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t hereof FIELD OF THE | NVENTI ON 10The present invention relates to the
field of conputational biochemstry ﬁnd conput er ai ded desi gn of bioactive
peptides, It combi nes nmet hods used in biological sequence anal ysis,

bi oinformatics data mning, information representation and cl assification
al gori tdpm/oasing supervised learning. In addition it relates to the design
of peptide libraries and the use of bioactive peptides for bionedical
research. 15 BACKGROUND OF THE | NVENTION A primary goal of drug discovery
today igTt® identify biologically active nolecules that have 20 practical
clinical utility. Many, if not all, biologically active peptides (e.qg.
pepti de hornones) have profound effects both in health and di sease, either
by dr ovitléthsd fonprlogticimDpaptitie Shragésoamdusi trddit ory rol es, or the regul ation of
critical metabolic pathways. Peptide hornones are produced as precursors
in different cell types and organs |ike glands, 25neurons, intestine,
brain, etc. Peptide hornDnes are initially synthesized as | arger

precur SHESp opf T s, and nay acquire a nunber of post-translational
nodi ficat1ons rlng transportatlon t hrough the ER and Gol gi stacks. They
are processed and transported to their final destination to act as active

subsgt anGRrédehi BleriBS ?e%?@@fostple ﬁé?d Bf fatt?mé’l%ﬂc”%uﬂ%tr&gﬁoo%e uéeréécfg jnding to
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st at es. pemse%%ﬁ ']’Q?e SRdLeigies o Weidesop of erfide }SN?@S@@@%’%‘&% Pr ocesses
t hat arbdacttegwgtities for tianydied] e&seadhof bi onedi cal research such as di abetes
(Ingulin), blood pressure regulation (Angiotensin), anem a
(Erythropoietin-a), nmultiple sclerosis (Interferon-6), obesity (Leptin)
and others. 2 Therefore, novel bioactive peptides have the potential to
be use des, targets for drug intervention,

| gand?ﬂﬁ(%ﬁ%%g?rﬂfﬁ?g@/a%ﬁﬁpggets (eg. GPCR deor phani ng) .or bi omarkers
to nmonitor diseases. 5Peptide |ibraries have successfully been used to
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m)l eculhess 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 produced as precursors in different cell types and organs like glands,

25 neurons, intesting, brain, stc. Peptide hormones are initially synthesized as larger precursors,
or prohormones, and may acquire a number of post-transtational modifications during
transportation through the ER and Golgi stacks. They are processed and transported fo their
final destination fo act as active substances (first messengers) to trigger a cellular response
by binding to a cell surface receptor.

30  Peptide hermones 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 fo many areas

35  of biomedical research such as diabetes (Insulin), blood pressure regulation {Angiotensin},
anernia (Erythropoietin-a), multiple scierosis (Interferon-8), obesity {Leptin} and others.



and peptide m notopes of receptor binding sites. Peptide libraries can be
categori zed according to their origin in gene- and synthetic based
libraries (Falciani et af., 2005). 1Qln gene based l|libraries the

conbi natorial positions within the p&ts/peptides are introduced at the DNA
| evel that encodes the sequence of the target polypeptide in order to
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structures. The di sadvant age of approaches is that the conbination of
the 20 naturally occurring am no acids allows the construction of
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20st r uctYMERCHE Repjided S ECRARI @UoTelR &ndiantagpriste. digansisdornell pefasstregpiarar v

struct Lpretgmm@idhibgmsma @Hbs%rath%pﬂcdﬁe;ﬁi@b%@}b@bﬁ&s %&BMQ% mﬁc&mos@&js@ﬁ There
was a n t rovide ap accurate an -t hroughput nethod to

si gni f i’%gr?te P@derpfg'aqﬁtoge? ﬁgreﬁﬁé%‘érrﬂ”imﬁrfg %ﬂﬁﬁﬂ%‘gﬁ'g? E@’??%c‘tgﬂrbﬁﬁieﬁo’geﬁept i de

| i br ar ygecerding tathieie otigie irpgemeesrs sygthefic basegaib2biasRandii efal.dades).and to

di sty ngpi . i : act i Vi i.n_Vvivo .and tides
Eha? goH bt RECARERESRS COfEnaa NS B g b e bphisr Prt R e ent  on
sol ves theBNprest et afcoderdhp spaiencs of thataeggipelypentide invarderitoimtmdliat es to a
met hod di@rSQNE &dig (Y e e | I & ing a
30bi of y of Mat. cidﬁg%‘?‘ﬁ‘?*égygfgigEﬁégs"éﬁ"@€’§2?%*?“‘%@5%?%%C%*EW@%?'E%"#?% Mis
used t d"¢ BERCE FYEMHER QEINRES- pept i des. Thi's nmethod al l ows to di scovering

pot ent iMdnyiepadl Nbeariee Rid Sksel Oh BRE Eaffoldbr sk laGndRREmbinoriah Sodhidid Ny

prat.eone by taking advantage of the conserved protein features and short
moti’f s q?pgxégen ?r?fg{%g{’?@@e%ﬂ'?‘ﬁﬁn%mﬁtf’ﬁeéursors. Wil e these features are
common to peptide hornones and are responsible for their maturation, there
IS, surpLisi _ ery little.sequence. siml.ari et ween pepti de
hor m)ne-ﬁl[e)_eraigcf‘:l ﬁ?&@éar S Q?%%% SRBIPE R'T B e sarEiate e %%”%Wapﬁ%ccﬁgﬁgei n
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pepti de hornones with a high specificity. SUMVARY 3a

There was a need to provide an accurate and high-throughput method to significantly reduce

the potential number of structures in a peptide library, to enable the processing of arge

25 amounis of data 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 prior art. The preseni invention
relates to a method te construct novel bioactive peptide hormone libraries using a

30  bioinformatics strategy. A support vector machine (SVM) algorithm is used to identify
bicactive peptides. This method allows to discovering potential bicactive peptide hormones
in sifico searching the human proteome by taking advantage of the conserved protein
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,

35 verylittle sequence similarity between peptide hormone precursors that would aliow a
database search on the protein sequence level alone {e.g. BLAST, FASTA}.‘However,

combinations of co-occurring protein features and moiifs for post-fransiational modifications



In a first aspect, there is provided, in a conmputer-based system a nethod
for identifying bioactive peptides derived from protein precursor
sequences using a binary support vector machine (SVIVI) based al gorithm
said nethod conprising the steps of:3a) training a SYM algorithmto |earn
to distinguish between bioactive and non bioactive peptides, said training
conprising the steps of: al) generating vectors with 49 di mensions, each
di mensirosepties hdrtriong pfacorsotshie. & A LIBISIOTEYENEE BBIB CUPRFUERsER Mt or val ue,
for a set L osl@stiod @Hed, ERITCAT i€ UsOT
sequen@ggxgh%5$£%g#ﬁ nggﬁpﬁ%ﬁgg?%ﬁgﬁseég@gﬁtgﬁis derlvggbfron1precursor
sequenae&qamhﬂmeﬁhhﬁmﬁ%b@ﬂﬁﬁfﬁdﬁb&ﬁ@VWﬁﬁtﬁ@g the peptide is, respectively,
bi oactive or non bioactive; a2) transferring the vector dat a generated in
step al) to the SVM based al gorithm said al gorithmcal culating the

opti mal hyperplane that separates the vectors corresponding to the

bi oact iygumpeRYi des and the non bioactive peptides, respectively; b)

provi ding protein precursor sequences froma publicly avail abl e human
protei n database; c) predicting secondary structure and cl eavage sites

Wi thin a protein precursor sequence provided in step b) using
conput ati onal nethods; a set of 7 nolecular descriptors is calcul ated
based on said prediction step resulting in the generation of peptide
fragments; d) calculating a set of 42 nol ecul ar descriptors correspondi ng
to the physicochem cal properties of the peptide fragnents generated in
step c); e) transform ng the cal culated values fromstep c) into scaled
val ues between 0 and 1 to generate dinensions 1 to 7 of a

49- di mensi on-vector for each peptide fragnent and transformng the

cal cul ated values fromstep d) into scaled values between 0 and 1 to
generate dinensions 8 to 49 of said vector for each peptide fragnent; 3b
f) presenting the vectors generated in the step e) to the trai ned SVM
algorithmfromstep a) to neasure the distance of each vector to the
hyper pl ane cal culated in step az); and g) classifying each peptide
fragnment as bioactive peptide or non bioactive peptide, according to the
di stance neasured in step f), wherein dinensions '|I to 7 generated in step
el are the following: Dinension 1. N-termnal ProP score; D nension 2:
N-term nal Hncut score; Dinension 3: N-term nal fragment; D nension 4:
C-termnal ProP score; Dinension 5: C-termnal Hrcut score; D nension 6:
C-termnal Ham d score; Dinension 7. Ctermnal fragnent. 30 In a second
aspect, there is provided a conputational device configured to identify

bi oactive peptides derived fromprotein precursor sequences by using a

bi nary support vector nachine (SVM based nethod, said nethod conpri sing
the steps of: a) training a SYMalgorithmto | earn to distinguish between
bi oacti ve and non bioactive peptides, said training conprising the steps
of : al) generating vectors with 49 dinensions, each dinension resulting
fromthe cal cul ati on of a nol ecul ar descriptor value, for a set of

| abel | ed known bi oactive peptides derived from precursor sequences and

| abel | ed known non bi oactive peptides derived from precursor seqguences,
where the | abels indicate whether the peptide is, respectively, bioactive
or non bioactive, a2) transferring the vector data generated in step al)
to the SVM based al gorithm



said algorithmcal cul ating the optinmal hyperpiane that separates the
vectors corresponding to the bioactive peptides and the non bi oactive
pepti des, respectively; b) providing protein precursor sequences froma
publicly avail abl e human protein database; c) predicting secondary
structure and cl eavage sites within3a protein precursor sequence provided
in step b) using conputational nethods; a set of 7 nolecular descriptors
is cal culated based on said prediction step resulting in the generation of
pept i danfar RERRALS; thdle B3rGdeR, I8 campoter @hsdPsy¥Rdre CAllndtnodigser | pt or s
corresponding to the physi cochem cal Prq erties of the gegtide fragnents
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49- di mensi on-vector for each peptide fragnent and transformng the

cal cul aHteRP ¥l ues fromstep d) into scaled values between 0 and 1 to
generate dinensions 8 to 49 of said vector for each peptide fragnent; 3d

f) presgntiapghd HeViesESIAmaeNEsrd S didifghibe bstweBn lodclvd Bed hbi ned SVM
algorithmfromstep a) to neasure the di stance of each vector to the

hyper pl an®ic@giapaigns Sy ApIng APMPLISN AN e 81888 1 f yi ng each pepti de
fragnment as bioactive peptide or non bioactive peptide, according to the
di stance neasured in step f), wherein dinensions 'l to. 7 generated in step
e) are th@UfIAMEHinE yeCo il 18 AMeng PR SRR fMSNsIonde ' Ene BPRdRsi on 2:

N-termnal  Hgguiatieos @F 8 mddsRasdsnrigior Maluer it Bakt émageatknobhnensi on 4:
C-termnal ProP score; Dinension 5. C-term nal Hmout score; D nmension 6:
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aspect, thergsdsivdhavidiedicivels foff prebarddPtindnass, dekingd abgye for the
identification of therapeutic polypeptides, targets for drug intervention,
D

on . pol'yp ( : |
| i gands to dndieagayhsthardiampertics i§desrarivelyoiapKEL N8N MR di seases.
3e One subject-matter of the present disclosure refers to a nethod for
identifying bioactive peptides using a binary support vector machine (SVM
based al g@) faNFSTNGtNEORFIR SRlSRNSIRISPJR Si9p %T@rfg‘? RVMapasedR@PENGori t hm i s
trained to oM gb@nel SdidiaiigSthe RBLMRE Rydireasd inke séiiaRehdieastki ve
peptides, said training conprising the steps of: al) generating vectors
with 49 di netsieshndingirngitipaciyoRePEGs 3015 PPoRICBRECRERIGESt i on of a
nmol ecul ar dqgg&k@ﬁgg;value, for a set of |abelled known bioactive and
| abel | ed known non Dbi oactive peptides, where the | abels indicate whether
the peptide is, respectively, bioactive or non bioactive; a2) transferring
t he vectorrélddiAg BRISHJ@dridt sshBshdesliorh @ dubfclBYMibaseadirdgpfotdiim  sai d
al gorithmcal culating the optimal hyperpl ane that separates the vectors
con- espon®ERPFS t he bi oactive peptides and the non bioactive peptides,
respectively; b) protein sequences are provided froma publicly avail able
human protein database; c) secondary structure and cl eavage sites within a
pr ot ei nC)s RAHEE eI HHYSG @Fag¥aﬁ@ Wémnepe%pﬁé‘?"ﬁﬁr%yﬁﬁt ati onal
met hods; &e§64ncefprévit®d RCIEED) 86§ EoMpOtBiohs rtdtheds; atsed obastbmkrsai d

prediction step resulting in the generation of peptide fragnents; d) a set
of 42 ol GEBTEIOEE EVPHRGREEEH PSRRI D SERESHIG BONE Hew alin

properti ey gEpidacripmiriidle fragments generated in step c) is calculated; e)
the cal cul ated values fromstep c) are transforned into scal ed val ues
between 0 and 1 to generate dinensions 1 to 7 of a 49-di nensi on-vector for

each pegpt icdRufating @Rt of 42 molecular descriptors corresponding to the physico-

chemical properties of the peptide fragments generated in step c};

e) transforming the calcutated values from step ¢} into scaled values between 0 and
1 to generate dimensions 1 1o 7 of & 48-dimension-vector for each peptide
fragment and transforming the calculated values from step d) into scaled vaiues

 between 0 and 1 to generate dimensions 8 to 49 of said vector for each peptide

fragment;



