Food Proteins as Precursors of Bioactive Peptides — Classification
Into Families
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The Bioactive Peptides (BIOPEP) database developed at the Department of Food Biochemistry, University
of Warmia and Mazury in Olsztyn was used to determine the profiles of the potential biological acrivity of
food proteins and to classify them into families. Proteins whose amino acid sequences contained fragments
with a spectfied activity and which were a potential source of this activity were divided into families.
Among the 44 hiological activities of peptides included in the BIOPEP database. 23 were selected for
analysis. The number of families was diversified. The largest families were composed of proteins —
precursors of antihypertensive peptides and dipeptidvl aminopeptidase IV inhibitors as well as those
activating ubiquitin-mediated proteolysis and opioid ones. Onlv a few proteins included in the daiabase
contained in their sequences fragments with the following activities: chemotactic. binding and transporting
metals and metal ions. stitnulating red blood cells synthesis, inducing contractions of smooth muscles. and
hemoivtic. Highly numerous families were divided into five sub-families according to the value of the
frequency of occurrence of fragments exhibiting given activity (A4 parameter).
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INTRODUCTION

Karelin advanced a hypothesis that each protein,
apart from its basic function, is likely to serve us u
reservoir of peptides regulating the vitai processes of
organisms (Kurelin et al., 1998). Hence. an additional
criterion tor the evaluation of protein value as a poten-
tial source of bioactive pepiides was postuluted {Meisel.
1998: Dziuba et al.. 199%b). It constitutes a supplement
to the criteria used so fur. that considered primarily the
content of wmino acids ipdispensable for the proper
functioning of organisms. the effect of protein on body
mass. allergenic properties { Friedman. 1996: Fukumode
and Yoshikawu, 1992). or the content of untinutritienal
compounds (Bush and Hefle. 1996,

Biotogically active (biouctivej moufs in the polypep-
tide chains of proteins are defined as freements that
remLuD inuctive i sequences of their own precursors,
whereas having been released by proteolytic enzymes
they may interuct with appropriate receptors. thus
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regulating the physiological functions of the body. The
activity of such peptides may be either favorable or
detrimental (Schlimme and Meisel. 1995: Meisel and
Bockelmunn, 1999).

Investigations carried out at numerous research
centers worldwide have resulted in the recognition and
detuailed characternistics of a vast number of biologically
active peptides isolated trom tissues and body fluids of
4 number of organisms. including bacteria, fung. plants,
and animals (Dziuba et al., 1999a: Meisel, 2001:
Korhonen and Pihlanto. 2003). The discussed group
of compounds i1s charucternized by a high diversity.
It contains both simple di- and tripeptides as well as
complex lneur ones or cyclic oligo- and polvpeptides
which. additonally. are often modified as a result of
alvcosvlation. phosphorylution. or acvlation of amino
acid residues. Precursors of 4 number of biologicaily
active pepudes contuin. amony others, {ood proteins
(Rutherfurd-Markwick and Moughan. 2003} Protemn-
denived peptides are likely to affect a decrease in biood
pressure. inhibit the activity of proline endopeptidases.
stimuiate the functions of the immune system. demon-
strate opioid agonist and antagonistic activity. induce
contractions of smooth muscles, inhibit the process of
thrombocyvte aggregation. HIV proteinase activity and
oxidation processes. exhibit untibacterial, fungicidal and
surface activity. bind metal ions and participate in
mineral transport. determine the sensory properties. and
improve the nutritive value of foods us well as control
hody mass.
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A growing interest has been observed recently in the
usc of bioactive peptides {or therapeutic purposes.
especially in treatment with antibiotics and antimycotic
agents. as well as in therapy of the following patholo-
gical states: neoplasms. viral inflammations (infections).
disorders of the immune systems. neurological and
cardiologic disorders (Latham. 1999). Structural motifs
occurring in peptides may serve as a source of
information to be used while designing new compounds,
the so-culled ‘peptidemimetics” with a similar mechan-
ism of interactions with receptors.

