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The Bioactive Peptides (BIOPEP) datab:rsc Cevcloped. et the Department of Fcod Bicrchemistrir. Univeniry'
of Warmia and lvf azurv in Olsztyn was used to determine rhe profiies ol'rhe potenriai biologicai acrivity of
tbod proteins and to classif-'- them into fcmilies- Proter'ns whose amino aci<l sequerrcs contained fregrnents
with s spc-"-rlìed acriviry antl u'hich were a potential source of this rctivity were dir.ided inro familics.
Among the -14 biologicai activities of peprides included in rhc BIOPEP databsse. J3 nere seiccted lor
anal.vsis- The number of famiiies \l:as div-ersified The largest famiiies were composed of proteins -
precursors of antihypertensirc peptides and dipepridyl aminopeptidase IV inhihirors as weii as those
actir''ating ubiqrútin-mediated proteolysis and opioid ones. Only a lem proteins included in the database
conteined in their seqtences lragrnenrs'*ith the follo*'ing actiriries: chernotactic. binding and trensporring
metals and uretal ions. stimulating red blood cells s;:nthesis. inducing conrractions of smooth musclqs. and
hemoivtic- Flighiy numerous lamilies rvere divitled inro fir'e sut>famiiies according to the value oi the
frequency of occ'urrence cf fragmenrs exhibiring gil'en :rcrivity [l pammeter)-

Kev lVoruk- food proteins. bioacti','e peprid-es. cornpurariond anaiyses

INTHODUCTION

Kareiir: advanced a hypothesis that cach proreiru
apirrÍ  i i ' i lm i ts basic iuncticln. is l ikely to ser.. ,e as a
rt:sgsr.t i .  of pepti t les regulat ing t lre vit l i  proccses oi
organisms (Kalei in et al. .  l99lJt.  l lence. an addit ional
cri terion tìrr the er,aiuatjon oi protein value as a poten-
l ial  sourcr of bioactive Peprit les was postulutecl ir \ leisel-
I99lJ: Dziuira et ir l .-  1999h)- [ t  con^sri tures a supplement
to the critcria usecl so iar. ihat considered prirnarily the
\:ontcnt <'rf  ; l tnlno acids inrl ispensabie tt-rr the proper
lunctioir ing ol 'organisms. the e. i lerct of protcin on boi ly
muss- illlcr rrenic properttes ( Friedrnan. 1996: Fuktunrrde
. ind Yoshikarvu.  l1) -q l ) .  r - r r  rhe cor l ter Ì r  o Iant inut r i r iona i
comDouuds (Bu: ; i r  and F le f le .  199ói -

Bir.rìogical l-v-. autir ,e {bioactir ,ei mrrtrt i  in rhc polypcp-
l ide chir ins tr i '  proteins are deiìned as Íì-agmenrs that
rL-n'r i .r in inactive in seuuences of their own )recursors.
ivhereas havrng been released b_"- proteolvt ic enzymÈi
lhel i  nlav interuct wirh apprclpriate rL-L-eDrors. thu-r
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regulating the physiolog:ical ltnctions of the hody. The
activitlr of s'rch peptides may be eitlier tàvorable cr
detrimental rSchlimme and Meisel. 1995: IVleisei and
Bockclmunn. 1999).

Investigations carr ied out ut uumerous ress.rLcir
cerìters worldrvide have resulted in the rccognit ion and
det.riled characterist.ics ot'a l'ast uumtrer of biolclcicallv
active peptiCes isolatetJ t ' rom t jssues and body f luids ot '
a number of organisrns- inclui l ing Lracteria, [ ìnSJ- piants,
anrJ Lurimuls (Dzjuba et al.. i999;r: Nleisei. l00l:
Korhonen and Pililantcr, 20{}-3,1. The tiiscussed grc''up
of crrmpounds is charucterizei l  by u higi l  diversit) ' .
I t  con{.uins both simple di- antl  tr ipeptides as rvei l  as
comple.r i inear ones or cycl ic oi ig* and polvpeptides

rvhich. addit ionel ly- irre ol ien mtxJif led as a result of
g ivcosy lu t ion-  phospl roryhr t ion-  t r r  ac l la t iou r ) l  rn Ì luo
.reid "-esidues. Prtrursors of l  nurnber i : l '  br,, ' logir:ai lr ,
Jc t ive pept ide: i  contu i r t -  l rmor ìu  o thcrs .  i ì rod pr t l tc i r rs
(Rutherfurd-Markrvick and i \ ' fouu.han- l tX)j).  Protern-
derjved pcptides ar,: Iikei!' to ui'll-;t a dccreusc in biotrd
p! 'cssure.  in i r rh i t  the rc t iv i tv  , i f  p ro i inc  end()pept idases,
stimuiate the f unctions tlf the immune system. demon-

