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1 2007/006 WO TITLE 5 Method for producing peptide libraries and use
thereof FIELD OF THE INVENTION;10 The present invention relates to
the field of computational biochemistry and computer aided design of
bioactive peptides. It combines methods used in biological sequence
2007/g@@aNEPs, bioinformatics data mining, information representation and
classification algorithms using supervised learning. In addition it relates to
he design of peptide libraries and the use of bioactive peptides for
iomedical research. 15 BACKGROUND OF THE INVENTION A primary
goal of drug discovery today is to identify biologically active molecules that
MethdtPe pARREARicabalRinal It Magy ikagtall, biologically active
peptides (e.g. peptide hormones) have profound effects both in health
and disease, either by growth stimulating roles, growth inhibitory roles, or
the regulation of critical metabolic pathways. Peptide hormones are
FIEL@@QW]%EWH@OB in different cell types and organs like glands, 25
neurons, intestine, brain, etc. Peptide hormones are initially synthesized
as larger precursors, or prohormones, and may acquire a number of

The pRESHraNiaioN A anedifcal orR BiiBe JlanrpRItBIRALRTeUIRIR . &fpaRrd aided
desigh L SLaGHS  Lhey.ar g&%@ﬁsed agg Ha”SBrg"te@ trﬁéthe' 08l e analysis
IS T HAAES AL 08 NS IR L HR 458 ggé?é{ 5 HgyE eSS
bioinfeetiatis résjeoniindyrifindieiipto eptetestatarearat dptsilic@iPepldeithms using
superIREAYNSS AEE SR A SSERASKS L BaNY PHY SINQHOR) BFREERREMe use of

. Including re1gula_t|on of production; growth; water and salt metabolism;
bioactys Barlitse ebRrBIe XA HiBtR-Car, gastrointestinal, and respiratory

control; behavior; memory; and affective states. Peptide hormones play a
key role in physiological processes that are relevant to many areas 35 of
biomedical research such as diabetes (Insulin), blood pressure regulation

BAC%@W%PS%,TQ@M&E@WOpoietin-a), multiple sclerosis (Interferon-(3),

obesity (Leptin) and others. 2 Therefore, novel bioactive peptides have
A prir%g?ypgoc;glncgifaér@gbo‘?sgg\?grya%ggﬁrgqglf ié:ntify biologically active molecules that have
practical clinical utifity. Many, if not all, biologically active peptides {(e.g. peptide hormones})
have profound effects both in health and disease, either by growth stimulating roles, growth

TITL

inhibitory roles, or the regulation of critical metabolic pathways.

Peptide hormones are produced as precursors in different cell types and organs like glands,
neurons, intestine, brain, etc. Peptide hormones are initially synthesized as larger precursors,
or prohormones, and may acquire a number of post-transiational modifications during
transportation through the ER and Golgi stacks. They are processed and transported to their
final destination {o act as active substances {first messengers) to trigger a cellular response
by binding to a cell surface receptor.

Peptide hormones are the key messengers in many physiological processes including
regulation of production; growth; water and salt metabolism; temperature control;
cardiovascular, gastrointestinal, and respiratory control; behavior; memory; and affective
states.

Peptide hormones play a key role in physiological processes that are relevant to many areas
of biomedical research such as diabetes (Insulin), blood pressure regulation (Angiotensin),

anemia (Erythropoietin-a), multiple sclerosis (Interferon-8), obesity (Leptin) and others.
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polypeptides, targets for drug intervention, ligands to discover relevant
targets (eg. GPCR deorphaning) or hiomarkers to monitor diseases. 5
Peptide libraries have successfully been used to identify bioactive
peptides, including antimicrobial peptides, receptor agonists and

TheretgragormsicRgHYRIBTRIdRShaYFAte PetapiNs berutsm asrihsenmilitors
polypeide ksiEaissoara)l inRiRRRHARLAES iading tp Mk melrmileeREPCR

ide imotolgées of rec%ﬁtor binding sites. Peptide libraries can be

t -
deorpﬁgﬁ(wﬁf st %@iﬁ%@g Sfrdé??@ﬁel | gene- and synthetic based

libraries (Falciani et al., 2005). 10 In gene based libraries the

PeptidtIBRINAHIAPAREONF W BILINGLAND RRHRS RSN IUAREA ALidBB YA

level that encodes the sequence of the target polypeptide in order to

antimigtgaLieePifGersREeHPE BRI B @ YaRETR S I RpH RS Cel stfitafe receptors,
proteihilbiasies iacbieve treisdbstrsity al-dbie deliepbes gheptiieal [sydthe sisviMa@nmyoiecules
ide librari ff r i ial
and oSS SIS R A DA L oL
accorgiighiR HisiagECH Boas i ok enaseiahasatt BhriBmdtmeasy Bie2005).
In gerfRaiEERMYIORMIHEIRE: aoRIBMAaCIHE plewicHhGEanSHa cianaitRRYBePdRRIuCed at
most v le and acco large. number of different

the D!\év } ighe?rt.ﬁat.‘enco%g%?e sEduUefIce %%go{a%%? pg IW@;%%P%ns?rde to Infroduce

uctures. 0 give an example on how m ruciures can
diversiig dbtapmédstimiid@etirebeseciindiffereyntpaitdisr atascighicpe dbtbililesrsity at

the lel@l & HRPlidS CQAtAkIRg only 4 amino acids. There was a need to provide
an accurate and hi h-throu?gégﬁ)ut methad to significantly reduce the

Many DRt AR S BRSBTSt 6 i a6 W spiaaRgtonal approach fo

generproditsiag pdlgrgetidd prmumtstrotuates.and to distinguish between
peptides that have an activity in vivo and peptides that do not have an
activity in vivo. The object of the present invention solves the problem of

The digdyapiegR OF Relh RRRERRHIGE MR BRI R HOBRbE e E Sttty R GHITINg
amindoégatiiviopeptidehanmaeneribr aogsaigiogsaditbiataiomstlintesitedyaddount for
. \ v i identify bioactiv
= ver R e e S S R S B fpron

structhgmianeze pbiinesseaneisipiithe BUREhdTFetebhmeEmenafERGHER BRsaleEites for a

peptidBesiasfiyeshpratgnnieatises and short motifs present in peptide
hormone precursors. While these features are common to peptide

hormones and are responsible for their maturation, there is, surprisingly,
There3Basety hittlbtsayoedeasiatitariiesewveigh-peptideptb metingl et gniaathateduce

the pAHQHIG; Allvk & SAURDABRSERLPLRIDF RN SRIVRNAE ISuebalanedadge
BLAST, FASTA). However, , o
amounts of data and 1o distinguish between peptides that have an aclivity in vivo and

peptides that do not have an activity in vivo.

The object of the present invention soives the problem of the prior art. The present invention
relates to a method to construct novel bioactive peptide hormone libraries using a
bioinformatics strategy. A support vector machine (SVM) algorithm is used to identify
bicactive peptides. This method allows to discovering potentiai biocactive peptide hormones
in sifico searching the human proteome by taking advantage of the conserved proiein
features and short motifs present in peptide hormone precursors. While these features are
common to peptide hormones and are responsible for their maturation, there is, surprisingly,
very little sequence similarity between peptide hormone precursors that would allow a
database search on the protein sequence ievel alone (e.g. BLAST, FASTA}. Howsver,

combinations of co-occurring protein features and motifs for post-transiational modifications
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combinations of co-occurring protein features and motifs for
post-translational modifications 3 in peptide hormone precursors (e.g.
short protein sequence length of precursor, signal peptide, disulfide
bonds, amidation sites, sulfation sites, glycosylation sites, etc) can be

in peptigedondrovesUnevEl (SeptiflehorpteinsewueneeHrilySpeidfiepyssr, signal

peptice VAR b &MasT B dINdRNTAON et auhiestyRatier AidheiRIe 8B can be used

._invention yefers to.a method for idﬁ'& ifyingg _l()qiqactive peptides using a

to dis g AR BRI FEHBF RRRERINAT SV tS’BB &4 %Worithm in a
computer-based 10 system, wherein: a) a SVM algorithm is trained to
learn to distinguish between bioactive and non bioactive peptides, said
training comgisin%h}he steps of: 15 a,) generating vectors with 49

SUMMAREN fon sl REUERMEMYion resulting from the calculation of a molecular
descriptor value, for a set of labelled known bioactive and labelled known

non hioactive peptides, where the labels .indicate whether the peptide js
one Ry R e R e A AR AR,

peplidgenisinged Iinatepuppest trreisvNepRised Siifo benfd staardlyorirmesomputer-based
systegaloniating the optimal hyperplane that separates the vectors
corresponding to the bioactive peptides and the non bioactive peptides,

respectively; 25 b) protein sequences are provided from a publicly
ajavaliabiclgentam s dteineddtalbasetcyisticondanesireptboarit cralage

SRSt EHRFRJIEIBRE FARNGE PKiIdEsihelerRba Are predicted using

computational methods; a set of 7 molecular descriptors is calculated

based on said prediction step resulting in the generation of peptide 30
fragments) Heasetio§ 42 cnotesiited Tesosipansscetrasponshngtadhelting from the
O eSS U PLc I BSOS SR A Sl aR o

is calculated; 35 e) the calculated values from step c) are transformed Into

scaled valuddogetixReéndiakfied thguneradigrrbrsrRimidep wiirg the labels
49-dimensiancvestonfetieaahassit fageepstivandibasacstaissbioactive;

values from step d) are transformed into scaled values between 0
a,) transferring the vector data generated in step a.) to the SVM based
algorithm, said aigorith'm calculating the optimal hyperplane that
separates the vectors corresponding to the bioactive peptides and the non

bioactive peptides, respectively;
b} protein seguences are provided from a publicly available human protein database;

c) secondary structure and cleavage sites within a protein sequence provided in step b)
are predicted using computational methods; a set of 7 molecular descriptors is
calculated based on said prediction step resulting in the generation of peptide

fragments;

d} a set of 42 molecular descriptors corresponding to the physico-chemical properties of
the peptide fragments generated in step c) is calculated;

e} the calculated values from step ¢) are transformed into scaled values between 0 and

1 to generate dimensions 110 7 of a 49-dimension-vector for each peptide fragment



10

15

20

25

30

35

and 1 to generate dimensions 8 to 49 of said vector for each peptide

fragment; f) the vectors generated inthe step e) are presented to the

trained SVM algorithm from step a) to measure the distance of each

vector to the hyperplane calculated in step 5 a2); and g) each peptide
frageniet dsicliaisifiedisgstioatatap geptribansimbibiattiveahepudises between O

a%@fareﬂltwg*&mst@"&mﬁ@;mg%sw% 4p SARPR A0 A ggeﬁ@pﬁw@% meﬁtl

to 7 generated in step e) are the following: Dimension 1: N- terminal ProP

B séB? VSR ASRSH %%”Eéﬂ‘ﬁﬂﬁ%h?&ﬁt%ﬁs?@% iRdheiBAREABYMRlgRrthm from
fratpp entp Diresostoihe Histtenmiofad 4210k sitore; tBengpsipiate Calariaethin step
Hg} ,Lgr%:ore; Dimension 6: C-terminal Hamid score; Dimension 7:
C-terminal fragment; and dimensions 8 to 49 generated in step e) are the
following: Dimension 8: Percentage of 15 acidic amino acids (E, N, Q) per

g)DQJ&’@:@pﬂﬁﬁdm@rﬁéi@nsgclﬁ%m@@@lﬁﬁdméiﬁw{w@bﬂﬁgﬁ(b@ﬁtim@eqﬁdﬁde,
d . t| e; Dlmeansdon 10: Per entage of aromatic amino
adids @ ?/\%P er poypep?dse mensi% "11: Percentage of aliphatic
amino acids (G, V, A, 1) per polypeptide; Dimension 12: Percentage of

m%@é@@up@amu%@t%? msfmwrl&eB?)Z%@;@&efaid@@@ﬂf@Arﬁmem N-
aclds per mension erce e o0

ST TSILS) BoNIATAGE EP e BRI N B e el
fragimerisidimé6siPe e ditageiodiGlutdmioracidipengoly peptidenDahEnsionscore;

