,
and therefore, reduce allergenicity of bovine milk proteins [43-45]. Fur-
thermore, acidic pH values, high pressure, mutation, glycosylation and
lactic acid fermentation have yielded good results in the reduction of
immunoreactivity of BLG [46-50]. Fermentation is a common process-
ing technology in the food industry. Fermented foods are capable of re-
leasing bioactive peptides from principal food proteins by microbial
enzymatic hydrolysis activity, and therefore, have a positive effect on
the human health or physiology [51-55].

During microbial fermentation, lactic acid bacteria (LAB) produce
proteolytic enzymes causing the degradation of milk proteins
[56,57]. The milk digestibility can be influenced by the proteolysis
of milk protein allergens by LAB fermentation and subsequently,
the milk allergenicity decreases due to the hydrolysis of antigenic
epitopes [58,59]. There are many evidences show that some LAB
strains isolated from various dairy products from different parts of
the world can reduce the allergenicity of bovine milk proteins espe-
cially p-Lactoglobulin [60-66]. A significant number of experiments
on the potential of LABs in decreasing the antigenic effects of BLG
confirm that the decrease in protein antigenicity varies with the
LAB species and the conditions of fermentation process [65-67].
This fact has stimulated more researches with new proteolytic LAB
strains able to hydrolyze the milk allergen proteins for application
in the design of novel hypoallergenic dairy products. Therefore, in
the present work, we isolated 112 strains from 27 samples of tradi-
tional Iranian dairy products. The aim of this study was to screen
for novel proteolytic cocci lactic acid bacteria in raw bovine milk,
targeting BLG, to identify the most promising strains, optimize the
proteolytic activity, and evaluate the potential application in reduc-
tion of the allergenicity of bovine milk 3-Lactoglobulin.

2. Materials and methods
2.1. Materials

Culture media were obtained from Difco Laboratories (USA). The
chemicals were of analytical grade with the highest degree of purity ob-
tained from Merck and Sigma-Aldrich chemical companies and were
used without further purification. All solutions, prepared with double
distilled water, were maintained at 4 °C until usage. BLG variant A (as
a reference in all experiments) was obtained from homozygote cow's
milk following the method of Mailliart and Ribadeau Dumas [66]. The
purity of BLG (>98%) was confirmed by high performance liquid chro-
matography (HPLC) and polyacrylamide gel electrophoresis (PAGE). A
pool containing 21 sera from CMA patients with various symptoms
were used for competitive enzyme-linked immunosorbent assay
(ELISA) experiments. Total milk protein- and BLG-specific IgE concen-
trations were determined with the Phadia ImmunoCAP System. All
sera had total milk protein-specific IgE concentrations between 18.6
and 49.1 KAUL™. The used sera were collected in the laboratory of im-
munology at the academic hospital (Tehran, Iran), and their use was ap-
proved by the internal ethical committee of the hospital. The sera from
nonallergic patients were used as the negative control.

2.2. Isolation of cocci lactic acid bacteria from Iranian dairy products

Lactic acid bacteria used in this study were isolated from 27 samples
of traditional Iranian dairy products from different regions of Iran. Milk
samples were submitted to serial 10-fold dilutions in 0.9% (w/v) NaCl
solution (Ringer solution) and mixed thoroughly. Serial dilutions (10~
T to 10~8) were prepared, and 1 mL of the appropriate dilution was

pourplated onto M17 and de Man-Rogosa-Sharpe (MRS)-agar medium.
Plates were incubated at 37 °C under microaerobic and anaerobic condi-
tion for 48 h. Colonies with the same appearance were selected and
subcultured to MRS-agar to obtain pure cultures. Phenotypic identifica-
tion was done by Gram staining, catalase tests and microscope examina-
tion of the cell morphology. The purified isolates were reconstituted in
sterile skim milk (12.5%, w/v), supplemented with 30% (w/v) glycerol,
and stored at —80 °C.