Biologically active peptides are recommended as con-
stituents of the so-called “functional food” (ie.. food
designed in order to obtain the desired functional and
biological properties; Korhonen et al., 1998: Hilliam.
2003}. Functional foodstuffs are a source of nutrients
responsible for the physiological aspects of the proper
functioning of the body. In addition, they facilitate the
intensification of mental processes. The interest in that
type of food has been observed to increase (De Felice,
1995}. Investigations are also underway into the inclu-
sion of bioactive peptides and physiological constituents
of foods or commercially-obtained nutraceuticals to be
used for the production of the so-called ‘formones’
(formone = food hormone ;. Attention is especially paid
to peptides lowering blood pressure in a4 combination
with phosphopeptides and immunomodulatory peptides
{Gobbetti et al., 2002: Hartmann and Meisel, 2002).
In addition. sequences of a variety of peptides can be
applied for the restoration of the five basic taste
sensations (Kilara and Panyam. 2003).

Biologically active peptides may be products of pro-
tein proteolysis in the gastrointestinal tract (Grimble,
1994). or of proteolysis being one of the stuges in protein
processing. Theyv can also originate from fermented
foodstuffs that are gaining significance these days
{Campbell-Platt, 1994: Dziuba et al.. 1999a). The
possibility to release biologically active peptides from
proteins. their structural. physiclogical. and nutritional
characteristics have been discussed in many articles
(Dziuba et al. 1995, 1999a. 2004, 2005: Dziuba and
Minkiewicz 1996: Brody. 2000: Shah. 2000). Amongst
food proteins. the best known precursors of bioactive
peptides are mulk proteins (Meisel. 1998: Pihlanto-
Leppdld, 2001: Dziuba et al. 2002: Gobbetti et al..
2002: Kilara and Panvam. 2003: Darewicz et al.. 2006:
Silva and Malcata. 2005). Both casein as well as whey
proteins are rich in motifs demonstrating antihvperten-
sive. opioid, antibacterial, and immunomodulatory
activities. An important source of bioactive peptides of
amimal origin are also muscle and egg proteins
(Pihlanto-Leppdld et al., 1998). Collagen and elastin
are precursors of peptides with anticoagulant activity
{(Maruvama et al.. 1993), whereas connectin and
ovalbumin - of peptides with antihypertensive activity
(Fujita et al.. 1995). In a variety of plant products. a rich
source of bioactive peptides are proteins of sovbean.
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wheat. rice. and maize {Yoshikawa, et al.. 2000: Gibbs
et al.. 2004).

The appearance of new peptides originating from
a varety of sources prompted a necd for data ordering
and establishing additional cntena for the estimation of
the value of proteins as precursors of bioactive peptides.
To attain thesc gouls, the profiles of the potential
biological activity of proteins (tvpe and location of the
bioactive frugment in a protein sequence) were analyzed.
New quantitative criteria for protein value estimation.
bused on the occurrence frequency of bicactive frag-
ments in a protein sequence (A) and the potential
activity of protein frugments (B), were also proposed
(Dziuba et al.. 1999b. 2003). In order to successfully
conduct the studies, it was necessary to classify proteins
into families with similar biclogical activity profiles.
according to own criterion. The division into families is
of primary mmportance in the aspect of proteolysis
design and selection of proteins being the richest source
of peptides with a specified activity.

MATERIAL AND METHODS

BIOPEP Database

Investigations addressing the evaluation of proteins as
precursors of bioactive peptides and their classification
into families and sub-fumilies were carried out based on
a database of proteins und bioactive peptides BIOPEP
{Dzuba et al.. 2003). Both the database of proteins and
that of bioactive peptides contain information on their
sequences, number of amino acid residues, molecular
and isotopic weights, and additional data, such as:
function of proteins in biological systems. specified
biological activity of a given peptide. and references
(www.uwm.edu.pl/biochemia). Of 44 kinds of activity
contained in the bioactive peptides (BIOPEP) database
and characterizing peptides, analysis was carried out for
the following 23: antiamnesic. anticoagulant. antihyper-
tensive. immunomodulatory. chemotactic. inducing
contractions of smooth muscles. toxic. embryotoxic.
antioxidant. dipeptidvl aminopeptidase TV inhibitors.
opioid. opioid-antagonistic. stimulating the synthesis of
red blood cells, hemolvtic, binding and transporting
metals. ligands of bacterial permease, anorectic. activat-
ing ubiquitin-mediated proteolysis. regulating ion flow.
neuropeptide inhibitors. regulating the functions of the
gastric mucosa. antibacterial and antiviral as well as
regulating the action mechanism of phosphoinositol.