DikfenEI6FCE AR QR ENGNMIaIating BRHOMREPIEGe RIRENSIRIMLE: and
Percenta%éofGlycm er polyp Eomde Dimension 19: Percentar%e of

dimRARIRTS 968|9585E gd ES‘uﬁ@H& ﬂr%é“elﬂé,’@é(ﬁt%g‘@“&?&%%‘& @rﬁ@wage of
aqioly peptiderReENsion) Akr Ber;qmmm Dfrdamasadine pes2ageoty peptidety
%Fg&é‘%lﬁg claE M Sr f‘é&‘ﬁ&é‘%ﬂ%&ﬁ’& ?BI'QSchHE‘ég%%?B %%anc

centage of Arginine eptide; Dimension 24: Perce

a@@ﬁrﬁéiﬁér(i:pe{ y\ﬁ@mﬂwqbff?ﬁéh m@@@@&%éﬁtfg@%ﬁmﬁ@&w@ {c amino
a@@éy@pm& IDiaepsiae ki Poieentage ot P@&@ﬁf@@@l@ﬁh@@ﬂﬁwwigmepnde-

e t| |me S|on 7 P rcenta e of. V er po %%g
D%]F%B’ shdion 28@§’|—C’8Pca a &6 ryp op%oa%%dpse pol Im%lmsegﬁaon 14

Pgwep@@@nfdgwmamo%epg@ti@@l@m@pna@nd%é’ﬁsmtage Cl/Sisitsdne per

p&@?&ﬁ!ﬁemﬁ%ﬂ 38: E&%ﬁ%@%@éﬁ%ﬁﬁ%@%@% B&l&f@ Bfhension 17:
pgg%gepnde Dimension 32: Percentt%eof helical secon structure per

laSER BRRYREBINS B2 PRAVRGRIEE I AT %@coﬁ@ F‘;}%%%f[ﬁjécme per
opigpguilypepiidendmédsitercdht SeoreHetisinagtereatmand dél-Bimeimsibn 20:

ngggégag% S JUMGSIN B3y REAIGe B iFEUSHEe A PIEfeig M & paragine per
polypeptide; Dimension 22: Perceniage of Glutamine per polypeptide; Dimension 23
Percentage of Arginine per polypeptide; Dimension 24: Percentage of Serine per
polypeptide; Dimension 25: Percentage of Threonine per polypeptide; Dimension 26.
Percentage of non-canonical amino acid per polypeptide; Dimension 27: Percentage of
Valine per polypeptide; Dimension 28: Percentage of Tryptophane per polypeptide;
Dimension 29: Percentage of Tyrosine per polypeptide; Dimension 30: Cysteine conient;
Dimension 31, Percentage of coiled secondary structure per polypeptide; Dimension 32:
Percentage of helical secondary structure per polypeptide; Dimension 33: Percentage of
random secondary structure per polypeptide; Dimension 34: Score for structure around
N-terminal cleavage site; Dimension 35: Score for structure around C-terminal cleavage
site; Dimension 36: Number of helical blocks per polypeptide; Dimension 37. Isoelectric
point of polypeptide; Dimension 38: Average molecular weight of polypeptide; Dimension

39: Sum of Van-der-Waals forces of each amino acid within polypeptide; Dimension 40:
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35 site; Dimension 36: Number of helical blocks per polypeptide;

Dimension 37: Isoelectric point of po%ypeptlde Dimension 38: Average

molecular weight of polypeptide; Dimension 39: Sum of Van-der-Waals

forces of each amino acid within polypeptide; Dimension 40: 5 Sum of
Sumydropfivbitithicéiiues afsesfchaamandracatid/ithinip pbipexiidie; Dimemsond 1 - 48;
Mé&n'\fa%e%}" Y&&?&a%%'&%ﬁ&?rﬂm&(ﬁ%% 86@&'%&%8%?&% S’Fc?%uoblc

Vectors o phObIC steric, and electronic properties per poy

St@’fﬁqé%@mtg@m@ﬁmﬁ%r%wémwmﬁ DpreRsRAS: pebRRpice.

method of the present invention, protein sequences from step b) are onIy

tur urnn protein s S found |n the human secretom
& A A b RS BerHARG A bRHle Bas g fom
step bicafm@ﬁé@dmieéﬂomm:p@eﬁatgmmmmfmmmhwmemme
of the present invention refers to a bioactive peptide selected from the

uman secretome by using the method of the present invention, In a
I an R RSt LR E PR RGE HRAGALE Ep T ones certed
from prexmcoe himmaomexe 15 preferred embodiment, the bioactive peptide
hormone derives from a precursor protein. In another preferred
embodiment, the bioactive peptide has a sequence selected from the

A”O"fé“"r’o%}t?@&ﬁ@@ffﬁ@ FESPERARD 'Q&?d“é‘é’&] (RIRSY 6F Beadtits Rrptde selegted from
the hdmen 6e8iorh®,.bllusihg, thd nlethds ol eldhat8nfldyv@tiahl, 22, 23, 24, 25,

26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 20 36, 37, 38. 39, 40, 41, 42, 43, 44,

45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
In a peefepsdasniBingNEdhe biceetive peglidaisas bipgclive peptide Bonganegsn a more

prefef@d R8N &he Bodtiivddeplid@holRoRd BavES13h 8Pr&Urdéi0rdlila.
102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,

116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
In andiBer paEerra? erBRALBAN 8%; BRECUBYPABRICIZS: 440004125 ktPed #BmM the

grouplé&asiéﬁrglcﬁﬁihé%n%é%cﬂd"@eql%%éé%f éﬁé ﬂé%ﬁd&% b5 1¢5§ é57 '8, 9,10, 11,
159, 160, 161, 162, 1 7,168, 169, 1

12, 1§7124 1318747 15, 13?78613'47 2%7%3’1% 21'?88%%1 B9 88, %43?1833? 34, 35,
36, 37rhm|mzzemmonpemam Adrtisr 46 24 Peplics |iBraryicom Eising B SaiET, 58, 59,

60, 6 %ﬁf'ﬁ %ﬁ%@%‘%‘i“?ﬂ“% of fhespepsent ‘F‘é’%'% 32 83,

erred embodiment tide Ilbraré comprises bloactlv%ﬁn?p es
B4, Sheifing  So GeAReS RRAEA PP OGr Sl BoRUSthRy S0 nd Gamiie o1, 105.
1086, sequerEesof SEQIB NOS 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123,
124,125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138. 139, 140, 141,
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159,
160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177,
178, 179, 180, 181, 182, 183, 184, 185.

The invention pertains further o a peptide library comprising bioactive peptides identified
through the method of the present invention.

In a preferred embodiment, the peptide library comprises bioactive peptides having a
sequence selected from the group consisting of the amino acid segquences of SEQ 1D NOS
1-185 cited above.

In a more preferred embodiment, the peptide library comprises bioactive peptide hormones.
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wherq(

1-185 cited above. 35 In a more preferred embodiment, the peptide library
comprises bioactive peptide hormon%s. 6 In another more preferred
embodiment, the peptide library comprises bioactive peptide hormones
derived from precursor proteins. Another subject-matter of the present

In andtheentior retdesréa ambotutatiothel pevtide ariligaoethriesisl entiytibeopetiied:
horm ti&igﬁcvgg H&ip r%é?j Ay SRRt vector machine (SVM) based method,
@%v%w in: a) SgVM a'[%gmj:J i

erein: a) a ithm Is trained to learn to distinguish between

Anothsioadtivet-aretaop! BRBRRNBNANER) LRI HiINgEBHpIRIAL PEcsepafigured
to ideBfinl Bida-ORNEEBINGS BCIRIAIALBIAS-KDSRSIDNS:teRaT R EiRENSIoNTy 8suliNgiethod,

fqum the calculation of a molecular descriptor value, for a set of labelled
Rown bioactive and labelled known non bioactive peptides, where the
labels indicate whether the peptide is, respectively, bioactive or non

aPiganives dor o tansiering ithevecialidatasaeneiriad i stePtahtoihie

SVM based algorithm, said algorithm calculating the optimal hyperplane
PEIPAGE BB SRLHBANH BLDBHANG RS PEMGLctive peptides and

the non bioactive peptides, respectively; 20 b) protein sequences are

provided_from.a bubhlicly.ayailable BYmAR LRGN daiaRRsEHG) SS5NEA  om the

structure angbcleav_age sites within a protein sequence provided in steE b)
are predicteBARIIRY VbR FUTRIBRAPRRAFSHEC 8 Ga1% T MRl I@Pelied known
descriptors isiceaiwelatedihesrd aAsaicthpresicivsismiasy|tiig:ta the labels

generation of peptide 25 fragments; d).a set of 42 mo lar npters. . ..
correspondihngﬁEJE ipogt[%gv %%%5@%—%%3@%%)“%rf)epgref\%g{% ’tﬁégp%\pf)%?g%og 8;§act|ve,
fragments generated in step c) is calculated; 30 e) the calculated values

from ste%q_) @éﬁsﬁf@rﬂﬁ%ﬁﬁ@?&é?{&@i’g&g}@dﬁ@&eé #a%gf%m@&mg@ 9 based
generate iImensjons 1to 7.0 -dl nsion-vector for eac eptige

e omant AT I A £ T SR E RS o Sruma BP et

scaled valuesshettesthe vand's wyeseratingitnéhsibing@ive pepsfieaiand the non

vector for eagh peplide fragment3af)dhe vectors generated in the step

e) are presented to the trained SVM algorithm from

b) protein sequences are provided from a publicly available human protein database;

¢) secondary structure and cleavage sites within a protein sequence provided in step b)
are predicted using computational methods; a set of 7 molecular descriptors is
caiculated based on said prediction step resulting in the generation of peptide

fragments;

d) a set of 42 molecular descriptors corresponding to the physico-chemical properties of

the peptide fragments generated in siep ¢) is caiculated;

e) the calculated values from step c) are transformed into scaled values between 0 and
1 to generate dimensions 1 1o 7 of a 49-dimension-vector for each peptide fragment
and the calculated values from step d) are transformed into scaled values between 0

and 1 to generate dimensions 8 to 49 of said vector for each peptide fragment;

fy the vectors generated in the step e) are presented to the trained SVM algorithm from
step a) to measure the distance of each vector to the hyperplane calculated in step

ap). and
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step a) to measure the distance of each vector to the hyperplane
calculated in step a2); and 7 g) each peptide fragment is classified as
bioactive peptide or non bioactive peptide, according to the distance
measured in step f). The invention pertains further to the use of the
method of the present invention for the 5 identification of therapeutic

g)PyPeBLLES: ?@é%ﬁ%f% drag ieYeRlRRIgMRATI0 JISERVELIAIGY Yabtide,
targets or biomarkers to monitor diseases. The invention pertains further
toagfé’{?é%gdf’twg HEARRE BFARY GHESBREENt invention in a screening

The iwﬁ@cbetminmmgatmimeamlufaheigmﬂmgqsaihwm&rﬁmraaten for the
identifiSB45N R er%BéHﬁﬁ‘Bél}{&%&%%_ ,r%?ggﬂé‘%%Rx@?ﬁ@‘?@ﬁt?&ﬂﬁ%%é‘?vﬁlscover
p armaceutica

forms of therapies and to identify y active compounds,
relevagnl iRreets CHRIMAEATR HBIPNIGASES S Miscover relevant targets or
biomarkers to monitor diseases. The invention is also directed to a

.pharmaceutical composition comprising a bioactive 15 peptide having a .

e (SRR AR IS S it i R e adn =

screepiSEEPIDAENUS iMagsdatelbeasilielageanaieg AUl SESCRERT reagais to

furthef e UNM&H%@N; 8@%!;&!9{&&&8%%@%%%9%%@@Hé’r_é?';%g'é?s'@?&ﬁlﬂ’&nﬁfy

olype tgles and to anin %ltlco method  to |dent|I;¥ such bioactive

phar T et YR e IRIGRol SBRITBERRIASE GRS TR diseover

relevdpibbastiets ibitthes akarstéractiotonitheasamn effect on any cell tissue in the
human body. Bioactive peptides have the potential to be 25 used as
therapeutic polypeptides, targets for drug intervention, ligands to discover

The insrajian RGeS (B PTRRIEERAREHIG] SR BRABEACTS PRI Pioactive

peptididenses aBieantive pepiites frinel ttkeg ame bgreibemg, diibaciivenpepittiesquences

of SE@(@%@%%E%B“ ebteb%r&?@%a Aare characterized by their high specificity

as well as their etfectiveness’in very low concentrations. Peptide
hormones are initially synthesized as larger precursors, or prohormones.
30 A precursor is a substance from which another usually more active or

DET /m_aatbr%;%%ﬂﬁg?@ﬁ égrwggii@\%rﬁﬁghprecursor is an inactive_protein (or
peptide) that can be turnedin active form by post-translational
modification. Several cleavage sites are involved in the

The present invention is directed to novel bioactive polypeptides and to an in sifico method

to identify such bioactive polypeptides.