strate opioid agonist and antagonist ic acrir i ty. induce
ucntractions of smooth muscles. inhibit  thc process oi '
thromirtrcvtc aggrr-sal ion- HIV protcinase activl tv ancl
t-rxir iat ion processes- exhihit  lnt ibacterial.  fungicit lul  anrl
:rurf:.rce actrvit.v. bind metal ions and participate in
mjner;rl tr:rnsport. determine the sen.sorv propertiux. and
improve the nutr i t ivc vuluc of lbotJs as weil  i rs contrr.r l
bodv Írass-
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.,\ urorving intercst has treen obserr.ed recently.. in the
use of hioactive peptides for therapreutic purposes.
especially in treatment rvith antibiotics and antim.rcotic
aoents. as rveii as in therapy of the fbllorving patholo-
gicai states: neopil.rsms. r'iral int'lammations ( infections),
disorders of t ire immune svstcnrs. neurolocical and
cardiologic disorders (Latham. 1999). Stnrctural motils
occurring in peptides may serve as a source of
information to be used whiie designing ne\a compounds,
the so-called 'peptidemirnetics'with a simílar mechan-
ism of interactions with rrceptors-

Biologically active peptides are recommended as con-
stiruents of the so-cirlled 'functiorurl food' (i.e.. food
designed in order to obtain the desired functional and
biological properties: Korhonen et al.. 1998: Hilliarn-
2003). Functional foodstuffs are a source of nutrients
responsible for the physiological aspects of the proper
functioning of the body. [n addition- they facilitate the
jntensificrrtion of mental processes. The interest in that
tlpe of, food has been observ-ed to increase [De Felice.
1995i. Investigations are also underwa.v into the inclu-
sion of bioactive peptides and physiological constituents
of foods or commerciail,v--obtained nutraceuticals to bc
used for the production of the so-called 'formones'

(brmone:food honnonei. Attention is especiail_v paid
to peptides lou'ering blood pressure in a combination
with phosphopeptides and immunomodulatory peptides
lGobbetti et ai.. 2002: Flartmann and Meisel, 2lX)2)"
In addition. sequences of a variety of peptides gan be
applied for the restoration of the fir'e ba.sic taste
sensations (Kilara and Pany-am. 2003).

Biologically" active peptides may be products of pro-
tein proteol-vsis in the gastrointestinal tract (Crinblc,
1994). or of proteolysis being one of the stages in protein
processinr. The-v can also originate from fermented
foodstuffs that are gaining significance these days
iCanrpbell-Platt. 1994: Dziuba et al.. 1999a). The
possitrility to rele:.rse biologically active peptides from
proteins- their structural- physiologicill- and nutritional
ciraracteristics have been discussed in many articles
iDziuba er al.. 199:. 1999a. :0M. 200,<: Dziuhu and
Minkiervicz 1996: Brody- 1000: Shah. 2000). Amongsr.
fbod proteins. the best known precursors of hioactir.e
peptides are miik proteins {Meisei- 1998: Pihlanto-
Lepp'i l i . 2001: Dziuba et al.. 2002: Gobbetti er al..
l00l: Kjlara and Penyam. 1003: f)areuicz er .11.. 1006:
Silva and N{alcata- :005). Both casein lrs rvell as whey
proteins are rich in motjt.s demonstr:rting antih.v-perten-
sive. opioid. antibacteriai. and immunomodulatory
activities. An important source of bioactive peptides of
anirnai origin are llso muscle and egg proteins
(Pihiantt-r-Leppàlà et al., 1998). Collagen and elastjn
are precursors of peptides with anticoagulant acivitv
iNlaruyama et al.. 1993). whereas connrctin and
ovaibumin -- ol peptides with irntihypertensive activitv
iFujita et al.. i99t. ln e variet-v of plant products. a rich
source of bioactive peptides are proteins of soyLrean.

Iv[- Dztua.A,l:p ]V[. Danr.wrcz

rvhe'rt .  r ice. and maize (Yoshikarva. et al. .  2000: Cibbs
et al.. 100-tt.

The appe'r.rance of new peptides t-rriginating l'rom
a variety of sources prompted a necd lor data orderine
and establ ishing addit ionul cr i ter ia for t i re est imation of
the value of proteins rs precursors of bioactive pepticles.
To l t taìn thesc gouls. the profi lcs of the potentiei
biological aaivity of proteins (type and location of the
bioactive lragment in a protein sequence) were analyzed.
New quantiurr ive cri tcr ia for protein value estimation.
based on the occurrence frequenc_v of bioactive lrag-
ments in a protein sequence (A) and the potential

activitv o[ protein fragments (B), were also propose<l
(Dz:uba et al.. I999b. 200:l). fn order to successfullv
conduct the studies. it was necessary to classify' proteins
into families with simil'ar biologic.rl activity profiles.
according to own criterion. The division into families is
of primalv importance in the aspect of proteol,vsis
design and selection of proteins being the richest source
of peptides with a specified activit-v*.