Evaluation of Proteins as a Precursors of Bioactive
Peptides via the BIOPEP Program

A total of 182 amino acid sequences of proteins
compiled in the BIOPEP database were used in
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the study. In the estimation of the value of proteins us
precursors of biouctive peptides use was made of:

L. The profile of potential biological activity of a given
protein defined as: the kind and location of a
bioactive fragment in the protein chiin

2. The occurrence frequency of bioactive fragments 1 a
protein chain (A}

A== (

where a is the number of amino acid fragments with a

given activity in the protein analyzed and N the number

of amino acid residues in a polypeptide chain of protein.

The detailed information concerning new criteria of

protein evaluation in BIOPEP were described by Dzuba
and Iwaniak (2006).

Classification of Proteins

All analyzed proteins included in the database were
grouped into families and subfamilies. The occurrence
of motifs with a given activity in a protein sequence was
adopted as a criterion of affiliation to a given family.
Within each family of proteins — precursors of peptides
with a specified biological activity — a division was
made into sub-families with respect to the occurrence
frequency of active fragments in a protein sequence.
expressed as the value of parameter 4. The parameter
was computed using the ‘A. B. Y Calculation’ option in
the BIOPEP program. The division was performed with
the use of procedure of the analysis of distributive series.
which enabled the uppropriate number of proteins to be
assigned to a given subfamily (interval). Such intervals
are referred to as class intervals. and the differences
between the upper and lower limit of the /-th class
interval — as interval span /&

hy = Xy — xoq @

where xo; and x;;, (I=1... .. k) are the limits of the i-th
interval.

The A values of individual proteins were divided into
groups using equai interval according to the rules of
stem-and-ieaf procedure (Lane. 2003) although without
use stem-and-leaf notation. The results obtained were
compiled as data sets and classified to one of the five
class intervals with a constant interval span. Thus. {ive
sub-fumilies were created within each protein family.

RESULTS AND DISCUSSION

Twenty three families of peptide precursors were
obtained. representing the following activities: antihy-
pertensive 178 proteins: antithrombotic 82 proteins;

antiamnesic 83 proteins: immunomodulatory 89 pro-
teins: antioxidant 79 proteins: toxic 13 proteins: indu-
cing smooth muscle contraction 2 proteins: chemotactic
6 proteins: embryotoxic 3 proteins; opioid 111 proteis:
regulating ion flow 41 proteins: regulating the functions
of the gastric mucosa 79 proteins: dipeptidyvl amino-
peptidase [V inhibitors 148 proteins: activating ubiqui-
tin-mediated proteolysis 124 proteins: regulating the
action mechanism of phosphoinositole 28 proteins;
neuropeptide inhibitors 71 proteins: hgands of bucterial
permease 30 proteins: stimulating red blood cells
synthesis 2 proteins; hemolytic | protein; anorectic
12 proteins: opioid-antagonistic 6 proteins; binding and
transporting metals and metal ions 3 proteins: as well as
antibacterial and antiviral 10 proteins. The aforesaid
tvpes of activity were selected due to the common
occurrence of peptides exhibiting them, and also due to
their properties which are considered interesting from
the health-promoting or technological point of view.
Antihypertensive, activating ubiquitin-mediated proteo-
lysis. opioid fragments and dipeptidyl aminopeptidase
IV inhibitors were noticed in the majority of the profiles
of potential biological activity of all analyzed protein
sequences. Each profile describes the location. kind of
activity, and length of a given fragment in the protein
sequence. The proteins under scrutinv were character-
ized by a considerable diversity of proflles. The amino
acid sequences of the mujority of proteins were found to
contain fragments corresponding to peptides with
various activities. An exemplary profile of 1432 amino
acid residues containing hen collugen {(a-1 (ID 1113 in
BIOPEP database). highlv abundant in biologically
active fragments, is presented in Table 1. This may sug-
gest that, apart from its basic structural function.
protein can also be a precursor of multiple endogenous
biologically active peptides. In the case of hen coflagen.
the following activities were found to predominate:
antiamnesic, antithrombotic. regulating ion flow, and
dipeptidyl aminopeptidase TV inhibitors, although pep-
tides exhibiting such activities are not the most
numerous group in the BIOPEP database. A consider-
able part of the frugments found appears to be di- and
tripeptides. That information is especially important
taking into account the absorption of those peptides
from the gastrointestinal tract to blood. Di- and tri-
peptides are better absorbable than free amino acids
(Vermeirssen et al.. 2004). Short peptides cross the
intestinal barrier more quickly than free amino acids.
which affects the optimization of water metabolism in
the body. also having the importance in designing diets
for special purposes. e.g., hydrolysate-based medical
diets for sportsmen (Schmidl et al., 1994). Some of
biouctive peptides that were found withimn the profiles of
potential biological activity of 182 analyzed proteins are
multifunctional. Biologically active dipeptides with
the following sequence: GP and PG may serve as the
examples (Table 1). They reveal activities such as
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Table 1. Profile of potential biclcgical activity of hen «-coilagen [BIOPEP database ID 1113: collagen
alpha 1{l) chain precursor, chicken (Gallus gallus)].

