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ABSTRACT

Hydrolysis of goat milk protein by bromelain generates fractions <10 kDa which act as
antimicrobe. The fractions contain some peptides that not all were biologically active. Sequence
analysis and modeling of the peptides sequences are important to predict their potential
bioactivities. The aims of this study were to obtain physicochemical and structure prediction of
peptides and their relation with antimicrobial activity. The study was conducted by sequencing of
selected fraction in the electrophoresis gel, analyzing and modeling. Analysis of the peptide
showed that peptide VLVLDTDYK that predicted from B-lactoglobulin sequence had similar
sequence with antimicrobial peptide indolicidin which active to Gram positive bacteria. Peptide
LVNELTEFAK was potent to be antimicrobial peptide with therapeutic index 28.69. Modeling of
the peptide showed that peptide LVNELTEFAK was able to form helix which important for
interaction with microbial membrane. Replacing 2" amino acid Valine (V) to Alanine (A) and 4"
amino acid Glutamic acid (E) to Serine (S) might able to increase the therapeutic index to 94.91.
Based on the result, peptide LVNELTEFAK potent to be antimicrobial peptide and replacing
certain amino acid was able to increase therapeutic index and its antimicrobial activity

Key Words: Sequence, Analysis, Modeling, Antimicrobial Peptide

INTRODUCTION

Antimicrobial peptide in veterinary medicine is a challenging as a peptide can be
multifunction and this would reduce the quantity and type of drug which should be
administered (Schiller et al. 2010). Subsequently, it this means also reduce drug residue in
livestock product. A multifunction peptide also provides some advantages such as more
predictable pharmacokinetic and pharmacodynamics characteristics than a single medicine
(Schiller et al. 2010). Antimicrobial peptide is commonly stable in broad temperature
range with low toxicity to eukaryote cells therefore it is very potential to be developed for
future medicine (Upton et al. 2012).

Antimicrobial peptides derived from native proteins by enzymatic hydrolysis
(Szwajkoskwa et al. 2011). Desire peptide is obtained by screening, fractionation and
purification (Muro et al. 2013). Sequencing is needed to obtain the predicted antimicrobial
activities and peptide structure (Waghu et al. 2014). However, peptides in the active
fractions sometimes are not all biologically active. In this step, bioinformatics analysis can
help to screen peptides and obtain predicted peptide that physiologically active.
Bioinformatics has also recently helped in dewveloping and modifying preexisting
antimicrobial peptides, driving their synthesis toward more effective and selective drugs
(Cantisani et al. 2013).

Peptide properties such as charge, hydrophobicity, primary and secondary structure,
amphipaticity, helix structure and interaction to membrane of microbial target are
important properties in prediction of peptide to be antimicrobial (Juretic et al. 2009a).
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Based on these properties, the search or screening of peptide with therapeutic interest is
performed by using sophisticated computational programs that scan the databases.
Correlation of the novel peptide properties to the antimicrobial peptide feature previously
described in the literature, will be computed and compared for resulting the activities
prediction of new peptide (Amaral et al. 2012). Since main characteristic of antimicrobial
peptides are already identified, the similarity of the sequence in the databases can be a tool
to shorten the identified and selection of a new antimicrobial peptide (Doytchinova et al.
2004; Gonzales et al. 2011).

In this study, a selected band from sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) <10 kDa of goat milk protein hydrolyzed by bromelain
which known active as antibacteria and antioxidative was sequenced and analyzed
(Kusumaningtyas 2015). Modeling of the peptide structure was applied to predict potency
of selected peptide to be antimicrobe. The aims of this study were to obtain
physicochemical and structure prediction of peptides and their relation with antimicrobial
activities.

MATERIAL AND METHODS

Peptide fraction

The fraction <10 kDa used in this study was fragmented from goat milk protein
hydrolyzed by bromelin. The fraction was identified was known to be active as
antimicrobe and antioxidative fraction from goat milk protein hydrolyzed by bromelain
(Kusumaningtyas et al. 2015). Defatted goat milk was hydrolyzed by bromelain extract at
50°C, pH 6 for 60 min. The hydrolysates were then fractionated using membrane
molecular weight cut off (MWCO) 10 kDa (AMICON Ultra centrifugal unit, Merck
Millipore Ltd., Darmstadt, Germany). The hydrolysate, fraction >10 kDa and <10 kDa
were then assayed for antibacterial and antioxidant activities. Fraction <10 kDa was
selected as it showed the highest antibacterial activities against Escherichia coli,
Salmonella typhimurium and Listeria monocytogenes. The fraction also exhibited good
antioxidant activities against radicals [2,2’-azino-bis  (3-ethylbenzthiazoline-6-sulphonic
acid)] (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sigma-Aldrich, USA).