In the present invention, a polypeptide is considered as bicactive if it has an interaction with

or an effect on any cell tissue in the human body. Bicactive peptides have the potential to be

used as therapeutic polypeptides, targets for drug intervention, ligands to discover relevant
targets (eg.GPCR deorphaning) or biomarkers to monitor diseases. Bioactive peptides

include, among others, bioactive peptide hormones. Peptide hormones are characterized by
their high specificity as well as their effectiveness in very iow concentrations. Peptide

hormones are initialty synthesized as larger precursors, or prohormones,

A precursor is a substance from which another usually more active or mature substance is
formed. A protein precursor is an inactive protein (or peptide) that can be turned into an
active form by post-translational modification. Several cleavage sites are involved in the
modification of the precursor o produce the mature protein: signal sequence cleavage sites,
protease cleavage sites, amidation sites, efc.
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modification of the precursor to produce the mature protein: signal

sequence cleavage sites, 35 proteagg cleavage sites, amidation sites,

etc. 8 The name of the precursor for a protein is often prefixed by pro or

pre. Precursors are often used by an organism when the subsequent
The nprteshtisepotentisdlydraxpioteibus néed prefiied aygilabbe wa. Stredunstiseare often
used BPAPEIA0E GANHIESuR LGRS PPY PORIHRIY RERIKE b8 Aeads to be

protein” are used interchangeably herein to refer to "a polymer consisting
aVa"agfea‘i’ﬁ‘iﬁB%I&PVé@lBWQWlWéE@%)ﬂE%%iti‘@ﬁt bonds. These terms include
parts or fragments of full length proteins, such as, for example peptides,

The tququOpec? tlde HigD nd. s "peﬁté%r’ Bﬁg U pSFoF T SR R efa% %?%%gx to refer to
amin mofe particularly peptide sequences COI‘]SI Ing

a polyaﬁﬁrr@pa@mgl@‘ FHVHCTRI e r@ﬁ@sméwﬁgdrwlméwmsﬁ hesgifieiens include

parts am}a@rﬁ@&%omlu@mrammgr@cigﬁcwvéﬂctbhé%k{ﬁ@%@@ﬁ&é@@ﬁ&é@ﬁﬂhés and
modified, for example by hem |catlon ln luding but
shortg R R S S B b L BB e e e e

sequasyiph atiosisar A<t hamefbestively alter the basic peptide backbone
In adGSO B keRm B HXRERIICS MBYs RS HRHKRd LA A DAINrHRAY DRPo acids

protein, and in particular may be 15 derived from a full-length protein by

Wh‘C%'P%\fﬁuéa?BPBthVﬁﬁiﬁé'el@&Vé@%d’ﬂ@ﬁHé%%tﬁ’éﬂ?é‘ﬁéﬁ}bﬁh&?*@hwd&ca‘m
includgimgteatsest semhcrasdttymﬂ\denmygumypismorammgﬁcmmm Adtetplativelynd/or

sulphéﬂ&b rgéjclygﬁ(? Hgaqse Egyj%g%%%%'%(ﬁlesygé &jﬁl‘% u&&gr}yﬁgiytﬁm

nown peptide synt etlc amino acid is any molecu
polypeshifgiAwpoth (a1 HAD CarBbyilv-aery e Revain gRodps PARFHERERY be

denvé@sidueaiwuh@dgﬁnI@fb@fraﬂyammmdr@m@gramt@@wag@‘ WEitey fRa8ents such as

st (an H+ fro the.nitrogenous side and an .
CNB%&F &q SRR B T alish &&%BS'Pde%Orﬁ%FP%%rﬁé?‘rh%& PRy suen
polyp&m&m@ah@@ﬁﬂﬁmédm pheriTabRYNaspresdin walik @B meshids sweithetic
meth&@s its own unique amino acid sequence that is known as its primary
structure. Primary structure is fairly straightforward and refers to the
number and sequence of amino acids in the protein or polypeptide chain.
An ariiine eovikeatpepticzilsdhdtisttiiaios iydyerohebamttaghioadiveddfthigional
arourVEHPLIRTLSINEW Gind1R RACENCSANBEINE GROSIMALIGIN A1l nas
dictated by genetic information in DNA, which is transcribed into RNA,
been jastdRisfdipm the nitrogenous side and an OH- from the carboxylic side) in the
formation of a peptide bond, the chemical bond that links the amino acid monomers in a

protein chain.

Each protein has its own unigue amino acid sequence that is known as its primary structure.
Primary structure is fairly straightforward and refers to the number and sequence of amino
acids in the protein or polypeptide chain. The covalent peptide bond is the only type of
bonding involved at this level of proiein structure. The sequence of amino acids in a protein
is dictated by genetic information in DNA, which is franscribed into RNA, which is then
translated into protein. So protein structure is genetically determined.

The next ievel of protein structure generally refers to the amount of structural regularity or
shape that the polypeptide chain adopts. A natural polypeptide chain will spontaneously fold
into a regular and defined shape. Two main types of secondary structure have been found in
proteins namely a-helix, and b-pleaied sheet.

The tertiary structure of a polypeptide chain is the next level of conformation or shape

adopted by the alpha-helices or beta-pleated sheets of the chain. Most proteins tend to fold
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translated into protein. So protein structure is genetically determined. The
next level of protein structure generajly refers to the amount of structural
regularity or shape that the polypeptide chain adopts. A natural
polypeptide chain will spontaneously fold into a regular and defined

into sishisgeethbnaranavs tiyp eaofifteCandatyusiructanahpyedeemtbsmdanpddicularly

o SBRUETEN ek 0 REAET ok L LM v

;

! | 1S the | ape adopte

term qfienaliske BelRFBaIBr WA FHERIR® SHEBRD }FHHRI P AP VIBEE rStEIRITENd

polypéptfeldPainto shapes that are broadly classified as globular in
arrangement,.and some, particularly structyral proteins form long fibres.

he R e T L R R LB R oten usea i
domain, which refers to a compact unit of globular structure in a

Also iROLREPHARIS R R J6r viqigishare ] embRrpiaIn detshimiBerliSsequence

~ function in the body. Also included within the scope of the definition of a,
varianis, | RSSHEY R0 HiIAB S NSE REH EEPR L ARRTE AN E e SRR BT HRG ik tions.
deletionsnorénpeefierably ecraseritivesarmg@acid sukistiggtionss delgticoscdrlter at

least BIREELQBS:AN db%‘%g%%%%ﬁiﬂ%%?%ﬁ@ﬁ%%ﬁd@in‘%@ HOREA RHivity.
at 10| e ess f

east on ntial property of said polypeptide, such as, for ‘

Such @?ﬁ’rﬁ%?ﬁ% ﬁ@l’ﬁcﬁ”gﬁﬁﬁd @U@Pﬁﬁbﬁ%@ﬁ Y@@@*iﬁ%}?%‘“@ﬁﬁh@@&%@ve
amincheinagvelypapLte syMesis. i ansenv@ires@mine, acid substisiiand acid
resia € Walkpown in the art £ Qrioe%tﬁ“%’ Ce PG D5 AP G q'Qr‘? QU TeSINRS e of

of a native prgteln can be suBs% tte conservahveYy With an amino acid
similefeshigtgeodizamilapenargailisine srspoiagomentise retiining fporisastigeility as
descﬁﬁégi'ﬁ@@;if”@ﬁ@@%r?ﬁ%ﬁ%@%aﬁﬁ Mrﬂ@é}%@iwewm_fﬂr making such

substjtutions are well known. Mare specifically, conservative aming, aci
More SRR S B T RGP AL ATe T ArReF s Place
withiragiisrihat’armirslaeds thitieiresidiichdmihcG emtichllinencoded amino
Gene%EQ@—%Fﬁ:&fél?éﬂ”bﬁ@%’éﬁﬁda@BéR@F&WHBé@%%%F@%@E&%@ acidic=aspartate,

glutamate; (2) basic=lysine, arginine, and histidine; (13) non-polar=alanine,
Q’U*a%ﬁé?lla?ﬁf%ﬁ'yf@”%o%ﬂjﬁiﬁ%,%}%ﬁ}%i%r@aﬁ&ﬂrﬁ AR Y a4y teucine,
isoleltyppipphiding apltk (4 alantrargetimiarsglyidihg pagparaging (glutamine,

e e A SRR e Lo RE, S ARE Al yrosine.
Phen ?é*lf@p|yé@$ﬁ@1@§WWm¥Pahmﬁiéiﬂaa@m8mﬁiga@ﬁe&k,awesz@tﬁpﬁévmamds
One SubshitUiipmaiteuaingtfon seleueting ar yalitesarh akeroativabybithene substitution
of §au‘¢(’:tljnte)aspc§|u lté% eggiﬁg%arr\t/% l%éoarr léﬁ%%mgg\a/ely, the substitution of aspartate for glutamate
or threonin for serine, ar of any other amino acid residue with a structurally-related amino
acid residue will generally have an insignificant effect on the function of the resuiting

polypeptide.

Inciuded in the scope of the definition of the term "polypeptide” is a peptide whose biclogical
activity is predictable as a result of its amino acid sequence corresponding to a functional
domain. Also encompassed by the term "polypeptide” is a peptide whose biological activity

could not have been predicted by the analysis of its amino acid sequence.

In the present invention, a support vector machine algorithm (SVM) is used to distinguish

between polypeptides that have an activity in vivo and polypeptides that do not have an
activity in vivo,
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25 or threonin for serine, or of any other amino acid residue with a

structurally-related amino acid residye will generally have an insignificant

effect on the function of the resulting polypeptide. Included in the scope of

the definition of the term "polypeptide"” is a peptide whose biological 30
SuppeatViytis pledidiab(S¥rp result of its amino acid sequence corresponding

to a functional domain. Also encompassed by the term "polypeptide” is a

peptide whose biological activity could not have been predicted by the
A Supprglysister ieeinndadid) Seeuahessahierenie serriinedhabriua g Birning
phase\,/%rléﬁ@wa@@;_d m@e@\liﬁ@rdtmﬁé%é/_w)*i@p@% F@%ﬁﬂ@lgmaagg%ﬁnpﬁmd is

0 tides that have an activity in vivo and polypeptides that do not

coterRg Bk 2xth Al PO 20U TTEHS0 A5 MEUHING RERHIIOR & 55upes and by
a set Mertoedacting (BliMiers albaidecsadidarpinglanadbiniedtichgrddcerigea by a kernel
functidi@ining phase, determines a decision surface or "hyperplane”. The

decision hyperplane is 5 determined by a set of support vectors selected

from a training population of vectors and by a set of corresponding
The nmathtpleisal DaeiseCsBYMypexplamedsratse bhakdstensadshyveskeayiel & Nello

- funeti themati [ i ' ' !
crist D b e o PR EERE o ot
kemnebbapeEisailaing SPRRE \Rtddr RIbeRiFie LU BHtdI i FritaNsadad fddiniag Lin
entitdetmgsiand insarardcBubydrhiddungcpihagy 2owh Chih-Jen Lin

entitled "LIBSVM - A Library for Support Vector Machines", 2001.

Subsequent to the training phase, a SVM operates in a testing phase
Subsefunig witientieigingetials ok spereissvecdtestng phedadigioptiveich it is used
to cla8EE/SIN BRSNS PIMRUSIYHARIBEMEICH N SN NS 4UANEg dN8SRined during

Noble, 2006@ part Vector Machines find application in many and
the tré/&ﬁ@o@ﬁ@&?sg %)@;\Qﬂg?e in a paper by H. Kim and H. Park entitled

"Prediction of protein relative solvent accessibility with 20 support vector

SUppH?@%E?&S:\%WRé@fWQSr;L iaﬁﬁiﬁﬂ’]égz%?@l JERCIIRiYs: PYMRABie, in a paper
applied to the problem of predicting high resolution 3D structure in order

by H.( 18 HePIOERTIE B RERHBURTDR GRS FRK B8k ATk FAGRRRI Y Wi
supp@nﬂpaaﬁr\metmﬁrmaénhﬂbaggﬁrﬂ@énr@MMbis mg&t@oaﬁsﬁma%hs?ﬁls are applied
to theg?‘irtér’]%c‘f?erﬁa@Peéé%&BHQE?ﬂiglna%e'%%}é SN AR AT RONRSPELSS g of
macro-molecules.

