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ABSTRACT

The aim of this work was to evaluate the presence of antibacterial propertiesin a plasmin digest of bovine x-casein.
Although native bovine k-caseinis resistant to plasmin, extensive hydrolysis of this milk protein was observed
applying a long incubation period. The antibacterial potential of x-casein, plasmin, PDx was evaluated against
pathogenic (Escherichia coli and Staphylococcus aureus) and probiotic (Lactobacillus casei and Lactobacillus
acidophilus) bacteria in vitro. Although x-casein and plasmin had no antibacterial activity, PDx showed
antibacterial property against the tested bacteria. The minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of PDx was determined for the target bacteria. The MIC and MBC of PDx
against Escherichia coli was considerably higher than Saphylococcus aureus, Lactobacillus casei and
Lactobacillus acidophilus bacteria. The growth curves alterations of target bacteria in the presence of PDx were
monitored by turbidimetry in broth culture. The effect of PDx on lag time and maximum absorbance was more
significant than slope of tested bacteria. In addition of growth curves, PDx has inhibitory effects on the plate count
confirmation of tested bacteria. The maximum inhibitory effect of PDx was created in MIC concentration.
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INTRODUCTION

Milk is naturally antimicrobial. As milk is formedh the mammary glands, it contains immunity factasch as
immunoglobulins, from the mother’s blood [1,2]. Beémmunoglobulins and non-immunoglobulins proteifiect
the neonates fight against microbial infection [3l4 addition to naturally occurring antimicrobiatoteins present
in milk, a variety of antibacterial peptides canreéased from their parent molecules such as rtasaid whey
proteins by hydrolysis of them[5,6,7].

K-casein consists of a single chain of 169 amindsaand has a theoretical molecular weight of 18 P@4and a
theoretical pl of 5.93. It is amphipathic with vespecific hydrophobic and polar domains. This cagg#ays an
important role in the formation and stabilizatiogtlween caseins in sub-micelles and in the comptételle[1,8].

Enzymatic hydrolysis ok-casein may affect human health by improving sorheheir biological properties,
including antithrombotic function, opioid activitgnd protective properties against different micgamisms and
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viruses[9,10,11].Much attention has been paid ¢oahtimicrobial activity ok-casein. The antimicrobial activities
of k-casein and its hydrolysate offer the potentialliapfon of this protein for increasing food prodsistability by
stopping their microbial damage[12, 13, 14, 15hc8ithese antimicrobial peptides are generallygeiced as safe
(GRAS)k-casein hydrolysate have attracted particular éstell 6].

The antimicrobial peptides produced frarcasein by pepsin, trypsin, chymotrypsin and chymolsas already
been studied [14, 15], but to our knowledge, nagtuas been carried out on the antimicrobial attiwiof plasmin
digest ofk-casein (PR). Plasmin is by far the predominant and most cetay studied endogenous protease in
bovine milk[17, 18].

Therefore, the present work was undertaken to stadyantimicrobial properties of RDThis study also want to
determine the changes in the growth curves ané ptaint confirmations of pathogenic and probiotictbria in the
presence of PR

MATERIALS AND METHODS

Materials

Bovine k-casein and bovine plasmin (EC Number3.4.21.7) veeneplied from Sigma-Aldrich Chemie GmbH
(Munich, Germany).Brain-Heart Infusion AgaBHIA ), Brain-Heart Infusion BrothBHIB), MRS Agar (Man,
Rogosa and Sharpe Agar), and MRS Broth (Man, RogondeSharpe Broth) were obtained from Merck (Daanltst
Germany). Cultures oEscherichia coli (PTCC 1399 and Staphylococcus aureus (PTCC 1431) came from the
Iranian Research Organization for Science and Taogyg Company (IROST) in Tehran. CultureslLattobacillus
acidophilus (DSMZ 1643 andLactobacillus casei(DSMZ 1608) were obtained from the Deutsche Samgikon
Mikroorganismen und Zellkulturen Germany company.

Enzymatic hydrolysis

Enzymatic hydrolysis was performed by the methodafasgaard et al., (2008) [19]. The boviteasein with
concentration of 3 mgnilwas prepared in 10 mM phosphate buffer pH 6.8nTd@vine plasmin was added to the
aliquots of bovinec-casein substrate proteins at an enzyme: subsatiteof 1:150 (wt/wt). Enzymatic hydrolysis
was implemented by incubating at 30°C for 44 h.

Antibacterial assay

K-casein, plasmin and RDwere tested for antibacterial activity againshpgenic as well as probiotic bacteria. For
assaying the overnight of every bacteria culturs dituted to approximately f@ellml*. To each sterile eppendorf
vial BHI broth or MRS broth, antibacterial compourahd bacteria culture was added. Control expetimers
contained no antibacterial compound. All vials wareubated at 37°C for 18 h (36 h for probiotic tesi@). The
optical density was measured at 620 nm using Ciuodctrophotometers (Cecile 7400 UV-Visible, Cantpid
England) for all samples. The experiments wereatgukthree times for each sample.

Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration (MBC) of PDk

MIC assays were done such as antibacterial asdagliffierent concentration of RDwas used. The MIC of RD
was defined as the lowest concentration of thispmumd that resulted in no increase of absorbané2@nm after
incubation. The experiments were repeated threestifor each sample.MBC assays were performed Iforadd in
which no bacterial growth was observed. Selectedptes were seeded on BHIA for pathogenic bactenid a
MRSA for probiotic bacteria. Samples were incubd@d24 h or 48 h at 37 °C.MBC was defined as theest
concentration of the PDthat prevented colony formation after subcultuneagar medium. MBC assay were tested
three replicates for each sample.

Effect of PDk on growth curves and plate count confirmation of hcteria

For assaying the overnight of every bacteria caltas diluted to approximately ®.6ell mI*. BHI broth or MRS
broth, and 10ul of overnight cultured bacteria weadkded to each sterile vial. RDvas added in different
concentrations (MIC concentrations, 0.5 MIC concaians and 0.25 MIC concentrations). All vials eer
incubated at 37°C.The optical density was measate620 nm every two hours over 24 hours for pathimge
bacteria and every two hour over 48 hours for mbibacteria. The lag time (time from beginningimfubation
until the time-point when absorbance began to ase® slope (slope of the growth curve in logarithgrowth
phase), and maximum absorbance (highest absorhahee measured during log phase) were used asbiesia
describing the bacterial growth.

For plate count test, at each incubation period,$ample was collected, diluted, and plated ontt &ar or MRS
agar. These plates were incubated at 37°C for 28Bdr and were read by the colony counter (Coloay Bunke
Gerber, Germany).
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Statistical methods

In this study the significance effect of differemtncentrations of PBon lag time, slope, and maximum absorbance
was determined statistically with the Duncan’s Ndwitiple Range Test, p value < 0.05 using SPSSMardows,
version 19.

RESULTS AND DISCUSSION

Evaluation of antimicrobial activity

In the current study the antibacterial activityxeéasein, plasmin and RDwere tested again& coli, Saureus, L.
casei and L. acidophilus bacteria. Althougtk-casein and plasmin (10-200 unithlhad no antibacterial effect on
pathogenic and probiotic bacteria, plasmin digestecasein (PR) showed antimicrobial activity against all target
bacteria. PR which contained hydrolyzed polypeptides revealégh hantibacterial properties against all target
bacteria. The optical density Bf coli, S aureus, L. casei, andL. acidophilus samples after exposure to 150 pgml
of PDk was shown no turbidity compared with the respectientrols. Our findings were similar to Matin ét a
(2000); Malkoski et al.,(2001), Lopez-Expésito £f(2006); who reported that peptides produced fpoteolytic
digestion ofk-casein liberated antibacterial activity againsted bacteria[12,14,15].

The results of the antibacterial assay revealetifglaamin had no antibacterial activity on bacteested at 10 to
200 unitm!* concentrations. To our knowledge, no study has leried out on the antimicrobial activities of
plasmin.

Determination of minimum inhibitory concentration (MIC)and minimum bactericidal concentration (MBC)

of PDk

The ability of the PR to show antimicrobial activity against tested aet was assessed and the minimum
inhibitory concentrations (MIC) and minimum bactétal concentration (MBC)was evaluated. Against @ram-
positive bacterig& aureus, L. acidophilus, andL. casei), PDk had MIC and MBC ranging from 20 to 25 pg'ilhe
MIC and MBC of PIx against the Gram-negative bacteracoli (60and75ug ni) were indicated that this
compound was active against all tested bacteriatlmaffective MIC was not high (Table 1). Our fimgl is not
consistent with the study of McCannet al.,(2005pvademonstrated the MIC of the chymosin digest afilso
caseinate (CrMIX) was very high against all tediadteria [20].

PDk had higher MIC values for Gram-negative bactehi@ant Gram-positive bacteria (about three times).This
consistent with the findings of Pellegrini, et g1999); McCannet al.,(2005), Lépez-Expédsito ef(2006),who
reported that Gram-positive bacteria were more entile to the action of antibacterial peptidesntf@ram-
negative bacteria [15,20,21].

In the present study Gram-positive bacteBaalreus, L. acidophilus, andL. casel) were more sensitive to the
action of the fore mentioned antibacterial compadrlean Gram-negative bactefia.coli). The higher resistance of
Gram-negative bacteria might relate to the compjef their cell membrane structure compared wittarGg-
positive bacteria [22].

Table 1 Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration (MBC) of PDk against tested bacteria
(ng.mi unite)

Bacteria  MIC ( pg.m") MBC ( pg.mb)
60 75

E.coli

S aureus 20 20
L. casel 25 25
L.acidophilus 20 20

MIC = Minimuminhibitory concentration
MBC= Minimum bactericidal concentration

Effect of PDk on the growth curves of bacteria

The growth curves of pathogenik. (coli and Saureus) and probiotic bacterial( caseiand L. acidophilus) were
recorded by measuring the optical density over 2dr 48 h. The effect of different concentrationsRi¥k on
maximum absorbance, lag phase and the slope efdtbsicteria are presented in Table 1 and FiguAdtiough
control had a lag phase in the first around 2 hpfithogenic and 4 h for probiotic bacteria, in phesence of Pka
longer lag phase was recorded. In the presencé&dfilC concentrations Pif) pathogenic bacteria was shown a lag
phase in the first 8 h, while probiotic bacteria i& h lag phase.

