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ABSTRACT

The level of humoral immunoreactivity to total cowslk proteins (TCMP) in sera of patients
suffering from recurrent oral ulcerations, gastrestinal diseases or haematological
malignancies was investigated. TCMP were also Hysed with two different species of
lactobacilli and dramatic changes in the levelspcific IgG and IgE were found with
statistically significant decreases in the levélspecific antibodies in sera from all patient
groups. The levels below cut-off values of 1gG sieéor TCMP hydrolysates were detected in
sera from all patients, while values of IgE for plgisates obtained withactobacillus
helveticusBGRA43 and_actobacillus zea&MG17315were below cut-off in 85% and 97% of
patients, respectively. Competitive ELISA confirmtbd specificity of antibodies for
immunogenic TCMP epitopes, demonstrating that lzextdli hydrolyse TCMP by degrading
immunogenic epitopes, and could therefore be us@dacessing of milk proteins to obtain

products suitable for patients with altered immuesponse on TCMP.
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1. Introduction

Lactobacilli are a major and diverse group of aeitid bacteria, irreplaceable in the
production of an array of fermented milk produtiatthave been manufactured for centuries
worldwide. Numerous studies have been conductedderstand the processes underlying
bacterial fermentation of milk and to ascertainways and mechanisms by which lactobacilli
can contribute to human health. It has been deterihat these bacteria can promote human
health through various mechanisms, such as modnlafiimmune system, affecting pathogen
exclusion, or influencing different microbial/hgstducts (Oelschlaeger, 2010).

One of the most important features of lactobaggkd in dairy industry is their
proteolytic system, responsible for digestion atilisation of milk proteins. Bacterial
proteolysis of milk proteins may lead to generatdwarious bioactive peptides with
immunomodulatory, antihypertensive, antioxidatiaetimicrobial and other health-promoting
properties (Hayes, Stanton, Fitzgerald, & Ross7200akai & Yamamoto, 2012). In addition, it
was recently discovered that proteinases of somiqtic lactobacilli have anti-inflammatory
activity (Hérmannsperger, von Schillde, & Hallef13; von Schillde et al., 2012). Positive
clinical effects of lactobacilli supplementationneeshown in patients with allergic and
inflammatory skin disorders (Hacini-Rachinel ef aD09), different gastrointestinal disorders
(Verna & Lucak, 2010), chronic inflammation-asstetasickness behaviour (D’Mello et al.,
2015), and other inflammation-related diseasessélfiadings put lactobacilli in the centre of
future development of therapies for numerous inftation-related diseases.

One of the immune-related diseases that signifigafitects the quality of life of people

from both developed and developing countries islfaltergies, with prevalence of 5% in adults
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and 8% in preschool children (Sicherer & Samps0id42. Considering that milk is one of the
most exploited and consumed food products througth@uworld, frequency and severity of
milk allergies are medical issues of great imparéafSchreier & Wright, 2014; Warren, Jhaveri,
Warrier, Smith, & Gupta, 2013). While various mgkocessing technologies have been
examined for reducing the allergenicity of differeows’ milk proteins (CMP) (Ehn, Ekstrand,
Bengtsson, & Ahlstedt, 2004; Peyron, Mouécouceéniont, Sanchez, & Gontard, 2006),
several studies have demonstrated favourable sftéchilk fermentation by different strains of
lactic acid bacteria (Bu, Luo, Zhang, & Chen, 20EBGhaish et al., 2011; Kleber, Weyrich, &
Hinrichs, 2006; Pescuma et al., 2015; Shi et 8i142.