4 and the cal cul ated values fromstep d) are transforned into scal ed

val ues between 0 and 1 to generate dinensions 8 to 49 of said vector for
each peptide fragment; f) the vecto¥® generated in the step e) are
presented to the trained SYM algorithmfromstep a) to neasure the

di stance of each.vector to the hyperpl ane cal culated in step 5a2); and Q)
each peptﬁdé’rﬁega?ﬁaﬁ' VRGOS %&%ﬁ"?ﬁéaaﬂ S §ER 5¢ 19 108 MRl WAV O BeBact i ve
pepti de, accterdd)ngmeastrbéha dstames! aaals veadr forths hegerplane talcolaganer al |

di mensi ons 440, Y jggnerated in step e) are the followi ng: Dinension 1. N
termnal Prop score; Dinension 2: N-termnal Hnhcut score; Dinension 3:
N-term nal fragnent; Dinension 4. Ctermnal ProP score; D nension 5:
Ctermi na?) }dnsutyimoﬁ;peﬁii@@ﬁsgmentﬁés Qoéﬁfv@imhdiﬂaﬂhfr BigatiRie d?a';j)maasi onh7:
C-termna AGRERL; ol SLONS generated in step e) are the
fol | ow ng: Ea)rcrrens?'tct)onth%‘: %}r](é%ﬁ‘t”gg%"%?? %ﬁ%gf:ﬁgdl c amno acids (E, N, Q per
pot ypept i de WhSrsieAgIesaio0s 1pe/@siesiRd 61 stgp S era/iepjolvarg ddmansiap fabi ds (R
I\—(I) \%er pol y}TpﬁrﬁaﬂE'_'roF{lquﬂS]')iﬁmn%@h Ezlaex-feemtraagein@m ec]g@ﬁftpihrﬁnamw@mci ds _(g,

: per poLypep , » 11;_ Pe f lphatic.amno acids
(G V, A I;?“f per Er% ye.rétic[))P ﬁ%?élﬁpﬁe‘ﬁ&%ﬁﬁ%%%%gg%%thn&é ot %?%WH%”%er

pol ypept i deﬁrﬁﬁ%%ﬁég"@%mp@ﬁéém@@‘ beMiksear s Aimarsies aéi-gsmrsl T) per
pol ypept i defrabmarinsi on 14: 20Percentage of Al ani ne per pol ypepti de;

D nensi on 15: Percentage of Cysteine per polypeptide; D nension 16:
Percentage of dutamc acid per poiypeptide; Dinension 17: Percentage of
Phenyl al ani ne per pol ypeptide; D nension 18: Percentage of d ycine per

pol ypeptide; Dinmension 19: Percentage of Histidine per polypeptide;

D mensi on 20: Percentage of | sol euci ne per pol ypeptide; Dinension 21:

Per cent age of Asparagi ne per 25pol ypeptide; D nension 22: Percentage of

A ut am ne per pol ypepti de; D nension 23. Percentage of Arginine per

pol ypepti de; D nmension 24: Percentage of Serine per polypeptide; Dinmension
25. Percentage of Threoni ne per pol ypeptide; D nension 26: Percentage of
non- canoni cal am no acid per pol ypeptide; D nension 27: Percentage of

Val in. e per pol ypeptide; D nension 28. Percentage of Tryptophane per

pol ypeptide; 30 Dinmension 29: Percentage of Tyrosine per polypeptide;

D nension 30: Cysteine content; Dinension 31: Percentage of coiled
secondary structure per polypeptide; Dinension 32: Percentage of helical
secondary structure per pol ypeptide; Di nension 33: Percentage of random
secondary structure per polypeptide; Dinmension 34: Score for structure
around N-term nal cleavage site; Dinension 35: Score for structure around
C-termnal cleavage 35 site; Dinension 36: Nunmber of helical blocks per
pol ypeptide; Dinension 37: Isoelectric point of polypeptide; D nension 38:
Aver age nol ecul ar wei ght of pol ypeptide; D nension 39: Sum of

Van-der-Waal s forces of each amno acid wi thin polypeptide; D nmension 40:
:Sum of hydrophobicity val ues of each amno acid within pol ypeptide;

D mensi on 41 -48: Mean val ues cal cul ated based on principle conponent
score vectors of hydrophobic, steric, and el ectronic properties per
potype_iptide; Dinension 49: Length of polypeptide. In a preferred

enbodi mrent of the method of the present disclosure, protein sequences from
step b) are only naturally occurring protein sequences found in the human
secretonme. I n another preferred enbodi nent, bioactive peptides are

bi oacti ve peptide hornones derived from precursor hornones. 10 Anot her
subject-matter of the present disclosure refers to a bioactive peptide

sel ected fromthe human secretone by using the nethod of the present

di scl osure. In a preferred enbodi nent, the bioactive peptide is a

bi cactive peptide hornmone. In a nore 15preferred enbodi ment, the bioactive
pepti de hornone derives froma precursor protein. In another preferred
enbodi nent, the bioactive peptide has a sequence selected fromthe group
consisting of the amno acid sequences of SEQID NCs: 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,
4B, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, BB, 89, 90, 91, 92, &3, 94, 95, 96. 97, 98, 99, 100, 101,
102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114,

In a second aspect, there is provided a computational device configured fo identify
bicactive peptides derived from protein precursor sequences by using a binary

support vecior machine {SVMj based method, said method comprising the steps of:

a) ftraining a SVM algorithm fo learn io distinguish between bioactive and non
bicaciive peptides, said fraining comprising the steps of:

a;) genherating vactors with 49 dimensions, each dimension resulting from the
calcuiation of a molecular descripior vaiue, for 2 set of iabellec known
bicactive peptides derived from precursor seguences and labelied known non
bisactive paptides derived from precursor sequences. where the labsis
ndicate whether the pepiide is, respectively, bioactive or non bicactive;

g} transferring the vector data generated in step a4) to the SVM based aigorithm,
said algorithm calculating the optimal hyperpiane that separaies the vectors
corresponding to the bioactive peptides and the non bicactive peptides,
respectively;

b) providing protein precursor sequences from a publicly available human protein
database;

c) predicling secondary structure and cleavage sites within a protein precursor
sequence provided in step b) using computational methodsi a set of 7 molecular
descriptors is calculated based on said prediciion step resulting in the generation
of pepiide fragmenis;

d) caiculating a set of 42 molecuiar descriptors corresponding to the physico-
chemical propetties of the pepiide fragmenis generated in step ¢);

e} firansiorming the calcuiated vaiues from step c) into scaled values between 0 and
1 to generate dimensions 1 {o 7 of a 48-dimension-vecior for each pepiide
fragment and tfransforming the calcuiated values from step d) into scaled vaiues
between 0 and 1 to generate dimensions 8 {o 48 of said vecior for each peptide
fragment;



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.

3d

f) presenting the vectors generated in the step e) to the trained SVM algorithm from
step a) to measure the distance of each vector to the hyperplane caicuiated in

step a,); and

g) classifying each peptide fragment as bioactive peptide or non bicactive pepflide,
according to the distance measured in step 1),
wharain dimensions 1 fo 7 generated in siap &) are the following: Dimension 1: N-
terminal ProP score; Dimension 2. N-erminal Hmcut score; Dimension 3: N-
terminal fragment; Dimension 4: C-terminal ProP score; Dimension S C-terminal
Hmcut score: Dimension 6: C-terminal Hamid score; Dimension 7: C-terminal

fragment.

In a third aspect, there is provided a use of the method as defined above for the
identification of therapeutic polypeptides, targets for drug intervention, ligands to

discover relevant targets or biomarkers to monitor diseases.



The disclosure pertains further to a peptide library conprising bioactive
peptides 30identified through the nethod of the present disclosure. In a
preferred enbodi nent, the peptide library conprises bioactive peptides
havi ng a sequence sel ected fromt croup consisting of the am no acid
sequences of SEQ ID NOS 1-185 cit above. :35 6 In another nore
preferred enbodi nent, the peptide |ibrary conprises bioactive peptide

hor nones derived from precursor proteins. Another subject-matter of the

pr es@ems sutiestmatierrcs thearegest disclesuco ifRre in @ Belioddevdensinieiroastiyed to i dent hy
bi oacti.ve peptides i a.hi.g a : RE=LSVM: based
met hSH S whe? E%mnﬂygé”%@bﬁ%?gg%fﬂﬁ%X?syﬁgg%%%%&%gﬂfgggggﬁgﬁﬁistinguish

bet veerrbiwberii:ve and non bi oactive peptides, said training conprising the
steps of: 10al) generating vectors with 49 di nensions, each di nension
resulting fromthe cal culation of a nolecul ar descriptor value, for a set
of | abel | e8VirigaRtE} Ea@irerdo B PARINPEEN RRWGER" HRTFHY0H e pepti des,

wher e t heyhahal sorinsl cakeramias bevorshe theptebderi s, respectively, bioactive
or non bioactive; 15a2) transferring the vector data generated in step ei)
to the SVM based al gorithm said algorithmcal culating the optinal

hyper Sl ane 'Ejhegﬁ) gm&tgfge&ctd@wMeém din?mm&eﬁmbmﬁihmgsimrorestm@ngﬁr@ama ve
peptides and the non bioactiye pepti p i ; in
sequences are prﬁggﬁgﬁnf’86?%?%&%?%%?”§%V%ﬁ%b§f%E%ﬁ%@ﬁmg%ggégﬁgdatabase;

c) secondary st r hickdiive aadibteliehivage win beaddive hiplidgs prorreitie igegjtience

provi ded in st ep, oo HEUEHEMol N, Ny £ORTY. BlckeRA orBh iRiEiva set of 7
nol ecul ar descriptors 1s caltulated based on 'said prediction step
resulting in the generation of peptide fragnents; d) a set of 42 nol ecul ar

descriptors C%? 8SRSEHHEhd Gectdieiplysiesfeg heaksal) tpiremervibasedf t he
peptide fragnents generated in, ste%;‘:l:k . 1s cal cul 3t ed; 303% t he cal cul ated
' I

val ues from st ep2Prigfe Sgif4 ng 188 PEREVEPGEE Gt Heen 0 and 1 to
gener at e di mensi @BSardtek Ghe/vifora cdSeshion®ing kothe \ieictive peptideaei pepbhde
fragnent and the calculatﬁgavagyg%mégon1step d) are transfornmed into

scal ed val ues bet¥EENEPRAE™ 'YFGEnSr ate di nensions 8 to 49 of said
vector for each peptide fragnent;

b} protein seguences are provided from & publicly avaitabie human protein database,

c) secondary structure and cleavage sites within a protein sequence providad in step b)
are predicted using computational methods; a set of 7 molecutar descriptars is
calculated based on sald prediction step resulting in the generation of peplide .

fragments;

d) a set of 42 molecular descriptors corresponding fo the physico-chemical proparties of

{he peplide f%agments generated in siep <) is calculated;

the calculated valuss from stap ¢) are transformad into scaled values batwean 0 and

o

1 fo generate dimensions 1 to 7 of a 48-dimension-vectar for sach peptide fragment



f) the vectors generated in the step e) are presented to the trained SVM
"algorithmfromstep a) to neasure the distance of each vector to the
hyper pl ane calculated in step . a2); and ) each peptide fragnent is
classified as bioactive peptide or nap bioactive peptide, . according to
the di stance neasured in step fj. The disclosure pertains further to the

. use of the ngr'gﬂhtgdééf I;{hg present disclosure for the identification of

t her apeutic peptilae yaiuwfgenstebdyardrtmgioﬂﬁ@dfMﬁ,rg;ég ' ds t

di scover rel mge%gg[ﬁmgﬁ sé?&%ﬁ%%eg .(%o moni tor di @gé’é‘géi’ggé?@e” g

" di scl osur pgrtai‘ns further F9 th *0SE AT VeHY 'Befich deptideiiaamenbf t he
present di'sciBYE@s pANaisd inistay < prermesintddioitng £k Q008 algdhh @Rl ul ar
signal | i ng pathsay Sicati@e HEALEALEL] s.Lo 10further the understandi ng of
a pathway; to *cf\?ate novel ?%rg?rcrs of é{‘f’q‘{}}eer" 5’&‘%@“95%9%“? B@fitigipg in step
pharmaceut i c%%f'l"“'{) active compounds, targets for drug intervention, iigancis
to discover relevant targets or Nomarkers to nonitor diseases. The

di scl osure, i . di.rected to a pharnmaceutical conposition conprising a
bi oact i ve%i%gﬁb ?‘38’3‘9 HA9TRY ' classiie se bioselvecneptidd eromonthieciveasptigonsi st i ng
of the am nEcewiidy sethaetese ofeaSr@ hRNGS 1- 185 as bioactive agent.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is directed to
novel bioactive polype.iptides and to an in siiico method to identify such
bi p; i vegﬂﬂ“?r&éﬂmﬁd{é@ns_ITrHO_kaeanBtese]rt_tte;j @W&B&ﬂ%iiov@ngﬁ@i%&%ﬁoﬁpf'il\ge s

consi der egramald & L. has.an interaction with or an ei'fect nmany
cel | tissye in.t ﬁ%gﬁddéég?{hf%%{}” EE?E)egrgwﬁ%mﬁ‘étﬁﬂ?é@‘%@ﬂt3h§-t€|ami@hti al to be
used as t R UPEHITENYRA 4 SelsriieProb acget Binfensiot BUG-térRtral MBRLA LBy | T gands

to di scovBimensibevatterndiBhSid rphani ng) or bi omarkers to
noni t or déﬁ%%gses.mgi:éacti ve Ee%??e%@%ng'@ﬁgggﬁemg%ga%ﬁ@r%“,d bi oacti ve

pegt‘é i de hor nones.° PEpECERalfsbiee ) aeéhackvwioy edimaesiohy: HdAgintadai@h

speei fi ci agdiagmine ktidaE, N &) heebdratbi i / w_concentrations.