2.3. Screening the proteolytic activity of LABs

Preliminary detection of proteolytic enzymes production was
performed by milk-agar technique. Different colonies were sepa-
rately inoculated into the MRS-broth. Then, 100 pL of the activated
preculture was applied on the top of milk-citrate-agar (MCA) plates
containing 4.4% skim milk powder (Délisse, UHT skim milk, France),
0.8% sodium citrate, 0.1% yeast extract, 0.5% glucose and 1.5% agar.
The plates were incubated for 48 h at 37 °C prior to cell collection.
Collected fresh cells were resuspended in 100 mM sodium phos-
phate buffer (pH 7.0) containing 5 mM CacCl, and brought to final op-
tical density (ODgoo) of 25 just before application. One volume of the
last suspension was combined with an equivalent volume of the pro-
tein solution (5 mg/mL) taken as substrates for the proteolytic activ-
ity. Then, the mixture was incubated for 12 and 24 hat 37 °Cin a
shaker incubator. Controls were prepared by incubating equivalent
protein solutions for the same periods without adding cells. At the
end of incubation periods, cells were pelleted by centrifugation
(10 min at 8000g) and the clear supernatant was analyzed by SDS-
PAGE (12% polyacrylamide) and reversed phase high performance
liquid chromatography (RP-HPLC). Finally, strains with the best pro-
teolytic activity against p-lactoglobulin were selected to investigate
their effect on the IgE binding and immunoreactivity properties of
BLG, using competitive ELISA test.

24. SDS-PAGE analysis

Protein hydrolysates were analyzed on SDS-PAGE by loading 12%
polyacrylamide gel on vertical slab electrophoresis cells. Briefly, protein
hydrolysates were mixed in loading buffer (60 mM Tris-HCI pH 6.8, 2%
(w/v) SDS, 10% (v/v) glycerol, 0.025% (w/v) bromophenol blue) and
packed on 12% polyacrylamide gel containing 0.1% (w/v) SDS. Migration
was done for about 1 h at 10 mA on the stacking gel and 20 mA on the
running gel (for 1 gel), in a buffer containing 0.3% (w/v) Tris and 1.44%
(w/v) glycine. The gels were stained with an aqueous solution contain-
ing 50% (v/v) ethanol, 10% (v/v) glacial acetic acid and 0.25% (w/v)
Coomassie brilliant blue and destained with a solution containing 10%
(v/v) ethanol and 7% (v/v) glacial acetic acid. The gels were scanned
with Image scanner III (GE Healthcare, USA) and the intensity of the
bands was quantified by image software. Analysis was performed
using Fuji Film Image Gauge V3.0 software (Fuji Photo Film Co. Ltd.,
Japan).

2.5. RP-HPLC analysis

Protein hydrolysis and peptides profiles arising from enzymatic
activities of the studied strains were analyzed by RP-HPLC. Superna-
tants, obtained after incubation of cells with different substrates in
nonproliferative cells system, were mixed (1/1, v/v) with 6 M urea
and centrifuged (12,000 g, 5 min) before injection to the column.
50 pL of samples were separated on C;g column (C;g, 4.6
x 150 mm, particle size of 5 um, Alltech Prevail, Grace, Illinois,
USA) with a linear gradient (0.3 mL/min at 20 °C; solvent A: 10% v/
v acetonitrile, 0.1% v/v trifluoroacetic acid; solvent B 90% v/v acetoni-
trile, 0.1% v/v trifluoroacetic acid). HPLC System: 1200 series Agilent
HPLC, Agilent automatic injector (Agilent Technologies, Palo Alto,
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CA), diode array detector set at 220 nm; EZ Chrom Elite software
(version 3.3.1).