Alongside patients with diagnosed milk allergiesas been shown that patients
suffering from gastrointestinal disorders can pss@xcessive immunoreactivity towards cows’
milk proteins, as well as to other food proteiiigs lgliadin, a main component of gluten (Besu et
al., 2009). Similar results were obtained for pagewvith multiple myelomas and non-Hodgkin
lymphomas (Juranic et al., 2008, 2009). Moreo\as, fieactivity can play a role in the aetiology
of recurrent aphthous ulcerations, one of the mmostmon but poorly understood oral diseases.
The cows’ milk free diet in these patients resultedecrease in the levels of antibodies specific
for CMP and remission of clinical symptoms (Besalet2009, 2013). In addition, CMP-free
diet in one patient with monoclonal gammopathy (umwological disorder that could be the
precursor of multiple myeloma, or lymphoma) ledlisappearance of the “M” component
(monoclonal IgGX) immunoglobulins). This was associated with thepdoff in the levels of
anti-CMP 1gG (from 892 AU mt: to 0 AU mL*") and anti-CMP IgA antibodies (from 240 AU

mL™*to 0 AU mL?), as reported by Juranic et al. (2009). Thesdtsemdicate the potential
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benefit of using non-immunogenic products consgsthhydrolysed CMP in nutrition of these
patients.

Since there is no consensus about the impact midaridual milk protein or a particular
structure to development of humoral immune respagsénst CMP (Gaudin et al., 2008;
Pelaez-Lorenzo, Diez-Masa, Vasallo, & de Frutod2®al, 2004), it is prudent to consider
that all milk proteins may contribute to immunepesse. Considering that our previous results
pointed to possible association of humoral immwesponse against CMP with different non-
allergic, immune-related diseases, the aim ofghigly was to investigate whether lactobacilli
hydrolysis of total cows’ milk proteins (TCMP) cabrogate elevated humoral immunity to
TCMP in these patients. For this purpose, sera fratients suffering from recurrent oral
ulcerations, different gastrointestinal disorderd haematological malignancies were tested for
changes in TCMP-immunoreactivity after treatment@#/s’ milk with preselected strains of
lactobacilli. Considering that substrate speciiaft proteinases differs greatly among
lactobacilli species, ten different potential pitin strains were selected for analysis of their
proteolytic activity. Two strains that showed thesbproteolytic potential,actobacillus

helveticulBGRA43 and_actobacillus zea&MG17315, were further used for TCMP hydrolysis.

2. Methods

2.1. Patients

Sera were collected from three groups of pati€2sr{ each group) as well as from

healthy volunteers. The first group of 20 patidrdd recurrent oral ulcerations (ROU), the
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second group of 20 patients had different gastestimal disorders [GD; 12 patients with coeliac
disease, 4 patients with ulcerative colitis, 28 with inflammatory bowel disease (IBD) and
2 patients with Chron’s disease], and the thirdugrof 20 patients had different haematological
malignancies (HM) before oncological therapy [11igras with non-Hodgkin lymphoma

(NHL), 4 patients with multiple myeloma and 5 patgwith plasmacytoma]. The control group
for determining reference cut-off values for baetesintigens consisted of 33 healthy control
subjects.

To confirm elevated humoral immunity against TCNt®& levels of IgG and IgE
antibodies specific for TCMP were tested in serpaifents from all groups, as both isotypes of
antibodies have been shown to play function in hyl@gtic reaction (Johnston, Chien, & Bryce,
2014). The reference cut-off values for anti-TCMB1(39 AU mL?) and anti-TCMP IgE
antibodies (10 AU mt) were determined by analysing sera samples o&a@hy control
subjects (Besu et al., 2009; Juranic et al., 20083lyses of humoral immunity to cows’ milk
proteins in patients’ sera were approved by thecEtGommittee of the Institute of Oncology
and Radiology of Serbia and Ethics Committee ofGheical Centre of Serbia. Written

informed consent was obtained from each patient.

2.2. Bacterial strains, media and culture conditions

Six different lactobacilli straind_p. helveticuBGRA43,Lactobacillus rhamnosus
BGT10,Lactobacillus plantarunBGPV2-45al b. plantarumBGBUK2-5, Lb. plantarum
BGGA-8, Lb. plantarumBGHO10) from our laboratory collection (Laboratdoy Molecular