After 2 h, maximum absorbance for the control iasedl fast and then kept stable. In the log phasgrat samples
of E. coli, S. aureus, L. casei andL. acidophilus could be reached to maximum absorbance of 0.96, 2.85 and 3
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respectively. In the presence of different conadigns P&, maximum absorbance decreased significantly. These
reductions in bacteria growth were concentratiopetielent. Our result showed that the effect of rhffie
concentrations PR on the maximum absorbance, lag phase and slofge ofli and L. casei was statistically
significant(p=0.0). Our findings also cleared ttta# maximum absorbance, slop and lag phasgaafeus andL.a
cidophilus in the presence of different concentrationsRs statistically significant(p = 0.0).

Although the growth curve dt.coli showed similar patterns in the presence ok Pbese alterations happened at
higher Px concentrations compared withaureus, L. acidophilus andL. casel.

Our findings were similar to Kutila et al.,(2003)aheported that Lf had inhibitory activity againgtder pathogens
and growth inhibition by Lf was concentration-degent. The effect of Lf on the maximum absorbanca slope
was significant where as the effect on the lag timaes not significant [23]. According to Sekse ef(a012) the
growth rate of modEscherichia coli strains declined when increasing concentrationaatbferrin were added [24].

Table 2Effect of PO¢ on bacterial growth in broth culture, measured bylag time and slop

E. coli S aureus L. casel L.acidophilus
Samples Lagtime(h) Slop Lagtime(h) Slop Lagtime(h) Slop Lagtime (h) Slop
Control 2105 0.068 1.5+0.7 0.143 45+15 0.075 41 0.97
0.25 MIC 5+1 0.033 4+1.4 0.072 9+2.6 0.049 2%+ 0.074
0.5 MIC 8+1.3 0.019 7 +0.5 0.042 15 +3.2 0.021 +36 0.021
MIC ND 0 ND 0 ND 0 ND 0

Lag time = Time from the beginning of incubation until the time-point when the absorbance began to increase
Sope=Sope of the growthcurve in logarithmic growth phase
ND=Not determined as no growth was observed following incubation
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Figurel.Maximum absorbance of tested bacteria in lwth culture with different concentrations of PDk and without PDk
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Plate count for bacteriain the presence oPDxk
As shown in Figure 2 thplate count:of E. coli andS. Aureus was affected by Pbwith 3.19 and 3.97 locfuml

maximum differences ovethe control after 16

respectively (MIC concentrationHowever, L. casei and L.

acidophilus showed 5.1 and 4.86 Iccfuml*maximum differences between the control and treasedples after 3
h (MIC concentration) respectively. Thesesults showed thahaximum difference in locfumi*between treated
samples and control happerdiating log phas andfor probiotic bacteria was higher than pathogemictériz.

Although pathogenic and probiotic bacte in the presence of RDhad longerdag phases than the control,
number of bacteria in the lag phases showed limdteshges. In the log phashe plate count oE. coli, S. aureus,

L. casei andL. acidophilusin the presence (PDk showed differences &.28, 2.61, 3.€ and 3.460ver the controls
respectively less than MIC concentrati). These differences in the stationary phfasetreated sampli were less
than for the log phase. The death phhadthe least difference in the number of bacteria dkercontro This is
consistent with the findings dflcDonnelet al.,(2012), who reported thdiet number of surviving cells followir
exposure talifferent concentratiol of antibacterial peptides reduced significanly@.0%) for Escherichia coli[25].
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Figure 2.Effect of different concentrations PDk on colony forming units (cfu)of testedbacteria

Also Christman(2010) reported that tryf-casein hydrolysate (TCH) and pepsisein hydrolysate (PCt
suppressed growth log cfutlf Listeria monocytogenes and Escherichia coli O157:H7over a 24 hour incubation
period [26].In addition Vongsawas et al., (2012) revealed that total plate countsaedet bacteria (log cfur®)

decreased when the concentration o

f nisin incregxsgd

The important result from thistudy proved thatll tested bacteria had the most sensit to POx in the log phase.
As a resultwe should use them in the log phase for stoppitigognic bacteria survival in a medit The effect of
PDk on testedbacteria revealed that this compound has a gooenpal for increasing food microbial safe
Therefore, PR has great potential as natural food additiveoodfchain. The potential health benefit ofPitas
been a subject of growing commer interest in the context of healfitomoting function: foods.
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CONCLUSION

Results of the present study show that antimictob@ivity can be influenced by RD This result increases
understandings of-casein and reveals that bactericidal peptidesbeaproduced by proteolytic digestion of
casein with milk protease plasmin. In the presémtlys we identified PR with a potent inhibition against both
Gram-positive and Gram-negative bacteria. All thiggeteria had the most sensitivity to®iD the log phase. As a
result, we should use them in the log phase fgptg pathogenic bacteria survival in a medium. STRIx might
have a potentially valuable role as food addit@esvell as instrengthening the immune system ohtst.
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