In the present invention, a support vector machine algorithm (SVM) is used to distinguish

between polypeptides that have an aclivily in vivo and polypeptides that do not have an
activity in vivo.

From a practical point of view, a SVM is implemented by means of a computational device
such as a personal computer in the present invention.

The computational device includes one or more processors that execute a succession of
different softwares, as described in the exemplification section (1.1.}, containing instructions

for implementing a method according to the present invention.

Training of SVM and modei generation:
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activity in vivo. From a practical point of view, a SVM is implemented by
means of a computational device such as a personal computer in the
present invention. 30 The computational device includes one or more
processors that execute a succession of different softwares, as described
In ordér&berexem@m&aﬁo@e,omfbgé Lidh e%mwwﬁgdﬂgtw&ﬁcg&é@m usin% the
' ent met accordin the present jnventign. Train .
progrgu{v/o ’Pn d%g ggeiﬁne%% onp%gq%tt trllogr eCrt't%ntMln e %Wm%ﬁ'g shownin
Fig 1-vectors Wlth 49 dimensions were generated using the program routine
described in the experimentation section (1.1.) and schematically shown
5 For the SVM tramlﬂﬁg set, information on known bioactive

For t*ﬁeﬁygbgaé%ﬂ%%e&iﬂfg%‘% R9 P BRRCHVEIRBRECRSHER R Geioted from any

publidatalimse rsutimas @siisspiadtafrcfecaldy Bioastivat. fepfictebiwhitbaatiengtiptides
with ab%%ﬂ?ﬂe%%q 32 ATURCLARLS MBS XU @%?%ﬂé%rﬂgé%efﬁg é’&ﬁ?sror according to

accord Ing to their annotation in SWISSpI’Ot an SI ive

their ananiadiei NSYUTOR R EMIA (PO e 3S\POP Vg SHRMPIRH Sk FHr Agin st the SVM

algorigenesditethavithhgrengiybeireandtda rmite aitlsdronsthendidsas from the
own rmone precurso at have no assigned functlon wer
s e BT S SRR R K =

nega%‘j&fé?‘ﬁ‘,”ﬁﬁéé@ﬁ%’ §é@ﬁ@@'%r@ﬁﬁb@a@d%@iﬂbmﬂmm@@abmwgi%

wers sl @@S%G%wéﬁgye possibiand me@ggwe peptides with a

. etween an amin acl were u to train se
ST P R A L AR B e I A T B UER 6 A eibg i
acidsryegrativreetatrgies st fid av@eMatziding lsetsefq‘rcd,ymt(desaam not to over-

repre@@iﬁ%@@ﬁv@@%(ﬁéf&o%@m SOIADFRFRESINEY WRIR 2ARSIRAI0 80ds) and

%ual number o @%osmve and negative training data by randomly selecting
long of FRAGHVEY #6FR aﬂm@satwearb%%éwwref positive and
negatirenisédrimgtbetinfgrraatiomihiskelectim ttre biaetiverdred slorebitiaetivem all negative

peph@gsotldes a set of 49 descriptors was defined and used for training of a
SVM. The performance of a SVM model strongly depends on the quality

of the chosen descriptors used to describe the peptides. In the present
To tranuRticmethecfinsitibdestiiptonsietesidhe lkelihendrbatnelypsriiste dsbeof 49

desc:xgp%g%J (\}vea% Bgfttrpe?dh?u %ge%oi%}[ ’t;‘-erapn?gge o7f g IMSLP%S g%er:{oeﬁ%g!\%uel%tfedé\yl\/l model
strongly depends on the quality of the chosen descriptors used {o describe the peptides.

In the present invention, the first 7 descriptors reflect the likelihood of a polypeptide to be
produced by the human body. These 7 dimensions were calculated by employing a set of
protease prediction site {ools to the peptide hormone precursor sequence {Fig1). The
resulting scores of each program output were directly used as descriptors. The remaining 42
dimensions reflect important physico-chemical properties of each generated fragment (i.e. a
bicactive or a non bicactive peptide). The 49 descriptors used in the present invention are
listed in the point 3 of the exemplification section.

To each peptide corresponds a unique combination of 49 descriptors. The different peptides
can be represented as points in a muitidimensional space where each dimension
corresponds to one of the descriptors. The SVM seeks to find a boundary that best
separates the two sets of poinis corresponding to the bioactive and the non bioactive
peptides. This boundary is called the optimal hyperplane that best separates the two classes
of objects in an n-dimensional space, namely the vectors corresponding to the bicactive
peptides and the non bioactive peptides, respectively.
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25 protease prediction site tools to the peptide hormone precursor
sequence (Figl). The resulting scorra of each program output were
directly used as descriptors. The remaining 42 dimensions reflect
important physico-chemical properties of each generated fragment (i.e. a
bioactive or a non bioactive peptide). The 49 descriptors used in the

e R B A A SR pces
The bERahifferentipsstidedicodirbih edppbeshrsd asnsoicrLasecnonltivirant@igridlan

indep8RAER: WAL R G IINRN SIS RBRANIS P RRE. afdResHgrchipiae, Hhe
SVM seeks to find a boundary that best separates the two sets of point

pomnts .

PerforRAREG I RIAG S R TR & an PRI BiG-RR/BOS5 PRHIESr §pRY peptides
(4-55 lzoind ajds) eaitcidriber pplimebingeeffitadtd thale stise paratesHbwehymspectively.

classes of objects in an n-dimensional space, namely the vectors

corresponding to the bioactive peptides and the non bioactive peptides,
Identifissiappiigagiverpentisiesiting SVM models learn to distinguish between

bioactive and non bioactive peptides. The best model is chosen which

as the highest performa sed, an the ranki n_independent test . .

Ao T e R et rs o R whin
no bigretfuiitnbert eeshathgeartearad models was tested and the two best models

for short peptides (4-55 amino acids) and longer polypeptides (56-300

amino acids) were chosep, respectively. Identification of bioactive ,
A ScH R T (RMIR o PEETTLg A BLPS AN T EE O il xein the
stepsideniifgdivactitidpidptdegdoeralinohAabidactivity Inactdieerquence provided from
a pudiRRraciRLzeh Srschamaticavasviewsotihememog disclosed ik hes 1 an

invention is given in Fig.1 to explain the steps involved in peptide library
poteniahricifaRe Al ipat VAR TEr SbetiRaGSsitRaP iR R cdis HNsshIRIgNtS:
The ravpdletdle tivavagsateosiatabase ssuel as awispprotyrssusathidncstan Addition,

the s@é'o%%fr?@?r'u%}g%s&e‘q%@é’@%? ﬁi&‘?&n%F? BJ&%iﬁtE%HE@Q&r% e%%‘?%%%S on the

,pre ict these e_vents. ) e respectlve Cleavage ite pos[tlon are savea 1or
predigigetrisrEgrs sl aeyiiBRCE | AraEIiRRIrE caHarsse GHRaP iRl e R HeRiced
genefafcth RPLTE NGOt WaTHESPpEERUenEes Based on the predicted

leavage sites within the precursor sequence, all potentjal fragments are
S O B e
(list e ichid widtierexsphiitabarhegniical propertes) oheamtatssptid éfr agritenacid

frequency within each fragment, the secondary structure of each fragment, the isoeleciric

point of each fragment, average molecular mass of each fragment, hydrophobicity of each
fragment, the sum of all van-der-Waals forces for each amino acid within the fragment, the
sum of all commonly used amino acid descriptors (i.e. VHSE vaiue for each amino acid
based on Mei et al., 2005) for each amino acid within the fragment and the fragment length
are taken into account to transform the biclogical information into numerical values.
Calculated values from step 1 and 3 are transformed in steps 4a and 4b {o give scaled
values between 0 and 1, respectively, to generate a 49 dimensional vector for each fragment.
In step 5 the vectors are presented to the trained SVM model to measure the distance of

each vector to the hyperpiane. The SVM output is then used in step 6 {0 decide whether the

_ peptide is likely to be bicactive or not. 49-dimensional vectors correspending to the bioactive

peplides identified through the method of the present invention are listed in figure 3.

In order to significantly reduce the potential number of structures in a peptide library, in the

present invention only naturally occurring protein sequences found in the human secretome
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(list in point 3 of the exemplification section). In general, information on the

amino acid frequency within each fragment, the secondary structure of

each fragment, the isoelectric point of each fragment, average molecular

mass of each fragment, hydrophobicity of each 25 fragment, the sum of all
were MBSddRI pfiaals fateasrigrieaeh iy patichwithiridbeTiaginent Haerdumedt the

all commonly used amino agid descriptors (i.e. VHSE value for eac
o S e A P RS T R R e v
secrefpgdidg &8l the fragment length are taken into account to transform the
PoterliflpgicabiatormatianiBiaumkicakyaliesy {sairatales @RHBOMoSHAR novel

.1 and 3 are transformed in_steps 4a and 4b to give scaled 30 values .
bioaclys DERIFEANE T SRIGSEREVET ‘[‘S&e éP&i@‘éﬁl{%@bﬁrﬁ%%‘é?&ﬁﬁl%%‘?&??&r"Sted n
point édchf firegeemplificastep etiiervectors are presented to the trained SVM

Distin\g{ ?t!s@f%%%@@eﬁiﬁéﬁ%g Qtf s@é\%ﬁb)ﬁ(‘}ﬁ%‘éﬁ%ﬁ%,%@ﬂl?%ﬁgﬁs, were

M output is then'used In step 6 to decide whether the peptide is likely

used g5 FRMlEARTIR 451OHEE 29/eRieRSTSRARPEERT s TEGTREFHIBRARY o WRe restricted to

4-45 bieiactasdprplitiesddenpietidiy eugintivemethechobikgriresent invention
are listed in figure 3. 35 In order to significantly reduce the potential
number of structures in a peptide library, in the present invention only

Subseaanily Beddanificstiseipl seyeihieacticuprtirasdoneir e aretoproite

preseNEFf4IRRoh AsBRNBRTYIStELCHIE S RO AR D ePLide diorsrgstiieon i ad er
t.(?ecnleﬁome is the wholei iqformatiolgn?g_‘ded in tth.DNA that corresponds
P PSS AR S OIS HR A BF e S e BiPtrE Y BBt Secreted
human proteins which were used as precursor sequences to find novel 5

The RIRRGH S, BERIFRHMES R BILEAGIah oML N6 BHPUSH AR BIE RO SRE des

) databases listed in point 1.1.0f the exemplification_section. Distinct parts
dentipe B TBHANRP soHtlcHRES SISBERIS PRASIAROT®. [HtoRmiItEckt saruiences of

the 18febacted ;aast@emlamsiﬂecdmmwanehéﬁb@cd:ﬁ»ﬂmp@eim..iﬁmepﬁde
comdRAHIWRS SeStrEtRstLR, 6#}5@35?89&?%19&1@&?%%@8 ReRjldeS

amenable to chemical sSynthesis. 10 Subsequent to the identification of
novel bioactive peptides through the method of the present invention,

A pe@iidnigeobial assaysdesmpediasonatie fespioebicaatydytabine lasigide library
cond S U D I S 108 AR o s
Usuagprhpriiisgibisaetivespaplicrsized on solid phase, mostly on resin, which can be
made as flat surface or beads. A peptide library provides a powerful ool for drug design,
protein-protein interactions, and other biochemical as well as pharmaceutical applications.
The peptide library of the present invention can be used in a screening approach to
interrogate intracellular signalling pathways, ic create reagents to further the understanding
of a pathway, to create novel forms of therapies and to identify pharmaceutically active

compounds, targets for drug intervention, ligands to discover relevant targets or biomarkers
to monitor diseases.

