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Computer-aided characteristics of proteins as potential precursors of 
bioactive peptides

Sum m ary —  Proteins, apart from their basic functions, may play the role of 
precursors of the peptides that regulate the body functions a n d /o r  show anti­
hypertensive, antithrombotic, antiamnestic, immunomodulating and other 
activities. Computer analysis of 109 protein sequences, done with help of a 
database containing 109 protein sequences and 1100 bioactive peptides se­
quences, has been presented. Following discriminants have been used: the 
frequency of occurence of the bioactive fragments in a protein chain (A ) , p o ­
tential activity o f protein fragments (B ) and the profile o f potential biological 
activity of a protein. 3781 bioactive fragments present in the protein sequences 
under consideration have been found. Most com m only occurring bioactive 
fragm ents w ere angiotensin  converting enzym e inhibitors (ACE) (EC
3.4.15.1.) and dipeptidyl peptidase IV inhibitors. Bovine [3-casein and rice 
prolamin are the best precursors of antihypertensive peptides. Bioactive frag­
ments as well as their surroundings are hydrophilic and mostly localized at 
random coil structures of proteins.
K ey w ords: proteins, bioactive peptides, computer-aided analysis o f the se­
quences.

All proteins apart from their basic functions, can be 
precursors of bioactive peptides [1]. Term "peptidom e" 
describes all peptides present in organism [2]. At present 
peptidom ics covers am ong others investigations of bio­
logical activities o f peptides identified in organism or 
tissue [2]. Peptidomes can be considered in case of pep­
tides from foods as well. Biologically active peptides are 
used in viral infections, immunological system disorders 
and cancer treatment [3]. Bioactive peptides can be also 
applied as com ponents o f so-called functional food.

Significance o f such food  is increasing [4— 7]. Food 
proteins are precursors o f many peptides with diverse 
activities such as antihypertensive, antithrombotic, im­
m unom odulating, antioxidant, opioid and others [4— 8 ].

To date trials o f protein classification as potential pre­
cursors o f bioactive peptides have been undertaken tak­
ing into consideration the following criteria: maximal 
yield of peptide, which may be obtained from 1 g of pro­
tein [4], and the ratio of the frequency of occurrence of 
bioactive fragment to the probability that peptide with 
the given length, encoded by the random D N A frag-
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ment, may contain a sequence corresponding to a given 
activity [9].

The aim o f this work was to propose a criterion of 
evaluation of proteins as potential precursors of bioac­
tive peptides and to determine protein structural proper­
ties associated with the occurrence o f bioactive frag­
ments in protein chains.

