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Abstract

This contribution was aimed at the fractionation and identification of peptides with improved
antimicrobial activity from egg white protein hydrolysates, obtained by membrane ultrafiltration. For
this purpose, the thermal treated egg white proteins were intensively hydrolysed with a commercial
food-grade bacterial endopeptidase from Bacillus licheniformis, namely Alcalase. Thus, obtained
hydrolysates were further separated by sequential ultrafiltration into four peptide fractions viz. fraction
I (> 30kDa), 11 (10 - 30 kDa), 111 (1 - 10 kDa) and IV (< 1kDa) which were investigated in terms of
their antimicrobial activity. The antimicrobial activity was tested against Gram-positive bacteria
(Staphylococcus aureus ATCC 25923), Gram-negative bacteria (Escherichia coli ATCC 25922) and
against yeast Candida albicans (ATCC 24433) by fractions' susceptibility of agar diffusion. Our results
showed that these peptide fractions have an intense inhibitory activity on Gram-positive bacteria, poor
on Gram-negative bacteria and none inhibitory activity on growth of C. albicans. The results showed
interesting antimicrobial potentials versus the tested microorganisms, especially fractions with peptides
molecular weight of 10-30 kDa and 1-10 kDa. It can be concluded, that the controlled enzymatic
hydrolysis of egg white proteins and their subsequent membrane ultrafiltration is considered to be a
suitable way for production of biocative peptides with exhibit antimicrobial efficiency.

Introduction

The bioactive peptides derived from food proteins with low molecular weight and useful bioactivities
which are easily absorbed have attracted more attention, because they are safer and healthier than
synthetic ones [1]. The evaluation and characterization of bioactive peptides, released after enzymatic
hydrolysis, have been widely investigated demonstrating that besides its nutritional value, they might
have pharmacological activities. These bioactive peptides, obtained from animal and plant proteins
have indicated antioxidant, antitumoral, antithrombic, antihypertensitive or antimicrobial activities
opening the opportunity of having therapeutically functional food [2].

Antimicrobial peptides have acquired heightened concern due to the occurrence of bacteria
resistance and prospective toxicity of chemical food preservatives. Considerable numbers of
antimicrobial peptides have been screened and identified from a wide variety of source or generated by
protein hydrolysates [3]. The separation and purification of antimicrobial peptides is essential for
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examining their features and further applications, but identification of them in complex samples is
often challenging. The mechanism of the antibacterial effect has not been obviously entrenched.
Nevertheless, it has been suggested that cellular membrane lysis caused by the direct action of the
peptides is responsible for bacterial death [4]. In the past decade, research on antimicrobial agents has
been widely accomplished and attention has mainly focused on the antimicrobial peptides which could
be generated during the digestion of food proteins in the gastrointestinal tract. Some antimicrobial
peptides were released upon the digestion or breakdown of protein such as ovotransferrin [5],
ovalbumin [6] and lysosyme [7].

Between broad ranges of diverse protein sources, egg white proteins (EWPs) are widely used as a
functional and nutritional ingredients in food products and their hydrolysates obtained by enzymolysis
are also an excellent source of biological active peptides and have a high nutritional value. Most of the
EWPs appear to possess antimicrobial properties or certain physiological functions to interfere with the
growth and spread of invading microorganisms [8]. In order to improve and upgrade the bioactive
features of EWPs and obtain value-added egg products, enzymatic hydrolysis is frequently used. The
EWP hydrolysates provide a number of benefits as a protein source in human nutrition in regard to the
native EWPs and they also have a positive impact on body functions or conditions and may ultimately
influence health. It should be emphasized that researches verify peptides released from lysozyme,
ovalbumin and ovotransferrin, during proteolytic action of enzymes, possessed antimicrobial activity
against Gram-positive and Gram-negative bacteria [9].

Many studies recently published try to fractionate proteins, protein hydrolysates and peptides with
membrane separation techniques and isolate the fractions with the most antioxidant active peptides
with the aim of enhancing their biological or their functional properties. The ultrafiltration membrane
system separates the protein hydrolysates into defined molecular weight ranges and represents the best
technology available for the enrichment of peptides with a specific molecular weight range [10].
Especially, fractions of molecular weight between 100 — 500 Da and 1000 — 3500 kDa would be the
most interesting bioactive peptides for nutritional and pharmaceutical uses. The extraction and recovery
of these fractions from the hydrolysates are the main issues. Compared with other bioseparation
methods such as gel chromatography, membrane technology provides several important advantages
such as higher productivity, lower capital investment, high flow of products and while keeping product
purity under ambient conditions, ease of translation of large-scale commercial production and easy
equipment cleaning [11].

