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_____________________________________________________________________________24 

ABSTRACT 25 

 26 

The level of humoral immunoreactivity to total cows’ milk proteins (TCMP) in sera of patients 27 

suffering from recurrent oral ulcerations, gastrointestinal diseases or haematological 28 

malignancies was investigated. TCMP were also hydrolysed with two different species of 29 

lactobacilli and dramatic changes in the levels of specific IgG and IgE were found with 30 

statistically significant decreases in the levels of specific antibodies in sera from all patient 31 

groups. The levels below cut-off values of IgG specific for TCMP hydrolysates were detected in 32 

sera from all patients, while values of IgE for hydrolysates obtained with Lactobacillus 33 

helveticus BGRA43 and Lactobacillus zeae LMG17315were below cut-off in 85% and 97% of 34 

patients, respectively. Competitive ELISA confirmed the specificity of antibodies for 35 

immunogenic TCMP epitopes, demonstrating that lactobacilli hydrolyse TCMP by degrading 36 

immunogenic epitopes, and could therefore be used in processing of milk proteins to obtain 37 

products suitable for patients with altered immune response on TCMP.  38 

______________________________________________________________________________ 39 
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1. Introduction 40 

 41 

Lactobacilli are a major and diverse group of lactic acid bacteria, irreplaceable in the 42 

production of an array of fermented milk products that have been manufactured for centuries 43 

worldwide. Numerous studies have been conducted to understand the processes underlying 44 

bacterial fermentation of milk and to ascertain the ways and mechanisms by which lactobacilli 45 

can contribute to human health. It has been determined that these bacteria can promote human 46 

health through various mechanisms, such as modulation of immune system, affecting pathogen 47 

exclusion, or influencing different microbial/host products (Oelschlaeger, 2010).  48 

One of the most important features of lactobacilli used in dairy industry is their 49 

proteolytic system, responsible for digestion and utilisation of milk proteins. Bacterial 50 

proteolysis of milk proteins may lead to generation of various bioactive peptides with 51 

immunomodulatory, antihypertensive, antioxidative, antimicrobial and other health-promoting 52 

properties (Hayes, Stanton, Fitzgerald, & Ross, 2007; Wakai & Yamamoto, 2012). In addition, it 53 

was recently discovered that proteinases of some probiotic lactobacilli have anti-inflammatory 54 

activity (Hörmannsperger, von Schillde, & Haller, 2013; von Schillde et al., 2012). Positive 55 

clinical effects of lactobacilli supplementation were shown in patients with allergic and 56 

inflammatory skin disorders (Hacini-Rachinel et al., 2009), different gastrointestinal disorders 57 

(Verna & Lucak, 2010), chronic inflammation-associated sickness behaviour (D’Mello et al., 58 

2015), and other inflammation-related diseases. These findings put lactobacilli in the centre of 59 

future development of therapies for numerous inflammation-related diseases.  60 

One of the immune-related diseases that significantly affects the quality of life of people 61 

from both developed and developing countries is food allergies, with prevalence of 5% in adults 62 
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and 8% in preschool children (Sicherer & Sampson, 2014). Considering that milk is one of the 63 

most exploited and consumed food products throughout the world, frequency and severity of 64 

milk allergies are medical issues of great importance (Schreier & Wright, 2014; Warren, Jhaveri, 65 

Warrier, Smith, & Gupta, 2013). While various milk processing technologies have been 66 

examined for reducing the allergenicity of different cows’ milk proteins (CMP) (Ehn, Ekstrand, 67 

Bengtsson, & Ahlstedt, 2004;  Peyron, Mouécoucou, Frémont, Sanchez, & Gontard, 2006), 68 

several studies have demonstrated favourable effects of milk fermentation by different strains of 69 

lactic acid bacteria (Bu, Luo, Zhang, & Chen, 2010; El-Ghaish et al., 2011; Kleber, Weyrich, & 70 