2.6. Competitive enzyme-linked immunesorbent assay (ELISA) experiments

Effect of proteolysis of BLG by cocci lactic acid bacteria on the immu-
noreactivity of the protein (IgE binding) was investigated using com-
petitive ELISA experiment. The 96-well micro titration plates were
pre-coated overnight with native BLG diluted to 5 pg/mL in PBS buffer.
The plates were washed three times with PBS containing 0.1% (v/v)
Tween-20 (PBS/T) and then saturated for 2 h with 250 pL of PBS/T con-
taining 1% (w/v) polyvinyl alcohol (PBS/T/PVA). In parallel, IgE contain-
ing sera were incubated with increasing concentrations of native or
hydrolysates BLG (0 to 250 pg/mL in 50 mM phosphate buffer pH 7.0).
Each incubation mixture of 100 pL contained 5 pL of IgE serum. The
IgE/BLG complexes were then added to the 96-well plates, pre-coated
with native BLG, and incubated overnight at 4 °C. Unbound IgE (BLG
complexes) were removed by washing the plates with PBS/T. IgE
bound to the wells was identified by the addition of 100 pL of alka-
line-phosphatase conjugated polyclonal anti-human IgE (Sigma) di-
luted in PBS/T/PVA (1:1000). After 2 h at 4 °C the plates were washed
three times. Secondary antibody binding was quantified with the chro-
mogenic substrate 4-methylumbelliferyl phosphate (4-MUP) diluted in
1 M Tris-HCI (1:5) with pH 9.8. After 90 min incubation at room temper-
ature product fluorescence emission was measured on an FLx800 plate
reader (BioTek Instruments) fitted with a 360 nm excitation filter and
a 440 nm emission filter. The concentration of native or hydrolysate
BLG (inhibitor) required to inhibit 50% of the total binding of serum
IgE (ICsp) was calculated from the standard (inhibition) curves by relat-
ing fluorescence intensity to inhibitor concentrations. Fluorescence data
were corrected by subtracting the fluorescence of the control with no
antigen [67].

2.7. 16S rDNA amplification, identification and sequencing

Two gram-positive catalase-negative isolates, which have been
confirmed to have the best proteolytic activity against BLG, with
the greatest allergenicity reduction, were grown on MRS agar at 30
°C overnight. Then, genomic DNA from the aforementioned bacterial
strains were extracted from the cultures with a TaKaRa minibest bac-
terial genomic DNA extraction kit (TaKaRa, Dalian, China), according
to the manufacturer's instructions. The faecal samples were thawed
on ice, and about 200 mg stool sample was weighed for each extrac-
tion. An E.Z.N.A.™ stool DNA isolation kit (Omega Bio-Tek, Doraville,
CA) was used to extract bacterial DNA, according to the manufactur-
er's instructions and used as a template for 16S rDNA gene amplifica-
tion. The concentration of DNA was measured by determining the
ratio of the absorbance (A) at 260 and 280 nm (A260/A280), using
a UV-Vis spectrophotometer, Carry-500 double beam (USA). Total
DNA of proteolytic LAB strains was used as template for amplifica-
tion of the 16S rDNA gene by PCR with universal primers 27F (5'-
AGA GTT TGA TCM TGG CTC AG-3") and 1492R (5’-CGG TTA CCT
TGT TAC GAC TT-3’). PCR amplifications were performed with a
DNA thermal cycler [68]. The reaction mixture contains 5 pL of PCR
buffer, 2 puL of MgCl,, 1 puL of dNTPs, 1 U of Taq DNA polymerase, 1
UL of each primer, and 40 ng of DNA in a final volume of 50 pL. The
PCR amplification program included a first denaturation step at 95
°C for 5 min, followed by 30 cycles of 95 °C for 1 min (denaturation),
47 °Cfor 45 s (annealing) and 72 °C for 1 min (extension) with a final
extension step at 72 °C for 10 min. Amplicons were analyzed on 1%
(w/v) agarose gel with safe red view (1 pL/mL) in 0.5 x TAE buffer
pH 8.2-8.4, for 30 min at 100 V and made visible by UV trans-illumi-
nation. DNA sequencing for 15 ng unknown samples was carried out
by SeqLab sequencing service. The blast algorithm (http://blast.ncbi.
nlm.nih.gov) was used to ascertain the most related sequence rela-
tives in the NCBI nucleotide sequence database.

3. Results and discussion
3.1. Isolation of cocci lactic acid bacteria from Iranian dairy products

After several steps of purification by streaking on MRS agar, a collec-
tion of 112 isolates was screened from 27 samples of traditional [ranian
dairy products. This collection showed a potential production of proteo-
lytic enzymes, among which 48 isolates were phenotypically identified
as Gram-positive and catalase-negative cocci; and selected for the con-
firmation of proteolytic activity in skim milk. Also, 34 out of 48 isolates
were able to hydrolyze at least one milk protein fraction, indicated by
the reduced color intensity of the bands in the SDS-PAGE and also by
the appearance of new bands with lower molecular weight compared
with the control (see below).