This paper was focus on determining the antimicrobial activity of peptidic fractions obtained by
enzymatic hydrolysis and ultrafiltration with molecular weight cut off membranes (1, 10 and 30 kDa)
from egg white.

Matrials and methods
Materials

The EWP samples were prepared using commercial eggs which were kindly provided from Jata Emona
d.o.o (Ljubljana, Slovenia) and stored at 4 °C. After separation from the yolk, EWs were leisurely
stirred without foam formation to ensure homogeneous mixture. The enzyme complex used in this
research for determination the susceptibility of thermal treated EWPs to enzymolysis was Alcalase 2.4
L from Bacillus licheniformis which purchased from Sigma Aldrich (St. Louis, USA). The claimed
enzyme activity was > 2.4 U g™ Anson Units solid for Alcalase whereby the one Anson Unit is defined
as the amount of enzyme which, under specified conditions, digests urea-denatured hemoglobin at an
initial rate such that there is liberated an amount of TCA-soluble product per minute which gives the
same color with the Folin—-Ciocalteu phenol reagent as one milliequivalent of tyrosine at 25 °C and pH
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7.50. All other chemicals were of analytical reagent grade and they were used without any further
purification.

Thermal treatment and enzymolysis of EWPs

Thermal treatment of EWPs was carried out by heating EW solution at 75 °C for 30 min. Upon
completion of treatments the treated 10 % w/w EWP solutions (11.9 mg mL™, protein content
determined according to the standard Kjeldahl method, N x 6.25) were 20 min preheating at optimal
temperature 50 °C for Alcalase. Thereafter, the solution was adjusted to optimum pH 8.0 and the
enzymolysis was initiated by addition of the appropriated amount of protease (enzyme to substrate
ration was 2.0 % w/w). The progress of the enzymolysis was followed by monitoring the degree of

hydrolysis (DH, %) using pH-stat method. The DH was calculated according the Eq. 1 [12]:
0.\ _ 11100 Np-B-100

DH (%) = heot  @Mpheot (1)
where h is the number of equivalents of peptide bonds hydrolyzed at the time per weight unit; hy is the
total amount of peptide bonds per weight unit of a protein and can be calculated from its amino acid
composition (for EWPs hy is 7.67 mmol g™ protein), N;, is the normality of the base, B is the
consumption of the base in mL, a is the degree of dissociation of the a-amino groups (1/0=1.13 at 50
°C and pH 8.0) and m,, is the mass of protein in g. The enzymolysis was terminated by boiling the
mixtures for 15 min, then centrifuged at 3,500xg for 20 min and after cooling at room temperature. The

supernatant was collected and stored at 4 °C for further antimicrobial assay.

Microbial susceptibility by diffusion in agar

The antimicrobial activity was determined by susceptibility of agar diffusion and it was carried out
according to Anicié et al. [13]. Briefly, 9 mm tubes were placed on a layer of suitable agar media
(Tryptic soy agar (TSA) supplemented with yeast extract (0.6% wi/v)). This media was overlaid with a
layer of soft agar medium (TSA containing 0.6 % of agar) inoculated with tested microorganisms (E.
coli ATCC 25922, S. aureus ATCC 25923, C. albicans ATCC 24433). Tested microorganisms were
part of culture collection of Microbological laboratory of the Fuculty of Technology and Metalurgy,
Belgrade. Upon soft agar firming, tubes were aseptically removed, forming wells such way. In each
well, 30 pL of sample was added (untreated EWPs, Alcalase hydrolysate and peptidic fractions of
various size). Petri dishes were incubated at 37 °C for 48 h and size of inhibition zones (in mm) were
measured thereafter.

Minimum inhibitory concentration (MIC) assay

The minimum inhibitory concentration (MIC) of the selected peptides was determined using a micro-
well dilution method. This survey implied mixing 50 puL of each bacterial suspension (concentrations
adjusted to 1x10°> CFU/mL with TSB) with 50 uL of serially diluted samples in 96-well microplates
and incubated at 37 °C by 24 h. Only samples that initially presented highest antimicrobial activity
according to agar diffusion method were tested for MIC. The microbial growth was evaluated after 24
h by reading the absorbance at 600 nm (OD 600) using the Multiskan GO microplate
spectrophotometer (Thermo Fisher Scientific, USA). The lowest concentration of Alcalase hydrolysate
fractions where no observable growth was noted by the change of initial absorbance reading was
established to be the MIC. Obtained results were further verified by plating 30 pL of the samples from
the wells on the TSA agar medium. All experiments were done in triplicate to ensure reproducibility.
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Fractionation of EWP hydrolysates by ultrafiltration cell unit