Hinrichs, 2006; Pescuma et al., 2015; Shi et al., 2014).  71 

Alongside patients with diagnosed milk allergies, it has been shown that patients 72 

suffering from gastrointestinal disorders can possess excessive immunoreactivity towards cows’ 73 

milk proteins, as well as to other food proteins, like gliadin, a main component of gluten (Besu et 74 

al., 2009). Similar results were obtained for patients with multiple myelomas and non-Hodgkin 75 

lymphomas (Juranic et al., 2008, 2009). Moreover, this reactivity can play a role in the aetiology 76 

of recurrent aphthous ulcerations, one of the most common but poorly understood oral diseases. 77 

The cows’ milk free diet in these patients resulted in decrease in the levels of antibodies specific 78 

for CMP and remission of clinical symptoms (Besu et al., 2009, 2013). In addition, CMP-free 79 

diet in one patient with monoclonal gammopathy (immunological disorder that could be the 80 

precursor of multiple myeloma, or lymphoma) led to disappearance of the “M” component 81 

(monoclonal IgG (λ) immunoglobulins). This was associated with the drop-off in the levels of 82 

anti-CMP IgG (from 892 AU mL-1 to 0 AU mL-1) and anti-CMP IgA antibodies (from 240 AU 83 

mL-1 to 0 AU mL-1), as reported by Juranic et al. (2009). These results indicate the potential 84 
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benefit of using non-immunogenic products consisting of hydrolysed CMP in nutrition of these 85 

patients. 86 

Since there is no consensus about the impact of an individual milk protein or a particular 87 

structure to development of humoral immune response against CMP (Gaudin et al., 2008; 88 

Pelaez-Lorenzo, Diez-Masa, Vasallo, & de Frutos, 2010; Wal, 2004), it is prudent to consider 89 

that all milk proteins may contribute to immune response. Considering that our previous results 90 

pointed to possible association of humoral immune response against CMP with different non-91 

allergic, immune-related diseases, the aim of this study was to investigate whether lactobacilli 92 

hydrolysis of total cows’ milk proteins (TCMP) can abrogate elevated humoral immunity to 93 

TCMP in these patients. For this purpose, sera from patients suffering from recurrent oral 94 

ulcerations, different gastrointestinal disorders and haematological malignancies were tested for 95 

changes in TCMP-immunoreactivity after treatment of cows’ milk with preselected strains of 96 

lactobacilli. Considering that substrate specificity of proteinases differs greatly among 97 

lactobacilli species, ten different potential probiotic strains were selected for analysis of their 98 

proteolytic activity. Two strains that showed the best proteolytic potential, Lactobacillus 99 

helveticus BGRA43 and Lactobacillus zeae LMG17315, were further used for TCMP hydrolysis.  100 

 101 

2. Methods 102 

 103 

2.1. Patients 104 

 105 

Sera were collected from three groups of patients (20 in each group) as well as from 106 

healthy volunteers. The first group of 20 patients had recurrent oral ulcerations (ROU), the 107 
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second group of 20 patients had different gastrointestinal disorders [GD; 12 patients with coeliac 108 

disease, 4 patients with ulcerative colitis, 2 patients with inflammatory bowel disease (IBD) and 109 

2 patients with Chron’s disease], and the third group of 20 patients had different haematological 110 

malignancies (HM) before oncological therapy [11 patients with non-Hodgkin lymphoma 111 

(NHL), 4 patients with multiple myeloma and 5 patients with plasmacytoma]. The control group 112 

for determining reference cut-off values for bacterial antigens consisted of 33 healthy control 113 

subjects. 114 

To confirm elevated humoral immunity against TCMP, the levels of IgG and IgE 115 

antibodies specific for TCMP were tested in sera of patients from all groups, as both isotypes of 116 

antibodies have been shown to play function in anaphylactic reaction (Johnston, Chien, & Bryce, 117 

