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THE BIOPEP DATABASE — A TOOL FOR THE IN SILICO
METHOD OF CLASSIFICATION OF FOOD PROTEINS AS THE
SOURCE OF PEPTIDES WITH ANTIHYPERTENSIVE ACTIVITY
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A database of potentially biologically active peptide sequences, named BIOPEP
(http://www.uwm.edu.pl/biochemia), has been developed and applied for classification of numerous
food proteins as potential sources of peptides with antihypertensive activity. More than one hundred
proteins included in the BIOPEP database were analyzed and classified according to the frequency of
the occurrence of antihypertensive fragments. As the example of detailed profile of potential biological
activity, the bovine beta-globulin A is presented. It was found that apart from the dominant
antihypertensive activity, other effects (opioid, dipeptidyl peptidase IV inhibitory, immunomodulative,
antioxidative) may be present. It can be concluded that this method may be a useful tool in this field.

The antihypertensive activity was the most dominant because fragments with such activity were
present in all of the examined proteins. It encouraged us to classify proteins into families, which may be
better or the worse source of antihypertensive fragments. We found statistically significant differences
between the values of parameter A (P<0.001) among the all five families we obtained. We found that in
silico analysis can be useful in the analysis of the large quantities of data in the field of proteins as the
source of biologically active peptides.
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In the recent years a massive growth of computer methods applied in the contemporary
life sciences can be observed (KANEHISA, 1998). The importance of these tools
increases constantly due to accumulation of the amount of raw sequence data.
Bioinformatics is widely applied in protein analysis, and especially the field of
proteomics is expanding rapidly (PRUESS et al., 2003).

Many computer databases provide documentation about the function and structure
of proteins and also enable to retrieve information about sequences without a
documented functional role (PRUESS et al., 2003). Apart from their basic functions,
proteins can be also a source of bioactive peptides (DzZIUBA et al., 1999b). Food
proteins are precursors of many peptides with a variety of activities such as antihyper-
tensive, antithrombotic, immunomodulating, antioxidant, opioid, etc. (MEISEL &

* To whom correspondence should be addressed.
Phone: (048 89) 523 37 15; fax: (048 89) 523 49 45; e-mail: jerzy.dziuba@uwm.edu.pl

0139-3006/$ 20.00 © 2005 Akadémiai Kiadd, Budapest



418 IWANIAK et al.: BIOPEP DATABASE FOR PROTEIN CLASSIFICATION

SCHLIMME, 1996; DZIUBA et al., 1996, 1999a, b; MEISEL, 1997). They are applied in the
treatment of the viral infections, immune system disorders and cancer treatment, and
may also be components of functional food (LATHAM, 1999). The importance of such
food has still been increasing (MEISEL & SCHLIMME, 1996; MEISEL, 1997; DZIUBA et
al., 1999a, b).

The term of proteome refers to all protein characteristics of the organism, whereas
peptidome describes all peptides present in the organism (DZIUBA et al., 2003a). At
present peptidomics contributes to the research on the biological activities of peptides
identified in organisms or tissues (SCHRADER & SCHULZ-KNAPPE, 2001).

The extensive growth of interests in the field of bioinformatics as well as
accumulation of information about peptides activity encouraged us to compile a
database of protein and biologically active peptide sequences, which we called BIOPEP
(http://www.uwm.edu.pl/biochemia) (DZIUBA et al., 2003c). The BIOPEP database was
developed in 2002 in the Chair of Food Biochemistry of the University of Warmia and
Mazury in Olsztyn. It was a continuation of our earlier studies concerning the
application of computer methods in protein sequences analysis (DZIUBA et. al., 2004).
The BIOPEP database provides comprehensive information about protein and bioactive
peptide sequences. At present, it is possible to find information about 516 proteins and
1572 peptides with 44 various activities. BIOPEP is constantly being revised and
updated with new sequences both proteins and peptides.

So far, some trials to classify proteins as the source of bioactive peptides have been
undertaken. Different criteria of their classification were applied. They were maximal
yield of peptide, which may be obtained from 1 g of protein (MEISEL & SCHLIMME,
1996) and the ratio of the frequency of the occurrence of bioactive fragment to the
probability that peptide with the given length, encoded by the random DNA fragment
may posses sequence corresponding to a given activity (KRAUSE et al., 1999).

The aim of this work is a theoretical classification of proteins into families based
on searching for protein fragments identical with antihypertensive peptides (the profile
of potential biological activity of protein) as well as the frequency of the occurrence of
antihypertensive fragments in protein (discriminant A). To achieve that aim it was
necessary to use the BIOPEP database.