3.2. Screening the proteolytic activity of LABs by SDS-PAGE

The ability of the strains to hydrolyze bovine BLG was determined by
the reduced intensity of the bands in the SDS-PAGE analysis. After in-
duction of proteinase activity on milk-citrate-agar media, the bacterial
cells were collected at stationary phase of growth and their ability to hy-
drolyze BLG was assessed at pH 7.0. The hydrolysis of BLG and its degra-
dation by strains was studied by the SDS-PAGE after incubations for 12
and 24 h. The results demonstrated that the strains BMC12C and
BMC19H displayed the highest proteolytic activity against BLG. They
completely hydrolyzed BLG after incubation for 24 h (Fig. 1). Based on
the SDS-PAGE results, the strains BMC12C and BMC19H were consid-
ered as the most active strains. Therefore, these strains were selected
for further analysis by RP-HPLC.

3.3. Screening the proteolytic activity of LABs by RP-HPLC analysis

RP-HPLC analysis was performed to evaluate the qualitative effects
of strains on BLG degradation. RP-HPLC analysis of native and
hydrolysated BLG (after the incubation by BMC12C and BMC19H strains
for 24 h) is shown in Fig. 2. The RP-HPLC analysis of BLG proteolysis by
BMC12C and BMC19H strains, under optimal conditions of pH and tem-
perature, confirmed the obtained results by the SDS-PAGE. As shown in
Fig. 2, the peak representing the native form of BLG disappeared and
smaller peaks appeared, suggesting the release of less-hydrophobic
peptides. The RP-HPLC profiles demonstrated that BLG was almost

CCXNN

Fig. 1. SDS-PAGE showing the hydrolysis profile of 3-lactoglobulin caused by lactococcus
lactis. Native BLG (1), BLG hydrolysates resulting from lactococcus lactis BMC12C after
12 h (2) and 24 h (3), and BLG hydrolysates caused by lactococcus lactis BMC19H after
12 h (4) and 24 h (5).
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Fig. 2. Reverse phase-HPLC profiles of B-lactoglobulin resulting from hydrolysis of the
protein caused by lactococcus lactis BMC12C and lactococcus lactis BMC19H.

completely hydrolyzed due to the strong proteolytic activity of BMC12C
and BMC19H strains. The HPLC profiles of BLG hydrolysates in the pres-
ence of other studied strains showed that BLG was still present in the
treated samples, but the appearance of less-hydrophobic peaks sug-
gested that BLG was partially hydrolyzed (data not shown).

3.4. Response of patient sera to native and hydrolysated BLG by competitive
ELISA assay

One purpose of this study is to find out if the BLG hydrolysates (after
the incubation by BMC12C and BMC19H strains for 24 h) can be an IgG
and/or IgE binding epitope. Therefore, the effect of proteolysis of 3-lac-
toglobulin by cocci lactic acid bacteria on its IgE binding ability was stud-
ied using ELISA competitive assay. A pool of IgE containing sera,
obtained from 21 CMA patients, was incubated with increasing concen-
trations of native and hydrolysated BLG (by proteolytic activity of
BMC12C and BMC19H) as competitive antigens. The serum antibody/
BLG complexes were then added to 96-well plates pre-coated with na-
tive BLG. The amount of soluble IgE bound to the plate (not bound to the
competitive antigen) was quantified with an enzyme conjugated IgE
specific secondary antibody. The competitive ELISA standard curves
(Fig. 3) showed that the produced BLG hydrolysates, after the incuba-
tion of the native protein by BMC12C and BMC19H strains for 24 h,
are about 16 and 25-fold weaker antigens of serum IgE than the native
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Fig. 3. Inhibition of anti-BLG IgE in serum pool. Comparison between native BLG and
hydrolysated BLG caused by lactococcus lactis BMC12C and lactococcus lactis BMC19H.

BLG, respectively. The calculated ICsq values for the native BLG, the
BLG hydrolysates caused by the BMC12C strain, and the BLG hydroly-
sates caused by the BMC19H strain were 1.71 + 0.32, 27.29 + 1.08,
and 42.67 + 1.96 pg/mL, respectively (Table 1).