Protein Sequence. BIOPEP Database 1 11123

FEGEEDIQTGSCVODGLTYNDKDVWKPEPCQICYCDSGNILCDEVICEDTSDCPN AEIPFGECCPICPDVDASPVY
PESAGVEGPKGDTGPRGDRGLPGPPGRDGIPGQPGLPGPPGPPGPPGLGGNFAPOMSYGYDEKSAGVAVPGPM
GPAGPRGLPGPPGAPGPQGFQGPPGEPGEPGASGPMGPRGPAGPPGKNGDDGEAGKPGRPGQRGPPGPQGARG
LPGTAGLPGMKGHRGFSGLDGAKGQPGPAGPKGEPGSPGENGAPGQMGPRGLPGERGRPGPSGPAGARGNDG
APGAAGPPGPTGPAGPPGFPGAAGAKGETGPQGARGSEGPQGSRGEPGPPGPAGAAGPAGNPGADGQPGAKG
ATGAPGIAGAPGFPGARGPSGPQGPSGAPGPKGNSGEPGAPGNKGDTGAKGEPGPAGVQGPPGPAGEEGKRGA
RGEPGPAGLPGPAGERGAPGSRGFPGADGIAGPKGPPGERGSPGA VGPKGSPGEAGRPGEAGLPGAKGLTGSPG
SPGPDGKTGPPGPAGQDGRPGPACGPPGARGQAGYMGFPGPKGAAGEPGKPGERGAPGPPGAVGAAGKDGEA
GAQGPPGPTGPAGERGEQGPAGAPGFQGLPGPAGPPGEAGKPGEQGYPGNAGAPGPAGARGERGFPGERGVQ
GPPGPQGPRGANGAPGNDGAKGDAGAPGAPGNEGPPGLEGMPGERGAAGLPGAKGDRGDPGPKGADGAPGK
DGLRGLTGPIGPPGPAGAPGDKGEAGPPGPAGPTGARGAPGDRGEPGPPGPAGFAGPPGADGQPGAKGETGDA
GAKGDAGPPGPAGPTGAPGPAGZYGAPGPKGARGSAGPPGATGFPGAAGRVGPPGPSGNIGLPGPPGPAGKZG
SKGPRGETGPAGRPGEPGPAGPPGPPGEKGSPGADGPIGAPGTPGPQGIAGQRGV VGLPGQRGERGFPGLPGPS
GEPGKQGPSGASGERGPPGPMGPPGLAGPPGEAGREGAPGAEGAPGRDGAAGPKGDRGETGPAGPPGAPGAP
GAPGPVYGPAGKNGDRGETGPAGPAGPPGPAGARGPAGPQGPRGDKGETGEQGDRGMKGHRGFSGLQGPPGPP
GAPGEQGPSGASGPAGPRGPPGSAGAAGKDGLNGLPGPIGPPGPRGRTGEVGPVGPPGPPGPPGPPGPPSGGFDF
SFLPQPPQEKAHDGGRYYRADDAN )
VMRDRDLEVDTTLKSLSQQIENIRSPEGTRKNPARTCRDLKMCHGDWKSGEY WIDPNQGCNLDAIKVYCNME
TGETCVYPTQATIAQKNWYLSKNPKEKKHVWFGETMSDGFQFEYGGEGSNPADVAIQLTFLRLMSTEATQNY
TYHCKNSVAYMDHDTGONLKKALLLQGANEIEIRAEGNSRFTYGVTEDGCTSHTGAWGKTVIEYKTTKTSRLPII
DLAPMDVGAPDQEFGIDIGPVCFL