1. Materials and methods

1.1. Proteins and peptides

We analysed the following sequences: 1076-1120, 1123-1124, 1128, 1130-1138,
1140-1143, 1146-1150, 1152-1155, 1157-1165, 1168-1187, 1189-1191, 1993, 1995-
2000. Numbers refer to the ID of proteins in the BIOPEP database
(http://www.uwm.edu.pl/biochemia) (DZIUBA et al., 2003c). These protein sequences
can also be found in SWISS-PROT/TREMBL database (http://www.expasy.org) and
their entry names or accession numbers are also available in our database.
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The database of protein and bioactive peptide sequences, i.e. BIOPEP enables
searching for protein fragments identical with bioactive peptides among protein amino
acid sequences as well as the sites susceptible to the action of endopeptidases. The
amino acid sequences are inserted using one-letter code. It is possible to insert both
peptides containing 20 of the most frequently occurring amino acids and post-
translationally modified peptides (i.e. phosphorylated or amidated at the C-terminus)
(DZIUBA et al., 2004).

1.2. Criteria of protein classification

To assign the protein to the family which may be the best or the worst source of

bioactive peptides we applied the following criteria:

— the profile of potential biological activity of protein which is defined as the type and
the location of bioactive fragment in a protein sequence,

— the occurrence frequency of the fragments with a given activity in the polypeptide
chain (A) which is described by the following equation:

A=—
N
a: the number of fragments with a given activity,
N: the number of amino acid residues.
Both above-mentioned discriminants are in the BIOPEP option entitled “Record

operations”. They are performed automatically after protein selection from the database
(DzIUBA et al., 2003c).

1.3. Statistical analysis

The -test was used to check statistical significance of the differences.

1.4. Classification of proteins into families

To divide protein sequences into families as well as set the boundaries between families
we needed to establish the minima of the A discriminant distribution. They were the
dependencies between the proteins’ quantum and A value for antihypertensive activity.
Above-mentioned dependence was calculated by the use of MS Excel’ 98. The protein,
which was assigned to the family within the highest ranges of parameter A, was the
richest source of peptides with the given activity.

2. Results and discussion

The example of the profile of potential biological activity of the bovine B-lactoglobulin
(genetic variant A) is presented in Table 1. This protein can be a potential source of
peptides with the following activities: antihypertensive (including ACE inhibitors),
opioid and opioid agonist, bacterial permease ligands (DZIUBA et al., 2003b). The other
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analysed protein sequences were mostly the source of peptides with antihypertensive
effect and inhibitors of dipeptidyl peptidase IV as well as immunomodulating, opioid,
neuropeptide and antioxidative activities. Majority of bioactive peptide fragments,
especially those with antihypertensive activity and inhibitors of dipeptidyl peptidase IV
consisted of two or three amino acid residues. The presence of the sequence fragment
with given activity in a protein chain varies depending on the length of such peptide. As
the sequence of this peptide increases, the probability of its appearance in a protein
sequences decreases drastically (DZIUBA et al.,, 1996, 2004). Moreover, di- and
tripeptides are easily absorbed from the digestive tract to blood (SIEMENSMA et al.,
1993), which can be meaningful in functional food design or nutraceutical industry
(GOBBETTI et al., 2002).

Table 1. The example of the profile of potential biological activity of bovine -lactoglobulin, genetic
variant A (Bos taurus)

Bovine B-lactoglobulin, genetic variant A (Bos taurus)
1. LIVYQTMKGL DIQKVAGTWY SLAMAASDIS LLDAQSAPLR
41. VYVEELKPTP EGDLEILLQK WENDECAQKK ITAEKTKIPA
81.  VFKIDALNEN KVLVLDTDYK KYLLFCMENS AEPEQSLVCQ
121. CLVRTPEVDD EALEKFDKAL KALPMHIRLS FNPTQLEEQC HI

ALPMHIR - inhibitor ACE (MULLALLY et al., 1997), VA, MA, KA, LA, AP, PA, LP, LL -
inhibitors of dipeptidylpeptidase IV (BELLA et al., 1982), YG, YL — opioid (MULLALLY et al., 1996;
KAYSER & MEISEL, 1996), YLLF — antihypertensive, opioid agonist (MEISEL, 1998), RL, IR, HIR,
VF, KW, LVL, VY, IPA, YL, LVR, GLDIQK, LF, HIRL - antihypertensive (HAZATO & KASE,
1986; MASTUFUII et al., 1994; PIHLANTO-LEPPALA et al., 1998; FITZGERALD & MEISEL, 1999),
KK - bacterial permease ligand (SLEIGH et al., 1987)