2014). The reference cut-off values for anti-TCMP IgG (39 AU mL-1) and anti-TCMP IgE 118 

antibodies (10 AU mL-1) were determined by analysing sera samples of 50 healthy control 119 

subjects (Besu et al., 2009; Juranic et al., 2009). Analyses of humoral immunity to cows’ milk 120 

proteins in patients’ sera were approved by the Ethics Committee of the Institute of Oncology 121 

and Radiology of Serbia and Ethics Committee of the Clinical Centre of Serbia. Written 122 

informed consent was obtained from each patient. 123 

 124 

2.2. Bacterial strains, media and culture conditions 125 

 126 

Six different lactobacilli strains (Lb. helveticus BGRA43, Lactobacillus rhamnosus 127 

BGT10, Lactobacillus plantarum BGPV2-45a, Lb. plantarum BGBUK2-5, Lb. plantarum 128 

BGGA-8, Lb. plantarum BGHO10) from our laboratory collection (Laboratory for Molecular 129 

Microbiology, Institute of Molecular Genetics and Genetic Engineering, University of Belgrade), 130 
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as well as four different lactobacilli strains from international collections (Lactobacillus casei 131 

ATCC393 from American Type Culture Collection and Lb. zeae LMG17315, Lb. plantarum 132 

LMG9208 and Lb. plantarum  LMG18024 from Belgian Co-ordinated Collections of Micro-133 

organisms) were screened for proteolytic activity against TCMP. Bacterial cells were generally 134 

grown and maintained in MRS broth (Merck, GmbH, Darmstadt, Germany) at 30 °C. Lb. 135 

helveticus BGRA43 was grown and maintained under anaerobic conditions in anaerobic jars 136 

using Anaerocult A (Merck) at 37 °C. Stocks of cultures were kept at -80 °C in MRS broth 137 

containing 15% (v/v) glycerol. Agar plates were prepared by adding 1.5% (w/v) agar (Torlak, 138 

Belgrade, Serbia) to MRS broth. For the test of proteolytic activity, cells were grown at 139 

appropriate temperature on milk-citrate agar (MCA) plates with 4.4% reconstituted non-fat skim 140 

milk, 0.5% glucose, 0.8% trisodium citrate, 0.1% yeast extract and 1.5% agar (w/v). 141 

 142 

2.3. Proteinase activity assay 143 

 144 

Proteolytic activity of the Lactobacillus strains was assayed as described previously 145 

(Kojic, Fira, Banina, & Topisirovic, 1991), with the following modification: as a substrate in 146 

reactions, milk powder (Mlekara Subotica AD, Subotica, Serbia) was used. Milk powder was 147 

dissolved in 100 mM sodium phosphate buffer at concentration of 20 mg mL-1 (w/v), which 148 

resulted in a final protein concentration of 5 mg mL-1. The cell suspension dissolved in the same 149 

buffer and containing 109 cells mL-1 was mixed with milk powder solution at a 1:1 (v/v) ratio and 150 

incubated for 3 h at 37 °C. Controls for bacterial antigens (RA and Z antigen solutions) were 151 

obtained by incubating cell suspensions for 3 h at 37 °C, pelleting the cells and collecting the 152 
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supernatants. Quantification of protein bands on sodium dodecyl sulphate-polyacrylamide gel 153 

electrophoresis (SDS-PAGE) was done using ImageJ. 154 

 155 

2.4. Determination of the levels of IgG and IgE specific for undigested TCMP and for two 156 

TCMP hydrolysates in patients’ sera by enzyme-linked immunosorbent assay  157 

 158 

Determinations of the levels of IgG and IgE specific for undigested TCMP and two 159 

TCMP hydrolysates (TCMP-RA and TCMP-Z obtained after digestion with Lb. helveticus 160 

BGRA43 and Lb. zeae LMG17315, respectively) were done by enzyme-linked immunosorbent 161 

assay (ELISA) tests, as described previously (Besu et al., 2009; Juranic et al., 2009). In addition, 162 

levels of antibodies to bacterial antigens possibly present in the working solutions (RA and Z 163 

antigen solutions) were also determined. 164 

Briefly, 100 µL of antigen solutions (TCMP, TCMP-RA hydrolysate, TCMP-Z 165 

hydrolysate, RA and Z antigen solutions) in bicarbonate buffer, pH 9.5, were added to 166 

polystyrene 96-well microtitre ELISA plates at a concentration of 10 µg mL-1 (F96 MaxiSorp 167 