MATERIAL AND METHODS

BIOPEP f,)atabase

Investigations addressing the evaluation of proteins :rs
precursors of bioactive peptides and their clas.sification
into families and sub-families rvere carried out based on
a datab:rse of proteins and bioactjve peptides BIOPEP
(Dziuba et al.. i00-3). Both the database of proteins and
that of bioactive peptides contain information on their
scquences. number of amino acid residues, molecullr
and isotopic weights, and addit ional data. such as:
f'unction of proteins in biological svstems. specifìed
biological activity of a given peptide. and relerences
(www.un'm.edu.plrbiochemia). Of +1 kinds of activit,v
contained in the bioactive peptides (BIOPEP) database
and characterizing peptides. analysis w-as carried out for
the following 3: antiamnesic. anticoagulmt. antih-v-per-
tensive. immunomodulatory. chemotactic. inducing
contractions of smooth muscles. toxic. embryotoxic.
antioxidant. dipeptidyi aminopeptidase fV inhibitors.
opioid. opioid-antagonist ic. st imulat ing the s-vnthesis of
red hlood cells, hemohtic. binding end tr',rnsponing
metals. l igands of bacterial prrmease. anore{- ' t ic. act ivat-
ing ubiquit in-mcdiated proteolv.sis. resulat ins ion f l  orv.
neuropeptide inhibitors. regulating the functions of the
gastric mucosa. antibacterial md antiv'iral as well as
regr:iating the action mechanism of phosphoinositol.

Evaluation of Proteins as a Precursiors of Bioactive
Peptides ria the BIOPEP Program

A total of | 82 amino acid sequences of proteins
compiled in the BIOPEP database were used in

bmffi tsn :! t sai:l:j =n r tFC (CSE)cr Àf 1. ZIF
Oút S^fiE húr:-or. Af riltú rErra raoa trcanr|ràr rir crnj.lca dúiàfirr-



the studv. In the estimation of the value oI proteins as
prccursors of bioactive pepti t les use was made of:

l .  The prolì le of potcntiai bìological act ivi ty. of a siven
prote in  def ìned as:  the k ind and locat ion o f  a
bioactir ,e n-aqmcrrt i l t  Lirù protein ch:t irr

l .  Tlrc (,L-currence hequencv of bioactive tì 'agrnerìts ut a
protein ci ' rain (.-{):

a
, l : F  ( l )

where a is the number of amino acid fra_ements with a
siven activit,v- in the protein anal-vzed and i{ 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 bv Dziuba
and lwaniak (2006).

Classification of Proteirc

Ail analyzed proteins included in the database were
grouped into lamilies and subfamilies. The occurrence
of motifs witir a given activity in a protein sequence was
adopted as a criterion of aflliation to a siven family.
Within each family of proteins .- preqrrsors of,peptides
with a specified biological activity division was
made into suFfamilies with respect to the ocrurrenc€
lrequency of active fra,ements in a protein sequence.
expressed as the value of par.rmeter .4. The garameter
!r 'as computed using the'A B- Y Calculation' option in
the BIOPEP program. The division was performed with
the use of procedure of the anal-vsis of distributive series.
which enabied the appropriate number of proteins to be
assigned to a siven sublamily (inten al). Such intervals
are ref-erred to as class interv'als- and the differences
between the upper and lorver limit of the i-th class
inten'ai - as inten'al span /r,:

f t ; : - 1 ' r - r o i

whe re . rn ; .  r od - t i ,  ( i -  1 . .  . k )  a re  t he  l im i t s  o f  t he  r - t h
inten'ai.

Tire I values of indiridual proteins were djr.ided into
groups usinq equai interval according to the rules of
stem-and-ienf procedure [Lane. ]00-r) although without
use stcm-and-1e'af notation. The results obtained x-ere
compiied as data sets and classified to one of the fìle
class interyals with a consîant inten'al span. Thus. fir'e
sub-families were created q'ithin etrch protein famil-v.

RESULTS AND DISCUSSION

Twenty three families of peptide precursors were
ohtained. representing the foliow-ing activities: antihy-
pertensive | 78 proteins: antithrombotic 82 proteins:

Food Prrttern.s as Precur.wrs of Bioat.tit,e Peptides

tru tut r:? . ;i.s?oeù.ó ,:îr i t-FC (CSIC) g1 Agf 1. 2tIlE
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anliamnesic 8l proteins: immunomotlulatory 89 pri l-
te ins :  ant ior idant  79 prote ins:  tox ic  l3  prote ìns:  indu-
cinq smooth muscie contrection I proteins: chemotactic
6 prote ins:  ernbryotox ic  , i  p ro tc ius :  op io id  I  I  I  pro terns-
rcsu ia . t ing ion f low - l l  p ro tc ins :  regu la t ing the funct ions
of the gi lstr ic lnucosa 79 proteitrs: dipeptid-v-l  umilt , .r-
pept idasc lV inh ib i tors  l - l l l  p ro te ins:  ac t ivat ing ub iqur-
ún-mediated prtrteol;-sis l l -1 proLeins: resulat inq the
action mechanism of phosphoinositole :8 proteins;
neuropeptide inhibitoru 7l proteins: l igands of b:.rcteriul
pcnneílse 80 proteins: stimuiating red blood cells
synthesis 7 proteins: hemolytic I protein: anorectic
l2 proteins: opioid-antaqonist ic 6 proteins; binding tnd
tr.rnsporting metals and metal ions 3 proteins: as well as
antibacterial and antiviral l0 proteins. The aforesaid
t-vpes of activity were selected due to the common
occurrence o[ peptides exhibiting them, and also due to
their properties which are considered interesting from
the health-promotins or technological point of view.
A n tihypertensir.'e. activati ng u bi qu i ti n-med iated p ro te o-
lysis. opioid fragments and dipeptidyl aminopeptidase
W inhibitors were noticed in the majority of the profiles
of potential biological actirity of all analyzed protein
scquences. Each profile describes the location. kind of
activity- and length of a giren fragment in the protein