The hydrolysates were fractionated using a Millipore ultrafiltration stirred cell unit (Model 8050 1
Unit, Millipore Corporation, Bedford, MA, USA) under magnetic stirring with a capacity of 50 cm®.
Ultrafiltration membranes regenerated cellulose, 44.5 mm diameter (Amicon Inc., Billerica, MA, USA)
with molecular weight cut-off (MWCO) of 30, 10 and 1 kDa were used. During filtration process
pressure was applied with nitrogen. A portion of the supernatant containing target peptides was stored
in the freezer as EWPHs while the remaining portion was passed through ultrafiltration membranes
with above mentioned molecular weight cut-offs. Ultrafiltration was performed sequentially: first
through the 30 kDa and permeate passed through 10 kDa whose permeate was passed through the 1
kDa membrane. The retentate from each MWCO membrane was collected as Fraction 11 (10-30 kDa),
111 (1-10 kDa) and permeate as Fraction 1V (<1 kDa) peptide fractions, respectively. The protein
contents of the EWPHSs and peptide fractions were determined using the Lowry method [10]. All
fractions were then stored in the freezer until needed for further analysis. Scheme 1 exhibits the
illustration of the ultrafiltration set up used in this research.

1 - nitrogen pressure
2 - stirrer assembly

3 - celullose membrane
4 - magnetic stirrer

5 - permeate

6 - EWP hydrolysates

&

Scheme 1. Schematic overview of an ultrafiltration cell unit
Statistical analysis

All experiments were performed in triplicate and the data are presented in average of triplicates and
standard deviation (SD). Statistical differences between antimicrobial activity of Alcalase hydrolysate
and his respective ultrafiltration fractions were determined by one-way analysis of variance (ANOVA).
A Tukey test was applied as a test a posteriori with a level of significance of 95%. All the tests were
considered statistically significantly at p<0.05. Statistical analyses were performed using the Origin
Pro 8 software package.

Results and discussion

The enzymolisis of thermal treated EWPs and membrane ultrafiltration

Molecular weight represents an important parameter reflecting the hydrolysis of proteins, which further
correlates with the bioactivity of protein hydrolysates. After different pretreatment, EWPs were
separately hydrolysed by endopeptidase namely Alcalase, in order to isolate bioactive peptides with
proven antioxidant activity. All hydrolysates showed the antioxidant activities and they were passed
through three ultrafiltration membranes with 30, 10 and 1 kDa molecular weight cut-off because many
research reported that lower molecular weight peptides are more potent as bioactive peptides [14]. The
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values of the separated fraction (< 1, 1-10, 10-30, >30 kDa) and its impact on the peptidic population in
terms of molecular weight and hydrolytic curve of thermal treated EWPs with Alcalse were presented
on Figure 1.

The results obtained in the enzymolysis of untreated and thermal treated EWPs (Figure 1) implied
that thermal treatment improved susceptibility of EWPs to enzymolysis by Alcalase. On the other hand,
DH achieved in the hydrolysis of EWPs varied from 7.5-35 % over the 105 min time period. The
hydrolysis proceeded at a rapid rate during the initial 15 min of the reaction. Afterwards, enzymolysis
proceeded with a slow increase in hydrolysis rate for the next 75 min, and then entered the steady-state.
This was confirmed that thermal treated EWPs as substrate has the considerable susceptibility by
Alcalase and thus prepared hydrolysate may be used to isolate bioactivity peptides.

Some differences between the molecular weight distribution profiles of obtained hydrolysate were
observed. As shown in Figure 1, four fractions with diverse yields were obtained by membrane
ultrafiltration. Different protein contribution of prepared fractions with different peptide molecular
weigth could influence on antimicrobial activity of EW peptides.

40

—ll— Thermal treated EWPs —@— Untreated EWPs i

35

30

25

20

15

10

The degree of hydrolysis (%)

EWH fraction | fracion Il fraction Il fraction IV

T T T T T T T T
0 50 100 150 200 250
Time (min)

Figure 1. Profile and degree of hydrolysis of thermal treated EWPs. Insert The molecular weight
distribution profile of EWP hydrolysate and its ultrafiltered fractions obtained by thermal treatment.
Treatment conditions: 75 °C during 30 min. Hydrolysis conditions were as follows: 50 °C, pH 8.0; 2.12
U of Alcalase, 10 % (w/w) aqueous solution of egg white (E/S ratio 2.0 % w/w).