M E T H O D S

We used the following protein sequences: [Q9TOP5], 
[P R 0 1 _ 0 R Y S 1  ], [K A F 2_S O R B I], [K A F 8 _SO R B I], 
[K A F 1 S O R B I], [P R 0 5 _ 0 R Y S A ], [P R 0 7 _ 0 R Y S A ], 
[P R 06_O R Y S A ], [P R 0 4 _0 R Y S A ], [11SB_CU CM A], 
[7SBG _SO YBN ], [11S3_H E LA N ], [L E G A G O S H I], 
[LEGB_GOSHI], [AVEN_AVESA], [M ON B_DIOCU ], 
[M ONA_DIOCU], [THN1_WHEAT], [THG1_WHEAT], 
[THN2_WHEAT], [THNA_HORVU], [G D A 4W H E A T ], 
[GDA3_WHEAT], [GDA9JWHEAT], [GDA0_WHEAT], 
[GDA5_WHEAT], [GDA 6 JWHEAT], [G D A 1W H E A T ], 
[GDA7_WHEAT], [GDA2_WHEAT], [GDA 8 _WHEAT], 
[GDB0_WHEAT], [GDB2_WHEAT], [GDBX WHEAT], 
[GDBB_WHEAT], [GDB3_WHEAT], [HOGl_HORVU], 
[ASP_THECC], [GLT_WHEAT], [Q9SIA7], [Q39770], 
[Q 9T O P 5 ], [Q 43671 ], [T H N B W H E A T ],
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[T H G _H O R V U ], [L C A _ C A M D R ], [LC A _SH E E P], 
[L C A _H O R S E ], [L C A _ H U M A N ], [L C A _C A V P O ], 
[ L C A R A T ] ,  [L C A R A B I T ] ,  [L C A M A C E U ], 
[L C A _B O V IN ], [L A C B _B O V IN ], [L A C B _C A P H I], 
[L Y C N _B O V IN ], [L Y C _C O L L I], [L Y C 2_C A N F A ], 
[L Y C _C H IC ], [L Y C _H Y A C E ], [L Y C _H U M A N ], 
[C H E Y _C O L I], [M L E 1_C H IC K ], [T R IC _C H IC K ], 
[T R C S _C H IC K ], [T R T 1 _C H IC K ], [T P C S _P IG ], 
[CASK _CAPH I], [CASK _H U M AN ], [CASK_BOVIN], 
genetic variant В, [CASB_BOVIN]: genetic variants: A 1, 
A 2, A 3, B, E, F, [CASl_BOVIN, genetic variants: А, В, C, 
D, [CAS2JBOVIN], genetic variant A, [TRT3_CHICK], 
[TRT2 C H IC K ], [TPM A  C H IC K ], [TPM B-CH ICK ], 
[Q 9 U C Y 5 ], [E L S C _B O V IN ], [E L S _B O V IN ], 
[C A 1 3 _ B O V IN ], [C A ll_ B O V I N ], [C A 1 _C H IC K ], 
[C O N I C H IC K ], [BBP_PIEBR], [O B P _B O V IN A ], 
[RET2_RAT], [Q28129], legumin-like chains from: barley 
(A ven a  sa tiva ), rape (Brassica n a p u s), pum pkin (C ucurbita  
m a xim a), soybean (G lycin e  m a x), rice (O ry za  sativa) [9], 
fykocyanin, plastocyanin, flavodoxin [10]. Most of the 
proteins sum m arized above is decribed using entry 
nam es used  in the SW ISS-PR O T/trE M BL database 
(h ttp ://w w w .expasy.ch) [1 1 ].

Protein sequence analysis directed to the presence of 
peptides with diverse biological activities required intro­
duction o f newly created, quantitative criteria for their 
evaluation as well as creation of new computer applica­
tion BIOPEP described below.

BIOPEP is a com puter application designed at the 
Chair o f Food Biochemistry. It requires W indows envi­
ronment and MS Access'97 installation. The BIOPEP en­
ables creation of potential protein fragments bioactivity 
profiles defined as a location and kind of activity of 
bioactive fragments in protein chain as well as searching 
for the sites susceptible to the action of endopeptidases, 
similarly to the previously described PROTEIN program 
[5,12].

The main form of BIOPEP application consists of two 
twin databases: protein sequences and biologically ac­
tive peptide sequences. Both databases are continuously 
enriched and contain till now  109 sequences o f proteins 
and 1 1 0 0  sequences o f peptides.

The amino acid sequences are inserted using one-let­
ter code. It is possible to insert peptides containing 20 
most frequently occurring am ino acids and peptides 
containing posttranslational m odifications (e .g . p h os ­
phorylation and C-terminal amidation).

Both databases besides standard information such as: 
name, sequence, references contain also the results of 
calculations perform ed automatically by application. 
These are: number o f amino acid residues, m onoisotopic 
and chemical molecular mass [13].

M ain com pu ter app lica tion  form  also perform s 
"Operations on the records". This option contains pro­
grammed algorithms determining the values o f proteins 
as the precursors o f bioactive peptides. A  choice o f this 
application enables the automatic calculation. It is de­

scribed below. The results can be transferred to the other 
W indows applications such as MS Word or MS Excel or 
can be obtained as a typical MS Access report.