Nunc-Immuno Plate, Waltham, MA, USA). Wells were incubated at 4 °C for 24 h enabling 168 

antigens to bind to polystyrene surface. The next day coated wells were washed and free sites on 169 

the polystyrene surface were blocked with 1% bovine serum albumin (BSA; Sigma Aldrich, St 170 

Louis, MO, USA) by incubating for 60 min at room temperature. After washing and aspiration, 171 

50 µL of sera samples (dilution 1/100) were added into appropriate wells and incubated for 60 172 

min at room temperature with subsequent aspiration and washing. Horseradish peroxidase-173 

labelled secondary antibodies were used for detection of primary antibodies bound to antigen 174 

[sheep anti-human IgG (binding site) and goat anti-human IgE (Sigma Aldrich)]. Appropriate 175 
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wells were filled with 50 µL of secondary antibody solution and plates were incubated for 60 176 

min at room temperature and then washed five times. One hundred microlitres of substrate 177 

solution 3,3’,5,5’-tetramethylbenzidine (TMB; INEP, Zemun, Serbia) was added to the wells and 178 

after short incubation (5–10 min), the enzyme reaction was terminated by addition of sulphuric 179 

acid (50 µL). The optical density (OD) of the developed colour was measured at 450 nm using a 180 

microplate reader (Multiskan EX; Thermo Scientific, Waltham, MA, USA).  181 

The absorbance of the appropriate blank was always subtracted from the absorbance of 182 

the corresponding sample. The levels of serum IgG and IgE antibodies were presented in 183 

arbitrary units (AU) mL-1. Human sera with the highest anti-TCMP IgG and IgE levels were used 184 

for the calibration. 185 

Intra-assay coefficient of variation was not higher than 4%, while inter-assay coefficient 186 

of variation was not higher than 3%. 187 

For determination of the immunoreactivity related only to cows’ milk epitopes, the level 188 

of antibodies in each serum sample incubated with RA or Z antigen solutions was always 189 

subtracted from the level of antibodies in the corresponding serum sample incubated with 190 

TCMP-RA or TCMP-Z hydrolysates. Reference cut-off values for RA and Z antigens were 191 

determined by analysing the sera of 33 healthy control subjects.  192 

 193 

2.5. Examination of antibody specificity by competitive ELISA 194 

 195 

Competitive ELISA was performed to confirm the specificity of detected anti-TCMP 196 

antibodies. The sera of five patients with ROU or GD (coeliac disease patients) who had the 197 
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highest levels of antibodies specific for antigenic determinants of unhydrolysed TCMP were 198 

chosen for these analyses. For each competitive ELISA test the pool of five sera was made. 199 

To each well of 96-well microtitre ELISA plate 100 µL of unhydrolysed TCMP solution 200 

(10 µg mL-1; dissolved in bicarbonate buffer, pH 9.5) was added. Wells were incubated at 4 °C 201 

for 24 h. After washing and blocking of wells with BSA, 50 µL of each examined solution (100-1 
202 

dilution of 5 pooled sera with added solutions of TCMP, or TCMP-RA hydrolysate or TCMP-Z 203 

hydrolysate (final concentrations: 0, 1, 10, 100, 500 and 1000 µg mL-1, made in 1% BSA/TTBS) 204 

were added to appropriate wells. After 60 min incubation at 37 °C, the primary antibodies bound 205 

to TCMP immobilised on the polystyrene surface of the well were detected using HRP-labelled 206 

secondary antibodies and TMB, as described previously. 207 

 208 

2.6. Statistical analysis 209 

 210 

Friedman Test with Dunn's Post Test was used for statistical analysis of differences 211 

between the levels of IgG or IgE against TCMP, TCMP-RA and TCMP-Z in patients’ sera. Only 212 

the patients with the levels of anti-TCMP antibodies above cut-off values were statistically 213 

analysed. Statistical package GraphPad Prism 5 was used for statistical analysis and preparation 214 

of graphs.  215 

 216 

3. Results 217 

 218 

3.1. Hydrolysis of milk proteins 219 

 220 
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The proteolytic potential of ten selected lactobacilli strains was assessed following the 221 

hydrolysis of TCMP (Fig. 1). Strains Lb. zeae LMG17315 (lane 3) and Lb. helveticus BGRA43 222 