Microbiology, Institute of Molecular Genetics an@i&tic Engineering, University of Belgrade),
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as well as four different lactobacilli strains framernational collectiond_@ctobacillus casei
ATCC393 from American Type Culture Collection ddal zead MG17315,Lb. plantarum
LMG9208 and_b. plantarum LMG18024 from Belgian Co-ordinated Collectionsvitro-
organisms) were screened for proteolytic activggiast TCMP. Bacterial cells were generally
grown and maintained in MRS broth (Merck, GmbH, Mstadt, Germany) at 30 °Cb.
helveticuBGRA43 was grown and maintained under anaerobiditons in anaerobic jars
using Anaerocult A (Merck) at 37 °C. Stocks of audts were kept at -80 °C in MRS broth
containing 15% (v/v) glycerol. Agar plates weregaeed by adding 1.5% (w/v) agar (Torlak,
Belgrade, Serbia) to MRS broth. For the test ofgwlytic activity, cells were grown at
appropriate temperature on milk-citrate agar (M@R}tes with 4.4% reconstituted non-fat skim

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

2.3. Proteinase activity assay

Proteolytic activity of the.actobacillusstrains was assayed as described previously
(Kojic, Fira, Banina, & Topisirovic, 1991), with éfollowing modification: as a substrate in
reactions, milk powder (Mlekara Subotica AD, SubatiSerbia) was used. Milk powder was
dissolved in 100 m sodium phosphate buffer at concentration of 20mmhd (w/v), which
resulted in a final protein concentration of 5 mg'mThe cell suspension dissolved in the same
buffer and containing f@ells mL* was mixed with milk powder solution at a 1:1 (waj}io and
incubated for 3 h at 37 °C. Controls for bactesiaiigens (RA and Z antigen solutions) were

obtained by incubating cell suspensions for 3 87atC, pelleting the cells and collecting the



153  supernatants. Quantification of protein bands ahuso dodecyl sulphate-polyacrylamide gel
154  electrophoresis (SDS-PAGE) was done using ImageJ.
155

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

157 TCMP hydrolysates in patients’ sera by enzyme-tinkemunosorbent assay
158
159 Determinations of the levels of IgG and IgE spedidir undigested TCMP and two

160 TCMP hydrolysates (TCMP-RA and TCMP-Z obtained rafigestion withLb. helveticus

161 BGRAA43 and.b. zead MG17315, respectively) were done by enzyme-linkechunosorbent
162  assay (ELISA) tests, as described previously (B¢sl., 2009; Juranic et al., 2009). In addition,
163  levels of antibodies to bacterial antigens possibgsent in the working solutions (RA and Z
164  antigen solutions) were also determined.

165 Briefly, 100 pL of antigen solutions (TCMP, TCMP-RAdrolysate, TCMP-Z

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

167  polystyrene 96-well microtitre ELISA plates at ancentration of 10 ug mit.(F96 MaxiSorp

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

169  antigens to bind to polystyrene surface. The naytabated wells were washed and free sites on
170  the polystyrene surface were blocked with 1% boger@m albumin (BSA; Sigma Aldrich, St
171 Louis, MO, USA) by incubating for 60 min at roonmtgerature. After washing and aspiration,
172 50 pL of sera samples (dilution 1/100) were adaéal appropriate wells and incubated for 60
173 min at room temperature with subsequent aspirai@hwashing. Horseradish peroxidase-

174 labelled secondary antibodies were used for detecti primary antibodies bound to antigen

175  [sheep anti-human IgG (binding site) and goat hatiran IgE (Sigma Aldrich)]. Appropriate



176  wells were filled with 50 pL of secondary antibashlution and plates were incubated for 60
177  min at room temperature and then washed five tiBes. hundred microlitres of substrate

178  solution 3,3',5,5'-tetramethylbenzidine (TMB; INERemun, Serbia) was added to the wells and
179  after short incubation (5-10 min), the enzyme lieaclvas terminated by addition of sulphuric
180  acid (50 pL). The optical density (OD) of the deyped colour was measured at 450 nm using a
181  microplate reader (Multiskan EX; Thermo Scientiffg¢altham, MA, USA).

182 The absorbance of the appropriate blank was alaalysacted from the absorbance of
183  the corresponding sample. The levels of serum IgGIgE antibodies were presented in

184  arbitrary units (AU) mL*. Human sera with the highest anti-TCMP 1gG and I€ls were used
185  for the calibration.