Peptides )
ID  Sourccand  Activity No.  Scquence  Location
location
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Table 1. Continued.
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Table 1. Continued.
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Table 1. Continued.
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antiamnestic. antithrombotic. and regulating ion flow.
Bovine caseinomacropeptide — C-terminal fragment of
K-casein is one of the most known example of multi-
functional biocactive peptide. It reveals e.g. activities
such as antibacterial, antiviral, regulating action of
digestive tract. and toxin binding (Dzuba and
Minkiewicz, 1996,

As a qualitative parameter. the biologicul activity
profile was not sufficient for the evaluation of proteins
as precursors of biologically active peptides. Hence. use
parameter 4 was used, permitting a quantitative
determination of the trait anulvzed. i.e., the value of
protein as a source of biologically active peptides. The
procedure of analvsis of distributive series enabled to
create five sub-fumilies within each protein family.
There are no explicit rules of handling the determination

of the span and number of sub-families (intervals).
Usually, they are established by intuition so that the
distributive series provides relatively clear distribution
of a trait. In the present studv. the simplest model of
distributive series was applied. in which constant values
of class intervals (five sub-families) and an equal span of
the intervals were established for cach of the analyzed
sets (families of proteins. precursors of peptides with a
given activitv). The number of individual sub-families
demonstrated a high diversitv. In some cuses. a given
family wus not represented by any of the proteins. This
means that the intensity value of the trait examined
{occurrence frequency of bioactive fragments (A4) for all
cases examined) did not fit to the defined class interval.
The above situation occurred during the division of
families with anticoagulant, antiamnesic. regulating ion
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Table 2. The richest sub-families of proteins — precursors of peptides with selected activities.