sequence- The proteins under scrutiny were character-
ízed b'1 a considerable diversity of profiles. The amino
acid sequences of the majority of proteins were found to
contain lragments corresponding to peptides with
various actirìties. An exernplary profìle of l43l amino
acid residues containing hen col lagen (a-l  ( ID l l13 in
BIOPEP database). highi-v abundant in biologically
active fragments, is presented in Tabie l. This may sug-
gest that. apart lrom its basic structural function.
protein crn also be a precursor of multiple endosenous
biologic-rlly active peptides. In the clrse of hen collngen.
the following actir.'ities w'ere found to predominate:
antiamnesic" antithrombotic. regulating ion florl', and
dipeptidyl aminopeptidase IV inl' '.ibitors, although pep-
t ides exJribit ing such activi t ies are not t l re nÌost
numerous group in the BIOPEP database. A consider-
able part of the fragments found appetrs to be di- and
tripeptides. That information is especially important
taking into account the uhsorption of those prptides
lrom the sastrointestinal tract tt-r blood. Di- and tri-
peptides rre better absorbabie than free amino acids
(Vermeirssen et al.. 2004). Short peptides cross the
intestinal barrier more quickl_v- th:rn free amino ecicls.
rvhich affects the optimization of water metabolism in
the body. also havinc the importance in designing diets
fbr special purposes- e-,s--. h-vdrolysate-based medical
diets for sportsmen (Schmjdl et al.. 1994). Some of
bioactive peptides that rvere ftrund within the profi les of
potential biologic.ri u.ctirit-v of 182 an',rlyzed proteins :ue
multifunctional. Biologicaily actjve dipeptides with

the following sequencc: CP and PG m;Ìy sen'e as the
examples (Table I )- The.v reveai activities sucir as

(2)
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Table 1. Profi le of potential biclogical activity of hen a-coilagen [BIOPEP database lD 1113: collagen
alpha 1(l) chain precursor, chicken (Gallus gallus)1.

Prtxcrn Sequcne'e. BÍOPEP Dlt:lharc . I I l-ì

EGFFDI( TGSCVQDGI.TYNDKDVWKPEPCQICVCDSCiiI I-CDF.VICIIDTSDCP\ \EIPFGFCCPICPDVD^\.\P\ 'Y
PES.-\GvECPKCtrfcìPRGDRC;LPLìPt GRDC;tRlQRlLpGpP(lpt ( jpt ct-G(j\ t- .{pQ!ts\ '( jyDEKSAG\"\vpGp\t
CP-\CPRCLPCPPCAPCP(JGFQCPT{jET'CEPG,{SGPIIGPRGPAGPPCKNGDDGE.\CKPCRrc,QRGPT}GPQCARC
LPC'r.\CLl',C\'lKCl-IRCFSCI-DCAKCQPCpACpKGEpcsttÈNCAPCQtvtcpRcLptìERCRpGpSGp.\cARCND(ì
'\PC.\,'\cPPCPTCP.\GPPGFPC,\.\G,\KGETGPQC,\RcSECPQCSRGEPGPPGP.\G,\,\GP.\G\PC,\DC;QI-t,\KC
ATC,\PClr\C,\PCFPCT\RGPSCPQCPSC,\PCPKGNSCEPC'\PGNKGDTG;\KCEPGp,16\'QCPPCP.\GEECKRCT\
RCEPCP,,\GLPGP'\CERC.\PC;SRCF'PCADGI.\GPKGPPCERCSPCAVCPKCST'GÈICRPCEìGLPCAKCLTCSPC
SPCPDCKTGPPcP,\GQDCRPCP:\CPft,\RGe,\CvltGFpCpKGr\,\cEtl(;KpCERC,\PCpllcÀVCr\.\CKDCE,\
G A QC PPG PTC P,\ C E R C EQC PA C ̂  PG FQC L pC pAG ppc E,\ c K pC EQc V pC N A c A pC pA C A R c ER C FpC E R c v Q
CPPCPQCPRGTTNCAPCNDC.{KCDACAPGATTNECPPCLEGMPCERCAAGLPCAKCDRCDPCPKGADCAPCK
DCLRCLTGPIGPPGPAGAPCDKGE{CPPCPACPTCARCAPGDRGEPCPPCPACFACPPCADCQPCAKGETCDA
CAKGDACPPCPACITGAFGP.\GZVGAPGPKGARG.SAGPFGATGFPGAAGRVGPPGPSGNIGI-PCPPGPAGKZG
SKGPRGEl'GPACRPGEI)cPACPPCPPGEKCSpc.{DcprcApcTpcp(Jc|AG,QRcvvcLpcQRcERcF-P(iLP(JpS
Gt':l'C;KQGF{iCr\SGERGPtìcPMGPIdt-{CPPGÉ.AcRECAPGAEGT\PGRDcAACPKcDRctTcPAcPPCAI)CAP
Gr\PCPVGPACIC\CDRGETCP,\CPACPPGP.\CARcP,-\GPQCPRCDKCETCEQcDRGTvIKCHRCFSGLQCPPCPP
CAPCEQCPSGASCPACPRCPPCSACAAGKDCLNCLPCPIGPPCPRCRTCEVCPVGPPCPPCPPCPPGPPSCCFDF
SFLPQPruEK,\ H DCG R YY R,\ DDT\N
v\,IRDRDLEVDTTLK.SLSQQIENIRSPEGTRKIipARTCRDLKITCHCDWKSCEywtDPNQCCNLDAtKyyC)l i \ l r :
TGETCVYPTQAIAQKNWft5I4NPKEKKIIVwFCETltSDGFQFEYGGECSNpADv,\tQLTFLRL\ÍSTEATQNv
TYTicKNSVAYMDHDTCNLKK.{LLLQCANEtEtRAECNSRtrTyCVTEDCC:TStfTCAWCKT\',tEyKTTKTSRLptl
DL,\P\I DV(ìA PDQEFC I D tCPVCFI-