186 Intra-assay coefficient of variation was not higtiean 4%, while inter-assay coefficient
187  of variation was not higher than 3%.

188 For determination of the immunoreactivity relatedyao cows’ milk epitopes, the level
189  of antibodies in each serum sample incubated wiloRZ antigen solutions was always

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

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

192  determined by analysing the sera of 33 healthyrobstibjects.

193

194 2.5. Examination of antibody specificity by competitld SA

195

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

197 antibodies. The sera of five patients with ROU & @oeliac disease patients) who had the
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highest levels of antibodies specific for antigesieterminants of unhydrolysed TCMP were
chosen for these analyses. For each competitivE &£ Lést the pool of five sera was made.

To each well of 96-well microtitre ELISA plate 1QQ of unhydrolysed TCMP solution
(10 pg mL*; dissolved in bicarbonate buffer, pH 9.5) was add®ells were incubated at 4 °C
for 24 h. After washing and blocking of wells WBSA, 50 pL of each examined solution (£00
dilution of 5 pooled sera with added solutions &MP, or TCMP-RA hydrolysate or TCMP-Z
hydrolysate (final concentrations: 0, 1, 10, 100) &nd 1000 pg nit, made in 1% BSA/TTBS)
were added to appropriate wells. After 60 min iratidn at 37 °C, the primary antibodies bound
to TCMP immobilised on the polystyrene surfacehef well were detected using HRP-labelled

secondary antibodies and TMB, as described prelyious
2.6. Statistical analysis

Friedman Test with Dunn's Post Test was used &bisttal analysis of differences
between the levels of IgG or IgE against TCMP, TECRW and TCMP-Z in patients’ sera. Only
the patients with the levels of anti-TCMP antibsdidove cut-off values were statistically
analysed. Statistical package GraphPad Prism usess for statistical analysis and preparation
of graphs.

3. Results

3.1.  Hydrolysis of milk proteins
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221 The proteolytic potential of ten selected lactolliestrains was assessed following the
222 hydrolysis of TCMP (Fig. 1). Strains. zead MG17315 (lane 3) antb. helveticuBGRA43
223 (lane 10) demonstrated the best proteolytic agtiyjitdging from SDS-PAGE patterns of TCMP
224  degradation, and these two strains were used ftrduinvestigation. As can be seen from the
225 gel, all casein fractions were completely hydrotiygéth both LMG17315 and BGRA43. In

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

227  hydrolysis with LMG17315 was partial, as band$-ddctoglobulin andr-lactalbumin were still
228 detectable after the reaction. ImageJ quantificatidicated that LMG17315 hydrolysed about
229  70% ofa-lactalbumin and 60% di-lactoglobulin (data not shown). It should be nateat three
230 distinct bands of higher molecular masses visiblamne 10 are bacterial proteins, most probably
231 cell surface proteins, originating from BGRA43 (Bamet al., 1998; Fira et al., 2001).

232

233 3.2.  Immunoreactivity to TCMP and TCMP hydrolysates

234

235 Fifty-two of 60 patients (87%) analysed in thisdstinad elevated serum levels of IgG
236 and/or IgE antibodies to TCMP. Each patient wittvated level of IgG specific for TCMP (16
237 ROU patients, 9 HM patients and 11 GD patients) bt elevated level of anti-TCMP IgE. In
238  addition, 3 ROU patients, 6 HM patients and 7 Gbepds had elevated levels of IgE specific
239 for TCMP, while the levels of anti-TCMP IgG weredde the cut-off value in their sera.

240 When considering the patients with above cut-oféle of anti-TCMP IgG and/or IgE,
241  all of them had lower IgG and IgE levels specibic hoth examined hydrolysates (Fig. 2). The
242 levels of 1gG specific for TCMP hydrolysates weeddw the cut-off value in sera of all patients

243 (Fig. 2A, C, E). Similarly, the levels of IgE spfcifor TCMP hydrolysates were significantly
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244  lower in all patients, compared with the levelanofi-TCMP antibodies (Fig. 2B, D, F). Values
245  below the cut-off of IgE specific for RA-hydrolysst were detected in 85% of patients, while
246 97% of patients had the same for Z-hydrolysates.