Pept i de hg{apgégg%x%r £ ds[]ht jaélpleyﬁ’ E%%thggpﬁ%%@ q{g%cgbgﬁ? &ﬁﬂs e, or

pr ohor nones. K @pr ECUPs Ot PIrPoyPeRiBst imeasipn g Mrcetagmotheratgsual |y mor e

active oramag aeies EuldstaperepdidebiafeBhendoprat ﬁér@erﬂéf&bﬁaﬁﬂatiic% an inactive

protein .45 tA an be turned. into an active orn{“fﬂ?

post - t r ansl &@?ﬁ’aﬁ'%&%%ﬁ%ﬁ’n&mﬁw | Fereenipag et Brafies permehpaptaleyed i n

the nodi f{'C&IYSh B etoretape etieasie atinquonibiseTt b8 pBRbLSRHRLELD, 151 gnal

segfience rRAreAwREQf AlahRs \ vage _sites, amdation sités, etc.

8 The na:B%i of w’?hquf ec,urp ggéﬂ#%%ﬁ%s’%Fﬁ%%ﬁ%ﬁ%%@ﬁil%?fe@ﬁ%F!W pro or pre.

Pr ecur sors YR 981 Ta1e"%18% 46 R preamtase ghRiutaminkaeid reh BoigHps @S WRRbdRs LRI N i S

pot ent i alReycehtagebifPherlatanie Y ' e, on short notjce and/or in

| ar ge qug)g@h%jﬁgg_. h%ﬁ:ig taé;.rgs%fBom%g%ﬁﬁgk@&npé%ﬁe&gm aﬁﬁﬁp&b'?‘ﬂ?éﬁrn" are

used i nt &r ChAnGeabl Y HYF &' 1T SRS agE &F Histiriae pel nolwepiiten Binsdrisiog 20f ani no aci d

resi dues Peraskieds bi/soevaemir pbga@tﬁide;TmﬁﬁéﬁsiaﬁQﬁspérmgbg%f REfLSq:QL . r agment s
es

ofaful | | ot ein h as, for exanpie, peptl AR PYBpEYt i des and
s h?br ter pg’g%pﬂggs%%%%ezsf g}% ﬁcéain%@? Hfgéfﬂ?a”?igg P@%E?I@O}’ng@ﬁ ﬁ'ﬁi’i%sio?l QE: Tr{or e

parti cul p{cyntﬁ@?)@ﬁ-iﬁgingr@q:@en@mpﬁd&)ﬂirﬁérﬂsﬂ:ﬂw 2f: PhrdRtaB N A% 5 -
polypepfrde; Dimension 25: Percentage of Threonine per polypeptide; Dimension 28:
Percentage of non-canonical amino acid per polypeptide; Dimension 27: Percentage of
Valine per polypeptide; Dimension 28 Percentage‘of Tryptophane per poiypep’{idé'

30 Dimension 20: Percentage of Tyrosine per polypeptide; Dimension 30 Cysteine content:
Dimension 31: Percentage of coiled secondary structure per polypeptide; f}imension 32
Percentage of helical secondary structure per polypeptide: Dimension 33: Percentage of
random secondary structure per polypeplide; Dimension 34: Score for structure around

. N-terminal cleavage site; Dimension 35: Score for structure around C-terminal cieavage

site; Dimension 36; Number of helica! blocks per polypeptide; Dimension 37 Isoeleciric
point of polypeptide; Dimension 38: Average molecular weight of poly,

peptide; Dimension
39: Sum of Van-der- g

Waals forces of sach amino acid within polypeptide; Dimension 40



10l n addition, these terms include polyners of nodified anino acids,

i ncl udi ng am no aci ds whi ch have been post-translationally nodified, for
exanpl e by chem cal nodification including but not restricted to

am dation, glycosylation, phosphorylation, acetylation and/or sul phation
reactions that effectively alter the basic peptide backbone. Accordingly,
a pol ypeptide may be derived froma naturally-occurring protein, and in

parti cul asufmy hhﬁopﬁn‘éﬂ@@ ek dreatRahind aduﬁ\@@ﬁ[ pBFyBi&fdQ ng]egggmqaugor
enzynmat i CMCI eavag F ents such as prot eases suc

trypsin oMeBRYADET SAssERd %H §tp”8?’?f@r%°mDRP?@r91€i§{5’1 \(?éTOyS OstldeDDbe!ypeptl des
may be desﬂcmecbnbxélneﬂ&ﬁm ;ﬁrabnzﬁwbhq&ﬁy@nw@mg)xmrhdzorkmwanﬁﬁB“f Fﬁﬁpfﬁﬁakhe“ ¢
nmet hods. 20 An amino acid is any nolecule that contains bo am ne and
car boxyl ic acid functional groups. Amino acid residue is what is |left of
an ani né aerERredEEbadimsineeiine methagef the. Mwnbéemo$mtpr¢tan sktudneesTirdh etep

ni tr ogeRpHe onlydRanfas odBurkih d’té?r’frbéc{l'ﬁn%rf Iﬁln‘flﬁ?)sec%tgr#e formtion of
a peptide bon t he chem ca bond that 1lin am no aci d ‘nmonomers in a

protein chain 25 Each protein has its own un| que am no aci d sequence that

i's Known ;asmidse c . ruct ure fairly .

strai ght faorvvarpg fgﬁécj %/e%ér;&oglpéewngnger an%tbmgahvgrf’ag %Ef h%{m%%s H87EE i n

t he prtff@?f“@‘r“’%’dlom’@@i de chain. The coval ent peptide bond is the only
type of bonding involved at this [evel of protein structure. The sequence

of am eneLic i for

whi ch i’)@o?r%rﬂ%io Br?ég&f &tﬂ% Eﬁggﬁt th«d,fogﬁre e Fﬁﬁé a% fﬁé‘fea‘fe@ t??ﬁ & %:f%?rgﬂ}? SO
pr ot ei muﬁ’@ﬂlﬁéﬂfﬁﬁo@aw L@E\thﬁe owttiog Cﬂﬁlewfmanédiscld'shme next |evel of protein
structure generally refers to the anmount of structural regularity or shape
that the pol ypeptide chain adopts. A natural polypeptide chain wll

spont arieepsdfgrrdcodrabddintent ahe E@al:ia;re mptceeld ﬁn@dctﬁrb@@ﬁtcdn-rﬂ&ﬁnﬂﬁi hEy¥R&Ge of '
segQndal Yr., e nd in 35protei ns nanme hel i x, and
o if car L ATt RUE pREEhe Rl [P e iﬁemva%wm% the next

| evel of conformation or shape adopted by the al pha-helices or

bet a- pligah&fershastsy bédﬁeﬁﬂqﬂerblo e ;g)?pgtg%q'lag% sto%tr}dnc;[aose é‘ﬁJE'Ht

shapes that are broad classifie I ar arrang sone
parti cUl SPreping Err“«aﬁm'ﬁia GEi seguEERMSr 6EQ 15 Tlé@és? 7Tlae$é &re 8, me1m1n

foams oi, g3,a8s514, aatﬁawt& ]?UCMYZQ 23“2&?25“3;@‘ bEMHeUsE G, ?1 ‘%%”%!3 34, ‘Qﬁ' ch
re rs (0] u (0] Struc urelna (0] ‘ail n.
5Th§ r”f)’ta Eufi BEh%QSO‘J‘f'i ggc‘f? 6?8%594% %Jet”gr‘f‘ﬁ s 5f . ﬁ%rrf@t %rﬁﬁh ﬁﬁﬁfe“‘@ody
Al so i ri:‘@l o &d, 66, 16k 85, BReSTs 6BPpRD, 0D, Thezded imi vs o, of, & ?@Céeyefﬁpéif @8’ bi’ﬂe
m n n n I [ er a
oo 361 & SEWERS B ANes, o Thesks BRYGEUD! gL, e ot s BeeTCanl ¥

conservat i Ve "tuton
nat ur al10§. B 198, i1A% 4R 1ol déRd11Sedierids, W, dh7.doiBnots, abt 6121aﬁ22,01|23615t one

essent i1al; REORRS kY7 0@85@29(11@9'%99%2 deg. %Eha@smset ﬁéesﬁggr% 1%¢1t¢§]1,cal

Loglca act | Vi ypept | des |
poi*ypeﬂf‘iztﬂé1 s VAt Hé‘gl@a tﬁnéé&v i 20, 4Ai n“ba?adp@i TSGb'i;fEﬁ £ 6, |1(Sﬁi5'}%8 a5,

vel | - kﬂ@WﬂH‘ln'TaZ.hQS@r‘ibﬁl feol 16520801 €58, 88, Ofp, er;ﬁnmﬁﬁ&'ﬁ%”ﬁﬁ* q”‘?s of a
native 9%1 9&5 ?rhcan,l % @%St' uted conservatively w th an am no

resi dué G &1 dRar Z&%0r polarity, with the resulting

pol ypepti de retaining functional ability as 15descri bed herein. Rules for
maki ng 7 ' i1fic , conservative
am no g@? ﬁ“%f"tbﬁé{*{’%ﬁ@ﬁ%’?@% Jje Iwgwom egr"gq ?8&{% %Be%dS%e within a

f aff | y'wt'%thf@ua!tthemth%ﬁ Ofath‘ép?eéﬁlﬁtdwmwet heir side chains.

in a preferred embodiment, the peptide library comprises bicactive peplides baving a
sequence selected from the group consisting of the amino acid seaunncns of 81:@ ID NOS

1-185 cited above.

in a more preferred embodiment, the peplide library comprises bicactive peptide hormones.



Genetical |l y-encoded am no acids are generally divided into four groups:

(1) acidic=aspartate, glutamate; (2) basic=lysine, arginine, and

hi stidine; (3) non-polar-al anine, valine, |eucine, 20isoleucine, proline,
phenyl al ani ne, nethionine, and trypt@phan; and (4) unchargedpol ar =gl yci ne,
asparagi ne, glutam ne, cysteine, serine, threonin, and tyrosine.
Phenyl al ani ne, tyrosine and tryptophan are also jointly classified as

ar omat inGanattien mo@qirelared@nebotiimant) e peplidkCibnen tomphiddai toariye padiigkcul ar gr oup
such as, for exanple, th ubstitution of |eucine for isoleucine or valine
are aﬁFgFﬁQ??@%Wg?w?ﬂgmmdﬁé&yﬁ Ton of aspartate for glutamate 25or

t hr eoriptitessuljestimaster gfithepregent disclesvredptersdo aciotpriationil devige ¢pnfigured
structyral ly-related amno add residue will_ generally haye an ,

st ariraei; SeRleCiboRie R A6 £ BRaR G o P Lt Pl S Bt gt

| nél udeierein: t he scope of the definition of the term"pol ypeptide" is a
pepti de whose biological 30activity is predictable as a result of its

am no aci d sequence corresponding to a functional domain. Al so enconpassed
by the té&nd SgHI%‘ﬁﬁ’éﬁﬁfﬁ g Eaing g toalepEP iRingWes eetypel bigedirk aadtiovi ty coul d not
have been piiggliied aohidy sh@randlydnprighg S8 &0 aci d sequence. In the
present invention, a support vector machine algorithm (SVM is used to

di stingui sh 35bet ween pol ypepti des that have an activity in vivo and

palypepti des t hat) gehefoihg bestersantroqst diish¥iohd) e @mendiBn SHRBSE troMe gk or
Machine (SVM: A Su gkt Vbctoc=N%cthe é?VNLTis a unLv%rsaI | ear ni ng
machi ne that, duri T?E‘Q‘ 't B %iﬂﬁ’g‘cﬁ AUBSSTHEY &F'P s 3P FeEPEITH oW ace or
"hyper pl ane". The dlexiied an iBygiecpinaws nbs bidaciletrenidaie dnbie e $leisof support
vectors sel ected f. a.kLaln - of vectors and by a set of
cor r espondi ng nult%%ﬁ%é?é?ﬁ%ﬂg@gggﬁgg%ﬁaﬁgggy%réngﬁg”gﬁ?%‘%%%?%Eterised
by a kernel function. The mathenmatical basis of a SYMis explained in the

bagk by John Shaavgﬁ%rgyé,pgr& %N@&bpﬁ%@i@fgh@w %gﬁgﬁgﬁw@eﬁa@ versity

Press, 2000, entit ) pport Vector Machi nes er nel - based

| ear ni ng net hods" #BRIH, SBiF AFertEMealspiabng eamtimg! OrgrmjammiaChi h- Jen Lin
entitled "LI BSVM - sehatchdditas Yedtofs corBRSIHindas tf bR PESides 2801he non ,
Subsequent to the training ‘%pase, na.\?%l\/l operates in a testing phase during
which it is used 18P BEUEFS FERT™NRt ors on the basis of the decision
hyper pl ane previously determ ned during the training phase (Noble, 2006).