The follow ing discriminants have been designed for 
evaluation of proteins as the precursors o f bioactive pep­
tides:

a) the occurrence frequency of the fragments with a 
given activity in polypeptide chain (Л):

. я
a = n  (1)

where: a —  the n u m ber o f  fra g m en ts  w ith  a g iv en  a c tiv ity ; 
N  —  the n u m ber o f  am in o acid residues.

b) potential biological activity o f the protein frag­
ments (B), m M '1:

N
where: a ; —  n u m ber o f  rep etition s o f i - t h  b ioa ctive fra g m en t; 
EC50; —  the con cen tra tion  o f  half-m axim u m  a ctiv ity  o f  i-th  
protein  fra g m en t, m M ; к —  n u m b er  o f  d ifferen t fra gm en ts  
w ith  a g iv en  activ ity .

Calculation o f the potential activity o f protein frag­
ments (B) has been carried out on the basis of data con­
cerning antihypertensive peptides because o f known 
EC50 values for all peptides belonging to this group.

We have calculated the hydropathy index [14] and 
predicted secondary structures [15] o f bioactive frag­
ments and fragments with the nearest surroundings con­
sisting o f 5 amino acid residues preceding and 5 of them 
following the bioactive fragment using the PREDICT 7 
program [16].

All calculations were carried out for mature proteins 
(without signal peptides).

RESULTS AND DISCUSSION

The frequency of bioactive fragments occurrence (A )  
for six selected proteins is show n in Fig. 1. All presented 
proteins were potential sources o f antihypertensive pep­
tides and dipeptidylpeptidase IV inhibitors. Relatively 
high values of discriminant A  were observed especially 
for two proteins: genetic variant A 2 o f [3-casein and [3-lac- 
toglobulin. The presence of peptides with these activities 
among the proteolysis products derived from these pro­
teins was found experimentally [4,6 ,17]. The high value 
of A  discriminant calculated for chicken connectin may 
suggest that this protein besides its basic function (i.e. 
playing role of connective tissue com ponent) may also 
be a precursor o f endogenous inhibitors o f angiotensin- 
-converting enzyme (ACE) [EC 3.4.15.1]. This suggestion 
is in agreement with hypothesis published by Karelin et 
al. [1 ] assuming that all proteins of organism may act as 
a reserve of peptides regulating its functions.

The average A  values calculated for the most fre­
quently occurring kinds o f  b ioactive fragm ents are 
shown in Table 1. Relatively high frequency of occur­
rence of antihypertensive fragments as com pared with
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F ig. 1. The fr eq u e n c y  o f  occu rren ce  o f  the b ioactive fra gm en ts  (A )  in selected  protein s.

P ep tid e  a c tiv ity : 1 —  a n tih yp erten siv e , 2 —  im m u n om od u la tin g , 3 —  opioid , 4 —  an tia m n estic , 5  —  inh ib itors o f  d ipep- 
tidylpep tidase IV , 6 —  a n tiox id a n tive , 7 —  inhibitors o f  d ipep tid ylcarboxyp ep tid ase, 8 —  coeliac tox ic  pep tid es, 9  —  regu la tin g  
the ion flow , 10  — n eu rop ep tid es ; p rotein s: a) ch icken  (G allus ga llu s) con n ectin  1 [Q 9 0 8 0 4 ], b) ch icken  (G allus ga llu s) m yosin  
ligh t chain [M L E l jG H I C K ] ,  c ) soybean  (G ly c in e  m a x) 7S g lobu lin  [ 7 S B G _ S O Y B N ], d ) b ov in e (B os ta u ru s) fi-lactoglobu lin  
[L A C B _ B O V IN ],  g en e tic  variant A , e ) bovin e (B os tau ru s) fi-casein  [C A S B _ B O V lN ] ,  g en e tic  variant A ~, f )  w heat (Triticum  
a estivu m ) a/fi-gliad in , c lon e P IN  1 2 1 5  [G D A 6 _ W H E A T ]

T a b l e  1. Biological activities of the most frequently occurring 
fragments of investigated proteins

Activity
Num ber  

of bioactive 
fragments

An.+sd

Antihypertensivc 1556 0.071510.0515

Inhibiting dipeptidylpeptidase IV 
action 1557 0.04610.040

Im m unom odulating 13(1 0.006910.0080
Opioid 107 0.006210.0097

Neuropeptides 106 0.005810.016

fragments show ing other activities may be due to the 
fact that they are most com m on peptides in our data­
base. Bioactive fragments acting as dipeptidylpeptidase 
IV inhibitors create the second group o f dominant acti­
vity. Their frequent occurrence may be due to a short 
chain length. They are mainly di- and tripeptides [18].