247

248 3.3. Immunoreactivity to bacterial antigens

249

250 In parallel, we examined the patients’ sera forlévels of IgG and IgE specific for the
251  bacterial cell surface proteins or other antigesssjbly present in the working solutions (RA
252 and Z antigen solutions). As expected, the resudlisated the presence of antibodies against
253  bacterial antigens in the examined groups of ptjers well as in healthy control subjects.
254  Frequencies of healthy control subjects and patierth elevated levels of antibodies to RA and
255  Z antigen solutions are displayed in Table 1. Allipnts groups showed higher reactivity to Z
256  antigen solution.

257 To confirm that levels of IgG and IgE detected xperiments with TCMP hydrolysates
258  are specific for immunogenic epitopes in unhydrety3CMP, we performed the competitive
259  ELISA tests using pool of five sera of ROU patiefiig. 3) and pool of five sera of patients
260  with coeliac disease (data not shown). The serd inseompetitive ELISA tests were from the
261  patients who showed the highest immunoreactivitf@P. The levels of detected anti-TCMP
262 lgG and IgE antibodies were decreasing proportigraa the concentration of free undigested
263 TCMP was increasing, while this effect was not obse with addition of free TCMP-RA or
264 free TCMP-Z hydrolysates (Fig. 3).

265
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4. Discussion

Numerous studies focused on peptides releasedgdi@imentation of milk by
Lactobacillus helveticustrains, and revealed their antihypertensive, imonuodulatory and
even antitumor properties (LeBlanc, Matar, ValdéBlanc, & Perdigon, 2002; Vinderola,
Matar, & Perdigon, 2007; Wakai & Yamamoto, 201)eTantimicrobial, technological and
probiotic potential ot.b. helveticuBGRA43, as well as its proteolytic system, hambee
previously characterised in detail by our groupg®inic et al., 2013a,b). BGRA43 possesses
large extracellular proteinase PrtH, which is cd@aib hydrolysis of all casein fractions, as well
as degradation of one of three major allergenitopps of-lactoglobulin (Lozo et al., 2011,
Strahinic et al., 2013b). It has been establishatifermentation of milk by BGRA43 releases
peptides that express significant anti-inflammafmgperties on the Nd-THP-1 monocyte cell
line due to down-regulation of tumour necrosis dact or interleukin-6 production (Tompa et
al., 2011). On the other hand, the proteolyticexysbfLb. zead MG17315 is only partially
characterised, but it is known that this straingesses proteinases that differ greatly from the
one present in BGRA43 (Kim et al., 2011; Vukatt al., 2016).

In this study we investigated the ability of proises of these two lactobacilli to
hydrolyse TCMP for which elevated levels of specifE and IgG were previously determined
in ROU, HM and GD patients (Besu et al., 2009, 2@18anic et al., 2008, 2009). We showed
that the levels of antibodies specific for TCMP tolgsates obtained in this way were below
cut-off values for the majority of tested patiemdicating that the most of IgG and IgE specific

epitopes were destroyed by bacterial hydrolysis.
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288 The most remarkable difference was observed WweHdvels of IgG, given that no

289  patient expressed above cut-off levels of the adi#s either against TCMP-RA or TCMP-Z
290 hydrolysate. The role of IgG immunoglobulins in @wilk hypersensitivity is quite

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

292  association between levels of milk proteins spedgG antibodies and gastrointestinal

293  symptoms in adults. The IgG4 immunoglobulins seemtsgave an immunopathological role in
294  the non-lgE-mediated cows’ milk allergy with deldygastrointestinal symptoms (Sletten,

295 Halvorsen, Egaas, & Halstensen, 2006). In addigeen though the IgE pathway of anaphylaxis
296 has been well characterised, the existence of @rpaghway is controversial in humans

297  (Khodoun, Strait, Armstrong, Yanase, & Finkelma®l2). However, the cases of anaphylaxis
298 developed after repeated infusion of large amoohtextran (Hedin et al., 1980), von

299  Willebrand’s factor (Bergamaschini et al., 1995)tleerapeutic IgG mAbs (Klastersky, 2006)
300 that have been characterised by the presenceeaidtdble IgG, but not IgE Abs, to the infused
301 compound may be the most likely candidates for hulg&-mediated anaphylaxis.