Peptide sequencing

Selected peptide was from the fraction <10 kDa electrophoresis gel. Peptide samples
were then trypsin digested and extracted according to standard techniques (Bringans et al.
2007). Peptides were analyzed by electrospray ionisation mass spectrometry using the
Agilent 1260 Infinty HPLC system (Agilent) coupled to an Agilent 6540 mass
spectrometer (Agilent). Tryptic peptides were loaded onto a C18 column 300 SB, 5 cm
[Agilent] and separated with a gradient 2-40% of 0.1% formic acid in acetonitrile (v/v) and
0.1% formic acid in water(v/v). Spectra were analysed to identify proteins of interest using
Mascot sequence matching software [Matrix Science] with Ludwig NR database.

Peptide analysis

Prediction of physicochemical properties and primary structure of the peptides were
analyzed using primary structure analysis www.expasy.org, therapeutic index was
analyzed using http//splitd.pmfst.hr/split/dservl/?akcija=run, peptides structure predicted
using httpz//bioserv.rpbs.univ-paris-diderot.fr/PEP-FOLD/ and RasWin Molecular Graphic
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(http/Amww.rasmol.org), and prediction of peptide membrane-spanning helix formation
was analyzed wusing httpJ//split.pmfst.hr/split.  Optimization of antimicrobial peptide
activity by in  silico  modifying  structure  of  selected peptide  using
httpz//splitd.pmfst. hr/mutator/index.php.

RESULTS AND DISCUSSION
Peptide sequence and analysis

Fraction <10 kDa which active as antibacteria was then run into electrophoresis gel.
The selected peptide band was then cut and sequenced. Sequencing result as shown in
Table 1. Mascot software analysis of the fraction revealed that the possible peptides might
be originated from PB-lactoglobulin and serum albumin. The structural and physicochemical
properties of antimicrobial peptides play an important role in conferring specific toxicity
against the target cells (Pushpanathan et al. 2013). Physicochemical properties of the
peptides range of isoelectric point (IP) are from acid (3.93) to base (10.57). Antimicrobial
peptides are commonly positively charge, although it also possible present as negatively
charge peptides. The peptides in Table 1 are dominated by positively charge peptide which
may affect the antibacterial activity in the fraction.

Tabel 1.Physicochemical properties of selected antimicrobial peptides fractions of goat milk
hydrolyzed by bromelain

Peptide sequence Length '2/'[? as; IP  Charge H'?;ggmﬂg'ty The:;zgiutlc
B-lactoglobulin
VYVEELKPTPEGNLE 20 2311.26  4.08 -2 +23.57 534
ILLQK
TKIPAVFK 8 902.56 10.57 +2 +11.10 17.89
VLVLDTDYK 9 1064.57 3.93 -1 +14.10 5.41
ALPMHIR 7 836.47 10.73 +1 +9.64 52.99
Serum albumin
LVNELTEFAK 10 1162.62  4.09 -1 +14.89 28.69
YLYEIAR 7 926.48 6.48 0 +10.05 27.43
RHPEYAVSVLLR 12 1438.80 9.53 +1 +14.45 6.06
HLVDEPQNLIK 11 1304.71 5.19 -1 +17.98 9.58
LGEYGFQNALIVR 13 1478.79  6.49 0 +11.26 8.36
KVPQVSTPTLVEVSR 15 1638.93 9.77 +1 +15.52 5.90
KQTALVELLK 10 1142.40 9.63 +1 +14.44 7.33

Among the peptides in Table 1, peptide ALPMHIR has the highest therapeutic index.
Therapeutic index is a widely employed parameter to represent specificity of the
antimicrobial reagent. It is calculated by ratio of the hemolytic activity 50% (HC50) and
minimum inhibitory concentration (MIC). HC50 wvalue is the mean concentration of
peptide producing 50% hemolysis of freshly isolated human erythrocytes from healthy
donors, while MIC is defined as the minimum inhibitory concentration using the
microdilution susceptibility test against Escherichia coli. Larger value in therapeutic index
indicate greater antimicrobial specificity (Huang et al. 2014) that means high in
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bacteriostatic activity and low in toxicity (Juretic et al. 2009a). Therapeutic index value is
able to be obtained from experiment (experimental therapeutic index; Tlexp) or from
software prediction (therapeutic index prediction, Tipred) (Kamech et al. 2012).
Therapeutic index in Table 1 is Therapeutic index prediction. Based on the therapeutic
index value, peptide ALPMHIR was the most potent as antimicrobial peptide.