The A  and В discriminant values for proteins being 
the richest sources o f antihypertensive peptides are 
show n in Table 2. This table shows that there is no sim-

T a b l e  2. Proteins with the highest frequency of antihyperten­
sive fragments' occurrence

Protein A B, m M "1

Prolamin, clone PPROL 7, rice (Oryza sativa)
[P R 07 0 R Y S A ] 0.1704 0.02077

Prolamin, clone PPROL 14, rice (Oryza sativa)
IP R 06_O R Y SA ] 0.1567 0.02040

P-Casein, genetic variant A 1, cow (Bos taurus)
IC ASB_BO VlN ] 0.196 0.0072

(3-Casein, genetic variant A 2, cow  (Bos taurus)
[CASB_BO VIN] 0.23 0.0080

(3-Casein, genetic variant A 3, cow  (Bos taurus)
[CASB_BO VIN] 0.196 0.0080

P-Casein, genetic variant B, cow (Bos taurus)
[CASB_BO VIN] 0.191 0.0080

[3-Casein, genetic variant C, cow (Bos taurus) 0.196 0.0080
p-Casein, genetic variant E, cow (Bos taurus) 0.191 0.0080
P-Casein, genetic variant F, cow (Bos taurus) 0.220 0.0106

pie relationship between the frequency o f bioactive frag­
ments' occurrence in the given protein and activity of
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these fragments. Fragments present in rice prolamins are 
stronger inhibitors o f angiotensin-converting enzyme 
than those of the bovine P-casein.

T a b l e  3. Average values of structural parameters concerning 
bioactive fragments present in the investigated proteins 1)12)

Parameter
Bioactive
fragments

Bioactive fragments 
with surroundings

H ydropathy index -0.275±10.100 -0.393+8.102

ot-Helix content, % 13.01±4.90 14.17+3.83

p-Turn content, % 1 9 .1 Ш 0.93 25.46+7.14

P-Sheet content, % 23.69+10.50 20.81+7.61
Random coil content, % 44.23+16.76 39.56+7.16

11 The results were obtained for 3781 bioactive fragments found in the 
sequences of the investigated proteins.
2) All the differences between the values show n in Table 3 were statis­
tically significant at least at the 0.01 level (f Student's test).

The average values of hydropathy index and con­
tents o f particular secondary structure calculated for 
bioactive fragments and their surroundings are shown 
in Table 3. The calculated results suggest that hydro­
philic surroundings o f bioactive fragments facilitate 
their exposure on the protein surface. The protein sur­
faces are more hydrophilic than their interiors [19]. Such 
location may facilitate accessibility o f proteolytic en­
zymes to the bioactive fragments. The random coil was 
predicted to be the dom inant secondary structure of 
bioactive fragments and their surroundings. Antihyper­
tensive fragments, being the most frequently occurring, 
are characterised by high content of the amino acids des­
tabilising the a-helix and facilitating the random coil for­
mation [6 ].

CO NCLU SIO N S

—  The A  (frequency of bioactive fragments' occur­
rence in protein sequence) and В (potential activity of 
protein fragm ents) discrim inants may be a tool for 
evaluation o f proteins as potential precursors o f bioac­
tive peptides. The A  discriminant is more universal be­
cause the EC50 values are known only for som e peptides.

—  The antihypertensive fragments (inhibitors of 
a n g io ten sin -con vertin g  en zym e) and inhibitors o f 
dipeptidylpeptidase IV are the most frequently occur­
ring fragments in the investigated proteins.

—  The results concerning hydropathy index of bioac­
tive fragments and their surroundings suggest that hy­
drophilic neighbourhood of bioactive fragments facili­
tates the location o f these fragments on the protein sur­
face.
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