(lane 10) demonstrated the best proteolytic activity, judging from SDS-PAGE patterns of TCMP 223 

degradation, and these two strains were used for further investigation. As can be seen from the 224 

gel, all casein fractions were completely hydrolysed with both LMG17315 and BGRA43. In 225 

addition, BGRA43 almost completely (over 80%) hydrolysed whey proteins, while their 226 

hydrolysis with LMG17315 was partial, as bands of β-lactoglobulin and α-lactalbumin were still 227 

detectable after the reaction. ImageJ quantification indicated that LMG17315 hydrolysed about 228 

70% of α-lactalbumin and 60% of β-lactoglobulin (data not shown). It should be noted that three 229 

distinct bands of higher molecular masses visible in lane 10 are bacterial proteins, most probably 230 

cell surface proteins, originating from BGRA43 (Banina et al., 1998; Fira et al., 2001). 231 

 232 

3.2. Immunoreactivity to TCMP and TCMP hydrolysates 233 

 234 

Fifty-two of 60 patients (87%) analysed in this study had elevated serum levels of IgG 235 

and/or IgE antibodies to TCMP. Each patient with elevated level of IgG specific for TCMP (16 236 

ROU patients, 9 HM patients and 11 GD patients) also had elevated level of anti-TCMP IgE. In 237 

addition, 3 ROU patients, 6 HM patients and 7 GD patients had elevated levels of IgE specific 238 

for TCMP, while the levels of anti-TCMP IgG were below the cut-off value in their sera.  239 

When considering the patients with above cut-off levels of anti-TCMP IgG and/or IgE, 240 

all of them had lower IgG and IgE levels specific for both examined hydrolysates (Fig. 2). The 241 

levels of IgG specific for TCMP hydrolysates were below the cut-off value in sera of all patients 242 

(Fig. 2A, C, E). Similarly, the levels of IgE specific for TCMP hydrolysates were significantly 243 
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lower in all patients, compared with the levels of anti-TCMP antibodies (Fig. 2B, D, F). Values 244 

below the cut-off of IgE specific for RA-hydrolysates were detected in 85% of patients, while 245 

97% of patients had the same for Z-hydrolysates.  246 

 247 

3.3. Immunoreactivity to bacterial antigens 248 

 249 

In parallel, we examined the patients’ sera for the levels of IgG and IgE specific for the 250 

bacterial cell surface proteins or other antigens possibly present in the working solutions (RA 251 

and Z antigen solutions). As expected, the results indicated the presence of antibodies against 252 

bacterial antigens in the examined groups of patients, as well as in healthy control subjects. 253 

Frequencies of healthy control subjects and patients with elevated levels of antibodies to RA and 254 

Z antigen solutions are displayed in Table 1. All patients groups showed higher reactivity to Z 255 

antigen solution. 256 

To confirm that levels of IgG and IgE detected in experiments with TCMP hydrolysates 257 

are specific for immunogenic epitopes in unhydrolysed TCMP, we performed the competitive 258 

ELISA tests using pool of five sera of ROU patients (Fig. 3) and pool of five sera of patients 259 

with coeliac disease (data not shown). The sera used in competitive ELISA tests were from the 260 

patients who showed the highest immunoreactivity to TCMP. The levels of detected anti-TCMP 261 

IgG and IgE antibodies were decreasing proportionally as the concentration of free undigested 262 