Suppor t ctor. ' iEg.ggp pcation in nany and varied fields. For
e;zg)npl e, \éﬁn&g{“ﬁ‘g%@pér%géﬁfe Tm anﬁbrﬁi% %ﬁ?ﬁv ghﬂiiﬁl{’\%é’amaﬁ&ﬁ?@tqa&%aﬁ’ protein
relative solvent accessibility with 20support vector nachines and -
| ong-range LNLEERELHRRArSSnd QeRladdese! LRGP prom Ll &dh tne

pr obl em %? pr edizgfi ng. ﬁi g?] res_oaig(l}ti on 36 étarﬁtgﬁ%%ga%rﬁce%?g\gé&?g%g?pu%y t he
docki ng of Pyl @ing @Eputational methads; a sat of 7 molecular descriptors is

calculated based on said prediction step resulfing in the generation of peptide

25 fragments;,

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

the peptide fragments gensratad in step c) is calcuiated:

30 e) the calculated values from siep ¢) are transformed into scaled valuss batween 0 and
1 to generate dimensions 1 fo 7 of a 48-dimension-vector for each paptide fragment
and the caicuiated values from step d} are transr’o.rmed into scaled valuas between 0

and 7 io generate dimensions 8 to 48 of said vector for each peptide fragment;

[N
th

f) the veciors generated in the step e) are presented to the trained SVM algorithm from
step a) to measurs the distance of each vector to the hyperplans calculated in step

az); and



In the present invention, a support vector machine algorithm (SVM is used
to distinguish 25between pol ypepticies that have an activity in vivo and
pol ypeptides that do not have an activity in vivo. Froma practical point
of view, a SYMis inplenented by neans of a conputational device such as a
personal conputer in the present invention. 30 The corrput ational device
i ncl udes one or nore processors that execute a succession of different
softwares, as described in the exenplification section (1.1.), containing
instructigns f.or | ) 0, resent dnvention.
Traini ng @f egwegﬁt%g){lgv%lm Sg%é??% 541%%51 ﬁ\% ’%nﬁmgg FeRO[% B% r'é{f‘ﬁa% 'SVM
nodel ; "vect acsnrﬂmgﬂutizhgdlsmmmmm%verﬁmgénerat ed using the programroutine
descrlbed in the experjinmentation sectio .1.) and schematically shown in
g 1. Thrglecpms gurns Mt 1g edtse o Meghoined G REReS HrBrBR L 0% pept | des
can3 be i¥tificagbrest tﬁéregﬁ@uaaysoippéﬁhﬂ@s aargéts #drldeughinieeveniiorotigands datiedyse, such as
Swi ssprot. Pref ragjlli%ﬁ'k tlvet‘fﬁ tldes with a |l ength between 4 and 55
am no ASPYRO 5) €3S MY Aer precursor according to their
annotation in Swi ssprot and | abel ed as positive exanpl es used for training
of t herRdotsgerpeitding furtidr tothbese cﬁfrtlaag»mmeslibmhdrth& prdsanit tikclgsuregngt h bet ween
4-55 amino acids fromthe 10 sanme known peptide hornone precursors that
have neSEESRGFEORTiTe ITBICRE: B Helle n SRR PYBYEYa I iTRGE "SEeoR SUM
trapni ReinsAtmd re=SdMiing oke baathmay xsyrstaemoxmi aaet o hepedd feisc Wweihefl abel ed
as +1 and non %) actlve ept i.d V\stg Labeled as -1. Simlarly, Dbioactive
and noR BIOHEHIFE ﬁﬁ??a ?h SR PROIEF eI B AS AT H6°AM no aci ds
wer e usetdvamtargetsnrlmmw&mm modidr dissepeedi ct | onger pol ypeptides. I n order
not to over- 15represent negative exanples, the final SVMtraining sets
for short (4-55 am no acids m no_aci respectively
ver 0 oo SRl S Aol P SO AR g behgRRrcl Vel Y
Omaépﬁgéogé&d %nhb&xcs%%c%% m@fgra@pgécsﬂsxé%ﬁg bf @8 Aiho BEYRLE MR ces

pepfldes trans ormthe information hidden in the bioactive and non
bi oact i/ SE5eist Nadd;188 28 icagveAPeHescri ptors was defined and used for
training of a SYM The perfornmance of a SVM nodel strongly depends on the
quality of the chosen descriptors used to describe the peptides. In the
present invention, the first 7 descriptors reflect the likelihood of a
pol ypemE e ED drsqRiBOOtedr BYE hey'Ehlii@N body. These 7 di mensi ons were
cal.cul ated by enploying a set of 25protease prediction site tools to the
pep@l de hornone precursor sequence (Figl). The resulting scores of each
pr ogr arireurpsant inveriiot iy @ecley @ sewe! f9agescratyestides aitdtorenaiskitngeird |

di rren5|t8 ar{tigrféue%noéﬁpé’bél?ﬂ*pt@hé’s' co-chem cal properties of each generat ed
fragment bi oactivée or a non bioactive peptide). The 49 descriptors

used i ninthePiFEEREHENIGRRAPYIFPIGEE FINSIiEEd 7 tP'ﬁ%‘*“b'o|“cr"f‘t tiag apyinipfRetion with
exenpl i 4 aqaéﬁe@fbrsﬂgtcbmﬂs_suach fhe reach Hoept Etdﬁctﬁ'@rpbgﬁd&ﬂ%ﬁ'e hellSYtEIRI to be

conhi nat i on of 49 @ég rThe dreafr {9? %rg til des an be represented
as “poi rHsedias BERRAUT iareeis U SR R HERER 1 FREOMBT 2 Bnds to
one of hhetdeg@rqr ﬁn’cﬁpha'ﬁh@ SWiibsedes tbondrind dasiaenBaayivehapiidmest
separates the two sets i i e.and the
non bi dﬁ@%‘%@”@%‘%@%& ;Sdgg’gd e ﬁoundﬁ]%ﬁglggdéggg? égm]i n%S% T&r‘?&?& %ggﬁl ane
t hat beatir sgpapatizgy ahwel a&)’ff@lrﬁ@@@“@?sscijemlswwnnm‘twnmsr@asﬂm@nal space,
namel y jthe, Xﬁ{&% ﬁnacagggrﬁﬁég%glaegaﬁger;sr@eureb@aertexgﬁomggdes and the non

bi oactive pe espectively
30

A ﬁrecursor is a substance from which ancther usually more active or maturs substance is
formed. A protein precurser is an inactive protein (or paplide) that can be tumed info an
active form by pest-transiational modification. Several cleavage sites are invoived in the
modification of the precursor to produce the mature protein: signal sequence cieavage sites,

protease cleavage sites, amidation sites, stc.

L2
th



12 The resulting SYM nodels |earn to distinguish between bioactive and non
bi oactive peptides. The best nodel is chosen which has the highest

per formance based on the ranking of an i ndependent test set of bioactive
and non bioactive peptides. To test the nodels, the 5perfornance of all
gener ated nodel s was tested and the two best rmdel s for short peptides

- (4-55 0 ad and Io ol tide 6- 300 am no aci ds) were
chosenﬂegqsa[%ec ePr)?CUY'fCH rBT(??ﬁ/ $8 Eihpre %ﬁﬁ RIR OBt AL sorg iy qfign

_traini n@edtbmnme@aﬂm w@rﬂhesmq&wpmdels pcerdibilyenaiaful, denideby tdiepact i ve

pepti de een characterized. A schenmatic

overvi eé\}v’ao [e%h%ﬁt}%ﬁg%f%%{%ge%yqua%ﬁtg invention is given in Fig.1lto

explain the steps involved in peptide Ii brary generation. As input value a

protgi MTIRABHENGSIVBE d '

it ehae o gt vB SﬂMe %8 Ed@%&ﬁi’r@%‘ﬁp keCl ed%%’c!l\%ﬁ; Sbl [Pttglreqeretgt case

cl eav ag%p‘§yrt‘@'§oéﬁ‘éﬂ'}§r‘eéi“&°édfdd §$'ﬁ©esdm§%ﬁ b)OfZOVtat%i sonde. Tmee@tecms tnlnleée event s,

The 1 espeeld #8yRbRAYAORIeEhtherdass t d r
sequenc%’;ﬁlﬁ EFgg.t.on SRuBrAORS SLONGs M ARURTpIRtol BRoBIERERARL |

pr ot ei P PFE" S%"é’&ﬁ@ﬁ&@“‘%‘&gé’daﬁﬁaﬁtﬁ@”ﬁ?‘é@ﬁ“@t eWrepastinpiagls Peptides wi t hin
t he pr essgus@es SEGHIRIAG ef 4-a5 brmpRtRrk] al fragments are 20generated (step 2)

and r ut fo i ses. the cal cul ati on of
phys(?cglngﬁggt%ihesﬁ %B“ér‘ﬁ@é p8€’ m@éﬁ:‘f%i &jﬂ%ld ﬁﬂ‘ﬁseﬁ‘td” ging SMINGAYESI nt 3 of
t he exedpth Eﬁavedieeopoﬁetebslmaw mo@'eastemlexampte@lymsaém@al nedtfificegbram no aci d
freque ture each, fragnent,
the i sgg‘?ﬁé%ﬁ aﬂ%ﬁ%& Cte? 'lalggrl gﬁecgsgféave% eggrc”agety [¥aforeach

fr agnerﬁU’PhﬁW‘r r@ﬁﬁtﬂﬂﬁ dat 9ff€t$tlv®sa@ft$rﬂﬁa‘b2&g=mm&de ibambwrer:forrmhg{y,\aan der - Waal s
forces dife %%é‘@erﬁ@d %Waﬁﬂa‘t&al{%}f‘c rrnﬁgrﬁﬁf?%m atnﬂcﬁw SHIR ntly peCOmmonl y

used an no acid scrlgtors or eac am no aci’d based on
Mei et SFived weps)fulHsrate gtatein Ry peeraies!@r aRavmatic cleavageagsinaTeagants sush akr agnent

| engt h @y, bﬁéfr@!&abéﬂ@cﬁﬁ@ﬁ%ﬂin HGhy e, @Hohsstetretsomt&ﬁéwegf Qigpation into

nurrerlca %JJ %ac&uaed valusfromste 1 are transtorned in
st eps Af’é’ YRRENES ey i e %N’]%‘SB{?E’WEYM kgowmaertide swipaiist i vel y, to
gener atreethod® di nensi onal vector for each fragnment. In step 5 the vectors
are presented to the trained SVYM nodel to nmeasure the distance of each
vector to the hyperplane. The SYMoutput is then used in step 6 to decide
whettherAn grainp epidiisianyi nsoleduieethpt tontdins tmttvaririesad aarbopytic 2418 fulictiemnsi onal
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met hod of the present 1 nvention are ure \f/ere used
as pri rigey lost fanciuire tﬁed“*{f@%?‘éﬁ%d%)émﬁ w@mr@mtra eshoxFiesidn) frathe secr et onme

is the thﬂQsltl@n o' &M bBf, ACAEATa! Bodd Bal MRS [RUmitOLL@RBASITSIPa @l | uMan

proteins th ‘%‘ are secreted by the cells. Potentially secreted human
pr ot ei MR CRMNer e used as precursor sequences to find novel 5bioactive
pemsi des were extracted fromthe publicly avail able sequence databases

listed éarc]:h protein has 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. The covalent peptide bond is the only type of
bonding involved at this level of protein structure. The sequence of amino acids in a protein
30 s dictated by genetic information in DNA, which is transcribed info RNA, which is then
translated into protein. So protein structure is genetically determined.
The naxt level of protein structure generally refers to the amount of structural regularity or
shape that the polypeptide chain adopts. A natural palypeptide chain will spontanaously fold
into a regular and defined shape. Two main types of secondary structure have been found in
35  proteins namely a-helix, and b-pleated sheet.
The tertiary structure of a polypeptide chain is the next level of conformation or shaps
adopted by the alpha-helices or beta-pleated sheets of the chain. Most proteins tend to fold



point 1.1 .of the exenplification section. Distinct parts of the primary
sequences of secreted proteins, i.e. protein precursors, were used- as
tenpl ates to deduce novel bioactive peptides. The peptide | ength was
restricted to 4-45 anmino acids to rerder the peptides anenable to chenica
synt hesis. 10 Subsequent to the identification of novel bioactive peptides