The polypeptides of the present invention have hormonal activity. Therefore, the
polypeptides of the invention are useful as drugs, for exampie therapeutic polypeptides,
tigands to discover relevant targets {e.g. GPCRSs), targets for drug intervention {e.g. targets
for monoclonal antibodies, receptor fragments), biomarkers to monitor diseases (in
combination with tool antibodies to detect peptide fragments in body fluids), protein kinase

inhibitors and substrates, T-cell epitopes, peptide mimotopes of receptor binding sites, eic.
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identified through the SVM model method described above. The amino

acid sequences of the 185 bioactivelﬁ)eptides identified through the

method of the present invention and” comprised in the peptide library of

the present invention are listed in figure 2. 20 A peptide library is a newly
The Dieveleppshieehniops e poteizuelated B thueAtidapiide §brarYocexiaipe: tas
agen@ BRI Aumber of peptides that,have & systematic sombination,QLAMING, e

93 s eL%ua?lly, p(—:‘D iéeﬁ raties are syn{ esized on so?lde)%ase, maostly on

produginiuiigiers chabiste smariérigsfigr snddbe bichsatsopeFastritondnanyitors, tumour
growtRTOMiERS& Rewarkitag) &e drugndasien, tRECHRIAPEPIBI HISKAGH QRS LBRI as

ther biochemical as well as ph tical applications, 25 The peptid
20eN 4 5 BHE HIREAT A RHTOPEAT 0 GSEETH & GHEURIIF BpRTodeE =

producitey tagatersntiatelkdagsstivalling pathtvay&eto create reagents to further
the understanding of a pathway, to create novel forms of therapies and to
identify pharmaceutically active compounds, targets for drug intervention,
ligands to discover relevant targets or biomarkers to monitor diseases. 30

EXEMPg palypeptides of the present invention have hormonal activity.
Therefore, the polypeptides of the invention are useful as drugs, for
example therapeutic polypeptides, ligands to discover relevant targets

The ingeptigPERDE it gereraluregamed whkieh 1O, &%@Q'étélf’fé?fﬁi@%@l‘dﬁ&*’ehce to
the foaswhggiée@nﬁs@@ﬁm?fagﬂ;@b aﬁgﬁhémémébsﬁ@ t@;g@@f@&@ bdim@aa@%hi C?f?o'é rtain
ombipation with tool antibodies to detect peptide fragments od\ : ,
25058 BB AR ISR At SUBCPATAST o Eol BRRGRL b meenton
mimotopes of receptor binding sites, etc. 14 The DNAs coding for the

peptide or precursor of the invention are useful, for example, as agents
for the gene therapy, treatment or prevention of cardio-vascular diseases,

1. hdiaighas s St rReLAtOgiaates, gastric ulcer and the like,

hormone secretion inhibitors, tumour growth inhibitors, neural activity etc.

14. Furthgmgsége DNAS of the invention are useful as 5 agents for the
gene diagnosis of diseases such as cardio vascular disease, hormone-
producing tumours, diabetes, gastric ulcer and the like.

The fEINEME bUIBICA BNaNLIO sEaedneriipabasss bring.genecadtaesstiaednil

secrekggdrnBFﬁaF}eg(chlé irlxjsn\(/:\if ira%om?gre'anursegg %eﬁnﬁre ég{stgre sfont%v 'cr:]e%?c)}( ik rlw%s(er\g}bq%ctive
are included merely for purposes of illustration of certain

peplides:

Human genome (NCBI 33 assembly, 1st of July 2003} translated into protein, subset;

International Protein index, Swissprot {Release 50.3 of 11-July-2006) and TrEMBL.

(Releases: August 2003 — March 20086);

For training of SVM based algorithms, information on known bioaclive peplides was
extracted from Swissprot.

1.2. Computer programs

1.1 Signal P version 2.0 (Nielsen et al., 1997)

Objective: This program was used to detect potential signal sequences and determine the
potential human secretome. If was used with a cut off score of 0.98. Signal P version 2.0
predicts the presence and location of signal peplide cleavage sites in amino acid sequences

from different organisms: The method incorporates a prediction of cleavage sites and a
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aspects and embodiments of the present invention and are not intended to
limit the invention. 15 1. Databases and computer programs 1.1.
Databases 20 The following publicly available sequence databases were
used to extract potentially secreted human proteins which were used as

ssgnapr@ur@hgﬁ@wq@mi&?%r};&@m?b@@@\ﬁfoﬁg@ti@iﬁﬁbsﬁyﬂfearbﬁwml artificial

NCBI 33 assem t of Ju 03) translated into protein, subset;

neuraﬁnqgﬁ,\ﬁgﬁ‘gnaaqqg%c{%%q ﬁal&vﬁé rot (Release 50.3 of 11-July-2006) and
TrEMBL 25 (Releases: August 2003 - March 2006); For training of SVM

1.2 PRaAseg-algpiithinsdfArgationya known bioactive peptides was extracted
from Swissprot. 30 1.2. Computer programs 1.1 Signal P version 2.0

ObleqifIJes R ABIHORjEL ISR PRigiAh HRAY AR S 6Bt EEpistetnitiences.
The csigofkseguesabs andet GdelMnd tirepBapotentidldnuanginise creddysindtpropeptide

cfeavé“%%%%@%M%l@ﬁ%@&%@ﬁ%%&%ﬂ%@A% \éﬁg%ir%%!%'gf r%spaj%séj\n&ks. Furin-

presence and signal peptide cleavage sites in amino aci _
SPeCHg RIEREE I EmeRfE@iAL brd s rA%OT RESFIBIA O imGHipBtateggneral proprotein

convdiaskctran) efsdparage sites and a 15 signal peptide/non-signal peptide
prediction based on a combination of several artificial neural networks
and hidden Markov models. 1.2 ProP version 1.0 (Duckert et al., 2004) 5

1.3. ADiijiedipnesiteriegidipaand e distignoderieapo wetsdicsitsgBeites,ig004)

ObjedFRIEITMEqIHERIR Hahile SieluRisSeRna iR WAS 86 HReth b LRI PEOGR brogram

redicts arginine and lysine propeptide cleavage sites in eukaryotic _
Hme B o AR TGO RSB B A 1ReRO Aok RIRCE el @ basie
aminpradittiosids ¢he vie fAul). IBiﬂfalsmprmsﬂomeoqaeg‘dmm &@maﬂwmmls and
utilizE" RVESIRRS-SREL RreAichion- A8 3- G figlidatpngié prediction and

prediction of protease cleavage sites (Rohrer, 2004) Objective: The
program Hamid predicts amidation sites in protein sequences. The
1.4 Spppgraector Machine {Chang and Lin, 2001)

LIBSVM is an integrated software for support vector classification, (C-SVC, nu-SVC ),
regression {epsilon-SVR, nu-SVR) and distribution estimation (one-class SVM ).
The following SVM specifications were used: SVM_type: nu-SVC; Kernel_type: radial basis

function.

1.5. PsiPred version 2.45 (Jones, 1999)

Method for protein secondary structure prediction. The method was used as described in
Jones, 1899,

1.6. Calculation of isoelectric points

Objective: Caluclation of isoelectric points of polypeptides. This was done according to
Gasteiger et al. 2005.

1.7. Peri — Practical extraction and report language

Objective: Perl is a dynamic programming language created by Larry Wall and first released
in 1987.

2. Training of SVM
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Hmcut predicts protease cleavage sites in protein sequences that take
place before a basic amino acid residue (Lys, Arg). Both programs are
based on Hidden Markov Models an&f 15 utilize the software version

Hmmer 2.3.2 (Durbin et al. 1998). 1.4 Support Vector Machine (Chang

For tHaNd,4ig09 @aH%\éMdés%n HRLREH 89&9@"}5@%%@@@8&&&’8@%@ exéracted

classification, (C-SVC, nu-S , regression (epsilo nu-S

from WQH&W%H%&RHQ%H%H@SE%EC@W %%WH&%‘F@VVWJ@W“Q S
(Sequapeeifitations BEsemsativiWxbyiae ontr GWEEy Ktet@eietyuoe}r@adtahbasf@rebrata;

ion, 4.5. 5
L o L
bombgsifed; Bragdukinit OCallktABED oI RYHI et SHINEIDE ARV RRalisAIRPsId

peptrdé@'%ﬂ%ﬁ%ﬁ Bl RAReRIIRS o ¢H§d&§§s@%§raﬁqﬁé@86%€@r Gagleigay yields
0, 1.7. Perl - Practical extr Ctlﬁqﬁa‘ﬁ rt an

2 sot B o O es e L R TSP e e Bl BATEE ave iy
availzteltir $hecloasetioinof 987 S 86 2ot alainippe b S\HHrdierd-thettessupenisedan be

used BHENRBPLHSET HHMNLIRBHCRIARCOULS RIECHQFS MG EXH 88 ftbased

from commonly used public databases such as Swissprot using the

mo efollowmg SRS (Sequence Retrieval System on www.expasy.org) query
statement: Organism = vertebrata; Sequence-length = 30:300;
Feature_key = signal; Keywords = cytokine or hormone or 5 bombesin or
bradykrnrn or glucagon or growth factor or insulin or neuropeptide or

3. opibriepdishdetrriREPRAMRCOIAMHBHLAB YESHI Br vasoconstrictor or

vasodilator. This query yields a set of known peptide hormone precursors

hich their bi v des readl a |able té\annotatlo
e A SR, e I e B Ch el iRl B
used fedege hstatitiaetive and non bioactive peptides for training of an

In theYd4aserkrtBinarebiiowing descriptors were chosen:

Dimension 1-7 represent the likelihood of a polypeptide to be produced in the human body
and was calculated by a combination of different protease cleavage site prediction fools. The

results of these tools represent in the first 7 dimensions of the vactor.

Dimension 1: N-terminal ProP score;

Dimension 2 : N-terminal Hmcut score ;

Dimension 3 : N-terminal fragment {fixed value of 0.2)
Dimension 4 : C-terminal ProP score ;

Dimension 5 : C-terminal Bmcut score ;

Dimension 6 : C-terminal Hamid score ;

Dimension 7 : C-terminal fragment (fixed value of 0.2)

Physico-chemical properties of the polypeptides were calculated and represent the following
42 dimensions of the vector.

Dimension 8: Percentage of acidic aminro acids (£, N, Q) per polypeptide
Dimension 9: Percentage of positively charged amino acids (R, H) per polypeptide
Dimension 10: Percentage of aromatic amino acids (F, Y, W) per polypeptide
Dimension 11: Percentage.of aliphatic amino acids (G, V, A, 1) per polypeptide
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3. Molecular descriptors used to build the vectors 15 The performance of
a SVM model strongly depends on tt} quality of the chosen descriptors
used to describe the peptides. In the present invention, the following
descriptors were chosen: Dimension 1-7 represent the likelihood of a

Dimerﬁlﬁbfpmﬂﬂ@“&@rﬂ?%é}[f@ﬂpﬁﬁﬂérbﬁﬂ%ayi%%ﬂd@dy 20 and was Callcul$thed by
. a co Ination Ifferent protease cleavage site prediction, tools. e
Dime e HEB 561G e e T ETE o nERLIBPEPINE vector
DimeiiiprendidreiceNiagaoihalaRinPrst oy pBitinsion 2 : N-terminal Hmcut
DEmeﬁéﬁ%Fﬁ%&? @F@@rﬂé&‘& C%T@HE‘H@' F{%Qﬁméﬁxed value of 0.2)

Dimension 4 : C-terminal ProP score ; Dimension 5 : C-terminal Hmcut

Dimegdion 1Hinfereiiats e EHRmY rRRE RY¥etiAgnsion 7 : C-terminal
DimefisigmentréixeshiegliefotHE2) aBhinbysicpaespieal properties of the

- i r the following 42 dimensions
Dfme@%ﬁﬁ?\%g%%%?é%ﬁ%ﬁ%%ﬁgg%ﬂ%@%% %ﬁ&aécidic amino acids (E, N, Q) per
DimepgigpéBiidersentapraiditiidneepcaitaperéfipositively charged amino
Dimea@@s:{&.,%)Mig@we@@i@i@ciﬁérp@nfmmgﬁ&@rcentage of aromatin

._aminq acids (F, Y, W) per polypeptide Dimension 11: Percentage o
Dime T a0 e BR8N e! ROYgo 17 Dimension 12
Dimepsipterdagerot magkred Gutpolpparstide Biemitsion 13: Percentage of
Démeﬁ%ﬁﬁf@@: WW@%{% E}miﬁ@rpEP%!gBé giPimension 14: Percentage of

____Alanine per pol e&lg imension 15: Percentage of Cysteine per
D‘meﬁﬂ%aﬁtiﬁgr%e&% oA TE: R RMBERE%T Glutamic acid per polypeptide
Dimeﬁﬁme%to%lﬂerme@lﬁf&gewﬁrﬁémmmgpmmr po!ypeptide Dimension
Dimeri 8ok S PUALSALC I GIBR DA AAEPERIINS . DIMENNSN S RP EeRNagR:Of

Histidine per polypeptide Dimension 20: Percentage of Isoleucine per
(Plea%|%téﬁﬁ this dimension does not contain any value other than 0 as input)

Dimension 27: Percentage of Valine per polypeptide

Dimension 28: Percentage of Tryptophane per polypeptide

Dimension 29: Percentage of Tyrosine per polypeptide

Dimension 30: Cysteine confent (zero, even or odd number set to 0.5, 1 or 0, respectively
Dimension 31: Percentage of coiled secondary structure per polypeptide

Dimension 32: Percentage of helical secondary structure per polypeptide

Dimension 33: Percentage of random secondary structure per polypeptide

Dimension 34: Score for structure around N-terminal cleavage site

Dimension 35: Score for structure around C-terminal cleavage site

Dimension 36: Number of helical biocks per polypeptide

Dimension 37: isoelectric point of polypeptide

Dimension 38: Average molecular weight of polypeptide

Dimension 39: Sum of Van-der-Waals forces of each amino acid within polypeptide
Dimension 40: Sum of hydrophobicity values of each amino acid within polypeptide
Dimension 41 — 48: Mean values calcutated based on principle component score vectors of
hydrophobic, steric, and electronic properties per polypeptide (Mei et al. 2005)

Dimension 49: Length of polypeplide

Wherever applicable, the values for dimension 1-49 were scaled to be in the range between
0 and 1.