Biological activity BIOPEP ID Protein A parameter value
Antihypertensive 1097; 1199: p-casein gen. var. A1; A2: A3; C; E bovine (Bos taurus) 0.224880
1101: 1102
1100: 1103 B-casein gen. var. B; F, bovine (Bos taurus) (.220096
Antithrombotic 1111 collagen «-1(1N) chain, bovine (Bos taurus) 0.274238
1112 collagen «-1{l) chain (fragment) bovine, (Bos taurus) 0272144
1113 collagen «-1(l} chain precursor, chicken (Gallus gallus) 0.212291
Antiamnestic 11 collagen «-1(lil} chain, bavine, (Bos taurus) 0.272392
1112 collagen a-1(l) chain (fragment), bovine (Bos taurus) 0.267009
1113 coilagen «-1(}) chain precursor, chicken (Gallus gallus) 0.210196
Immunomodulating 1115 a-lactaibumin, bovine (Bos taurus) 0.024590
1077; 1079 a-tacalbumin, human (Homo sapiens); a-lactalbumin, 0.024390
1082 goat (Capra hircus); a-lactalbumin, sheep (Ovis aries)
1098; 1102 B-casein gen. var. A2; E, bovine (Bos taurus) 0.023923
1125 myoglobin, horse (Equus cabaltus) 0.022222
1108 Flavodoxin mutant: D58P (Clostridium beijerinckii) 0.021429
1154 Prolamin precursor (clone PPROL 14), rice (Oryza sativa) 0.020270
1152 Prolamin precursor {clone PPROL 7), rice (Oryza sativa) 0.020134
1155; 1169: Prolamin precursor (clone PPROL 4A), rice (Oryza sativa); 0.020000
1232 manellin chain B (Il), serendipity berry (Dioscoreophytium
cumminsii); pancreatic trypsin inhibitor (precursar),
bovine aprotinin (Bos taurus)
Antioxidative 1224 Hemoglobin g-chain, major-form, rat (Rattus norvegicus) 0.047345
1231; 1234 hemoglobin g-chain, horse (Equus cabailus); hemogicbin 0.034247
B-chain, human (Homo sapiens)
1117 k-casein gen. var. A, bovine (Bos taurus) 0.029586
Caeliac-toxic 1177 afp-gliadin precursor {prolamin) (class a-f), 0.041985
wheat (Triticum aestivum)
1189 w-gliadin fragment, wheat (Triticum aestivum) 0.035714
1179 afp-gliadin precursor (prolamin} (MM1), 0.029316
wheat (Triticum aestivurmn)
1178 afp-gliadin precursor {prolamin) (class a-if}, 0.027461
wheat (Triticum aestivumy)
1180 a/B-gliadin precursor {prolamin) (cdlass a-lif), 0.024823
wheat (Triticum aestivum)
1182 alp-gliadin precursor (prolamin) (clone PW 1215), 0.020270
wheat (Triticum aestivum)
1183 aff-gliadin precursor {prolamin) {dass a-IV), 0.020202
wheat (Triticum aestivum)
1184 aip-gliadin precursor (prolamin} (clone PW8142), 0.019168
wheat (Triticum aestivum)
1181 afp-gliadin precursor (prolamin) (class a-V}, 0.018809
wheat (Triticum aestivum)
1186 afp-gliadin fragment {prolamin) (clone PTO A10), 0.005376
wheat (Triticum aestivurm)
1187 w-gliadin precursor (fragment}, wheat (Triticum aestivum) 0.003984
1147; 1185 w-gliadin precursar, wheat (Triticum aestivumy); 0.003436
w-gliadin B precursor, wheat (Triticum aestivum)
Inducing contractions 1117 K-casein gen. var. A, bovine (Bos taurus) 0.011834
of smooth muscles
1109 x-casein, goat (Capra hircus) 0.010417
Chemotactc 1107 Elastin precursor {tropoelastin) (Bos taurus) 0.023578
1112 Collagen o-1{I) chain (fragment), bovine (Bas taurus) 0.001284
Embriotoxic 1192 PR-10 protein, white {upine (Lupinus albus) 0.006329
1143 Legumin 11S globulin, ginkgo (Ginkgo biloba}) 0.002273
1113 Callagen o-1{l) chain precursor, chicken {Gallus gatlus) 0.002095
1076 Connectin fragment {titin), chicken (Gallus gailus) 0.001511
1112 Collagen o-1(l) chain (fragmen?), bovine (Bos taurus) 0.001284
1111 Collagen «-1(llf) chain, bavine (Bos taurus) 0.000923
Opioid 1176 a-hardathionin precursor (purathionin i), 0.078740
barley (Hordeum vuigare)
1080 a-lactalbumin, rabbit (Oryctclagus cuniculus) 0.081870
1110 Wheat giutenin, high molecular weight subunit PW212 precursor 0.121359
{Triticum aestivum)
(Continued)
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Table 2. Continued.