TCMP was increasing, while this effect was not observed with addition of free TCMP-RA or 263 

free TCMP-Z hydrolysates (Fig. 3).  264 

  265 
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4.   Discussion 266 

 267 

Numerous studies focused on peptides released during fermentation of milk by 268 

Lactobacillus helveticus strains, and revealed their antihypertensive, immunomodulatory and 269 

even antitumor properties (LeBlanc, Matar, Valdéz, LeBlanc, & Perdigon, 2002; Vinderola, 270 

Matar, & Perdigón, 2007; Wakai & Yamamoto, 2012). The antimicrobial, technological and 271 

probiotic potential of Lb. helveticus BGRA43, as well as its proteolytic system, has been 272 

previously characterised in detail by our group (Strahinic et al., 2013a,b). BGRA43 possesses 273 

large extracellular proteinase PrtH, which is capable of hydrolysis of all casein fractions, as well 274 

as degradation of one of three major allergenic epitopes of β-lactoglobulin (Lozo et al., 2011; 275 

Strahinic et al., 2013b). It has been established that fermentation of milk by BGRA43 releases 276 

peptides that express significant anti-inflammatory properties on the Nd-THP-1 monocyte cell 277 

line due to down-regulation of tumour necrosis factor-α or interleukin-6 production (Tompa et 278 

al., 2011). On the other hand, the proteolytic system of Lb. zeae LMG17315 is only partially 279 

characterised, but it is known that this strain possesses proteinases that differ greatly from the 280 

one present in BGRA43 (Kim et al., 2011; Vukotić et al., 2016).  281 

In this study we investigated the ability of proteinases of these two lactobacilli to 282 

hydrolyse TCMP for which elevated levels of specific IgE and IgG were previously determined 283 

in ROU, HM and GD patients (Besu et al., 2009, 2013; Juranic et al., 2008, 2009). We showed 284 

that the levels of antibodies specific for TCMP hydrolysates obtained in this way were below 285 

cut-off values for the majority of tested patients indicating that the most of IgG and IgE specific 286 

epitopes were destroyed by bacterial hydrolysis. 287 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
14 

 

 

 

 The most remarkable difference was observed with the levels of IgG, given that no 288 

patient expressed above cut-off levels of the antibodies either against TCMP-RA or TCMP-Z 289 

hydrolysate. The role of IgG immunoglobulins in cows’ milk hypersensitivity is quite 290 

controversial. Anthoni, Savilahti, Rautelin, and Kolho (2009) reported the existence of 291 

association between levels of milk proteins specific IgG antibodies and gastrointestinal 292 

symptoms in adults. The IgG4 immunoglobulins seems to have an immunopathological role in 293 

the non-IgE-mediated cows’ milk allergy with delayed gastrointestinal symptoms (Sletten, 294 

Halvorsen, Egaas, & Halstensen, 2006). In addition, even though the IgE pathway of anaphylaxis 295 

has been well characterised, the existence of an IgG pathway is controversial in humans 296 

(Khodoun, Strait, Armstrong, Yanase, & Finkelman, 2011). However, the cases of anaphylaxis 297 

developed after repeated infusion of large amounts of dextran (Hedin et al., 1980), von 298 

Willebrand’s factor (Bergamaschini et al., 1995), or therapeutic IgG mAbs (Klastersky, 2006) 299 

that have been characterised by the presence of detectable IgG, but not IgE Abs, to the infused 300 

compound may be the most likely candidates for human IgG-mediated anaphylaxis. 301 

Considering the importance of IgG highlighted in these publications, achievement of a 302 

below cut-off decrease of IgG to TCMP in all patients after bacterial hydrolysis highlights the 303 

possible benefit of using milk products fermented with Lb. helveticus BGRA43 or Lb. zeae 304 

LMG17315 in nutrition of these patients.    305 

Taking into account the differences in the levels of specific antibodies in sera of all 306 

patients before and after the hydrolysis, the drops of specific IgE levels are perhaps the most 307 

important, since the largest frequency of patients included in our study had elevated level of IgE 308 

specific for TCMP. Following the hydrolyses, the frequency of patients with elevated level of 309 