Peptidq;

lD Sourcc antl .{ctir it l
Itxation
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I ì80 Actinomvcetes

3i 8l Actinomvcetn

-'ì i82 Actinoml,cetes

i:53 Actinom;-cetes

3201 Synthaic

i;82 Strepîom:*ces

j7+1 Eìastin
-ìMó Syruheric

S lGr Laminin
JO05 S'r,ntheric

J0G5 Srnthetic

Dipcprtidyl
aminopeptida-se IV
inhibits
DipeSidyl
amincpcptrda-re lV
inhibi16

Dpcp.'tidyl
amincpeprida-se [V
inhibitor
Dipegidvl
aminc'frptida-sc N'

inhibi:or
Chvrrrrrrvrrsin
inhibi:cr
Dipef{id_vf{arboxy-
pptidase irhibitcrr

C-ìemotactic
Arnrestic-
Inhibitcr of insulin
secrelictn

Ernbryctoxic 3
Aoivating ubiquit in- :
mediued protecl-vris
.-\ct ivat insubiquir in- :

LPt ó

:4

cAw

PPGP

VGAPG
PGP

RGD
RA

L.,\

I

q?

mediated Droterlvsis
' F . L C - t r o v ì n e 3 . l a c t o g l o g u l i n . : p C x - b o v i n e F - c a s e i n . - c . . , - C ì ' N - b o v i n e : r . < a s e i n

" rr-L.{ - bovi ne cr-lacralbumin.

rntiamnestic. antithrombotic. xnd regulaling ior.r flo*'.
Borine caseinomacropeDtide - C-terminal frirgment of
K-casein is one of the most known exsmple of mult i-
functional bioactive pepridc. It reveds e.s. a*jvities
such ils antibtcterial. antiviral. regulating asfion of
digestive tract. and toxin binding (Dziuba í jnd
lf jnkiewicz. 1996i.

As a qualitative parameter- tire bioiogical activitv
profile E'as not sufficient for the eraluation of proteins
Íìs precursors of bioloejcall_u* acrive peptides. Hence- use
parameîer .4 was used, permittiug a quanîitative
determination of the trait anulyzed. i.e., the value of
protein as a source of biologicall-v active peptides. The
procedure of, anaiysis of distributive series enabled to
create five suh-famiiies within each protein tamily.
There are no explicit rules of h:urdling the determination

of the span and number of suh-ftrmilies linten'als).
L-sual lv. they are establ ished bf intuit ion so that t l te
distributile series prolides relatir.ely clear distribution
of a trait. In the present stud1.-. the simplest model of
distr ibutire serics was applied. in which constant values

of class inten'als (f ìvc sub-iamil ies) and an equal span of
the inten,als q,ere cslablisired lor each of the anal-lze<i
sets (famjlies of proteins. presursors of peptides with a
given activity)- The number of indir.idual sub-fimjlies
demonstrated r high diversity. In some cases. a gi\:en

family was not represented b-v any of the proteins. This
means th'rt the intensitv value of the truit examined
(orcurrence lrequency of bioactive fragments (l) for all
cases examined) did not fìt to the defined class inten'ai.
The above situation occurred ciuring the division of
families with anticoagulant, antiamnesic. regulating ion

- Doil f f i funn:.o . isisrìm-rdIJPC(CS'C)dl^frai,2fID
o 2rl srGE Rdcetirrr. At rifilr rrd. taot bf cofinl.ìùa u- curirrtuiar d.3tiùtirl
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Table 2. The richest sub-.families of proteins - precursors of peptides with selected activities.

Biological acivity BIOPEP ID Protein A oarameter value

Antihypertensive

Antithrombotic

Arniarnnestic

lmmunorno<filating

Antioxidative

C,oeliac-toxic

Inducing contractiom
of smoorh musdes

Chemstacîic

Embnotoxic

Opioid

1€7; 1 199:
1 1 0 1 : 1 1 0 2
1 1 0 O : 1 1 0 3

1 1 1 1
1 1 1 2
1 1 1 3
1 1 1 1
1 i  1 2
1 1 1 3
1 1 1 5

wT7.1A7g,
fiu.