Peptide VLVLDTDYK is similar with that reported previously by Pelegrini et al.
(2001) which was obtained by digestion of B-lactoglobulin with trypsin and shown to have
microbicidal activity against to Gram positive bacteria. Other peptide was TKIPAVFK
which almost similar with peptide IPAVFK and active to inhibit Gram positive bacteria
(Pelegrini et al. 2001).

Modelling

The 3D structure prediction is useful for understanding relationship of structure and
function of the peptide. Similar structure may represent similar function. Unfortunately,
peptide with the highest therapeutic index ALPMHIR was not able to be modeled due to
the limitation of software which only run at least 9 amino acids in the peptide sequence.
Structure of peptide VLVLDTDYK is shown in Figure 1. Peptide VLVLDTDYK is not
able to form helix.

Figure 1. Structure prediction of peptide VLVLDTDYK. A similar sequence was reported by
Pellegrini et al. (2001) which active against to Gram positive bacteria; (A) Model based
on the molecule position; (B) model based on the ability to form helix

Structure of peptide with second highest therapeutic index LVNELTEFAK as shown
in Figure 2. Structure prediction showed that peptide LVNELTEFAK was able to form
helix that important for antimicrobial activity. Multiple studies demonstrated that helicity
is important for toxicity, antimicrobial activity (Huang et al. 2010) and interfacial binding
(Fernandez-Vidal 2007) beside physicochemical parameter such as hydrophobicity
amphipaticity, charge and sequence also determine antimicrobial activity. It is important in
interaction between peptide and microbial membrane (Huang etal. 2014).

The analysis using SPLIT software revealed very low preference for antimicrobial
peptide to enter deeper into membrane interior (Juretic et al. 2009a). Preference profile of
peptide membrane-spanning helix formation of the peptide ALPMHIR, VLVLDTDYK,
LVNELTEFAK closer to antimicrobial peptide than to toxin (Figure 3). Antimicrobial
peptide commonly form pore in the microbial membrane. Experiment indicated that
peptide antibiotic monomers prefer location in the membrane surface to deeper entrance
into membrane interior (Juretic et al. 2009a). On the contrary, toxin prefer works deeper
into membrane interior. The preference profile of membrane spanning of peptide
ALPMHIR, VLVLDTDYK, LVNELTEFAK support their possibility as antimicrobial
peptide, beside their physicochemical properties.
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Figure 2. Predicted structure of the peptide LVNELTEFAK. The peptide is able to form helix that

toxins

antibiotics

very important for interaction with bacterial membrane cell; (A) Model based on the
molecule position; (B) Model based on the ability to form helix

ALPMHIR VLVLDTDYK LVNELTEFAK
(A)

Melittin Brevinin-1PRa Brevinin-1AUa Brevinin-1E

D Ly \

Ranatuerin-2Ua XPF Dermaseptin3 Ascaphinl

(B)

Figure 3. Preference profile of peptide membrane-spanning helix formation; (A) Peptides in this

study; (B) Their comparison to toxins and antibiotics peptides. The peptides in this
study prefer work on the outer membrane (red) similar with antibiotics peptides; Red:
Membrane-burried helix preference; Blue: Beta strand preference; Gray: Modified
hydrophobic moment index in the case of a-helix
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Therapeutic index estimation of peptide LVNELTEFAK is 28.69 and the value is able
to be increased by optimization of the activity. Optimization of antimicrobial activity is
required to improve their activity and specificity. Recently, several methods have been
tested using the native templates to generate more efficient antimicrobial peptides such as
random mutagenesis, quantitative structure-activity relationship (QSAR), altering the
peptide structures by cyclization, or by increasing the charge or hydrophobicity of the
peptide by tagging (Pushpanathan et al. 2013). Random mutagenesis involved methods
that modify the naturally existing antimicrobial peptides by addition/deletion/replacement
of single or more residues or truncation at the N- or C-terminal or generation of chimeric
peptides by combination of both methods (Pasupuleti et al. 2009; Pushpanathan et al.
2013). Mutation of native sequence of antimicrobial peptide has been open up new
approach to develop and design new antimicrobial peptide with better activities (Mishra et
al. 2013).