Biological activity BIOPEP ID Protein A parameter vaiue
Reguilating ion flow 113 Narbonin, vetch, (Vicia pannonica) 0.010308
1180 Narbonin, narbon bean (Vicia narbonensis) 0.010345
1126 Phycocyanin, blue-green bacteria, (Cyanobactena) 0.012346
117 Maneilin chain A (1) serendipity berry 0.022222
(Dioscareaphylium cumminsi)
Regulating the functions of 1113 Collagen «-1(l) chain precursor, chicken (Gallus gallus) 0.210185
the gastric mucosa
1112 Collagen «-1(l) chain (fragment), bovine (Bos taurus) 0.267008
1111 Callagen o-1(1ll) chain, bovine (Bos taurus) 0.272391
Dipeptidyl aminopeptidase 1200 Epidermal retin acid binding protein EBP, mouse 0.181818
IV inhibitors (Arabidopsis thaliana)
1113 Collagen o-1(}) chain precursor, chicken {Gallus gailus) 0.204609
1112 Collagen a-1(l) chain (fragment), bovine (Bos taurus) 0.258023
Activating ubiquitin- 1149 Kafirin PGK1 precursor, sorghum (Sorghum vuigare) 0.033457
mediated protealysis,
1197 Kafirin PSK8 precursor, sorghum bicolar (Sorghum vulgare) 0.037453
1091 Lysozyme C precursor, human (Homa sapiens) 0.038462
1196 Kafirin PSKR2 precursor, sorghum bicolor (Sorghum vulgare) 0.041195
1118 Connectin (titin), fragment, chicken (Gallus gallus) 0.046154
Reguiating the action 1077, a+actalbumin, human (Homo sapiens); «-lactalbumin, horse (Equus 0.008130
mechanism of 1079:1082; caballus); e-lactalbumin, goat (Capra hircus); a-lactalbumin,
phosphainasitol 1083; 1085 sheep (Ovis aries); o-Lactalbumin, guinea pig (Cavia porcellus);
a-lactalbumin, arabian camel (Camelus dromedarius)
1115 a-factalbumin, bovine (Bos taurus) 0.008197
1081 a-lactalbumin, red-necked wallaby (Macropus rufogriseus) 0.008264
1083 Lysozyme precursor, sitk moth (Bombyx mori) 0.008333
1195 major urinary protein 1 precursor, mouse {Mus musculus) 0.009258
Neurapeptide inhibitars 1110 Wheat glutenin, high molecular weight subunit PW212 precursar 0.162621
(Triticum aestivum)
Ligands of bacterial 1125 Myoglobin, horse (Equus caballus) 0.037037
permease
1138 Troponin C, bavine (Bos taurus) 0.052000
Stimulating the synthesis 1214 Hemaoglabin x-chains, horse (Equus caballus) 0.007062
aof red blood cells
1217 Hemogiobin o~chain, pig (Sus scrofa) 0.007092
Hemalytic 1080 a-gz-Casein gen. var. A, bovine {Bos taurus) 0.024155
Anorectic 1107 Elastin precursor (ropoelastin}, bovine (Bos taurus) 0.001387
1143 Legumin 118 globulin, ginkgo (Ginkgo biloba) 0.002273
1097; 1103 p-casein gen. var. A1; A2; A3; B; C; E: F, bovine (Bos taurus) 0.004785
1113 Colflagen «-1(1) chain precursor, chicken {Gailus gallus) 0.036313
1111 Collagen o-1{lll} chain, bovine (Bos taurus) 0.041551
1112 Callagen «-1(f) chain (fragment), bovine (Bos taurus) 0.044929
Opioid-antagonistic 1087; 1089 a-g¢-casein gen. var. B; C: D, bovine (Bas taurus) 0.005025
1086 o -g1-casein gen. var. A, bovine (Bos taurus) 0.005376
1109 k-casein, goat {Capra hircus) 0.010417
1117 x-casein gen. var. A, bovine (Bos taurus) 0.011834
Binding and transporting 1236 Lactoferrin precursor, bovine (Bos taurus) 0.005650
metals and metal ions
1212 Lactoferrin, bovine (Bos taurus) 0.005806
1080 a-sz-casein gen. var. A, bovine (Bos taurus) 0.024155
Antibacterial and artiviral 1121 Lactcfernin, human (Homo sapiens) 0.004335
1213 Lactoferrin, goat (Capra hircus) 0.005805
1233 Hemaglobin a-chain, bovine (Bos taurus) 0.007082
1084 a-lacatalbumin, rat (Rattus norvegicus) 0.007143
1085 a-lactalbumin, arabian camel (Cameius dromedarius) 0.008130
1212 Lctoferrin, bovine (Bos taurus) 0.015965
1236 Lactoferrin precursor, bovine (Bos taurus) 0.016949
1090 a-s-casein gen. var. A, bovine (Bos taurus) 0.019324
1115 a-actaibumin, bavine (Bos taurus) 0.024590
1082 a-actalbumin, sheep (Ovis aries) 0.032520

