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ABSTRACT

In the last decade, thrombosis has been one of the pathologies with high incidence creating great concern in Health
Institutes all around the world. Considering this, the aim of this research was to determine the antithrombotic
activity of peptides released during lactic fermentation. Reconstituted skim milk powder was fermented by
Lactobacillus casei Shirota and Lactobacillus johnsonii LAl isolated from commercial fermented milks. The
hydrolysis degree and proteolytic profile were analyzed by trinitrobenzenesulfonic acid spectrophotometry method
and by peptide polyacrylamide electrophoresis gel separation. The milk fermented by Lactobacillus casei Shirota
exhibited a higher concentration of free amino groups than that fermented by Lactobacillus johnsonii LAL.
Additionally, in both fermentation systems peptides with molecular weights lower than 1.4 kDa were observed. The
highest inhibition of thrombin (31.67+2.35%) was observed in milk fermented by Lactobacillus johnsonii LA1 at 10
hours of fermentation. Finally, no relationship was found between the antithrombotic capacity and the proteolytic
profile.

Keywords: Antithrombotic activity, peptides, lactic fermentation, probiotic bacteria, commercial fermented milks

*Author for correspondence: Igonzales@uaeh.edu.mx

Braz. Arch. Biol. Technol. v.61: €18180132 2018



Gonzalez-Olivares, L.G et al.

INTRODUCTION

Research about protein fractions with biological activity in different foods, such as:
egg, meat, fish, soy and milk, is very recent since it started at the end of the 20th
century. Protein fractions conferring physiological benefits on humans were termed
bioactive peptides 2. It was found that peptides derived from milk proteins have the
greatest diversity of functional characteristics 4.

Peptidic fractions can be obtained from two different processes: using digestive
enzymes such as pepsin or trypsin and using intrinsic proteases from lactic acid
bacteria. This last has been the most used, obtaining a great diversity of peptide
fractions with bioactive potential, because the proteolytic system of this kind of
bacteria >®.

Nowadays, lactic acid bacteria have been incorporated as starter cultures to dairy
products, not only for its sensorial functions but also to improve the human health
through its consumption 7. Species like Lactobacillus acidophilus and Lactobacillus
casei have shown some benefits to health such as antimutagenic, anticancerigen,
immunomodulatory, protection against gastrointestinal pathogen bacteria and
ultraviolet irradiation 2, In the case of Lactobacillus casei Shirota is a Gram-positive
probiotic with homofermentative metabolism and auxotrophy by valine and glutamic
acid while Lactobacillus johnsonii LAl also is a Gram-positive bacteria with strict
anaerobic metabolism to obtain energy and it has a total dependence of exogenous
aminoacids for its growth and develops &1,

These metabolic characteristics allow that during fermentation and cold storage of
commercial fermented milks, lactic acid bacteria are capable to release little fractions
of proteins, which show biological activity 23, One of the most important properties
of these peptides is the antithrombotic activity *°, which follows three different ways:
platelet aggregation inhibition, inhibition of thrombin action, and fibrinolytic activity
14

Some peptides with antithrombotic activity are derived from the k-casein dairy
protein, in this case, the peptides are encrypted in three amino acid fractions: f(106-
116), f(106-113) and f(113-116), which have been named as casoplatelin ¢, All these
peptides present platelet aggregation inhibition, but only f(106- 116) present
competitive inhibition on platelet fibrinogen receptor 1°. These characteristics allow
the inclusion of these fractions in medical treatments for thrombosis, which nowadays
remains to be a high incidence pathology related to human diseases all around the
world 6,

Antithrombotic fractions derived from milk proteins, prevent the conversion of human
fibrinogen into fibrin by thrombin inhibition 3%, This conversion is responsible for
providing stability to the thrombus, which keeps off normal circulation of the
bloodstream and increases veins or arteries wall pressure 8, Thus, the aim of this
research was to determine the antithrombotic capacity of peptide fractions released
during milk fermentation, by the proteolytic activity of Lactobacillus casei Shirota and
Lactobacillus johnsonii LA isolated from commercial fermented milks.