The input vectors for training and prediction contain 49 dimensions, however in the current

format only 48 are utilized since dimension 26 is set to zero for all fragments (percentage of
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10 Dimension 21: Percentage of Asparagine per polypeptide Dimension
22: Percentage of Glutamine per pol%/é)eptide Dimension 23: Percentage
of Arginine per polypeptide Dimension 24: Percentage of Serine per
polypeptide Dimension 25: Percentage of Threonine per polypeptide 15
non-cEHR®IRS 'Dgnﬁﬁ(ibF@ﬁf@ﬁé@@ﬁ@ﬁﬁﬁﬂ:%@@i@@bgﬁﬁﬁ@l@@idcﬂm%ﬁﬁ?ﬁbllﬁ@ining
olypeptide (Please. not that this dimepsion, daes, not contain an ue
cate R e I DA i 37 B i i, modele
polypeptide Dimension 28: Percentage of Tryptophane per polypeptide
Dimension 29: Percentage of Tyrosine per polypeptide 20 Dimension 30:
Cﬁtejne c?ntent zero, even or odd number set to 0.5, 1 or O, respectively
4 DifEeRR3PeFESRage of coiled secondary structure per polypeptide
Dimension 32: Percentage of helical secondary structure per polypeptide

The bgémﬁﬁéé‘i’% SRS %ﬂ&ﬂ%?‘?ﬁ@%’éﬂ@sﬁf&%ﬂﬂ%é&%%@cﬁnetrhe%’@%ﬁéig?an

imension 34: Score for structurearo N-termina avage site

indepgfifsah &shsss OSRIgRS ¥E St CaneiRrttiNg eeRbidamdicieshiagengs's. the
perforRianessionlfeiirianoisiehcad eeksaperthelyine pheembBIBENSIGRET beptides

Isoelectric paint, of polypeptide, Dim ion, 38; Average molecular weight .
(455 S e R R B R e TR0 2 (Y A WS S TekRectively.
As a rggidtvathitygisly pestieliorserpiraen sicib AdvSansiadrhpardig s eisty 4 dhuies lehger
pepticRACHBMEML9sH Wihn RebiaptidrnPigaessiaRdisciicl pRYalueSectly

B

Dimension 49: Length of polypeptide Wherever applicable, the values for
dimension 1-49 were scaled to be in the range between 350 and 1. The
input vectors for training, and prediction contain 49 dimensions, however in

In v A ™ 1
5. thE’%ﬁWé‘Fﬁt‘fmrﬂ%\?B?ﬂ(} W& BPtififPed since dimension 26 is set to zero

for all fragments (percentage of 18 non-cannonical amino acids per
Durinﬁ%'?gﬂgn ngdingtlé% E) {Qﬁr%qlf, %e%gh%@ﬁ@é%é@%}g éode%t%ejop?@mggr are
on-cannonical amino acids, but can be included in future models.
chosen that have a length shorter than 46 amino acids. In this ranking process, all fragments
that have after SVM classification a distance greater than |0,65] and are localized with the
negative training data set (i.e. a score of -0,65 or lower) are readily discarded even if they

represent the highest scoring peptides per protein precursor.
6. Antimicrobial assays to {est the bioactivity of the peptides identified through
the method of the present invention
6.1. Assay technoiogy
The micro ditution test represents a homogenous method for determining the number of
viable bacterial or yeast cells in culture. It relies on the fact that living bacteria or yeast are

turbid in culture. Turbidity can be measured as light absorbance with a photometer and is
correlated with the number of cells in the sample.

6.2. - Materials and methods
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5 4. Testing of the models The best model is chosen which has the
highest performance based on the r alrdng of an independent test set of
bioactive and non bioactive peptides. To test the models, the
performance of all generated models was tested and the two best models
Bactefl sharygepidamd 0 (4-55 amino acids) and longer polypeptides (56-300

amino acids) were chosen, respectively. As a result, an overall prediction
accuracy of 90.7 % for short peptides and 94 % for longer peptides was
The siahievedd iIsing covipelopErtdexnadsests te distiedetiantelhdd eofretliy 25922),

StaprfiepbBas d9und @3 46,8l bRrentve Pentdes casbiR B4 (cOobihans FH

2173 non-active peptides. 15 5. Identification of bioactive peptides During the
)ranking step (Step 6, figure 1), the highest scoring peptides per precursor
are chosen that have a length shorter than 46 amino acids. In this ranking

Pre-cRiRGESS @'Lfragments 20 that have after SVM classification a distance
greater than 10,651 and are localized with the negative training data set
(i.e. a score of -0,65 or lower) are readily discarded even if they represent

The cihgvbighestiBearingpeptis espeuipiotelp presuwseck2b A .cAntmigsebial multipie

ays 1o test } U(?ek:&),’ioactivity of the peptides identified through the method

: S

nocuf3 - . -

i uo?ﬁ‘ne prgsr%r?tulnventlon 6.1. Assay technology 30 The micro dilution test
represents a homogenous method for determining the number of viable

1.basierRkes yeasheaininic furack cebegméheiast thatlving pasiena ging an

yeast are turbid in culture. Turbidity can be measured as light absorbance
DB B e P 2 IR AP LR B o A 1 el Qpuseet e the
saaple PEE&IRrMatieniticSaidunett cdsti@® a3 aEedgband yeast strains The
strains used in the course of the experiments are Escherichia coli (E. coli

2 ATeeVR19 87)003Pa shstte dagk RireiNGSameliAretiripang lepg of bacteria

Candiniabieans (&skaibicans/FH 3 2073 Ree-auitivesioyeat edbisigtistrainse
T*}%%ﬂ}g@ﬁﬂrﬁﬁf lgpgﬁtrain starts with building up a cryostock that can be
used Tor multiple 10 Inoculations of pre-cultures.

3. Remove the hypertonic cryo-preservative solution from the Cryobank (CRYO/G)
plastic vials, each containing 25 green glass beads, by using a sterile pipette.

4, Fill each vial with 2 mi of the bacterial/yeast suspension, ciose the vial, and mix
carefully.

5. Remove as much of the bacterial/yeast culture supernatant from the vial as possible.
The surface of the beads is now covered with bacteria/yeast. The amount of liquid
remaining in the vial should be as low as possible to prevent clumping of the beads.
One bead is used for the inoculation of one pre-culture (30 ml MH/SD broth in a 100
ml shaking flask).

6. Store the Cryobank (CRYO/G) vials at —80 °C.

7. Quality/sterility check: Remove a Cryobank (CRYO/G) vial from the freezer and place
it into a Cryoblock (CRYO/Z). Open the vial, remove one bead and immediately
streak the bead over the surface of a MH/SBD agar plate. Incubate the plate for 3
days at 37 °C. Verify that only the test strain has grown by examining the colony
morphology.

Freparation of test culture using MH broth
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1. Streak the bacteria onto the surface of a Mueller Hilton (MH)-agar plate
by using an inoculation loop, and ingubate the agar plate for 3 days at 37
C. For yeast use the same procedure but with Sabouraud dextrose
(SD)-agar. 15 2. Inoculate a 100 ml shaking flask containing 30 ml MH

e el rans ono.aKeRieNR CRdIERNDTRde Sark ar e 3Gl

r or a e same condai N otn. o. .
pinet e R RS S ALETantU S0 ST, S Ry gecteria and
yeast(GRNOIE)yplRstic Vials lbaetaortaining 25 grderbolmss. Beadmtiopisingit is
adjus®8 Wﬁfﬂmﬁtﬁ%{@%% &l 3@1’%%9/ '@&‘f‘@%&w%thcshﬁ)b@@ﬁgfr'ﬁ‘ll%?gﬁttest stralns The

suspension, close the vial, and mix_carefu Remove as much of
Staﬂdﬁ%t@?%ﬁ@a@t itdre @ﬁmw%ﬁzﬁ ﬁhé&ﬁiéi’ 5@855@.5@@0%@%@%@0
CFU/of thelbsaidsnisngawicavered with bacteria/yeast. The amount of liquid
remaining in the vial should be as low as possible to prevent clumping of
the beads. 25 One bead is used for the inoculation of one pre-culture (30
ml MH/SD broth in a 100 ml shaking flask). 6. Store the Cryobank
Fepti vials at -80 C. 7. Quality/sterility check: Remove a Cryobank
CRYO V|al from, the f lace it i to ck C QlZ
The g mgﬁ e V|a rgr)%]egv%egﬁ b(Z’Efjrél njg) G eélaterﬂl rea rﬂw ngC ngemrat'{m
of 12%@&&1@8@&5?9%41&‘@91&5&%&1& |Hwb‘at@|tﬁéﬂ§@teome®tr@a% gt ‘84’ % in all
sampfes daHYGMasi@nly the test strain has grown by examining the colony
morphology. Preparation of test culture using MH broth 20 The test strain
vial is removed form the Cryobank. One bead is removed with a sterile
plpette and moculated ina 100 mI Erlenmeyer with 30 ml MH and SD
-;.m. , Bt ; 3BErBEERE yahUEASY the culture for 18 h at

nd 180 rpm The optlcal densﬁ‘ﬁ/T is ad%usted with MH broth to a cell

For d8%%§W88%E&WW¥B YO BT RSHAH ST SiainIS. FHE SIERGAYAN MH

brothirtocall gomguitnreciorotr@rasay nertg&med@ﬂ@ezt@gha.lfmai coegmiratiorhefinitial
DM &AL eIy forming AnisAMIh Fepids Dilutions The compounds

are diluted serially’ (10 dilution steps) from the standard initial

concentration Supplier Cat No | Function

Mueller Hinton (MH) broth | Becton Dickinson | 275730 | Culture medium
Sabouraud dexirose {SD) | Becton Dickinson | 238230 | Culture medium
broth

DMSO Merck 102 931 | Solvent

Nystatin Calbiochem 475914 | Antibiotics
Cyprobay 100 Bayer

Greiner, 384 Greiner 781182 | Assay Plates
SPECTRAFluor Plus Tecan - Reader Absorbance

Assay Protocol

#* Pre-culture the bacteria in 30 mi MH broth at 37°C for 18 h {100 ml Erlenmeyer flask)
% Pre-culture the yeast in 30 mi SD broth at 37°C for 18 h (100 ml Erlenmeyer flask)
* Adjust the cell suspension with MH broth to 10° CFU/mI (test culture)

Assay :

s Add 10 pl compound in DMSO and 30 pi MH broth to the first vial
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10 of 125 pM to a final concentration of 0,24 pM. The initial DMSO
concentration is 1,4 % in all samplei and controls. Standard Antibiotic
Dilutions for Dose Response Curves I]—'or dose response experiments
dilute the compounds serially (16 dilution steps) with MH 15 broth. Final

= COMPRENCOQNGORIRAECRStFAR0E Privweam&4posmhanE 002wyl he

‘ initial DMSO concentration. is 1,4 % in all samples and controls. Supplier, . .