-t hrough, %]oh E‘Ftd g g %ﬁ (sﬁc{] invention, antim crobial assays were

per f or nBf YEPTREE T¥REH &Essilied 35 Peduaidn pragnosmepe od SRiee, Pafiedlatussays are
detail estruc:ur@@irr]memﬁfwﬁ rddgeb@semsefarsém :naﬁn paAs blftosskering sghaér%ﬂh
i nventi er tes t tide |i ri sing bioactive
pept | de{sg’P'}1 ng% %dew(’:ls?rﬁ %rﬁt@p%f%lﬁ W@F&fgt‘%g‘ﬂgﬁgfﬁww N&bove. The
am no aetiybeptidpudies of the 185 bioactive peptides identified through the
met hod ¢fe {liGuddHe gggedcﬂég%glggggwﬁ%ﬁ%@%&%g %BRO@? peptide library of

t he present |nven Ion ar eptide library is a
new y devel oped techni que for protein reI ated study. A peptide |ibrary

cont ai A3 raAs! wikiTHRIechte BARL helffioh 8RS hAKEHAGCUA SITRS b sahpati on of

am no acids. Usually, de libraries hesi on SO phase,
most | y ‘é?rﬁ’af‘fésT'??SEWﬁY&Hm@ﬁ!rP“B@r mmﬁeraqha@orewafaeeamm lpeid dubstinutipent | de’

| i brar ydgstm,de snsaripRVeaT 4 Hétuﬁaﬂpbcéuﬂingddnuﬁo Q§§ h&iben&{ hich Bo Hét%ﬁt@a‘ &
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to cre rther the rstandi ng of a to create
novel %‘ﬁiﬁé ggg%p %e’F‘Ié‘g‘i‘Je%eé"’r? kpgT &Z{ﬁ ‘ft\jgoﬁﬁﬁrﬁa%’e%“ﬁoé OF%/E”Q piagd
conpouni@sidusssef geragvd mb’tedmegt bersubstitagind comsenlatigndish sroardine @odessidael @vant
targets r t|d of the

pr egentS!?gﬁrgﬂr}tgggnéﬁ%%epto E‘H&Drrg’lrt]%we rQ% I leafb %ﬁlp’?ﬁer e%lo'rn e8 f%’%ﬁgpaof‘@@%ﬁ? i des of
t held nveaserikas herein. (Rydgspr making siph Subailifu‘i@ﬂ%lﬂr@l\f@iltkhewapeut i ¢ pol ypepti des,

| i gandsmbre éééc%ﬁ&‘ﬁ?rcoﬁsﬂa'r@a‘{@é‘Em?n%ra%@its%bétﬁutﬁms%ﬁﬁé%fg thétadegglraﬁ faRE pfiLsd

i ntervengi.on w%{ targets for nonoclonal ant rece tor F ragnents),
bi omar KEHE 8 & ?@Potﬁcgég?éé"e(@ﬁf@%Bﬁﬁlsl‘?&tqhé‘ﬁsvm t h tool anti bodies to

de':) etct Pepticaly- e‘nf:@@mm:m e{ﬂd@@r&geﬁéxﬁnyﬂ&%de@mﬁi@ur'grlsm%a?f} ableial: laR5, a[‘d
substr i top es of receptar ing sites,
etc. aé{&%?g of?rié’a%%ﬁ)r ?r@f’"“{)angn?)elﬁff‘{nrbeen?%)rrp BP@@E@%\‘”%Va"Pﬁée‘ﬁ%ntl on are
usedul , isglencirex prophe phwlaagmﬁ, memcmmmen@mopﬁmrawm) treat nent or

prevent I , none- duci ng tunours,

oreventy e ghoe i P ssu Al oReRSRS plBIIB AN G e s,
growt h ﬁ’hﬂwleiaﬂ@ﬁstymea ead trmi@ﬁ)hantaye eisc iorrﬁhrrctalseﬂemmsearomhm BhAs aoifis. t he

i nvent i oy @Jrﬁor‘ﬁﬁiiéﬂew@?ﬁs@@@ﬁ%ﬁf JePlouleh 0BRGN TR dLIRATES, SuCh as

cardi o vascul ar | Sease hor non asq ric
ul cer dMdfucine Cl""%éeucemvmnma@me@@tvfﬁe fhﬁ\?@bﬂﬁ%w nfcmpmtﬂg:rgmmml y

desast i hgahrwbrih fdP e 6r dif%ﬁplb{mér bkﬂm@raémeé?ldueﬂm{rﬁé SHERRAY virBiated&digd | owi ng

exanpl whi.ch are included nere pur poses ustration of
cert ai rf"%?srﬁé‘é't'%W@ﬁ&“@ﬁ‘@b‘&ﬁ“ﬁ@ﬁt’%&%ﬁ%ﬁﬁf@ﬁﬁ%ﬁ? ynslia¥f ithaveaingar e not
i nt endasbhyipeptideni t the invention. 1.Databases and conputer prograns

Included in the scope of the definition of the term "polypeptide” is 2 peptide whose biological

30 activity is predictable as a result of its amino acid sequence corresponding o a functional
domain. Also encompassed by the term "polypeptide” is a peptide whose hiological activity
could not have been predicted by the analysis of its amino acid sequence.

- In the present invention, a support vector machine algorithm (SYM) is used to distinguish
35  between polypeptides that have an activity in vivo and polypeptides that do not have an
activity in vive.



1. 1. Dat abases 20The foll owi ng publicly avail abl e sequence databases were
used to extract potentially secreted human protei ns which were used as
precursor sequences to find novel bio-active peptides: Human genone
(NCB! 33 assenbly, 1st of July 2003)!%ranslated into protein, subset;
International Protein Index, Sw ssprot (Release 50.3 of 11-July-2006) and
, 2003 - March 2006); For training of SVM based
R e oH—ot own bi oactive peptides was extracted from
Swi ssprot. 30 1.2.Conputer progranms 1.1 Signal P version 2.0 (N elsen et

cal., ! 7 ' ve:. Thiisprogramwas used to detect .potential signal
sequenc’ggu@ﬁw&@\géyﬁ&ﬁ%@ {%‘@")é%agﬁﬁ"ﬁ%yﬁ% m’ﬁ%ﬁ}fﬁgg%ﬁ]ﬁgt&&ﬂ&aﬁ?mms used with

a cut qfbsscloeanioés Hde8siorShgmat oP hypersiacel. 2 peaibrchypetdemeps esence and

| ocat i .S I i V, i (A Ie=Tp1 from

i Per iR BP 8 scf AR AR o B 0 p oD BB B e Dy e

si tes aheptal corsspanging Imylisheisdgiarasissingieerppepts dec phaiiteiskoby b&ewd on a

conbi nath@pnof several artificial neural networks and hidden Markov

nodels. 1.2 ProP version 1.0 (Duckert et al., 2004) 5Cbjective: This

program was used to detect potential cleavage sites in protein sequences.

lThe. CUtTf@frﬁat%ﬁallﬁ%@@ NBSVEEE ek;ﬂ_aiﬁeclihkth@_ Bbék W.Qﬁﬁ{@ﬁih@é gayietSNaKkgi ni ne and
Sl .he [ e Ldae. Cl e age si1es | eu QLI C r el N, seguences, usi n an
emattht) Gt SAap i Vararat fiass AL et S ek Mk fagrag t o ¢

i s al sckepasbadel earinpeefhods smdgeaesitle py ahimCeing Clong ent asith-[RCOn

predi ct] “ ) 1 i i icti predi ction of protease
cl eavagégms??dt éfsés%@fg"h'?‘ Qrg,}aqg%ﬁ%} p%ﬁ@%@#ﬁé&fﬂ?g’lgﬁ%ﬂr am Ham d predicts

am dation sites in protein sequences. The program Hnhcut predicts protease
cl eava I I el A4 8DRES ot el [e. a. 1L, am no
aci d rgﬁ%ﬁi&ﬁfg?qeqﬁ%@ B%%s?hggr ogra‘%rggégalli:I e gns ciﬁ gﬁe |l(c:r11§<\a"5r?1I lc@aﬁggé del s
andi 31 5Ue iclapsity tesh sealers pRAtechasls & therdaqsiaahypeplape CRyidys deterained dovg) . 1. 4
Suppor tihy/eskag phaehinpee (fdoang and Lin, 2001) LIBSVMis an integrated
software for support vector classification, (CSVC, nu-SVC ), regression
(epsilon-SVR, nu-SVR) and distribution estinmation (one-class SVM ). 20 The
f ol | ow Dpp&SYNeapadidhirdating appisatich ik SRy aSYVadedrRidsNForSXeinpléeih Relapbiy pe:

radial Basis LUOET bOR entned "praiding O Motem 12Mhiics Sohvent S0SReivins with

20 support vecior machines and long-range interaction 3d local descriptor”, SVMs are applied

{o the problem of prediciing high resolution 3D siructure in order {o study the docking of

macro-molecules.

In the present invention, a support vector machine algorithm (SVM) is used fo distinguish
25  between polypeptides that have an activily 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.

30  The computational device includes one or more processors that execuie a succession of
different softwares, as described in the exemplification section {1.1.), containing instruciions
for implementing a method according {o the present invention.

Training of SYM and mods! generation.
35




Met hod for protein secondary structure prediction. The method was used as |
described in 25Jones, 1999. 1.6. Calculation of isoelectric points
Obj ective: Caluclation of isoelectric points of polypeptides. This was
done according to Gasteiger et al. 2005. 1.7. Pen - Practical extraction
and report |anguage Objective: Pert is a dynam c programm ng |anguage
- created by Larry Vll and first rel eased in 1987. 2.Training of SVIVI 16
For thems%?féri‘?/ﬁ" B e DAY fiioAgl. pecere sdh 4R Wmansishe netd yameptddmimtthele precusor s
wer e exprogeiraduiineQiEbSrDBERHRY WS h b SedRh M35 854 §&h%ﬁma?r§au§%§§rpsh°t using
" the fol }l__.ov)(i ng SRS (Sequence Retrieval System on www. expasy.org) query
st at enenf: "Organi sm = vertebrate; Sequence _|ength = 30:300; Feature_key =
signal; Keywords = cytokine or hornone or 5bonbes!;3 or brady_kldnl n ;)_rd o
I 0 I h.factor or insulin or. neuropeptide or opioid peptide
Paoryi ro g NG PR Gel Biordiaot o nstoptst BERenFan s eaPHaE o i
query ypuslidgvaiialiehuroén knmtnkmdaieﬂﬁsiedﬁjlchfglsrmr?&pm.el‘r@ﬁeﬁéh{i&béww;?@ﬁéegﬂel r
bi oact i | r i i1 abl e t annotation o ]
Sui sapr o SEih 985t SRS et tdle s Suited Yah M et somitice a set
of bi odBET FRNkaEn oSwitsroetetidvabelnsissi ieitve exa_rtrf’iléﬂ tﬁ;leﬂ @r@f{aina@ @gl\é_rm ed
10nodel iivp | ' | e .vect ors e
per f or nﬁ%@éﬁf@?ﬁg@ﬁa%%@% Iggilér}é%éj b@ﬁge%%ﬁggé o.ne'% ﬁig—’sﬁ ﬁrg 9 ?“ﬂlqs(])rfon? E’@ chosen
des'® i pEBIKNGYR Aepiife fegponepresuseor Bist haledno dssighediupriEmevere Lsadend | on, t he
f ol | owi mgatlesinifjsQESONEYM RS R the SBUNBIBINGR adn! BRLEGRERE
kel i hogd of & BELvoS L e i atitasdi et etiat AREDRRR ) was
cal cul at¥d E%ﬁfegaggﬁﬁﬁﬁg?ﬁ’ fRagiive pepitaes diore Igpeiedase! cl eavage site prediction
tool s. Simdaryeliohdtise afid tdrelseadion bsptlrd@gmria%ngtmbét\gserf b étdniogdafﬁ!ﬁdN' f;?rr:f ng}‘
h D ton 1: N-term roP score,; nmensi :
Hrout - coarart B Bo seah B T pied pRdg maipeR Hrscuomal e topvep, 2)
Di nfensirepregent n@ative exanaticsPiEinat S trainBignestsiopshd (4_75@-3}@;&{@@;@!) ah{fm]l;lt s;:rg;] te
; Di neng &ni ol ' ' 0 . Di.nmensi on . C-termna rag
(1 xed i o2 200 2l Brpt A0S Bfiduio o TR SR AbuRG 61a0%A 9Bkt | des
ver e cdsgaival@iningista bpraadenly selectifodhé sahe gumBerdif megetiventoro bl hbgativect or .
peplides. _

20 To transform the information hidden in the bioactive and non bioactive peptides, a et of 40
descriptors was defined and used for fraining of 2 SVM. The performance of a SYM model
strongly depends on the quality of the choéen descriptors used to 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

25  protease prediction site tools to the peptide hormone precursor sequence (Fig1). The
resuiting 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
bioactive or a non bioactive pepfide). The 49 descriptors used in the present invention are
listed in the point 3 of the exemplification section.