MATERIAL AND METHODS
Isolation and Propagation of Lactic Acid Bacteria

Lactobacillus casei Shirota and Lactobacillus johnsonii LAL were isolated from two
different commercial fermented milks Yakult® (Yakult, Mexico) and Chamyto®
(Nestlé, México) following modifications proposed by Figueroa-Gonzalez et al. *° to
those methodology described previously by Tharmaraj and Shah 2. Isolation was
carried out using 10 mL of MRS broth (BD-Difco, Franklin Lakes, NJ-USA),
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inoculating 1 mL of the commercial fermented milk and incubating for 32 hours at
37°C.

Seeding was performed on MRS agar plates to verify colonial morphology and Gram
staining to verify the purity of the culture. The propagation was performed in 10 mL
of 10% (wi/v) pasteurized milk inoculating 1 mL of MRS broth tube. The starter
culture was prepared in a flask with 100 mL of 10% (w/v) pasteurized milk,
inoculated with 1 mL of the propagation tube. Throughout the propagation, the system
was incubated for 32 hours at 37°C. The pasteurized milk solutions was made with
skim milk powder (Dairy America, Fresno, CA-USA) and heated at 90°C for 10
minutes in an autoclave. A viable count was performed to carry out the inoculation in
the fermentation systems.

Fermentation

Fermentation was carried out in 250 mL Erlenmeyer flasks. These contained 150 mL
of a 10% (w/v) skim milk powder (Dairy America, Fresno, CA-USA) solution with
2% lactose (Bioxon, Mexico City-Mexico). The medium was heat treated at 90°C for
10 minutes. The solution was inoculated with 300 CFU/mL and fermented at 37°C
until the medium reached a pH of 4.5. The experiments were performed by triplicate
and the sampling was done at five different times (T, T2, T3, T4 and Ts) for each
fermentation system. In the fermentation with Lactobacillus casei Shirota the
considered times were 0, 4, 10, 26 and 33 hours while with Lactobacillus johnsonii
LAL the times were 0, 4, 10, 22 and 26 hours. The collected samples were centrifuged
at 25,0000 g for 10 min at 4°C. The supernatants were recovered and stored in freezer
for further analyses of proteolytic profile and antithrombotic capacity.

Determination of the Hydrolysis Degree

The hydrolysis degree during fermentation was calculated by the determination of free
amino groups by means of the trinitrobenzenesulfonic acid (TNBS) technique
proposed by Adler-Nissen 2. Samples (0.250 mL) were mixed with 2 mL phosphate
buffer 0.2 M at pH 8.2 and 2 mL 0.1% TNBS reagent (Sigma-Aldrich, St Louis, MO-
USA). The mixture was incubated protected from light for 60 min at 50°C. The
reaction was stopped using 4 mL HCI 0.1M, then the corresponding absorbance was
recorded at 340 nm. A glycine standard curve was made for determining the free
amino group concentration.

Peptides Separation by Electrophoresis (Tris-Tricine-SDS-PAGE)

The method proposed by Schéagger and Von Jagow 22 was used considering the
modifications proposed by Gonzalez-Olivares et al.'?. The protein concentration of the
samples was analyzed with the Bradford method 2 and standardized at 150 ppm.
Samples were centrifuged at 25,000 g at 4°C for 10 min and supernatants were
lyophilized. The lyophilizates were re-suspended in 100 pL of Milli-Q deionized
water (18.2 MQ-cm). Electrophoresis was performed on a 16.5% T gel from a 30% T
solution (acrylamide:bisacrylamide ratio 19:1 and 5% cross-linker, Bio-Rad, Hercules,
CA-USA). The gels were stained with Comassie Blue G-250 (Bio-Rad, Hercules, CA-
USA) and analyzed with Image J software (IJ 1.46r, v.1.8.0_112, Bethesda, MD,
USA, 2004).