IgE specific for TCMP hydrolysates was drastically lower. Moreover, 18 patients who had titre 310 
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of IgE specific for undigested TCMP several hundred times above the cut-off value showed 311 

normal levels of IgE specific to products of BGRA43 hydrolysis, while 13 of those 18 patients 312 

showed normal levels of IgE specific for TCMP-Z hydrolysate. Comparing the differences in 313 

serum levels of IgE against two different hydrolysates, it could be concluded that hydrolysis with 314 

LMG17315 demonstrated better effect, although BGRA43 had similar impact for the majority of 315 

the patients. This is interesting since the efficacy of BGRA43 hydrolysis was higher, given that 316 

about 30% α-lactalbumin and 40% of β-lactoglobulin remained intact in TCMP-Z hydrolysate. 317 

This could mean that α-lactalbumin and β-lactoglobulin, which have been for long time 318 

considered the most important milk allergens (Fiocchi et al., 2010), are not source of majority of 319 

immunoreactive epitopes for patients tested in this study, and that caseins are critically involved 320 

in their immunoreactivity to TCMP.  321 

Although the hydrolysates obtained were not characterised in detail, the results proved 322 

the concept of the ability proteinases to destroy immunogenic epitopes in TCMP, which was 323 

unambiguously corroborated with the results of competitive ELISA. It should be mentioned, 324 

however, that LAB proteinases (or CEPs), responsible for the observed digestion, are not capable 325 

of producing di- and tri-peptides, nor free amino acids. In addition, it is known that CEP 326 

hydrolysis of only β-casein may lead to generation of more than a hundred different 327 

oligopeptides (Juillard et al., 1995). Further determination of diversity and immunogenicity of 328 

these epitopes as well as the cleavage sites targeted by analysed lactobacilli proteinases could 329 

deepen our understanding of mechanism of the reactions addressed and will be the subject of 330 

further studies.  331 

Hydrolysis of immunogenic milk epitopes, demonstrated in our study, presents an 332 

important feature of lactobacilli, significant for both application and fundamental research. Our 333 
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results show that BGRA43 and LMG17315 could be applied in the production of fermented milk 334 

products or extensively hydrolysed milk formulas, which would be largely free from epitopes 335 

shown here to be recognised by the immune response and to thus present potential health 336 

problems, at least for the patient groups analysed in our study.  337 

However, as our study demonstrated, the efficacy of bacteria to destroy immunogenic 338 

determinants present in TCMP, the antigenicity of TCMP-RA and TCMP-Z hydrolysates has to 339 

be analysed in vivo, as these newly formed products might possess new, previously unexpressed, 340 

epitopes that could potentially induce immunogenic reaction after consumption.  341 

Comparative studies of the various hydrolysed formulas present on the market indicated 342 

that not all formulas have the same protective benefit in prevention and treatment of atopic 343 

diseases in infants and children (Greer, Sicherer, & Burks, 2008). Thus, formulation of novel 344 

non-immunogenic foods is expected to increase in the next decades, which is particularly 345 

important for infants and children for whom ingestion of milk and milk products is necessary, 346 

but who are at the same time most affected with food-associated immune reaction (Sicherer & 347 

Sampson, 2014).  348 

Nevertheless, the presence of antibodies to analysed bacterial antigens in rare patients’ 349 

sera suggests the need for screening for the antibodies specific for bacterial antigen to evaluate 350 

the efficacy and safeness of potential use of hydrolysed TCMP. Further screening of other 351 

lactobacilli strains may also provide hydrolysates without these unwanted properties and this will 352 

also be the subject of further investigations. In addition, proteolytic enzyme preparations from 353 

the lactobacilli analysed may be applied as well, bearing in mind that they are more cost-354 

effective and easier to obtain than commercially used ones. 355 
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Although our research was focussed on patients suffering from different immune-related 356 

diseases, it is reasonable to suspect that individuals and children with diagnosed allergies on 357 

cows’ milk or atopic diseases would also have positive outcome using TCMP hydrolysates 358 

obtained with given bacterial enzymes. Since it is known that lactobacilli may prevent and be 359 

used in treatment of various allergic diseases (Kim et al., 2014; Pohjavuori et al., 2004; 360 