1O9€l ;1102
1 1 2 5
1 108
11 i l
1152

1 1 5 5 : 1 1 6 9 :
1232

1224
1231" 1234

1 1 1 7
11Tl

1 189
1 179

1178

11BO

1 1 8 2

1 1 8 3

1 1 8 4

1 1 8 1

1 186

1 1 8 7
1147:  1 '185

1 1  1 7

1109
11U7
1 1  1 2
1 192
' l-143
l l l ' l

1076
1112
1 1 1 1
1176

1080
1 1  1 0

r9-casein gen. var. A1: 42: A.3: C; E bovine (Bos lzurus)

ftasein gen. var. B; F, bovine (Bo's iaurus)
c-ollagen cr-1(lll) chain, bovine pos taurus)
collagen u-l(l) chain fragrnent) borine, pos iaurus)
collagen cr-1(l) ciain preqlrsor, chic*en (Gallus gallus)
collagen ,r-1(ll[ chain, bovine, (Bos iaurus)
ollagen c-1{l) chain (fragment). bovine (Bos taurus)
collagen rr-1(t) cfrain precursor, cfticken (Gallus gallus)
aiactalbumin, bodne (Bos taurus)
o-laclatbumin. human ft*omo sapiens) ; cr-lrctalbumh,

goa (CaFra hirors); dactalbumh, sheep (Ovis aries)

Éasein gen. \,ar. F.€: E. bcnrine (Bos aurus)
nryoglnbin, horse (Equus caballus)
Flavodoxin mutant D58P (Closfridlum beiierinckii)
Prolamin precursor (done PPRO{- 14), rice (Oqfza sativa)
Prolam&r preqrrsor (clone PPFOL 4, rice (Aryza saiva)
Profamin precursor (done PPFOL 4A), rbe (Orpa saiva);

monellin cfrain B (ll), serendiprty hrry (Diosaxeoptl/lum
an nrninsii) ; pancreatb trypsin inhibitor (precursor),
borrine aprotinin (Boe taurus)

Hemoglobin F4tatn, maior-furm. rat (Rattus nortregiots)
henroglobh F4tain, horse (Equus caballus); hemoglobún

Édrain, hurnan ft{orno sapiens}
xssein gen. \ar. A, bcnrine (Bos tzurusl
alftnliúm precursclr (prolamin) (dass a$,

wheat (fritiom aestiwrn)
r,4liadin fragment, wheat fl'riticurn aestivurn)
al ftgliadin precursnr (prolamin) (MMl ).

wh€at flritiotm aestiwrn)
alB{,tiaan precursor (prolamin) (dass +lt),

whed ffritio:m aes'tiwm)
uIÈAltadn prectrrsor (prolamin) (dass a-l|l).

wheat ffritianm aestiwrn)
alftgliadin precursor (prolamin) (done FlrV 1215),

',vhed (tritianrn aestiwm)
ullgfiaam precursc,r (prolamin) (dass a-M),

wheat ffriticrm aes'tivum)
uiftgliadrl precurstr (prolamín) (done Pd8142l,,

wheaî ffriticurn aestiwm)
crlÉgliadin precursor (prolamin) (dass +'V),

wheat ffriticum aestiwm)
ulpg;liadm fragrnent (prolamin) (done PTO A10).

*,heai ffriticurn aestiwrn)
a.*gliadin precursor ltragment), wheat ffritialm aestivum)
cogliadin precursor, \rytîeat fritiolm aest'iwm];

rogliadin B precursor. \,lrtìeat firiticum ae$iwm)
rsein gefl- var. A borine {Bos taurus)

r-cÍrs€in, goat (Capra hirols)
Elastin precursor (tropodastin) (Bos taurus)
Collagen 11(l) chah (fragmeflt), borrine (Bos taurus)
PR-l0 protein, white lupine (tr:pinus albus)
Legumin 11S globulin. ginkgo (Ginkgo bitoba)
Collagen 11(f) drah precursor, chftJ<en iGallus gallus)
Conneoin fragmant (titin). ctticken (Gallus gallus)
Collagen e1(l) chain (fragmenQ, borine (Bos taurus)
Collagen c1(llt) cfrain, bovine (Bos taurus)
c-hordsthionin prectrrsor (purohionin ll),

barlery (Hordeum vulgare)
a-{acalbumin, rabbit {Oryctolagus anniculus)
Whed ghfenin, high rnolecularwetgl'tt subunit F V212 precursor

fi-ritícum aestivum)

4.224€84

0.220096
a.274238
o.27214t
0.u2n1
a.272392
0.267009
0.210196
0.024590
0.m€90

0.023923
0.@222.
o.v2'142g
0.020270
0.@0134
0.@0000

0.0ó7945
0.G'4247

0.029586
0.041985

0.035714
0.@s16

a.&7491

a.v21€,23

0.eo27a

o.ua2a2

0.019169

0.0188@

0.005376

0.003984
0.003436

0.011834

9.919417
0.0235-18
0.001284
0.006329
0.w2273
0.002095
0.001511
0.001284
0.000f}23
o.ú787&

0.081970
0.121359

Oortoú lun t r ígi samm,;r r LFC (CSIC) m tort 1, 2fi8
e 47 SAGE Prtrc.riqE Al rirrt! rsfif Èot br co|rtrti- ut a s.ndldtal d-ttihÍin
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Tabfe 2. Continued.