" CHRBESR G RIS QORI Erons SULIH BRanCon DyBaaganlbictos
Cultuié mletumsigpabouraud dextrose (SD) Becton Dickinson 238230

» Clturegmedium, irath DMsQuMerek 102,231 Bohuant NyStalR; d 16 vial
Cgﬁoc@m 475914 Aﬁti |oticis Cypr%zgﬁ\{/ 130 Be!lyer %reingr,%lgis(frneinerwa ®
781187 he<yPRiley SPECTRAFIuor Plus Tecan Reader Absorbance

Assay PepiacaliRrecculivre the bacteria in-30 ml Milpratirigt 37C for 18 h
(100 ml Erlenmeyer flask) 20 Pre-culture the yeast in 30 ml SD broth at

37¢ for B8R AERERREDEr flask) Adjust the#celPsuspension with
MH brothttott86! Ghamltess seitureloissay : Add4Qmi-aprapemnd in
DMSO and [ MH broth to the first vial 21 Trgnsfer 20 p1 from the first
it 8 BB AAR C S5 TFRG broth THS KL b b saibled 5
= tirresifpepaides Clodilgtasy depsyiaivedtimieshy @antiliéti <), 16 dilution
. steps) Add 10 pl test culture s sion to each vial (10 vials for the
R TR st cell moculum + 5 x 105

CFU start DMSO concentration : 12,5 % start/final compound

canssiRtration : 125 pM - 0,24 pM start/final antibiotic concentration : 64

pq&ml - 0,002 pg/ml . . o
igh controls : "MH broth with bacteria (growth control, high signal)

*

Low controis : MH broth without bacteria (sterile controi, iow signal)

6.3. Sensitivity testing with antibiotics

In order to evaluate the suitability of the assay for the identification of potential drugs, the
dose dependent effects of a number of aniibiotics were tested using the conditions described
under ‘Materiais and Methods’. Cyprofloxacin expected to be active against E. cofi and S.
aureus and Nystatin against C. albicans. The calculated 1C50 values for these antibiotics are

given in figure 4 in pg/ml.

6.4. Assay results

The peplides were tested against the test strains E. coli (ATCC 25922), S. aureus (ATCC
29213) and C. albicans (FH 2173). The peptides ACO3500589 and A003500548 showed
IC50 values of 7,25 pg/ml and 6,79 pg/mi, respectively, against £. coli. No activities were

found against S. aureus and C. albicans.
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10 x Incubate at 37C for 18 h by 5% relative humidity and 5% CO2 Read
absorbance at 590 nm with 5 flashes ,Controls : High controls : MH broth
with bacteria (growth control, high siségial) 15 x Low controls : MH broth
without bacteria (sterile control, low signal) 6.3. Sensitivity testing with
REFERROtEes In order to evaluate the suitability of the assay for the
identification of potential drugs, the 20 dose dependent effects of a
number of antibiotics were tested using the conditions described
Chih-Ghdeg NMaeniatedhdiMéthdds, . ORsTeNb ediireex e ctechbtrtbe clotiveaaljarest 2001
E. coliand S. aureus and Nystatin against C. albicans. The calculated
IC50 values for these antibigtics are given in figure 4 in pg/ml. 25 6.4.

QUCS \ . p
Peter LULhpia SRS TR TRDRIR SRR BiQTd AGAIRLe R RSPQISMEREVRERSe
cleavpld Cie 25922 R ISk agirewsitd NHHSi2OR LB} elpdiCn alfidais! (RH22043). The
peptides A003500589 and A003500548 showed IC50 values of 7,25

Ppg/ml and 6,79 pg/ml, remectively, against E. coll. No activities were 30
Durbifptiné ddjathdtrsiadrand hiansoalbicaly: B52Y wrbiptRENEHYMs: Biological

sequéritid £payeR Ghandinsut Glubeles: biiteliSmdiua diRrasytor seppatge University
B ve(‘9t8 machines"; 2001 5 Peter Duckert, Soren Brunak and Nikolaj Blom;
resS, " : o ) . .
Prediction of proprotein convertase cleavage sites"; Protein Engineering,
Design and Selection, 17:107-112, 2004 Durbin R, Eddy S, Krogh A and

C. FaMié@IJ(E‘,i$_9'&&ig-ﬁg_?’ﬁ??&%ﬁ@i?‘?ﬁf&gﬂ%ﬁ”@%ﬁégTPJ}HQEﬁtgaﬁgg":'%?é&gistry &
. analysis: probabilistic models of proteins and nucleic acids"; Cambridge
B'O'OWni\\f@ém; o Bregst 15555 FaieR %5 Lozzi, A. Pini, L. Bracci;
"Bioactive Peptides from Libraries"; Chemistry & Biology, Volume 12,

GasteRase?: ﬁ&%@%ﬂé@?@ﬁti@&o@,]@J%%.g%ﬁci’ngﬂﬁ?@?ﬁg&i'Fgﬁf[,tié%fr&h A

. Duvaud S., Wilkins M.R., A%ng’l R.D., Bairoch A.; "Protein Identification
Proteiddeniiaiion i ARpiHe EXRASIN SR errARY) SBIATM (W aARRR Mdfy2fse(ed):
The Frateorucs RitotosolahHdnstivoolgrrtimanesPress52005 Jones, D.T.;

"Protein secondary structure prediction based on position-specific scoring
Jones, D.T.; "Protein secondary structure prediction based on position-specific scoring

maftrices”; J. Mol. Biol. 282:1985-202, 1989

H. Kim and H. Park; "Prediction of protein relative solvent accessibility with support vector
machines and long-range interaction _3d local descriptor”; Proteins, 54(3): 557-62, 2004

Mei, H., Liao, T.H., Zhou, Y., and Li, S.Z.; “A new set of amino acid descriptors and its
application in peptide QSARs”; Biopolymers Vol. 80, 775-786, 2005

Henrik Nielsen, Jacob Engelbrecht, Saren Brunak and Gunnar von Heijne; “Identification of
prokaryotic and eukaryctic signal peptides and prediction of their cleavage sites”; Protein
Engineering, 10:1-6, 1997

Nobie WS.; “What is a support vector machine?”; Nat. Biotechnoi. 24(12):1565-7, 2006

Rohrer, S.; “Prediction of post-translational processing sites in peptide hormone precursors”;
Diplomarbeii, Universitat Wirzburg, 2004
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20 matrices"; J. Mol. Biol. 292:195-202, 1999 H. Kim and H. Park;
"Prediction of protein relative solvenﬁgccessibility with support vector
machines and long-range interactiori"3d local descriptor"; Proteins, 54(3):
557-62, 2004 25 Mei, H., Liao, T.H., Zhou, Y., and Li, S.Z.; "A new set of
John 8RR Feidasrptocsianghits appisation iop eRitmESAE SthBikeahwMeised
learnirYOI' 8 Oégﬁ-&%% 25 Og LI§|etnerirkiwig,lseesrsl, %888b Engelbrecht, Soren Brunak
R EURRAr VEh It-)lrel e, o&RtiRcation ¢ prokaryotic and eukaryotic
signal peptides and prediction of their cleavage sites"; Protein 30
Engineering, 10:1-6, 1997 Noble WS.; "What is a support vector
machine?"; Nat. Biotechnol. 24(12):1565-7, 2006 Rohrer, S.; "Prediction
of post-translational processing sites in peptide hormone precursors”; 35
DESUptahcadbe R, ThEEGURBE Urzburg, 2004 23 John Shawe Taylor & Nello
Cristianini; "Support Vector Machines and other kernel-based learning
~methods"; Cambridge University Press, 2000 5 DESCRIPTION OF THE
Figurg[GURES Figure 1: A schematic overview of the method disclosed in the

A schiéiverit @vdsviivest tAdigeintel eigdrissthi the siepsaitivelvedinpeRfideo explain the

library generation. Figure 2: Figure 2 shows the amino acid sequences of
Stepstwgol%@ﬁpo %%{\'/C(!a%d@p%ﬁe%eggé%?gd based on shared physico-chemical
properties. 15 Figure 3: Figure 3 shows the input vectors of the 185

Figur@eptides identified as bioactive by the trained SVM algorithm. 20 Figure
riquig gape dshows tho saleulated 1G5 valyes for anthioles.n 488l Bsed on

shared physico-chemical properties.

Figure 3:
Figure 3 shows the input vectors of the 185 peptides identified as bioactive by the trained
SVM algorithm.

Figure 4:

Figure 4 shows the calculated 1C50 values for antibiotics in pg/ml.
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5 1. In a computer-based system, a method for identifying bioactive
peptides using a binary support vector machine (SVM) based algorithm,
said method comprising the steps of?a) training a SVM algorithm to learn
to distinguish between bioactive and non bioactive peptides, said training
2007/008Warising the steps of: 10 a,) generating vectors with 49 dimensions,
each dimension resulting from the calculation of a molecular descriptor
value, for a set of labelled known bioactive and labelled known non
CLAIMBactive peptides, where the labels indicate whether the peptide is,
respectively, bioactive or non bioactive; 15 a2) transferring the vector data
generated in step a,) to the SVM based algorithm, said algorithm ,
T cAlbaISamgiss-bpt aﬁyﬁﬁi@rﬁl%%%f@ééﬁ?&f&@@%%@t’&r@eF’“des using a
binanceumsponsing todtierki0autite peplides aimdhtheondiioactbraprpiides steps of:
respectively; 20 b) providing protein sequences from a publicly available
human protein database; c) predicting secondary structure and cleavage
sifds HARIRGApPodiAlgaditienteprovridigtingstep Byiusing Rieassvestioharn
methedsiciheehebit ssolesulesi fiegCHntpis A ihsalenlated based on said
prediction step resulting in the generation of peptide fragments; d)
calculating a set of 42 molecular descriptors corresponding to the physico-
chemichbprepeiitieyessithe wipdtaifransienss epeictaredsiostgs iingdrein the

transforrping fheoraledlaied (A eR SIOMSIOR G P Sealed MBLIRS known
between Q and 1 to generate dimensions 1 to 7 of a 49-dimension-vector

for each PERHIE HEGRRACATIIUNERINRRSHE BaRlnStel ViSRS indicats
step d) intbesbatdtevadpise e tiwepacivand Hidedjeneraterdinoensians 8 to

49 of said vector for each peptide 35 fragment; 25 f) presenting the

vectors %enerated in the step e) to the trained SVM algorithm from step a

o o AR S L AAARERSH AP0 SRATISPERNARBRSH 2 goritm,

said algorithm caiculating the optimal hyperplane that separates the vectors
corresponding to the bioactive peptides and the non bioactive peptides,

respectively;
b} providing protein sequences from a publicly availabie human protein database;

¢} predicting secondary structure and cleavage sites within a protein sequence
provided in step b) using computational methods; a set of 7 molecular descriptors
is calculated based on said prediction step resulting in the generation of peptide

fragments;

d) calculating a set of 42 molecular descriptors corresponding to the physico-

chemical properties of the peplide fragments generated in step ¢);

e} transforming the calculated values from step c) into scaled values between 0 and
1 to generate dimensions 1 to 7 of a 49-dimension-vector for each peptide
fragment and transforming the calculated values from step d) into scaled values
between 0 and 1 {o generate dimensions 8 to 49 of said vector for each pepiide

fragment;
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step a2); and 5 g) classifying each peptide fragment as bioactive peptide
or non bioactive peptide, accordingég the distance measured in step f). 2.
A method according to claim 1, wher&in dimensions 1 to 7 generated in
step e) are the following: Dimension 1: N-terminal ProP score; Dimension

2:N- tﬁ@ﬁﬂﬂh@msuxe@c&@geﬂ;@r%awai@rst%d\émnﬂ@a&a‘rmm algorithm from
Dlme S|on . C- termln?h?nqu score; Dimensi termi @I Hmcut
e