302 Considering the importance of IgG highlighted iagl publications, achievement of a
303 below cut-off decrease of IgG to TCMP in all patgeafter bacterial hydrolysis highlights the
304 possible benefit of using milk products fermentathwb. helveticuBGRA43 orLb. zeae

305 LMG17315 in nutrition of these patients.

306 Taking into account the differences in the levdispecific antibodies in sera of all

307 patients before and after the hydrolysis, the dadpecific IgE levels are perhaps the most
308 important, since the largest frequency of patiemtikided in our study had elevated level of IgE
309 specific for TCMP. Following the hydrolyses, theduency of patients with elevated level of

310 IgE specific for TCMP hydrolysates was drasticédher. Moreover, 18 patients who had titre
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of IgE specific for undigested TCMP several hundretes above the cut-off value showed
normal levels of IgE specific to products of BGRA#RIrolysis, while 13 of those 18 patients
showed normal levels of IgE specific for TCMP-Z hglgsate. Comparing the differences in
serum levels of IgE against two different hydrotgsa it could be concluded that hydrolysis with
LMG17315 demonstrated better effect, although BGRA4d similar impact for the majority of
the patients. This is interesting since the effyoaitBGRA43 hydrolysis was higher, given that
about 30%-lactalbumin and 40% di-lactoglobulin remained intact in TCMP-Z hydrolysat
This could mean that-lactalbumin ang-lactoglobulin, which have been for long time
considered the most important milk allergens (Awet al., 2010), are not source of majority of
immunoreactive epitopes for patients tested ingtusgly, and that caseins are critically involved
in their immunoreactivity to TCMP.

Although the hydrolysates obtained were not charasd in detail, the results proved
the concept of the ability proteinases to destnopunogenic epitopes in TCMP, which was
unambiguously corroborated with the results of cetiipe ELISA. It should be mentioned,
however, that LAB proteinases (or CEPSs), respoedi the observed digestion, are not capable
of producing di- and tri-peptides, nor free amiwcala. In addition, it is known that CEP
hydrolysis of onlyB-casein may lead to generation of more than a leghdifferent
oligopeptides (Juillard et al., 1995). Further dei@ation of diversity and immunogenicity of
these epitopes as well as the cleavage sites ¢arggtanalysed lactobacilli proteinases could
deepen our understanding of mechanism of the orectiddressed and will be the subject of
further studies.

Hydrolysis of immunogenic milk epitopes, demon&tdain our study, presents an

important feature of lactobacilli, significant footh application and fundamental research. Our
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results show that BGRA43 and LMG17315 could beiadph the production of fermented milk
products or extensively hydrolysed milk formulasieth would be largely free from epitopes
shown here to be recognised by the immune resporséo thus present potential health
problems, at least for the patient groups analysedr study.

However, as our study demonstrated, the efficadyaoferia to destroy immunogenic
determinants present in TCMP, the antigenicity GMIP-RA and TCMP-Z hydrolysates has to
be analysed in vivo, as these newly formed produight possess new, previously unexpressed,
epitopes that could potentially induce immunogegaction after consumption.

Comparative studies of the various hydrolysed fdaspresent on the market indicated
that not all formulas have the same protective figingprevention and treatment of atopic
diseases in infants and children (Greer, Sich&&urks, 2008). Thus, formulation of novel
non-immunogenic foods is expected to increaseemtxt decades, which is particularly
important for infants and children for whom ingestiof milk and milk products is necessary,
but who are at the same time most affected witklfassociated immune reaction (Sicherer &
Sampson, 2014).