Biological acivity BIOPEP ID Protein A pararneter value

Regulating ion flow

Regulating ihe functions of
the gasîric rnucosa

Dipeptidyl arninopeptidase
M inhibitors

Activating ubiquitin-
mediated proteolysis,

Regulating ihe action
rnechanism of
phosphoinositol

Neuropeptide inh ibitors

Ligands of bacterial
permease

Stimulating the synthesis
of red btood cells

Hemolytic
Anorectic

Opioid-antagonistic

Binding and iransporting
metals and metal ions

Antrbacterial and arrtMraj

1 1 9 1
1'r 90
1 126
117

1 1  1 3

1 1 1 2
1 1 1 1
1200

1 1  1 3
1112
1149

11g7
1091
1't96
1 1  1 B
1477:'

1079:1082;
1083; 1085

1 1  1 5
1081
1098
1 195
1 1  1 0

1 125

1 138
1214

1217
1090
1 ' r07
1 143

1097 :1103
1 1  1 3
1 1 1 1
1112

1087: 1089
1086
1 1 @
1 1  1 7

1236

12 ' t2
1090
1121
1213
1233
1084
1085
1212
1236
1090
1 1  1 5
1082

Itlarbonin. verch, {Vicia pannonica)
Narbonin. narbon bean {Vicia narbonensis)
Phycocrlanín, bluejreen bac€ria. (Cyanobacieria)
Monellin chain A (l) serendiprty berry

(Dioscoreopfryllum o;mminsii)
Collagen a-1(l) chain precursor, chicken (Gallus gallus)

Collagen or-1(l) chain (fragmenQ, bovine (Bos taurus)
Collagen a-1(llf chain, borrine (Bos taurus)
Epidermal retin acid hindng proteh EBP, mouse

(Arabidopsb mafiana)
Collagen a-1(l) chain precursor, cfricken (Gallus gllus)
Collagen c-l(l) cfiair (fragrnent), bonine (Bos taurus)
lGfrin PGK1 preo:rsor, sorghum (Sorghum wlgare)

l(afirin PSKB precursor, sorghurn bicolor (Sorghum vulgare)
Lysozyme C preanrsor, human (Horno sapiens)
lGfirín PSKF2 precursclr, sorghum hicolor (Sorghum vulgare)
Connectin (titin), fagrnent, chkJ<en (Gallus gallus)
a-lacalbumin. human (Homo sapiens): a-lac.alburnin, horse (Eq:us

caballus) ; a-laclalburnh, goat (Capra h ircus) ; cr-lactalbumin,
sheep (Ovùs aries): d"actalburnin. guinea p8 (Cavia porcdlus);
a-laclalbum ín, arabian camel (Camelus cf omedarius)

a-lactalbumin. bovine (Bos laurus)
a-l actal bu rnin. red-necked wallaby (Macro pus nrb griseus)
Lyso4yme precursor, silk moth (Bombyx mori)
maior urinary prstein 1 precursor, rnouse fius muscllus)
Wheat glutenin, high mc{eorlar vteight sub:nit F|v!ri212 precursor

ffrÍticum aesiiwrn)
Myoglobin. horse (Equus caballus)

Troponin C, boine (Bos taurus)
Hemoglobin adrains, horse (Equus caballus)

Hemoglobin crdrain, prg (Sus scrofa)
a-s2-casein gen- var. A, bcryine {Bos taurus)
Bastin precurrcr (fopoelastin), bo,tine (Bos tzurus)
Legumin 11S globulin, ginkgo (Ginkgo biloba)
É-casein gen. vìar. A1; A2: d?: B: C: E: F, bovine (Bos iaurus)
Collagen cr-1(l) chain precursor, ctricken (Gallus gallus)
Collagen c-1(lll) chain, borrine (Bos tarus)
Collagen c-1(l) ctain (fiagment), bcnrine {Bos taurus)
a-e€s€in gen. var. B; C: D, bovine (Bos taurus)
rz j1€s€irì gen- var. A, bcnrine (Bos ìaurus)
rc-casein, goat (Capra hircus)
rssein gen. var. A, bodne (Bos taurus)
l-aclofrrrin precursor, borrine (Bos taurus)

{:ctofurrÍn, bovine (Elcs taurus}
ca2-caseín gen. \nar. A. bcnrine lBos taurus)
I-adsfenin, human (Homo sap$ens)
t-actofenin, goat (Capra hircr:s)
Herno$obin adnin, bovrne (Bos taurus)
c-lacatalburnin, rat (Rattus nonregr-cr.rs)
cr-lacalbumin, arabian camel (Camelus dromedarius)
Lctofunin, borine (Bos taurus)
l-acofunin precursc,r. bwine (Bos taurus)
cr32-casein gen. \,ar. A, bovine (Bos tzurus)
a-factaltxlrnir. bovine (Bos taun s)
cr-lac.albumin, sheep (Ovis aries)