30
To each peptide corresponds a unique combination of 49 descriptors. The different peptides
can be represented as points in a muliidimensional space where each dimension
corresponds to one of the descriptors. The SVM seeks 1o find 2 boundary that best
separates the two sets of points corresponding to the bioactive and the non bioactive

35  peptides. This boundary is calied the optimal hyperplane that best separates the two classes
of objects in an n-dimensional space, namely the veciors corresponding to the bioactive
peptides and the non bicactive peptides, respectively.



Di mension 8: Percentage of acidic amno acids (E, N, Q per polypeptide
35D mension 9: Percentage of positively charged amno acids (R_H) per
pol ypepti de Di nension 10: Percentage of aromatic amino acids (F, Y, IN
per polypeptide Dinension 11: Percentiage of aliphatic amno acids (G V.
A, 1) per polypeptide 17 D mension 12: Percentage of Proline per

- pol ypeptide Dimension 13: Percentage of reactive amno acids (S, T) per
pol ypept de Di nension 14: Percentage of Al anine per polypeptide D nension

15: Per Eemteagmn@evwﬁdcersnearﬁ% JRMIRAMehle n BidZemR! L1 nbf: bffﬁ%{}\%ﬁ%&:ﬁt?e% of

Di nension 17: Percentage o ani ne
SlelrJt ‘32} § eﬁ?ﬁ(‘i Hg’gﬂ %@Wég’bwhﬁ%%&%@%@h&aﬁeﬁermaacy opsrst qsethe pﬁmkyip@\bam de
Di nmensi mderﬂ@tderﬂeesteéttcageamfve Hhsf‘bﬂb’aadg%‘i’%gewﬁg%ﬁﬁ% ?gﬁ%ﬁ?}aggt gge of
n 0 i de me
Egggfgtg ne 'ﬁérée o § efﬁa‘gmﬁd%@ﬂégg%‘e??”dlﬁﬁ? terieshaoddls tor sharhpanidsser
pol ypept‘lr%feafﬂ)nmmm @nd RBgeREyrenticgd56-800°gindiabks Pesre RRGSLACREpSIAVARY, Mensi on
24: Percentage of Serine per polypeptide D mension 25: Percent age of
Threoni ne per poI peptlde 15D nensi on 26: Percentage of non-canoni cal
Yalasi gligesl ypepti de (Pl ease not that this dinension
does not cont ain any value other than 0 as input) D nension 27: Percentage
al i 2 per oI ypepti de Di mensi on 28: Percentage of Tryptophane per
pol\y)p rfg e

W@ irgyiting fraipgd S¢M mgde! isr ablg foddsntity hiearctiyrobeptieed fodehich
20D mensd lﬁieacﬁorty Hadskeh BireQet2at (zero, even or odd nunber set to 0.5, 1
or 0, respectively

A schematic overview of ihe method disclosed in the invention is given in Fig.1 to explain the
steps involved in peptide library generation. As input value a protein sequence provided from

15 a publicly available human protein database, such as Swissprot, is used. Instep 1, all
potential protease cleavage sites are predicted using a set of tools to predict these avents.
The respective cleavage site positions are saved for each precursor sequence. In addition,
the secondary structure is deduced for the entrre protein precursor sequence. Based on the
predicted cleavage sites within the precursor sequence, all potential fragments are

20 generated (step 2) and are used as input for step 3.
Step 3 comprises the calculation of physico-chemical properties of each peptide fragment
(list in point 3 of the exemplification section). In general, information on the aminoc 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 van-der-Waals forces for each amino acid within the fragment, the
sum of all commonly used amino acid descriptors {i.e. VHSE value for each amino acid
based on Mei et ai., 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 to give scaled

30 values between 0 and 1, respectively, to generate a 49 dimensional vector for each fragment.
In step & the vectors are presented to the trained SVM moda! to measure the distance of
each vector to the hyperplane. The SVM output is then used in step 6 to decide whether the
peptide is likely to be bicactive or not. 49-dimensional vectors corresponding to {he bicactive
peptides identified through the method of the present invention are listed in figure 3.

35
in order ic sighiﬁcantiy reduce the potential number of structures in a peptide library, in the

present invention only naturally occurring protein sequences found in the human secratome



Di mension 31: Percentage of coiled secondary structure per polypeptide

Di mension 32: Percentage of helical secondary structure per polypeptide

Di mension 33: Percentage of random secondary structure per polypeptide

Di mension 34: Score for structure ardéBind N-ternminal cleavage site

250 mension 35: Score for structure around C-termnal cleavage site

Di mension 36: Nunber of helical blocks per polypeptide D nmension 37:

| soel. ecVPEUSEARHPIIBYTY BEIGiEpiq GRacriHRenipe fibrages. Ave humen sasreiome Erthevei ght  of

pol ypepwhesie nBiriatsi eiodR in DRA 1HVABorRhoNERah S B%Sﬁéro@insetﬁfﬁér@m no acid
" within pol tide %ODi mensi on 40: Sum of hydrophobicity val ues of each
anm no a%fc t%?%ﬁhﬁcﬁ t ypepti de Di nension 41 -48: Mean val ues cal cul at ed

based oPRotpniiaiy é@rﬂemmnwmntﬁimi@ \xdlaetu@h%is a@%reﬁ?f&ﬁr%gggéﬂc% wsftr,]]g _rn'gggi 4gnd
LC. | { ) et al. Nensi ol :

Cengt n Dbty BBBHes 8 Relals KRB SEN Bralfbie Soqust oy aasaser Bredifonsi on
1- 49 wepantsichdidle exeripifidation kectivange bet ween 350 andhl. The i npu';] vect or st

hyRJ; AN | ' i ons owever in the curren
for mat oA ) QBARD ool PTIEL PP ol et e |
f r agnentsedEséapriaieapalegice n@/ehbnadumnentideal Thamepiledengis wperestricegnent ) .
Thi s i s4-dg@amire dchie td Re#erGhie B&Hfd@ﬁéﬁggﬁiﬁ)rl]é t?aﬁ:%hg:;ngzgl %@Ee’\%%‘g‘om alning non-cannon

cal ,_am no acids, but can be i1ncl _ 5 4. Testing of the
modé s The best rmodel is chosen which has the hi ghest performance based on

t he rankitRgo@ht Rithé REAFEAERIS nbRS biosBve PEplc a6 biihBina Rk m&oaCt lve
pepti des t r mnce o ener at ed nodel s was

..Jo. test the nodels, the perf f all ge
t est ed R{ﬁ%‘*’fiﬁ‘é&“ﬁ% %@E'{Cf%ﬁﬂ@ﬁayls&e%sﬂ MBR B ipEdes hiopdvibofa lderaci ds) and
| onger pEpligge phesdessdys GrE80&atsd inpoats dithe wrareplichaBRBectioRSPectively. As a
result, an overall prediction accuracy of 90.7 % for short peptides and 94
%for |onger peptides was achieved. Using an i ndependent test set the
di siél osEw nressbverdpn butheyrelatiertpisf fepdadiboam do@fidbgfiodiice pafitye pept i des

and ar o4&dindd th¥augh td S AsRFMENEd BERLLAEShovd Orhe amino acid sequances of
the 183 bioactive peptides 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 developed technigue for protein related study. A peptide library
contains a great number of peptides that have a systematic combination of amino acids.
Usually, peptide libraries are synthesized on solid phase, mostly or resin, which can be

. made as flat surface or beads. A peptide fibrary provides a powerful toof for drug design,
protein-protein interactions, and other biochemical as well as pharmaceutical applicaﬁons.

25  The peptide library of the present invention can be used in a screening approach to
interrogate intracellular signalling pathways, to créate reagents to further the understanding
of a pathway, to create navel forms of therapies and to identify pharmaceutically active
compounds, targets for drug intervention, iigands to discover relevant targets or biomarkers
to monitor diseases.

30
The polypeptides of the present invention have hormonal activity. Therefore, the
polypeptides of the invention are useful as drugs, for exampie therapeutic polypeptides,
figands to discover relevant targets {e.g. GPCRs), targets for drug intervention {e.g. targels
for monoclonal antibodies, receptor fragmenits), biomarkers to monitor diseases (in

35  combination with tool antibodies to detect peptide fragments in body fluids), protein kinase
inhibitors and subsfrates, T-cell epitopes, peptide mimotopes of receptor binding sites, etc.



5.1dentification 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 ami no acids. In this ranking process, all
fragments 20 that have after SVM cl aggification 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

hi ghest T&&% BNARgediapier e sepiise a5 prrcetsar phteeovention a@o@efulritr ammpt&baal assays

to testaddes i %@bhé’!ﬁbbép?ftre%ﬂﬁer@%Pbﬂe@é‘rﬁ;oh @Ps%aws&u;a%gg hod of

the present .invention 6.1. Assay technol he mcro Iutlo “est

repr eselfP ”%“%WFPBti@n‘i’iﬁ%et%E?ﬁS@P gig@r aetties 'f‘ﬁenmﬁﬁoﬂ%@qﬁﬁ}%éﬂhﬁpf s fratsiue

bact er i glowarinyiBess, needal @:tzinﬂf &@'ﬂu&&&mdré theebNRS oﬂﬂe tnEntfoRGe LMl ak1 Vi Ng
re. Turbidity can be neasured as

bactserla or r§{£’st ar tur 6’? in cult

light aPESF%3h 8gﬁﬁ“? YOS Gt OFBRSeS SRS %a’@'B?‘?%’Pﬁ‘f digegdet borREeunber of
cel | s i protdncstamplis, dialk®esBasdtds Uladr amadhe/ika@st strains The strains used in
the course of the experinents are Escherichia colt (E coli ATCC 25922),
St aphyl ococcus aureus (S. aureus ATCC 29213) and Candi da al bi cans (C.

al bi cans FH 52173). Pre-cultivation of all test strains The

culti va@xgmpgg‘]:;(?m(ﬁtral n starts with building up a cryostock that can be
used for nultiple 10i nocul ations of pre-cultures. 1. Streak the bacteria
ont¥ the surface of a Mueller Hlton (MH)-agar plate by using an

i nocul athediRvdrBeR no@B&ind Q&%&%a&&%&é%%%%@e u??dé?ié’t}ﬂéd ?\éﬁ%? erce td O

yeast e.the sane procedure but with Sab ourau ex rose agar. 152.
| nocul af'g FAoWHg SxpmdRs Mnich o Heluded meshnionpuraesesiof kstitien B aertel one | oop

of bactaspkeisand embodifaiie of ihe présadkinféttiod afl@iredot BnSe@RinfiBHe iRBAROT
yeast apply the same conditions in SD broth. 3. Renpve the hypertonic

cryo-preservative solution fromthe Cryobank (CRYOG plastic vials, each
contiai ni ng 25 green gl ass beads, by using a sterile pipette. 204. Fill

each vial Wﬁﬁal@as@ﬁa% cbi uQ?%trﬁgx’éﬁ'.s/ yeast suspension, close the vial, and

m x carefully, enove s mic t he bacteri al /yeast cul ture
supernatant fromthe vial as possible. The surface of the beads is now
coveredy i th bpgiserésa/ yeast. The anmount of liquid remaining in the vial
shoul d be as | ow as possible to prevent clunping of the beads. 250ne bead
is used for the inoculation of one pre-culture (30 M MH/ SD broth in a 100

20 The following publicly available sequence databases were used to extract potentially
secreted human proteins which were used as precursor sequences to find novel bio-active
peptides: '

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
25  (Releases: August 2003 ~ March 2006);

For fraining of S8VM based algorithms, information on known bicactive peplides was
extracted from Swissprot.

30
1.2, Computer programs

1.1 Signal P version 2.0 (Nielsen et al., 19587)

Objective: This program was used to detect potential signal sequences and determine the
35  potential human secretome. 1t was used with a cut off score of 0.98. Signal P version 2.0

predicts the presence and location of signal peptide cleavage sites in amino acid sequences

from different organisms: The method incorporates a prediction of cleavage sites and a



m shaking flask). 6. Store the Cryobank (CRYO G vials at -80 C. 7.
Quality/sterility check: Renmove a Cryobank (CRYO G vial fromthe freezer
and place it into a Cryoblock (CRYOQ Z). Open the vial, renove one bead and
i mredi ately 30streak the bead over thé surface of a MH/ SBD agar plate.