Determination of the Antithrombotic Capacity
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The antithrombotic activity was determined by the inhibition of fibrinogen-fibrin
conversion in accordance to the method described by Zhang et al. 2 with some
modifications. Reactions were carried out with a double volume of all solutions
respect to the reference technique. Enzymatic assays were performed in the absence of
light. The calculation of the thrombin inhibitory capacity was performed according to
Eq. 1:

Thrombin inhibition (%) = ([C_C[?_#
Where:

CB: Control blank before incubating at 37°C

C: Control after incubating at 37°C

SB: Sample blank before incubating at 37°C

S: Sample after incubating at 37°C

) X100 Eq. 1

Statistical Analysis

Results were analyzed by one-way ANOVA (p=0.05) and through Tukey’s contrast
with the NCSS statistical software (NCSS 2007, v.0, Kaysville, UT, USA, 2007).

RESULTS AND DISCUSSION
Fermentation

During fermentation, different times to reach pH 4.5 depending on the bacteria were
observed (Table 1). In the case of L. casei Shirota, pH was achieved at 33 hours of
fermentation, while with L. johnsonii LAl it was achieved after 26 hours. A
significant change from the initial pH value was exhibited after 4 and 10 hours in both
fermentations. Also, notable differences were observed at 10 hours between fermented
milks, where the process with L. casei Shirota achieved a pH of 6.42 while
fermentation with L. johnsonii LAl was of 6.35. These results are comparable with
those obtained by Solieri et al. ®, where pH’s over 6 were observed in UHT skim milk
at first hours of fermentation.

In contrast, @stlie et al. % reported that pH’s below 6 are observed during the first
eight hours of fermentation for some probiotic bacteria (L. acidophilus La5, L.
acidophilus 1748, L. johnsonii LAL, L. rhamnosus GG, L. reuteri SD 2112 and
Bifidobacterium animalis BB12). However, the media used was UHT milk
supplemented with tryptone as additional nitrogen source. Also, it is well known that
acid production is related directly to the growth media, where the production of
organic acids is faster in a supplemented than in a natural media, like milk 2",

In another way, values of pH with L. johnsonii LA1 decreased faster than that of L.
casei Shirota from 10 to 26 hours of fermentation (6.35 to 4.54 and 6.42 to 5.25,
respectively). These results can be related to the nutritional needs of each strain, and
the effectiveness to convert lactose to lactic acid. @stlie et al. 2° found that L. johnsonii
LA1 had a low production of lactic acid and it maintained a pH around 5.0 until the
end of the fermentation (48 h) with a diminution in viable cell number. Nonetheless, in
the present study, the lactose incorporated increased the carbon source concentration
in the media promoting a faster acidification (pH 4.53 at 26 h).

On the other hand the present work indicates that L. casei Shirota has a lower
effectiveness to produce lactic acid under the tested conditions. Although, Zalan et
al.?” found that L. casei Shirota exhibited the best milk acidification compared with
other lactic acid bacteria like L. casei 154, L. paracasei 2750 and L. plantarum O1.
The different fermentation patterns are derived of the duplication capacity of the lactic
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acid bacteria and their metabolic needs and these kind of factors are involved in the

activation of the proteolytic system, which is the origin of bioactive peptides releasing
29,30

Table 1. Changes in pH and proteolysis during milk fermentation

pH Free amino groups concentration (ug-L ™)
Fermentation Lactobacillus Lactobacillus Lactobacillus Lactobacillus
Time casei Shirota johnsonii LA1 casei Shirota johnsonii LA1
1 6.72+0.00° 6.74+0.00° 112.67+0.584¢ 335.00+1.008¢
2 6.61+0.01¢ 6.65+0.014 208.00+2.00A4 372.33+2.528¢
3 6.42+0.01° 6.35+0.02° 389.00+7.554¢ 383.67+3.514¢
4 5.25+0.01° 4.87+0.05° 582.33+4.93AP 432.33+3.21°
5 4.50+0.02° 4.54+0.02% 616.67+1.532 577.00+2.00 A2

Different lowercase letters in the same column show significant difference (p=0.05), while different uppercase letters show
significant difference (p=0.05) for the fermentation hours contrastable between strains. The potentiometer used has a precision of