The profile of potential biological activity of protein is a novel measure for
qualitative judgement of analysed protein sequence as the precursor of bioactive
peptides. To assign the individual protein sequence to the family, which can be less or
more valuable source of active peptides, we applied quantitative discriminant of a
protein evaluation, i.e. the frequency of the occurrence of the fragment with given
activity in protein chain (A). The most dominant activity that appeared in all analysed
protein sequences was antihypertensive activity. Thus we obtained the highest values of
parameter A for antihypertensive activity in comparison to the other activities
calculated for all protein sequences. The highest A discriminant values
(antihypertensive effect) were observed for two proteins derived from milk: genetic
variant A2 of B-casein (A=0.23) and B-lactoglobulin (A=0.196). Some research teams
confirmed that antihypertensive peptides were released from these proteins due to in
vivo proteolytic processes (MEISEL & SCHLIMME, 1996; YAMAMOTO, 1997,
YAMAMOTO & TAKANO 1999; DzIUBA et al., 2003a). Moreover, one of the milk
proteins, B-casein, so far has not been known as the precursor of antioxidative peptides.
It was revealed by exploring the profile of potential biological activity of this protein,
which is available at http://www.uwm.edu.pl/biochemia. The computer analysis of
another protein sequence, i.e. chicken connectin confirmed that this protein might be
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also a source of antihypertensive fragments. KARELIN and co-workers (1998) made a
suggestion that all proteins of organisms may exemplify the reserve of peptides that can
regulate body functions. The other reason of why the analysed protein sequences have
relatively high values of A discriminant for antihypertensive activity is the largest
representation of antihypertensive fragments in the BIOPEP database which favours the
probability of their appearance in the polypeptide chain (DZIUBA et al., 2003c).
Application of the frequency of occurrence of fragments with antihypertensive
activity in protein was the basis to qualify the protein sequences into families that
possess diversified number of fragments with the above-mentioned activity. The
selection of antihypertensive activity was dictated by the largest number of the
fragments that occur in the analysed proteins. In our study we distinguished 5 families
(see Table 2). The content of individual families is shown in Table 3. For each of them
we calculated the mean value of discriminant A, standard deviation and #-test. Among
the all families grouped according to the value of the parameter A for antihypertensive
activity, we found statistically significant differences at the level of P<0.001.

Table 2. Families of proteins classified according to the frequency of occurrence
of antihypertensive fragments (A)

Family Proteins

I purothionin A-1, wheat; y-hordothionin, barley; troponin C, chicken skeletal muscles

I 10 KD prolamin, rice; 11S globulin, pumpkin; basic 7S globulin, soybean; globulin, 11S sunflower;
a-purothionin-1, class A-II, wheat; y-purothionin-1; wheat; o-purothionin-2, wheat; a-hordothionin,
barley; monellin, chain B; blue berry; y-gliadin, wheat; o-lactalbumin, rabbit; lysosyme, cow,
pigeon, chicken; plastocyanin; Che Y, chemotactic protein; myosin, light chain (II), chicken;
troponin 1, chicken; troponin T, chicken; troponin C, porcine; troponin T (II), chicken;
o-tropomyosin, chicken; B-tropomyosin, chicken; elastin C, fragment 27-714, cow; elastin, cow;
a-collagen (III), cow; a-collagen (I), fragments, cow; o-collagen (I), chicken; binding retinol
epidermal protein (lipocalin), rat

I kafirin PSK 8, sorghum; kafirin PGK 1, sorghum; prolamin, clone PPROL 17, rice; legumin clone
C134, cotton; legumin clone C94, cotton; 12S globulin, oat; o/B-gliadin class A-IV, wheat; o/f3-
gliadin class A-III, wheat; o/B-gliadin MM 1, wheat; o/B-gliadin, wheat; o/B-gliadin, class A-V,
wheat; o/B-gliadin, clone PW1215, wheat; o/B-gliadin, class A-I, wheat; o/B-gliadin, clone PW
8142, wheat; o/B-gliadin, class A-II, wheat; o/B-gliadin, clone PTO-A10, wheat; y-gliadin B, wheat;
Y-gliadin, class B-III, wheat; y-hordein I, barley; cocoa storage protein; glutenin, wheat; legumin-
like chain, vicia faba; fykocyanin; o-lactalbumin, camel; a-lactalbumin, sheep, goat, horse, human,
rat, kangaroo, rabbit, cow, guinea pig; 3-lactoglobulin, gen. var. A, cow; B-lactoglobulin, goat,
sheep; lysosyme, human, moth, dog; flavodoxin; K-casein, goat, human; x-casein, gen. var. A, cow;
K-casein, gen. var. B, cow; 0p-casein, gen. var. A, cow; lactoferrin, human; connectin, chicken;
bilin protein binding (lipocalin), pigeon; odorant binding protein (lipocalin), cow; retinol binding
protein (lipocalin), cow

v 13 KD globulin, rice; kafirin PSKR 2, sorghum; prolamin, clone PPROL 4A, rice; monellin, chain
A; blue berry; legumin-like chain pumpkin, gingko biloba, soybean, green pea; 0 -casein, gen. var.
A, cow; O,1-casein, gen. var. B, cow; o -casein, gen. var. C, cow; 0 -casein, gen. var. D, cow