I ncubate the plate for 3 days at 37 C. Verify that only the test strain
- has grown by exam ning the colony norphol ogy. Preparation of test culture
usi ng MESBR! creRtidesepnTHiEnal esptidst prafiiptien Bpsads o @novrelindtion oft deee@f polieiak. One

_bead i snewameasbri dr Hddeh Bty bl te and i nocul ated in a 100 m
Erl enneyer with 30 Ml MH and SD broth for bacteria and yeast,

respectively. Gowthe culture for 18 h at 37C and 180 rpm The opti cal
densi t y12%raklyersibed. OnDutkelddt Br, Gob4y 0 a cel |l density corresponding to 108
cell s/ n} - al]. test strains. . The 5standa i noculumculture for the
assa§ {T?b%?ﬁrwﬁt léﬁs PFSY™ 55 t4e 19 H%ltfmc%ﬁ%’g‘ﬁ[ 8%%88% sigs MgBOlePLyaeNes! ony

f or m ngTmtutsfiscore usRepes skt D1 Uit Tran srogranT pedeBNERGIHIAG Snd@ly8ing iptdpeptkie
serially j [ : . e ndard ipitial concentration 10of
125 put F520f Pl th e B EOeh i B e Pl ParSiaReoTo AR  at | on
is 1,4 skeciicapredigiipnpisetheatefadbnl ripl aso Sossiblartd pericihi otdanei | prbjrowm f or
Dose ReshR8&R<@HCYERdictionor dose response experinents dilute the conpounds

ser'(‘gl ly (16 dil u%ll on steps) with MH 15broth. Final conpound
conctentrations range between 64 pg/m and 0.002 pg/m . The initial DVSO

concent 1.al Aidalich slte $96didiohhd SRBEIGSorPTe SIS siteSURB&ChodAL NO
Funct | Ogbjgﬂéﬁlerl Prrﬁe Hlogt;a(r)nnH:gnw prgzgic(;)tg amidation sites in protein sequences. The program
Hmeut predicts protease cleavage sites in protein sequences that take place before a basic
amino acid residue (Lys, Arg). Both programs are basad on Hidden Markov Models and

15 utifize the software version Hmmer 2.3.2 (Durbin et al. 1998).

1.4 Support Vector Machine (Chang and Lin, 2001)
LIBSVM is an integrated software for support vector classification, (C-SVC, nu-8SVvC ),
regression (epsilon-SVR, nu-SVR) and distribution estimation (one-class SVM L.

20 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
25 Jones, 1886,

1.6. Calculation of isoelectric points

Objective: Caluclation of isoelectric points of polypeptides. This was done according fo
Gasteiger ef al. 2005.

30
1.7. Perl - Practical exiraction and report language
Objective: Perl is a dynamic programming language created by Larry Wall and first released
in 1957 |

35

2. Training of SV



Becton Di cki nson 275730 Cul ture nedi um Sabouraud dextrose (SD) broth _
Bect on Di cki nson 238230 Cul ture medi um DMSO Merck 102 931 Sol vent Nystatin
Cyprobay 100 Cal bi ochem Bayer 475914 Antibiotics Geiner, 384 Geiner
781182 Assay Pl at es SPECTRAFI uor Pl usg Tecan - Reader Absorbance

For the supervised leaming process, known bioactive polypeptide precusors were extracted
from commonly used public databases such as Swissprot using the following 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 bradykinin or glucagon or growth factor or insulin or neuropepiide or opioid
peptide or tachykinin or thyroid hormone or vasoconstrictor or vasodilator. This query yields
a set of known peptide hormone precursors in which their bicactive peptides are readily
available by the annotation of the Swissprot database. Therefore these sequences can be
used to deduce a set of bioactive and non bicactive peptides for training of an SVM based

16 model

3. Molecuiar descriptors used to buiid the vectors

15 The performance of a SVM model strongly depends on the quality of the chosen descripiors
used to describe the peptides.
In the present invention, the following descriptors were chosen:

Dimension 1-7 represent the likefthood of a polypeptide to be produced in the human body
20 and was calculated by a combination of different protease cleavage site predicfion tools. The
results of these {ools repraesent in the first 7 dimensions of the vector,

Dimension 1: N-terminal ProP score;
Dimension 2 : N-{erminal Hmcut score ;
25 Dimension 3 : N-terminal fragment {fixed value of 0.2)
Dimension 4 : C-terminal ProP score ;
Dimension 5 : C-terminal Hmeut score ;
Dimension 6 : C-terminal Hamid score ;
Dimension 7 : Cterminal fragment {fixed value of 0.2)
30
Physico-chemical properties of the pbiypeptides were caiculated and represant the following
42 dimensions of the vector.

Dimension 8: Percentage of acidic amino acids {E, N, Q) per polypeptide

35 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 polypeplide



Assay Protocol Pre-culture the bacteria in 30 mM M broth at 37C for

18 h (100 m Erlennmeyer flask) 20*Pre-culture the yeast in 30 m SD broth
at 37C for 18 h (100 m Erlenneyer flask) Adjust the cell suspension with

- MH broth to 106 CFUmM (test culturej7Assay : Add 10 pl conpound in DVBO

and 30 pl MH broth to the first vial 21 Transfer 20 pl fromthe first

- vial in_the second that contains 20 pl Md broth The last step is repeated

B ti nmesPisepen désteraantage o Praiine seraypiypepiidel4 tines (antibiotics, 16

di | uti opi I ; : ' gLach vial (10 vials
' florut hgnlnszqtg?g)égﬁﬁ%]iﬁé@a voifgfas%\%eg%!bﬁégg%ﬁﬁﬁg% @gﬁpg@fugrt cell inoculunb Xx
105 CFUDEQ AP GRS LERTERSSIS AfanB8 P3T Bolveepiids t / i nal  conpound concentrati on

1 125 pMDimeBsidd 1pNPsdtrdgeior CabteiRBbbbcideptigeoncent rati on64 pg/m - 0, 002
P10 L neubat ddlor Ogéte 1b’tl;Fbc%'gj&%r‘eI ative humdity and 5% CO2 Read

/ 1Q0* 1 ncubat.e,at 37C far 18 h by _
ggscr?r.bai%@éa “S'P"gég"%ﬁ?’%qer?f%‘%t@%ﬁ@@ %ﬂ?'YQﬁpgd? H gh controls : M
br ot h wPintenbiag t érPeacdntpgewtt Pheidiarile, pda:pgﬂygl:,@ﬁg@al ) I1)5* IéO\év gont r;)! S éyNH
brot h whi ' ile control, |ow signa . 3. Sensi tivi
testi n‘é\b%@?ﬁBgﬁﬁﬁe?%e{n?a %%%%ﬁygp%@;r?%yp&%?%at e the suitability of the assay
for t heDimgapion flP-Rar¢antagefof pistiding ped paliipegisie t he 20 dose dependent effects

of a nuphRhsigh ZQrMF%“%@?%ﬁé?\éﬁrugﬁég‘%ﬁ%E%p the conditions descri bed

~under 'Materials an acin expected to be active agai nst
E. €bi | DiEwEsian 25 fesersiagr @t Ayraraginapeigelynsrtios. al bi cans. The cal cul at ed
| G50 vapbieasib2tresdtalor BitRimifs p&f ondei@ih i n figure 4 in pg/m.

256. 4. Assay results The peptides were tested against the test strains E
coi | (@@?‘3@g%ée’@f"t%PE&@‘TWW@E&@Peand C. al bicans (FH 2173). The

pept i deBimabE3500F80contge A083H QR4 Boghepad | C50 val ues of 7,25 pg/m  and
6,79 p%imehsiﬁg Eg:%petrci:e%%lg% ‘of ?ﬁr%iorrllsrsmé pclazr' po?y%le;t)tidgo activities were
15 Dimension 26: Percentage of non-canonical amino acid {(undefined) per polypeptide
(Please not that 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
20 Dimension 30: Cysteine content (zero, even or odd number set o 0.5, 1 or 0, respectively
Dimension 31: Percentage of coiled secondary structure per polypeptide
Dimension 32: Peréen’iage 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
25  Dimension 35: Score for structure around C-terminal cleavage site
Bimension 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
30 Dimension 40: Sum of hydrophobicity values of each amino acid within polypeptide
Dimension 41 — 48: Mean values calculated 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 wers scaled o ba in the range betwesn
35 Oand 1.
The input vectors for training and prediction contain 49 dimensions, howeaver in the current

format only 48 are utilized since dimension 26 is set to zero for all fragments {percentage of



30 found against S. aureus and C. al bicans. 22 REFERENCES Chi h- Chung
Chang and Chi h-Jen Lin; "LIBSVYM a library for support vector machines";
2001 5Peter Ducked, Soren Brunak and N kolaj Blom "Prediction of
proprotein c.onvertase cleavage site$8; Protein Engineering, Design and
Sel ection, 17:107-112, 2004 Durbin R Eddy S, Krogh A and Mtchison G

"The theor%/ behi nd I’Ofl | e HWs: Bi ol ogi cal sequence anal ysi s:
pr obabi 9% %”eoweﬂﬁé‘mg*oaﬂdﬁrp@f &ramenth dhin rdusi te thedpeleof -apmantiate tgisingni versity

. 10Pr essgatd 888ainibg nbrab&indRical dmind-8&dd, bu?%an%eﬁholuded iPRARE hoaetBl 0active
Peptides fromLibraries"; Chemstry & Biology, Volune 12, Issue 4, Pages

417- 426, 2005 15CGasteiger E., Hoogland C., Gattiker A., Duvaud S., WIKkins
MR, Appel R D., Bairoch A ; "Protein I dentification and Anal ysi s Tool s

on t PA % John M V@l ker (ed) The Proteonm cs Protocols
boof>< Htj%rfasﬁﬁ k?{ews?sr“ 95 Jones, D.T.; "Protein secondary

structure predi ction based on position- specific scoring 20matrices”; J.

Mol . B"ﬂ{ebe%&%oée?%&aggen%ﬁ?}?{w&émg‘hwh%& eh‘brnf)%rgpgn Pre ct| ‘“gﬁ'ﬂ l_Prot ein

relati ve sol vent accessi ort V ong-range
i nt er acDfeRgNERN fask eat OHegecrrtwetaod non F!pmtaee nsptsdea.(wtest?.ﬁe?msaets 2004 25Mei, H.,

Llao TndrtormaH28 ¢ allY; 0. i ptors
d]rl tsp OBTl cat |f glng?nﬁwgdpﬁﬁ?de}%s tesmé %@‘g%% rrbl%fSt [ﬂ@!’ﬁns foggA %ﬁ%G 2005 _

G e | a5RP agid gpd Pﬁg@’l Qﬂ'@éﬁ@e%@ﬁr@w PR ARG e EoRsan, resectieshj. ne:;

"1 dent i Ad g adstignaveral pRaIcYOk bou eok ALY R bforS ]
predic P aéwo Protein 30%%@%\%@?%9%?%6&%@ 1997

f th ' ,
Nobi o WP CRHER RpeBronnt Ratast i scomts Mesiost onpAb

24( 12) :idF6Bearo20:063 %2)3 mbedunvéb@m:aeéra)d Sroudd Nedel oF tHe domtdcBid FintidesSUPPOTr t
Vect or Machi nes and ot her kernel -based | earni ng net hods"; Canbridge
Unllvser3|ty Press, 2000

5. Identificafion of bivactive 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 process, all fragments

20 that have after SVM classification a distance greater than 10,65} and are localized with the
negative fraining data set (i.e. a score of -0,85 or lower) are readlly discarded even if they
represent the highest scoring peptides per protein precursor.

25 8. Antimicrobial assays to test the bioactivity of the peptides identified through
the method of the present invention

6.1. Assay technoiogy

30 The micro ditution test represents a homogenous method for determining the number of
viable bacterial or veast 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 photomeier and is
correlated with the number of cells in the sample.

35  6.2.  Materials and methods



S DESCRI PTI ON OF THE FI GURES Fi gure 1: A schematic overview of the
nmet hod di sclosed in the invention is given in Fig 1 to explain the 10steps
involved in peptide library generation. Figure 2: Figure 2 shows the am no
aci d sequences of the 185 bioactive p&ptides sel ected based on shared
physi co-chem cal properties. 15 Figure 3: Figure 3 shows the input vectors

of the 18 P ti des iidentified as bioactive by the trained SVM al gorithm
20Fi gur &2% SBSBUBSWs the cal cul ated | C50 val ues for antibiotics in
o pg/m. 74 CLAIMS 1.in a conputer-based system a nmethod for identifying

bi oact i L . derived frompratein precyrsor. sequences using a binary
suppor t)[‘@ee%{%g)rs U%g%wﬁﬁ%c?wﬁﬁ%gggng\pg&a% ﬁ?ﬁ%eg%n’%cq{ﬂ{%h% A& p#i%Phg t he
st eps oflaphyieaoaiusiaupua (S\AratlsfoirG G PeR i3pardeaamiid-oalbibaris (0gMbahns@Y Ween
bioqptiyﬁgand non bi oactive peptides, said training conprising the steps
of : 10 al) generating vectors with 49 di mensi ons, each dinension resulting
fromthe cal cul ati on of a nol ecul ar descriptor value, for a set of

| abel | egrek@NEXiRIPBFlLVE Pt | des derived from precursor sequences and

| abel | ed Known non bl oactlve peptides derived from precursor sequences,
where the | abel s 15i ndi cate whether the peptide is, respectively,

bi oact i W qutivamm dirRathinkRartsdddn BUidng LB BIdREidcl Sy 85 K Ldatd Qe ated in
st eR, al i}.' to.the .SVM lﬂ@?ed al gorithm said algorithmcal culatingthe
opt i mal MBSHEPRT AR tHiWleSsepar at es the vectors

corresponding to the bioacfive peptides and the non bioactive pepti des,

20r espect v X rovidin rotein cur S ences froma publicl
avai | gbl ehhag%ﬁk %?reot{égféﬁé ggftogtagglgface af Q R/l%ellilerm{on (Sliq{ -agar p?ate E)y using gn y
inoculation loop, and incubate 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 mi shaking flask containing 30 m! MH broth with one loop of bacteria
and incubate the flask for 1 day at 37 °C and 180 rpm. For yeast apply the same
conditions in SD broth.