+0.01 pH units

Determination of Free Amino Groups

Proteolytic activity exhibited differences between both isolated microorganisms. At 4
hours of fermentation, it was observed, a less concentration of free amino groups in
milk fermented by L. casei Shirota (208 ug-L™), than those in milk fermented by L.
johnsonii LA1 (372.33 ug-L™) (Table 1). These results could be explained because of
the differences in the initial concentration of free amino groups in the milk solutions
and the action of proteinases such as PrtP and the system for peptides transport 3%,
According to Liu et al. 32 some species of L. casei exhibit three different oligopeptides
transport systems rather than one. This characteristic allows efficiency in the nitrogen
obtaining, compared with those strains that have just one transport system. Thus, long
chain oligopeptides could be generated by L. casei Shirota, which were taken
instantaneously and released at the same time. For this reason, the free amino groups
are not detected in the L. casei Shirota fermentation.

At time 3 (10 hours) of fermentation, no significant differences were observed in the
concentrations of free amino groups in both fermented milks. A similar behavior was
observed, in fermented milks with different lactic acid bacteria up to 12 hours of
process . This could be because bacteria followed the main proteins hydrolysis
pathway for obtaining its nitrogen requirements from the oligopeptides and amino
acids transport 31:32,

Moreover, L. casei Shirota presented a higher proteolytic activity between time 3 and
time 5, compared to the activity shown by L. johnsonii LAL. Finding at the end of the
fermentation a higher concentration of amino groups in L. casei Shirota fermented
milk (616.67 pg-L*) compared with fermented milk by L. johnsonii LA1 (577.0 pg-L-
1. This increase could be related to the activation of dipeptidases and tripeptidases,
specific to each proteolytic system 3234 Also, it is known that L. casei strains have
higher capacity to hydrolyze small peptides producing free amino groups 2%,

Peptides Separation by Tris-Tricine SDS-PAGE

The electrophoresis analysis revealed a decrease in casein concentration and
imperceptible changes in the concentration of globular proteins (o-lactalbumin and f3-
lactoglobulin) (Fig. 1 and Fig. 2). This is related to the fact, that lactic acid bacteria
fulfil their nitrogen requirements mainly through caseins hydrolysis, for example in
commercial fermented milks casein concentration is reduced around 50% ¢, In the
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current study, no sufficient changes in the hydrolysis of casein and a wrong separation
were observed in the fermentation with L. casei Shirota at time 2 (according the bands
separated); for this reason this result is only presented in Figure 1.

A B C D E

Figure 1. Peptide separation from milk fermented by Lactobacillus casei Shirota.
S: Polypeptide standard (BioRad, Hercules, CA-USA). Fermented milk at A: 4h, B: 10h, C: 26h, D: 30h and E: 33h

26.63kDa

14.44KkDa

1.42kDa

S

A B C D

Figure 2. Peptide separation from milk fermented by Lactobacillus johnsonii LAL.
S: Polypeptide standard (BioRad, Hercules, CA-USA). Fermented milk at A: 10h, B: 22h, C: 24h and D: 26h

As shown in Figure 1, there is an accumulation of peptides with low molecular weight,
due to superior proteolysis of L. casei Shirota compared with that of L. johnsonii LAL
(Fig. 2), where there was less accumulation of this kind of peptides. The final
concentration results in both fermentations are coincident with those previously found
in the analysis of free amino groups. Even though, through image analysis it was
possible to determine peptides smaller than 1.4 kDa in both fermentations (Fig. 1 and
Fig. 2).

Moreover, it was observed different peptidic fractions of the same molecular weight
during all the fermentation process. These fractions were observed between 6.2 and
6.9 kDa, in the case of milk fermented with L. casei Shirota (Fig. 1) and 7.0 and 7.6
kDa for milk fermented by L. johnsonii LAl (Fig. 2). These results approached to
those obtained by Rojas-Ronquillo et al. ¥ and by Gonzélez-Olivares et al.’2.
Inclusively, the results demonstrate that the proteolytic system of lactic acid bacteria
follows a cascade pattern to obtain all their nitrogen needs *’.