Nevertheless, the presence of antibodies to ardlyseterial antigens in rare patients’
sera suggests the need for screening for the alidspecific for bacterial antigen to evaluate
the efficacy and safeness of potential use of Hydeadl TCMP. Further screening of other
lactobacilli strains may also provide hydrolysatéthout these unwanted properties and this will
also be the subject of further investigations.ddifion, proteolytic enzyme preparations from
the lactobacilli analysed may be applied as welgrimg in mind that they are more cost-

effective and easier to obtain than commercialgdusnes.
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356 Although our research was focussed on patientgesdf from different immune-related
357 diseases, it is reasonable to suspect that indilgdand children with diagnosed allergies on
358  cows’ milk or atopic diseases would also have pasibutcome using TCMP hydrolysates

359  obtained with given bacterial enzymes. Since kinewn that lactobacilli may prevent and be
360 used in treatment of various allergic diseases (&imal., 2014; Pohjavuori et al., 2004;

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

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

363  generated through the activity of their proteinases

364

365 5. Conclusions

366

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

368 BGRA43 and LMG17315, drastic differences in theslswf specific IgE and IgG can be

369 observed in sera of most patients from all threestigated groups. Our findings demonstrate
370 that both applied lactobacilli hydrolyse total cowslk proteins through degradation of the

371  majority of their immunogenic epitopes, even thotlgty possess different enzymes responsible
372  for the digestion.
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Tablel
Frequencies of healthy control subjects and patients with elevated humoral immunity to RA and

Z antigen solutions.

Solution  Healthy  Patient groups
controls ROU GD HM

19G RA 2/33 220 020 120
19GZ 1/33 6/20 3/20 4/20
IgE RA 4/33 020 020 1/20

IgEZ 2/33 6/20 6/20 0/20




Figurelegends

Fig. 1. Hydrolysis pattern of total cows’ milk proteins (MP) by different lactobacilli
strains after 3h of incubation at 37 °C. Lane &tstg substrate (TCMP); lane L.
rhamnosus BGT10; lane 2Lb.plantarum BGHO10; lane 3l.b. zeae LMG17315; lane 4l b.
plantarum BGBUK 2-5; lane 5Lb. plantarum LMG18024; lane 6l_b. casei ATCC393; lane
7, Lb. plantarum BGPV2-45a; lane 8,b. plantarum LMG9208; lane 9Lb. plantarum
BGGA-8; lane 10Lb. helveticus BGRA43. Abbreviations arers-CN,a-casein-CN, B-
caseinx-CN, k-caseinf-Lg, B-lactoglobulin;a-La, a-lactaloumin. For reference on protein

bands see Miloradovic, Kljajevic, Jovanovic, VudcMacej (2015).

Fig. 2. The levels of IgG (A, C and E) and IgE (B, D andaRjibodies against unhydrolysed
total cows’ milk proteins (TCMP) and after the hgigsis of TCMP withLb. helveticus
BGRA43 (TCMP-RA) and.b. zeae LMG17315 (TCMP-Z). The levels of antibodies specif
for TCMP, TCMP-RA and TCMP-Z in sera of all patientith recurrent oral ulcerations (A,
B), gastrointestinal disorders (C, D) and haemagiold malignancies (E, F) were determined
by ELISA. Values obtained for each patient werdtptbas points on the graph and
connected by the line. All measurements were domiplicate. Friedman test with Dunn’s
Multiple Comparison Test was used for statisticadlgsis, *** p <0.005 compared with

control

Fig. 3. Competitive ELISA for determination of specificity (A) IgG and (B) IgE from
patients’ sera to immunogenic epitopes of unhydmedytotal cows’ milk proteins (TCMP).
The mixture of sera from five patients with recatreral ulcerations was pre-incubated

either with unhydrolysed total cows’ milk proteif®s) or products from hydrolysis of TCMP



with Lb. helveticus BGRA43 ©O) or Lb. zeae LMG17315 () in final concentrations of O, 1,
10, 100, 500 and 1000 pg miand thereafter incubated in the wells pre-coatithl w

unhydrolysed TCMP (10 pg ). All measurements were done in duplicate, catindahe

mean OD450 values.
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