Rosenfeldt et al., 2003), it is reasonable to speculate that fermented milk products can be 361 

formulated to contain both live, therapeutic bacteria and bioactive non-immunogenic peptides, 362 

generated through the activity of their proteinases. 363 

 364 

5. Conclusions 365 

 366 

Taking all the results together, we can conclude that with the hydrolysis of TCMP by 367 

BGRA43 and LMG17315, drastic differences in the levels of specific IgE and IgG can be 368 

observed in sera of most patients from all three investigated groups. Our findings demonstrate 369 

that both applied lactobacilli hydrolyse total cows’ milk proteins through degradation of the 370 

majority of their immunogenic epitopes, even though they possess different enzymes responsible 371 

for the digestion.  372 
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Table 1 

Frequencies of healthy control subjects and patients with elevated humoral immunity to RA and 

Z antigen solutions. 

Solution Healthy 
controls 

Patient groups 
ROU  GD  HM  

IgG RA 2/33 2/20 0/20 1/20 
IgG Z 1/33 6/20 3/20 4/20 
IgE RA 4/33 0/20 0/20 1/20 
IgE Z 2/33 6/20 6/20 0/20 
 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Figure legends 

 

Fig. 1. Hydrolysis pattern of total cows’ milk proteins (TCMP) by different lactobacilli 

strains after 3h of incubation at 37 °C. Lane S, starting substrate (TCMP); lane 1, Lb. 

rhamnosus BGT10; lane 2, Lb.plantarum BGHO10; lane 3, Lb. zeae LMG17315; lane 4, Lb. 

plantarum BGBUK 2-5; lane 5, Lb. plantarum LMG18024; lane 6, Lb. casei ATCC393; lane 

7, Lb. plantarum BGPV2-45a; lane 8, Lb. plantarum LMG9208; lane 9, Lb. plantarum 

BGGA-8; lane 10, Lb. helveticus BGRA43. Abbreviations are: αs-CN, α-casein; β-CN, β-

casein; κ-CN, κ-casein; β-Lg, β-lactoglobulin; α-La, α-lactalbumin. For reference on protein 

bands see Miloradovic, Kljajevic, Jovanovic, Vucic, & Macej (2015). 

 

Fig. 2. The levels of IgG (A, C and E) and IgE (B, D and F) antibodies against unhydrolysed 

total cows’ milk proteins (TCMP) and after the hydrolysis of TCMP with Lb. helveticus 

BGRA43 (TCMP-RA) and Lb. zeae LMG17315 (TCMP-Z). The levels of antibodies specific 

for TCMP, TCMP-RA and TCMP-Z in sera of all patients with recurrent oral ulcerations (A, 

B), gastrointestinal disorders (C, D) and haematological malignancies (E, F) were determined 

by ELISA. Values obtained for each patient were plotted as points on the graph and 

connected by the line. All measurements were done in duplicate. Friedman test with Dunn’s 

Multiple Comparison Test was used for statistical analysis, *** p <0.005 compared with 

control  

 

Fig. 3. Competitive ELISA for determination of specificity of (A) IgG and (B) IgE from 

patients’ sera to immunogenic epitopes of unhydrolysed total cows’ milk proteins (TCMP). 

The mixture of sera from five patients with recurrent oral ulcerations was pre-incubated 

either with unhydrolysed total cows’ milk proteins (�) or products from hydrolysis of TCMP 
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with Lb. helveticus BGRA43 () or Lb. zeae LMG17315 (�) in final concentrations of 0, 1, 

10, 100, 500 and 1000 µg mL-1 and thereafter incubated in the wells pre-coated with 

unhydrolysed TCMP (10 µg mL-1). All measurements were done in duplicate, calculating the 

mean OD450 values.  
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