If SDS-PAGE and RP-HPLC show a good degradation of BLG after the
incubation with whole cells of BMC12C and BMC19H strains for 24 h,
this degradation might only be partial, leaving peptides long enough
to bind the antibodies. Herein, from the curves of inhibition on Fig. 3,
it can be observed that with the increase of inhibitor concentration,
the difference in the IgE binding ability between native and
hydrolysated BLGs progressively increased. Finally, the results demon-
strated that the hydrolysated BLGs were less recognized than the native
BLG by IgE from CMA patients. This may be due to the more effective hy-
drolysis of milk 3-lactoglobulin (by proteolytic activity of BMC12C and
BMC19H strains) with higher possibility for cleavage of epitopes.

During fermentation, release of proteases and peptidases results in
more effective hydrolysis of milk proteins with higher possibility for
cleavage of epitopes. Nevertheless, it is also possible that by further
cleavage of the peptides into smaller peptides and amino acids by pep-
tidases, some hidden epitopes or linear epitopes could be exposed. It has
been found that at the beginning of the fermentation, antigenicity of
BLG decreased gradually but at longer fermentation time it slightly in-
creased, what indicates that there was no linear correlation between
the degree of hydrolysis of milk protein and the antigenicity of whey
proteins during the fermentation [63]. Ehn et al. used different strains
of L. helveticus to hydrolyze milk whey proteins and observed 80% hy-
drolysis of BLG. However, this did not affect the epitope recognition by
IgE as judged by the unchanged inhibition pattern (ELISA, human
serum) after this treatment. This suggests that the extracellular proteo-
lytic activity in the fermentation process did not completely degrade the
IgE epitopes. It is also possible that the degradation was only partial,
leaving peptides long enough to bind the antibodies, or it is possible
that better access to some buried internal epitopes compensated any
hydrolytic reduction of external epitopes. It is also possible that the
preheating temperature might have a significant impact on the changes
of the antigenicity of whey proteins [69].

However, further in vitro and in vivo studies are necessary to under-
stand better the mechanism of allergenicity of BLG and the methods to
decrease it. Additionally, it would be interesting to study the combina-
tion of various methods, such as fermentation and hydrolysis with ani-
mal and plant proteases, heat treatment, high pressure, and microwave
combined with enzymatic proteolysis.

3.5. Identification of the BMIC12C and BMC19H strains

Two gram-positive, catalase-negative isolates, which displayed the
highest proteolytic activity and greatest reduction in immunoreactivity
of bovine R-lactoglobulin, were submitted to amplification and se-
quencing of 16S rDNA as previously described. Based on the NCBI data-
bases, the partial 16S rDNA sequencing revealed 99% homology to
lactococcus lactis cremoris and 94% identity with lactococcus lactis
hordniae for the BMC12C and BMC19H strains, respectively.

4. Conclusions

In the present work, we investigated the proteolytic activities of
LABs isolated from traditional Iranian dairy products. A collection of

Table 1
Inhibition of IgE binding to native BLG by native protein and hydrolysated BLG caused by
lactococcus lactis BMC12C and lactococcus lactis BMC19H.

Native Hydrolysated BLG by Hydrolysated BLG by
BLG BMC12C BMC19H
ICso 171+£032 2729 + 1.08 42,67 + 1.96

(ug-mL™")
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112 isolates was screened for the production of proteolytic enzymes.
According to the ability of these isolates to hydrolyze BLG, 34 isolates
were identified with good proteolytic activity against BLG. Further ex-
amination of the specific IgE capability to bind the 3-lactoglobulin hy-
drolysates indicated the level of reduction in the immunoreactivity of
BLG. The two isolates with the highest proteolytic activity and greatest
reduction in the immunoreactivity of bovine BLG were selected and se-
quenced. 16S rDNA fragment sequencing resulted in the identification
of both strains as lactococcus lactis. This strain can reduce the allergenic-
ity of the bovine milk proteins, and therefore, the studied isolates are
promising candidates to be applied in the production of fermented hy-
poallergenic and functional dairy products.
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