0.010309
0.01ffi45
0.012346
a.422222

0.210195

0.2610@
o.272391
0 .181818

0.2046@
a2ffio?3
0.6K57

0.037453
0.884e
0.041199
0.046154
0.008130

0.008197
0.008264
0.008333
0.009259
0.162621

0.037037

0.052000
0.007062

0.007092
0.m4155
0.m1387
o.wzn
0.004785
0.036313
0.041551
0.04a929
0.005025
0.005376
0.010417
0.011834
0.005650

0.005806
0.024155
0.004335
0.005805
0.007@2
0.007143
0.008130
0.015965
0.016949
0.01s24
0.024590
0.032520

ffi tùn r::o,,-bi srcd-o.Ér a UPC (CSC) Ú| Afria 1, AID



i low. regulating the functions of the gastric mucosa. and
neuropeptide inhibitor act ivi t ies. In the cuse of the
lamjl ies of peptide precursors with toxic. smooth-muscle
contraction inducing- chernoti tct ic. embrvotoxic, st imu-
lating the synthesis of, red blood cells. hemolytic-
anorect ic. opioid - lnta goni st ic- bindin g and transport in g
metals and metal ions. as well  as antibacterial and
antiviral activities. no sub-f'amilies were crested due to
their low number. The large"t flmilies wcre composed of
proteins - precursors of, antihy'pertensir.'e peptides and
dipeptid-vl aminopeptidase fV inhihitors. as well as those
activating ubiquitin-mediated proteolysis and opioid
ones wherg.rs the smallest one by proteins of
precursors of hemol,vtic und chemotactic peptides.
peptides binding and transporting metals and metal
ions, stimulaîing retl blood ceils synthesis, inducing
contractions of smooth muscles (Table 2).

Amongst representatives of the largest protein sub-
families proteins of wheat s- and p-gliadins. caseins, and
collagen. dominated. Proteins being a source of,peptides
with antihypertensive, antithrombotic, antiamnesic.
regulating the functions of the gastric mucosa. and
dipeptid,vl aminopeptidase tV inhibitor act ivi t ies were
characterized b'J the highest values of parameter A.
In some s.rses the value of discrirninant I was equ:rl to

zero (results not shown). It does not msan that',{-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 an'al-vzed
protein sequences from the BIOPEP database. iî was

found that the highest relative values of discriminant
,4 were characteristic of bovine collagen c-l(IIT) chain
and concerned antithrombotic. :rntiamnestic. and reg-
tulat ing the Íìnct ir ins of -gustr ic mucosa activi t ies. The
values were 0.274238. A.?72392. rt t6 9.172391. respec-
tivel-v. High lrequency occurrence of lragments with
antithrombotic. antiamnestjc. imd regulating the func-
tions of, gasti-ic mucosa activities f .^l) for bovine collagen
can suqgest that collagen- apart liom its basic funcrion
as a conne,ctjve tissue. r;an also be the precursor of
enciocenic bioactive peptides. Tlris is consistent with the
h.vpothesis proposed by Karel in et 41. (1998). arcording
to which al l  proteins present in irn organism t;rn pla;-
ihc role oi preptide rcservcs reeulat ing i ts lunctions.
The relatively high valucs of parmu-ter ^,1 were obtained
for antihypertensive activity of bovine p-casein (É-C)l)

genet ic  var iants  (A:0.22- t88 fbr  p-CN Al :  A l :  A l t
C: E und A:{).rî0(}9ó ibr É-C).f  B: F). Lrrw value of
discriminant .'l dissimilarity indicate that mutations
concerning changes in single amino acid residues sruse
onl;- smail changes in the occurrence frcqucnc.v o[
anti i rypertensive acrivi ty and potential Lriological
actirity of these proteins. The presence of É-CN-
originated peptides was also coniirmed experimentall-v
by Meise l  i1998) .

Tlte classif icut ion of fbod proteins into sub-fumil ies
with exposure of sub-families, the richest potential

Frvul Protein.s a.s Prerur.sor.r of Bioa<'tit'e Pentíde.s

fb-ffi túr r':r'.' k sanro. mr r tFC (CSIC) o ^ll 1, AX}8
92ft flA'GE PrÙc-cr. Al rirtt rEìú. faor b csrrrrc- u- orú:alaid dtHàÈL

precursors of bioactive pepti<Jes. is an e.xcellent source

of information for technologists. The proposed dir, ' isìon

cíÌn be a meJsure of protein seiection l lppl ied in

nutraceutical production ( i .e.,  physiological l-v act ive

functional food compounds food with specific

therapeutic propc-rt ies). In addit ir-rn- such a division

can be highly useful rvhile designing proteoi.v-sis pro-

cesses aimed at obtaining bioactive peptides from
prccursor protein. Our previous investigations (Dziuba

et al.. l999lt. 1999b.2002) demonstrated that the richer

the peptide profìle of protein in hio:rctive lragments. the

higher the likelihood of those frrgments released by'

proteolytic enz]'mes. Design of the proteolysis process of
proteins. the richest prec-ursors of bioactive peptides.

nill 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 rvith the ancient Chinese's

motto: 'Medicine and food are isosenic"'
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