The differences in the proteolytic profiles are related to the presence of some peptides
between 7 and 10 kDa, which were observed only in the first hours of the process in
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milk fermented with L. casei Shirota while peptides in this range were exhibited
during all the fermentation process with L. johnsonii LAL.

Determination of Antithrombotic Capacity

Samples for analysis of antithrombotic activity were chosen according the pH
obtained into fermentation and electrophoresis analysis, starting in the time 3 where
the pH observed was near to the range of the optimal proteinase activity (6.0-6.3) and
the other times due to the variety of peptides showed in the hydrolysis analysis.
Furthermore, it has been observed that in the first fermentation times there is no
antithrombotic activity or it is not detectable *'.

Peptidic fractions derived of milk fermented with L. casei Shirota showed an
increasing trend in thrombin inhibition capacity until time 4 (Fig. 3). However, at the
end of the fermentation (time 5), this inhibitory activity decreased to a level of
3.64+0.09%, showing its highest value at time 4 (20.17+2.33%). These results are
consistent with those reported by Rojas-Ronquillo et al.t’, where it is found a similar
inhibition pattern with the same microorganism but used only bovine casein.

For samples of milk fermented by L. johnsonii LAL, the maximum antithrombotic
activity (31.67+2.35%) was obtained at time 3 and it decreased at the end of the
fermentation. Also at time 3, milk inoculated with L. casei Shirota presented a
thrombin inhibition of 10.04+0.95%, although the concentration of free amino groups
in this time did not showed a significant difference between the two fermentations.

Thrombin inhibition (%)

0

B.c
W /aciobacillus casei Shirota

l [ Lactobacillus johnsonii LA

Ab

Aa

lv

Time 1 Time 3 Time 4 Time 5

Figure 3. Thrombin inhibition produced by peptides released during milk fermentation.

Different uppercase

letters show significant difference (p=0.05) between both fermented milks, while different

lowercase letters show significant difference (p=0.05) in each fermented milks.

These results may be due to the auxotrophy of each microorganism as well as the
specificity of its own proteolytic system 2. This last was verified according to the
variety of molecular weights for peptides found in this study during the electrophoretic
separation, where greater variability peptides with molecular weights between 1 and 8
kDa were found in milk fermented with L. johnsonii LAL, compared to those of milk
fermented with L. casei Shirota at time 3. It was observed that the highest thrombin
inhibition is found for peptides with molecular weights in this range *’.
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On the other hand, a higher thrombin inhibition (31.67+2.35%) at less time (10 h) was
observed in this study in the fermentation with L. johnsonii LA1, than that reported by
El-Fattah et al. 2. While, in the fermentation realized with L. casei Shirota, a similar
thrombin inhibition activity was reached but it required of 26 h instead of 16 h which
was reported in the fermentation of milk by Lactobacillus casei B-1922 3¢

Finally, although molecular weight of the peptides was similar in both fermentations
at the end of the process it was shown different antithrombotic capacity. In fact, it
might be related with the affinity of the thrombin active site to bonds between arginine
and glycine (Arg-Gly) *. In addition, Chabance et al. *° and Rojas-Ronquillo et al. ¥’
have reported that rich sequences in proline, phenylalanine or isoleucine exhibit high
thrombin inhibition. Also, Mehta et al. ** reported that the presences of acid,
hydrophobic and aromatic amino acids are essential for the thrombin recognition.
These kinds of sequences or amino acids could be obtained during fermentation
process affecting its antithrombotic capacity.

CONCLUSION

Under the tested conditions, lactic acid bacteria isolated from commercial fermented
milks showed proteolytic capacity and accumulation of low molecular weight peptides
with antithrombotic activity during fermentation process of milk. However, this
capacity is not dependent of the free amino groups concentration and differs for each
fermentation system, and it is directly related to the specificity of the proteolytic
system of each lactic acid bacteria. Also, despite both studied strains have a high
potential to produce thrombin inhibitors peptides, using milk as media, L. johnsonii
LAL presented the better characteristics to produce antitrombotic peptides.
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