Therapeutic index of peptide LVNELTEFAK can be increased by placing second
amino acid be Alanine (A) instead of Valine (V) and therapeutic index of the peptide
LANELTEFAK is 94.54. Replacing second amino acid be Alanine (A) instead of Valine
(V) and 41" amino acid be Serine (S) instead of Glutamic acid (E) make the peptide become
LANSLTEFAK also increase therapeutic index become 94.91. 3D structure prediction of
peptide LANELTEFAK and LANSLTEFAK is shown at Figure 4.

Figure 4. Structure of peptide LVNELTEFAK (TI: 28.69) after mutation become LANELTEFAK
(TI: 94.54) (Al; Bl) or LANSLTEFAK (TI: 94.91) (A2,B2); A1-A2: Model based on
the molecule position; B1-B2: Model based on the ability to form helix

Preference profile of peptide membrane-spanning helix formation of the modified
peptide LANELTEFAK and LANSLTEFAK are shown in Figure 5.

Preference profile of peptide membrane-spanning helix formation of peptide
LVNELTEFAK after mutation was change. Helix prefer to be buried in the outer
membrane than inner membrane indicate the preference of the peptides to be antimicrobe.
Comparison of physicochemical prediction before and after mutation of peptide
LVNELTEFAK as shown in Table 2.
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(A) (B) ©)

Figure 5.Preference profile of peptide membrane-spanning helix formation of peptide
LVNELTEFAK before mutation (A) and after mutation to be LANELTEFAK (B) and
LANSLTEFAK (C)

Table 2.Comparison of physicochemical properties of peptides LVNELTEFAK and its mutation
become LANELTEFAK and LANSLTEFAK

Mass Hidrophobiciy — Therapeutic

Peptide sequence Length (Da) IP  Charge (kcalimol) index
LVNELTEFAK 10 1162.62 4.09 -1 +14.89 28.69
LANELTEFAK 10 1134.59 4.09 -1 +15.85 94.54
LANSLTEFAK 10 1092.58 6.53 0 +12.68 94.91

Mutation peptide LVNELTEFAK become LANELTEFAK increase hydrophobicity.
Double mutation of peptide LVNELTEFAK become LANSLTEFAK decrease
hydrophobicity but alter charge from -1 to 0. The net charge and hydrophobicity of
antimicrobial peptides play a crucial role in cellular association of these peptides to
selective target cellular membranes in exerting antimicrobial activity (Hancock et al.
2006).

The antimicrobial prediction was reliable for peptides against E. coli. For example,
antimicrobial peptide Magainin 2 has predicted therapeutic index (TI) value 19 and
measure or experimental TlI was 20 (Juretic et al. 2009b). Furthermore, the predicted Tl is
able to proof by synthesis of the peptide before or after mutation. The synthetic peptides
are assayed for antimicrobial activities against pathogenic bacteria and hemolysis activities
50% (HC50) to fresh human red blood cells to obtain Tl experimental value or real TI.

CONCLUSION

An electrophoresis band of fraction <10 kDa from goat milk protein hydrolyzed by
bromelain consist of peptide from B-lactoglobulin and serum albumin. Peptide ALPMHIR
has the highest therapeutic index (52.99). Peptide VLVLDTDYK has similar structure
with indolicidin, antimicrobial peptide reported previously. Peptide LVNELTEFAK is the
second peptide with high predicted therapeutic index. Structure analysis showed that
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peptide LVNELTEFAK is able to form helix that important for antimicrobial activity.
Optimization of the activity by replacing certain amino acid changed the structure and was
able to increase therapeutic index. Replacing Alanine (A) instead of Valine (V) and Serine
(S) instead of Glutamic acid (E) become LANSLTEFAK increase therapeutic index
become 94.99. Analysis structure and modelling help to predict function and useful for
future application especially in antimicrobial peptide design.
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