Antimicrobial activity assay of prepared EW peptide fractions
To test antimicrobial activity of Alcalase hydrolysate and four peptidic fractions two strain of bacteria
and yeast were used and obtained results were presented in Table 1. The minimum inhibitory

concentration (MIC) of the peptide fractions which provided the largest values of inhibition zone was
determined using a micro-well dilution method and MIC values are presented in Table 2.
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Table 1 Antimicrobial activity of peptidic fraction against bacterial (Staphylococcus aureus ATCC
25923 and Escherichia coli ATCC 25922) and yeast Candida albicans (ATCC 24433) using the radial
diffusion agar method

Target strains Inhibition zone diameter (mm)*
EW EWH fraction | | fraction Il | fraction Ill | fraction
[\
Staphylococcus aureus | 15.0+0.10 | 19.0+0.15° | 18.0+0.22° | 22.0+0.24° | 19.0+0.12° | 15.0+0.14"
Escherichia coli 11.5+0.22 | 12.3+0.14% | 12.740.24° | 12.3+0.15% | 12.3+0.22° | 12.5+0.12°
Candida albicans NIA NIA NIA NIA NIA NIA

EW: egg white; EWH: egg white hydrolysate; fraction I: >30 kDa; fraction 11: 10-30 kDa; fraction I11: 1-10 kDa; fraction
IV: <1 kDa.

% statistically not significant differences among samples and control (p > 0.05)

> statistically significant differences compared with the control (p < 0.05)

NIA - no inhibition activity or below available limit.

Antibiotic which was used in this research as a control was neomycin. The inhibition zone values of neomycin were
14.1+0.19 and 16.4+0.12 mm against E. coli amd S. aureus, respectively.

*The inhibition zone values presented the average of three individual trials

The results of radial diffusion agar assay showed that the all peptidic fractions have statistically
significant antibacterial effects against S. aureus. Can be noted that peptidic fractions have poor
inhibitor activity on E. coli and none inhibitory activity on growth of C. albicans. Likewise, the results
showed interesting antimicrobial potentials versus the tested microorganisms, especially fractions Il
and 111 with peptides molecular weight of 10-30 kDa and 1-10 kDa, respectively. The MIC values of
the fraction Il peptide were 28.28+2.2 and 70.71+2.8 ng/ml against S. aureus and E. coli, respectively.
It should be emphasized that antimicrobial activities of all fractions were lower than neomycin as
antibiotic. Mine et al. [7] isolated antimicrobial peptides from HEWL hydrolysate using peptic and
tryptic digestion. They found that the peptide sequences of IVSDGDGMNAW (residues 98-108 of
HEWL) and HGLDNYR (residues 15-21 of HEWL) were the most active peptides against E. coli K-12
and S. aureus 23-394, respectively. For comparison, it can merely be noted that these peptides showed
a 70 % bacterial growth inhibition at the concentration 400 pg/ml, while the fraction III peptide
(molecular weight of 1-10 kDa) at 29.16 and 58.32 pug/ml exhibited 70 % of inhibition effect against S.
aureus and E. coli, respectively. Review of literature data can be emphasized that peptide OTAP-92,
cationic fragment of hen ovotransferrin showed strong bactericidical activity aganst both Gram-positive
S. aureus and Gram-negative E. coli strains [15].

Table 2 Antimicrobial activity of EWP hydrolysate and its fraction expressed as minimal inhibitory
concentration (MIC) determined by the radial diffusion agar method

Samples MIC (mg/ml)
Staphylococcus aureus Escherichia coli
EWH 26.99 +1.23 53.98 + 1.98
fraction 1l (10 — 30 kDa) 28.29+1.11 70.71£2.16
fraction 111 (1 — 10 kDa) 29.16 £ 0.98 58.32 £ 1.43

Presented results suggest that EW peptides don't possess inhibitor activity against yeast C. albicans.
Obviously can be observed that enzymolysis EWPs with Alcalase and subsequent membrane
ultrafiltration significantly increase antimicrobial activity. Generally, it can be concluded that EW
peptidic fractions Il and I11 presented antibacterial activity in both bacterial Gram-positive and Gram-
negative strains because it is possible that peptides have easier diffusion through the cellular membrane
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of bacteria in liquid media. These results suggest that short peptide chains possess the capacity to
penetrate easier the bacterial cellular membrane facilitating the mode of action of antibacterial peptides.

Conclusions

Following the results from this research can be reasoned that ultrafiltration process increased the
antibacterial activity of the fractions comparing to the hydrolysate and EW. From the results of the
radial diffusion assay, it could be noticed that the antibacterial activity of the fraction Il and 111
(peptides with molecular weight 10-30 and 1-10 kDa, respectivaly), prepared with thermal treated
EWPs prior hydrolysis, exerted excellent inhibitor effects. The outcomes showed that these fractions
possibly contained some effective antibacterial peptides, which have possess the capacity to penetrate
easier the bacterial cellular membrane facilitating. These findings suggest that Alcalase hydrolysis of
egg white protein hydrolysates combined to ultrafiltration fractionation of hydrolysate could provide
new opportunities for the development of health-promoting ingredients.
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