Score: ‘f)omza Tsion6-'C- BPERRES o¥gc%rr%3e G OMPPTEA T zcaﬂlatw n

fragnséen; aicitiimensions 8 to 49 generated in step e) are the following:
Dimension 8: Percentage of acidic amino acids (E, N, Q) per polypeptide;
Dimension 9: Percentage of ositively charged amino acids (R, H) pe
p&bp‘éﬁ?ﬂ@ﬂ'@uﬁ%ﬁ’i&&ﬁ% PP S BRRUHE QB Ell%%“(’ﬁ Apptide,
W) pecpalyipgitides B mtmmmeéiur@ennmmg’e of aliphatic amino acids
(G, V, A, I) per polypeptide; Dimension 12: Percentage of Proline per
polypeptide; Dimension 13: Percentage of reactive amino acids (S, T) per
2. pdiype CERAENSIBNIAM PetCerRELEBEATENIRG Fof PERATEMkIS;step ) are
the fo[Rim;agstmméﬁsB@maﬁl&@gﬂ;@é; @W@B@"@Gb!ﬁ@ﬁ@%ﬁww@miﬂlﬂa&@t SCOre;

Dlmepescg(r:\e&mﬁgt%r()fl% amlc aE 81 lﬁﬂe&"ge 20 Pﬂ%@scag éimens on 5: C-

rcentage (0] anlne per po ypeptide; |menS| ercen age

termigd! Reiheqees: ﬁbmgepm@ @ﬂ@éﬁﬂéh"iﬁgﬂﬁ@@@ﬂté@@@‘ﬁwgt'ﬁlﬁ‘e’t@'@mnai
fragnRRlyRERtIGe RIMRO SN 413QReraentrun sy é@@%@%@m@ly@%ﬁm%n 8

Dimensjon 21: Percentage fAs ara tlde, Dim nS|on 22:
Pero RATaa A MG AT r ol e B B e Rt te of
posatn@a@nhwgwtqmiypeptﬁe(ﬂ)hﬂmsmﬂb&pﬁ@cammnoh SeriRergeTtage of
aromBRRYRRRTAS; @r@eerce far E&yﬁéﬁfﬂg‘ﬂtﬂ%@?{&%‘ NE PEFRA &B@Qﬂ%phaho

Dimension 26: ntage of non-canonical amino acid peﬁpo lypeptide;
g

amingyagids Epnva P ﬁ&%ﬂ?&@@%ﬂ%/A?lﬁé%ma@/peﬁ&?&@f@m Hineger
poiyp@@tfdenmgemaﬁwmﬂpmeta@s phitypeplederniRinaeiision, 29 peepoapagle;

Dame%a@%%"ﬂ%&%’fn& T%j%m?ﬁ'gﬁﬁ&gﬁ%&%e b?ﬁ‘?éﬂ% 89’1%‘935:9:* éms gign

Percentage O colled seco ucture per polypep |me sion

Cysteizs By PelRSIIG BYRENcArB RIS asacR parisoRRskproRDlypoptde;
Dlme%m§ﬂ$lﬂne3&rl?&j§@ma§l@19lbtmﬁéﬁ@@?lﬂgéﬁhﬂ@tmﬁ{é‘ﬁ@l@@ﬁ 8: Peroentage of

mension 34 for tructu aound N- te
Glycng eé%«’i& ?é)[?l ?meir?%%ﬁ; §%core oras??ugfure i eﬁ&@?&%ﬁ&ie Dimension
20: F’@r@av@@@ gﬁésomﬁéﬁsiahmmmﬁbemﬁmn@al 231oE|es§petepclybépnaagme per
polypBIRENSIAH&idaaeleplichpinh el BRIMPRRY INBRPRIL SBimMuRiBES 3.

molecular weight of polypeptide; Dimension um of 35 Van-der-Waals
PercqplagR OraEH S0 abiRRRItn BBl pE St ﬁ%%@?&é%ﬂﬂ?&?f

polypeptide; Dimension 25: Percentage of Threonine per polypeptide; Dimension 26:
Percentage of non-canonical amino acid per polypeptide; Dimension 27: Percentage of
Valine per polypeptide; Dimension 28: Percentage of Tryptophane per polypeptide;
Dimension 29: Percentage of Tyrosine per polypeptide; Dimension 30: Cysteine content;
Dimension 31: Percentage of coiied secondary structure per polypeptide; Dimension 32:
Percentage of helical secondary structure per polypeptide; Dimension 33: Percentage of
random secondary structure per polypeptide; Dimension 34: Score for structure around N-
terminai cleavage site; Dimension 35; Score for structure around C-terminal cleavage site;
Dimension 36: Number of helical blocks per polypeptide; Dimension 37: Isoelectric point of
polypeptide; Dimension 38: Average molecular weight of polypeptide; Dimension 38: Sum of
Van-der-Waals forces of each amino acid within polypeptide; Dimension 40: Sum of
hydrophobicity values of each amino acid within polypeptide; Dimension 41 — 48: Mean
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hydrophobicity values of each amino acid within polypeptide; Dimension
41 - 48: Mean 26 values calculatedéjpased on principle component score
vectors of hydrophobic, steric, and &lectronic properties per polypeptide;
Dimension 49: Length of polypeptide. 3. A method according to claims 1

value B8l el ML HRIKE BIEEHR SHEIH BERS IO L6k Rk aie s 2OMMragHlYsteric, and

loct occurring protein se@uencgs. und iril th%hgmar%hse re}omeﬁé. A method
S Y 1B S Y RGP e Feri 28l Bioadt Ve pepidBs e bioactive
peptide hormones derived from precursor hormones. 10 5. A bioactive

3. Paptidesslssterhframythsihuman sectaieram bydisingdhe-meibads, steg b) are

according to claims 1 and 2. 6. A bioactive peptide according to claim
only NAHER LY PEGHT I RERIFLN FE3HERGE A HBd daiie 5@51%%8%%8: 157. A

bioactive peptide according to claim 6, wherein said bioactive peptide

4, hwm%&%dda%&\é?&%o{@ @ra%ﬁ%c? B, Wi%?éﬁh éaié s@?&%ﬁ%ﬁ?ﬁ@?are bicactive

~according to claims’5 to 7 having a sequence selected e 20 group
PepliceorRIBING DE B ahiIAG RERFYERLIBPIRRRSFSEQ ID NOS: 1, 2, 3, 4, 5, 6, 7,
8,9, 10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,

28, 29, 30, 31, 32, 33, 3 36, 37, 38. 39, 40, 41, 42, 43, A4, 45, 46
. Gy Sepalpeihddedyoatindhui el B iBuie B e
accorgpga? cksmed, Fod 21, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,

85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,

103, 104, 105, 25 106, 107, 108, 109, 110, 111, 112,113, 114, 115, 116,
6. 11%0IPpgliveRERtiS 3SPrding 19 55iM 34Whsken SRid] %%5@,%%9%?%*030t've
peptid3iiom8?el 33, 134, 135, 136, 137, 138. 139, 140, 141, 142, 143, 144,

145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158,

159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,
7. 17’3?‘??&@“@7@?&“}@ geeprdingstordigm Bowigrein gaidHaqiiys Pepidggemoene
derivezefpdicieal ihrany-somppsising bioactive peptides identified through the method

according to claims 1 to 3. 10. A peptide library according to claim 9,

wherein said peptide library comprises 35 bioactive peptides accordin? to
8. cléikigctive peptide according to claims 5 to 7 having a sequence selected from the

group consisting of the amino acid sequences of SEQ ID NOS: 1, 2,3,4,5,6,7,8, 9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38. 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 83, 64, 65, 66, 67, 68,69, 70,71,72,73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 1186, 117, 118, 119, 120, 121, 122, 123,
124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138. 139, 140, 141,
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159,
160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,175, 176, 177,
178, 179, 180, 181, 182, 183, 184, 185.

9. A peptide library comprising bioactive peptides identified through the method
according to claims 1 to 3.

10. A peptide library according to claim 9, wherein said peptide library comprises
biocactive peptides according to claim 8.
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27 11. A peptide library according to claim 9, wherein said bioactive
peptides are bioactive peptide hormg es. 12. A peptide library according
to claim 11, wherein said bioactive p Igtide hormones 5 derive from
precursor proteins. 13. A computational device configured to identify

11.  DipastiMeipaptideSEOHSNOIE MHNANY, GHBRM MEEbRACEIPE(RYMIbaRsLttive
i thod, said method comprising the steps of: 10 a) training a SVM
bep '%ﬁ’ Oﬁfﬂ?ﬁ?é’leam to distinguish between bioactive and non bioactive

peptides, said training comprising the steps of: a,) generating vectors with

12, 49dimsrsiansreachAimgnsicriresyltingfamdhe ralculaign,afid hormones

_ molecular descriptor value, for a set of labelled known 15 bioactive and
denv e AN 3GH5HA7 AGEPBIBactive peptides, where the labels indicate whether
the peptide is, respectively, bioactive or non bioactive; a2) transferring the

t vey. c oy .. ! .
13 R R LBl S e ) S OOy g binary
sUPPOR \esREIPaRting B Me hrerd iveiiirsh salss apidar copRTisivadhes septiies,

respectively; b) providing protein sequences from a publicly available

h“égafﬁaﬁ’r{%eg‘ ; .2?%%%518% s{%d{'g%'?s%é@&i‘%ﬁ%(;%%S”#%t“é%t%dam non
cleavage sites within & protein sequence provided in step B} using
compbieaidivalneeiHesssaidkeaioim swiscislag desstgne s is calculated
based on said prediction step resulting in the generation of peptide

fragments; 30 d) calculating a set of 42 molecular descriptors ,
CorreSsbRRER IS BRAIED AimERs oh e SRR aauting from the

fragmenmgammm st dyrelesangionvaing, the aaMﬂedeﬁgMEmﬂmn
step ¢) 'rﬂ%é&ﬁ)@%?/@‘%él@@%ﬁQ&pgioééﬁ\fé%@agsqWé'%slé]’o&(i)s?indicate

of a 49-dimension-vector for each peptide 35 fragment and transforming
the calcUHAEHRFARRBIRYIAP dte PN HHY LkNRPTHYGSY HEWEAS SN 1 to

generate dimensions 8 to 49 of said vector for each peptide fragment; 28

f) Presenin g NG YT SRILRE SdRNEA TP 0L R TS twPYMed aigorithm,
algorit rom P g
said algorithm calculating the optimal hyperplane that separates the vectors
corresponding to the bicactive peptides and the non bioactive peptides,

respectively;
b} providing protein sequences from a publicly available human protein database;

c) predicting secondary structure and cleavage sites within a protein sequence
provided in step b) using computational methods; a set of 7 molecular descriptors
is calculated based on said prediction step resuiting in the generation of peptide
fragments;

d} caiculating a set of 42 molecuiar descriptors corresponding to the physico-

chemicai properties of the peptide fragments generated in step ¢);

e) transforming the calculated values from step c¢) into scaled values between 0 and
1 to generate dimensions 1 to 7 of a 49-dimension-vector for each peptide
fragment and transforming the calculated values from step d) into scaled values
between 0 and 1 to generate dimensions 8 to 49 of said vector for each peptide

fragment;
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step a) to measure the distance of each vector to the hyperplane
calculated in step a2); and 5 g) classifying each peptide fragment as
bioactive peptide or non bioactive peptide, according to the distance
measured in step f). 14. Use of the method according to claims 1 to 4 for
the identification of therapeutic 10 polypeptides, targets for drug

intervention,. ligands tq discover relevant targets or biomarke onitor
e P e R e e B et S B AR R rom
screesitapproaesite thaslicdeee digacealeicsigribfingnsatawaysiicolated in
creatgggagentisdo further the understanding 15 of a pathway, to create

novel forms of therapies and to identify pharmaceutically active

compounds, targets for drug intervention, ligands to discover relevant

targ etsamsibyom adarr petuidecinimn dis eadesadif e o phiddaaceatitédactive peptide,

Compgé'@%ln%%@m@@%@%&%gaeﬁ@% gying a sequence 20

selected from"the group consisting of the amino acid sequences of SEQ

ID NOS 1-185 as bioactive agent. 25
14, Use of the method according to claims 1 to 4 for the identification of therapeutic

polypeptides, targets for drug intervention, ligands to discover relevant targets or biomarkers
to monitor diseases.

15. Use of the peptide library according to claims 9 o 12 in a screening approach to
interrogate intracellular signalling pathways, 1o create reagents to further the understanding
of a pathway, to create novel forms of therapies and to identify pharmaceutically active
compounds, targets for drug intervention, ligands to discover relevant targets or biomarkers
to monitor diseases.

186. A pharmaceutical composition comprising a bioactive peptide having a sequence
selected from the group consisting of the amino acid sequences of SEQ ID NOS 1-185 as
bioactive agent.