\% prolamin, clone PPROL 7, rice; prolamin, clone PPROL 14, rice; B-casein, gen. var. Al cow;
B-casein, gen. var. A3, cow; B-casein, gen. var. B, cow; B-casein, gen. var. C, cow; B-casein, gen.
var. E, cow; B-casein, gen. var. F, cow
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Table 3. Statistical analysis of protein families grouped according to the
frequency of the occurrence of fragments with antihypertensive activity

Family  Ranges of A n Mean value SD t
I 0-0.006 3 0.002 0.003464  43.39*
I 0.0061-0.039 32 0.0251 0.009302 10.187*
I 0.0391-0.1016 53 0.065638 0.017195 12.63*
v 0.1016-0.1567 12 0.1335 0.016533  12.25%
\ 0.15671-0.25 9 0.1988 0.018418

n: the number of proteins in family; SD: standard deviation;
*: difference significant at P<0.001

The division of proteins into families that we made is not consistent with proteins’
structural and functional classification. According to OZOUNIS and co-workers (2003),
structural classification of proteins is based on the molecular similarity in terms of
primary or tertiary structure of proteins, and functional classification divides proteins on
the basis of functional similarity in terms of enzyme reaction mechanisms, participation
in biochemical pathways, functional roles and cellular location. Thus caseins might
have appeared in a few families grouped according to the frequency of the occurrence
of fragments with antihypertensive activity (A) (see Table 3). The other explanation of
this fact is that fragments with the similar sequence possess several activities, which also
confirm the approach that proteins with similar sequence may have different functions
(DzIUBA et al., 2004) and in this case they can also appear in different families.

The growth of data, especially about the new-inserted peptides in the BIOPEP
database, can affect the values of discriminant A. The consequence of the discriminant
A values change can be the alteration of the A distribution minima and finally it may
affect the presence of protein sequences in the families. The computer techniques
applied in the world of bioinformatic laboratories that are involved in protein structure
classification according to different algorithms also have some limitations. For example,
the computer methods that characterise the protein function according to the sequence
similarity of earlier characterised proteins are limited by two factors: a) they are only
useful for those proteins for which the pattern homology sequence is well known;
b) sometimes it is difficult to determine the protein function directly due to distant
homology between the sequences (SALIL 1999). It needs to be considered that our
classification regards only peptide sequences, which were present in proteins before
enzymatic hydrolysis. Application of one instead of the combinations of enzymes may
contribute to the increase of the efficiency in obtaining of bioactive peptides. The
selectivity of the enzyme against the peptide bonds also affects the release of peptides
with longer chain. The shorter fragments that are blocked can be found in them. Bonds,
which are susceptible to proteolysis, may be encrypted in bioactive fragments and
finally give not yet defined bioactive product of protein proteolysis. Thus, if no
experimental data concerning individual protein is available, it is much more likely that
database searching will reveal the presence of bioactive di- and tripeptides with higher
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probability than in the case longer fragments. The experimental methods have lead to
discover longer bioactive fragments of proteins also (SCHLIMME & MEISEL, 1995;
MEISEL, 1998; DZIUBA et al., 1999b; GOBBETTI et al., 2002).

The discriminants we applied to characterise and classify proteins as the source of
bioactive peptides allow for an easier diversification of them as a richer precursor of
biologically active fragments. Designed discriminants can be a valuable source of
information, which supplements the knowledge in the field of proteins and their
nutritional and health properties.

3. Conclusion

The BIOPEP database and the proposed criteria of protein evaluation are useful to
classify protein sequences into families, which can be better or worse source of
antihypertensive fragments. This classification may be a useful source of information in
functional food industry.

In analysed proteins, apart from the most dominant activity that was the
antihypertensive effect, the other most frequently appearing were opioid, dipeptidyl
peptidase IV inhibitors, immunomodulating, neuropeptide and antioxidative effect. The
short biopeptide fragments occur more frequently that the longer ones. In the range of
the antihypertensive activity we could find five families following the rule that the
highest range of parameter A, the better source of bioactive peptides the analysed
protein is. Proteins with the similar primary structure (e.g. caseins) can occur in
different families in the range of the same activity. However, our classification is
flexible due to changeable amount of data in the BIOPEP database. In the future we
intend to apply databases of the sequence motifs and find evolutionary similarities
between functional motifs as well as the profile of potential biological activity of
proteins. Our further research based on the division of received families into
subfamilies may give an answer about similarities and the differences between proteins
as the source of bioactive fragments.

This work was supported by the State Committee for Scientific Research (KBN) within the project
PBZ/KBN/021/P06/99/08.
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