© 2097 SAGE Publicstions. Al rights

Oownloaded from r:o- 5t sagecuo.com at UPC (CSIC) on Aprit 1, 2008
Not for jad yse oF i




Food Proteins as Precursors of Bioactive Peptides 403

flow, regulating the functions of the gastric mucosa. and
neuropeptide inhibitor activities. In the cuse of the
families of peptide precursors with toxic. smooth-muscle
contraction inducing. chemotactic, embryvotoxic, stimu-
lating the synthesis of red blood cells. hemolvtic.
anorectic, opioid-antagonistic. binding and transporting
metals and metal ions. as well as antibacterial and
antiviral activities, no sub-families were created due to
their low number. The largest families were composed of
proteins — precursors of antihvpertensive peptides and
dipeptidyl aminopeptidase I'V inhibitors. as well as those
activating ubiquitin-mediated proteolysis and opioid
ones whereas the smallest one by proteins — of
precursors of hemolytic and chemotactic peptides,
peptides binding and transporting metals and metal
ions, stimulating red blood cells synthesis, inducing
contractions of smooth muscles (Table 2).

Amongst representatives of the largest protein sub-
families proteins of wheat @- and 8-gliadins, caseins, and
collagen, dominated. Proteins being a source of peptides
with antihypertensive, antithrombotic, antiamnesic.
regulating the functions of the gastnic mucosa, and
dipeptidyl aminopeptiduse 'V inhibitor uactivities were
characterized by the highest values of parameter A.
In some cases the value of discriminant A was equal to
zero (results not shown). It does not mean that . 4-zero-
proteins’ are the bad source of bioactive peptides but
implies that they can be a better source of peptides with
other kinds of activity. Taking into account all analvzed
protein sequences from the BIOPEP duatabase. it wus
found that the highest relative values of discriminant
A were charactenistic of bovine collagen «-1(ITI} chain
and concerned antithrombotic, antiamnestic. and reg-
ulating the functions of gastric mucosa activities. The
values were 0.274238. 0.272392. and 0.272391. respec-
tively. High frequency occurrence of fragments with
antithrombotic, antiamnestic, and regulating the func-
tions of gastric mucosa activities (A) for bovine collagen
can suggest that collagen. apart from its basic function
as 4 connective tissue. can also be the precursor of
endogenic bioactive peptides. This is consistent with the
hypothesis proposed by Karelin et al. {1998). according
to which all proteins present in an organism can play
the role of peptide reserves regulating its functions.
The relatively high values of parameter 4 were obtained
for antihvpertensive activity of bovine B-casein (8-CN)
genetic varants (A =0.22488 for 8-CN Al: A2: A3,
C: E and A =0.220096 for 8-CN B: F). Low vulue of
discriminant f dissimilarity indicate that mutations
concerning changes in single amino acid residues cause
only small changes i the occurrence frequency of
antthvpertensive activity and potential  biologicul
activity of these proteins. The presence of B-CN-
originated peptides was also confirmed experimentally
by Meisel (1998).

The classification of food proteins into sub-fumilies
with exposure of sub-families, the richest potential

precursors of bioactive peptides. is an excellent source
of information for technologists. The proposed division
can be a meuasure of protein selection applied in
nutraceutical production (i.e., physiologically active
functional food compounds — food with specific
therapeutic properties). In addition. such a division
can be highly useful while desigming proteolysis pro-
cesses aimed at obtaining biouctive peptides from
precursor protein. Our previous investigations (Dziuba
et al., 1999a, 1999b, 2002) demonstrated that the richer
the peptide profile of protein in bioactive fragments, the
higher the likelihood of those fragments released by
proteolytic enzymes. Design of the proteolysis process of
proteins, the richest precursors of bioactive peptides.
will be the subject of our further studies. The results
presented herein are a contribution to a rapidly-
developing. new branch of food science focused on
obtaining tasty and safe food products lowering the risk
of falling ill. in accordance with the ancient Chinese’s
motto: ‘Medicine and food are isogenic.’
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