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

20 4. Fill each vial with 2 mi of the bacterial/veast suspension, close the vial, and mix
carefuily,

5. Remove as much of the bacterial/yeast culture supernatant from the vial as possible.
The surface of the beads is now covered with bacteriajyeast, The amount of liguid
remaining in the vial should be as low as possible to prevent clumping of the bsads.
25 " One bead is used for the inoculation of one pre-culfure (30 mi 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 (CRYQ/G) vial from the freezer and place
it into a Cryoblock (CRYO/Z). Open the vial, remove one bead and immediately
30 streak the bead over the surface of a MH/SBD agar plate. Incubate the plate for 3
days at 37 °C. Verily that only the test strain has grown by examining the colony
morphology.

Preparation of test culture using MH broth




75c) predicting secondary structure and cleavage sites within a protein
precursor sequence provided in step b) using conputational nethods; a set
of 7 nol ecul ar descriptors is cal cul ated based on said prediction step
resulting in the generation of peptige fragnments; 30d) cal culating a set
of 42 nol ecul ar descriptors corresponding to the physico- chem cal

. properties of the peptlde fragnments generated in step c); e) transformng

the cal Bqf tasleiraipaialissemevss fatneireryaban Qpabeat iv seroeedivéthecsieri® and 1 t o
_ gener at @p@tter@mfa&aﬁte& it £ 180 & Eae,ﬂﬁeﬁt w&n% ﬁnmw%tdcgn bRk f%@ﬁébt Ride

35fragnent and transform ng the cal'cul ated values fromstep d) into scal ed

val ues YEPhEsredvalndrowihe %W@r@f@ﬁl?h@ngl%‘ﬁéa@rﬁ% The cpfica gpepityisct or f or
each pe@]uéﬂ&ﬂ @sﬂﬁ@ﬂ%ﬂi’{h to a celE density correspdcnli:nl ﬁ@$@%li§l&l foh sy iecdeins. paner at ed
in the 4)& q dSVMg C%B%E a to neasure the
di stanc LACH %8‘“6’ rf"éSWB F&%’F dO% I tae o é GeR r§tﬂ°§;5’fé§) and

cl assi f@FU@aiamﬂnympmdestélmgnent as bioactive peptide or non bioactive
pepti de, according to the distance neasured in step f), wherein dinmensions
1 to 7 generated in step e) are the follow ng: D nension 1: N-termnal
ProP score; Dinension 2: N-termnal Hncut score; Dinension 3: N term nal
fragmnﬁ,&m&!ﬁfﬁﬂ@n 4: C-termnal ProP score; Dimension 5: C-terminal

Hhcut score; Dinension 6; Ctermnal Ham d score; Dinension 7: Cterm nal
f ragnenthe @Wﬁﬁ%@d%w%(?@&ﬁéﬂ%sﬁﬁpﬂ frof diecstandardriaiial eongergration 49

gengy at ¢d 26 pivsib &Fing) coRétrahién 6 2OMiNthe ifkiABIMS® BofenPRIcFat 396y acidic
am no aci dﬁ (E,. N, Gg per pol ypeptide; 15D nension 9: Percentage of

posi t i VEPEHEFGEE S no acids (R H per pol ypeptide: Dinension 10:
Percentage of aromatic amno acids (F, Y, W per pol ypeptide; D nmension
11: Percentage of aliphatic amno acids (G V, A 1) per polypeptide;

Di mensi %n&% Aﬁﬁﬁ&ﬁ'ﬁzlﬂ%sqgr S&s%l Qésypeptl de; D mensi on 13.: )
Perce ngro*?—mmmm-mméés?—%i#-per poi ypepti de; D nmension 14:

Per cent }%}%Io@é egg:)é}'l'éb %ﬁpé?ﬁ{en&%:b&%ed%é 'cgrﬁ g‘%&%&lll 6]0‘:"1.1 i&%ﬁ@&é%ﬁ% of

Cyst.ei ne ypepti de; D mension 18> Per cen mc acid per

pol Ypept'P fnﬁiCﬁﬁaﬁ*@m@mq@ﬂt@@%ﬁﬁ%@wemw%ﬁ%ﬁ) A& pafml- g yPEdt i de;

Di mensi psbEionRenessHiage Bin & yhpes aercopgbypepf i de; Di mension 19:
Per cent age of Fiistidine per polypeptide; D nmension 20: Percentage of

i sol euci per pol ypepfl de gpiiron 21: F@ﬁ(mﬂt FfnctibnASpar agijine per
p0| Vpept | _‘_ manci an recant ana. af ut am _
Di mensi o %eiréf’g%@n(%g’r%? Aﬁa‘@q\f?ﬁ ﬁ@k'ﬁ’%ﬂn p&%ﬁzé%tl

C
2
Per cent ageSafouirididegirgae(SPd| ypeqion Drkinddnei=3ges0 f
[
Y
q

Threonin Reln poi ypepti de; D nmension 26: Percent gé of non-canonliical am no
aci d per | pol ypeptl de; Dinens)on 27: Percentage of] Valine per pol

pepfi de;
Di nensi o QmSCPercent age of TMyspicophane per1q2(ﬂ3ype$m\ifezhe Di nmensiion 29:

Percent a Tyt-osthe—pet—p g 3 Systeine {cont ent
Di mensi o §¥Sta Ber cent age of cgélﬁ"%ghseconda ;75?1?1} ’Eﬁﬁ@"ﬁ%r pol ypepfi de;
D nmensi genrothyrid®8ént age of heéyecal secondary striucture per pol yjpepti de;

o
Di nensi onr33: entage—of WW@WG@H de;
Di nensi o gr“:méég%?fe for structfure around N tgérm Nl ¢ gavasqe si tle;

Di nensi on| 8BECHdArieorfRiws st rucTesae around C-t er ni ngReaiceAvagharset|e;
D mensi on—36—Nunber—of—tettrcat—btocks—per—potypeptt+de—35Brenston 37:

| soel ectric point of polypeptide; Dinmension 38: Average nol ecul ar wei ght
of pol ypeptide; D nension 39: Sum of Van-der-Waals forces of each am no
aci d V\AM

i Pre-culture the bacteria in 30 ml MH broth at 37°C for 18 h (100 mi Erienmeyer flask)
20 = Pre-culture the yeast in 30 mi SD broth at 37°C for 18 h (100 m! Erlenmeyer flask)
# Adjust the cel! suspension with MH broth to 10° CFU/mI (test cu‘l’iure)
Assay :

% Add 10 i compound in DMSO and 30 pi MH broth to the first vial



pol ypeptide; Dinension 40: Sum of hydrophobicity val ues of each am no acid

wi thin polypeptide; D nmension 41 -48: Mean values cal cul ated based on
principle conponent score vectors of hydrophobic, steric, and el ectronic
properties per polypeptide; D mensioni49: Length of polypeptide. 3. A

met hod according to claim1 or 2, wherein protein sequences fromstep b)

- are only 5naturally occurring proteln sequences found in the human

secretoffe.  FangerdlihBamdee EVialdn the sepyndahatcbataims 2ﬂlmuH33romhere|E sai d

bi oacfi ve r % or nones

“derived frgﬁmér;gﬁaegg% %ﬁ%értf#%g%nie@ (Eép%ﬁesg%g% t%ngeeﬁgg%_1§§’ggefsg e ‘any of

clains 1 to 4, 0HE/eR AepRe bi oactive peptide, classified in step g), has ?

sequence S el Ai@d ﬂdngé&ra;&d?@ sggﬁéH&oH%‘gﬁﬁk@%f%;%?m%g}eﬂﬁd 4 %‘Hences o
E

19Q 0, 21, 22”04’&‘@8“99!0“02% 26, 27, 28, 29, 30, 31, 32, 33, 34 35, 36,

37, 38. 39, 40, 4yt cell inoculum : 5x 10° CFU
= start DMSO concentration : 12.5 %
= startfinal compound conceniration 125 uM - 0,24 um
= start/final antibiotic concentration 64 pg/ml - 0,002 ug/mi
10 = Incubate at 37°C for 18 h by 5% relative humidity and 5% CO,
* Read absorbance at 590 nm with 5 flashes
Controts :

# High controls : MH broth with bacteria (growth control, high signal)
15 = Low controis : MHM broth without bacteria (sterile control, low signal)

6.3. Sensitivity testing with antibiotics

tn order to evaluate the suitability of the assay for the idenfification of potential drugs, the

20 dose dependent effects of a number of antibiotics were tested using the conditions describad
under ‘Materials and Methods’. Cyprofioxacin expected'to be active against E. coff and S.
aureus and Nystatin against C. albicans. The calculated 1C50 values for these antibiotics are
given in figure 4 in ug/mi.

25 6.4, Assay resulis

The peptides were tested against the test strains E. colf (ATCC 25922), S. aureus (ATCC

29213) and C. albicans (FH 2173). The peptides AD03500589 and A003500548 showad

IC50 values of 7,25 pg/m! and 6,79 ug/mi, respectivaly, against £. coli. No activities were
30 found against S. aureus and C. albicans.
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DESCRIPTION OF THE FIGURES

Figure 1:
A schematic overview of the method disclosed in the invention is given in Fig 1 to explain the
10 steps involved in peptide library generation.

Figure 2:
Figure 2 shows the amino acid sequences of the 185 bicactive peptides selected based on
shared physico-chemical properties.

15
Figure 3:
Figure 3 shows the input vectors of the 185 peptides identified as bioactive by the trained
SVM algorithm.

20 Figure 4;

Figure 4 shows the calculated 1C50 values for antibiotics in ug/ml.
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CLAIMS
1. in a computer-based system, a method for identifying bioactive peptides derived from
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proisin pre

Sursor sequences 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 bicactive and non

d)

bioactive peptides, said training comprising the steps of:

a4} generating vectors with 49 dimensions, each dimension resulfing from the
calculation of a molecutar descriptor vaiue, for a set of labelled known
biocactive peptides derived from Precursor sequences and iabelled known non
bicactive peptides derived from precursor sequences, where the {abels

indicate whether the peptide is, respectively, bioactive or non bicactive:

ap) transferring the vector data generated in step a4) to the SVM based algorithm,
said algorithm calcuiating the optimal nyperplane that separates the vectors
corresponding to the bicactive peptides and the non bicactive peptides,

respectively;

providing protein precursor sequences from a publicly available human protein

database;

predicting secondary structures and Cleavage sites within a proiein precursor
sequence provided in step b) using computational methods; a set of 7 moiecuiar
descriptors is calculated based on said prediction step resulting in the generation

of peptide fragments;

caiculating a set of 42 molecular descriptors corresponding to the physico-

chemical properties of the pepiide fragments generated in step c);

transforming the calcuiated values from step c) into scaled values between 0 and
1 to generate dimensions 1to 7 of a 48-dimensian-vector for each peptide
fragment and transforming the calculated values from step d) into scaled values
between 0 and 1 to generate dimensions & to 48 of said vector for sach peplide

fragment;
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f) presenting the vectors generated in the step e} to the trained SVM algorithm from
step a) to measure the distance of each vector to the hyperplane calcuiated in
step ay); and

g} classifying each peptide fragment as biocactive peptide or non bicactive peptide,
according to the distance measured in step f),
wherein dimensions 1 to 7 generated in step e} are the following: Dimension 1 N-
terminal ProP score; Dimension 2: N-terminal Hmcut score; Dimension 3 N-
terminal fragment; Dimension 4: C-terminal ProP score; Dimension 5: C-terminal
Hmcut score; Dimension §: C-ierminal Hamid score; Dimension 7: C-terminal
fragment.

2. A method according to claim 1, whersin dimensions 8 to 49 generated in step ) are
the following: Dimension 8: Percentage of acidic amino acids {E, N, Q) per polypepiide:
Dimension 9: Percentage of positivaly charged amino acids (R, H) per polypeptide;
Dimension 10: Percentage of aromatic amino acids (F, Y, W) per polypaptide: Dimension 1%-
Percentage of aliphatic amino acids (G, V, A, 1) per polypeptide: Dimension 12 Percernitage
of Proline per polypeptide; Dimension 13- Percentage of reactive amino acids {S, T) per
polypeptide; Dimension 14: Percentage of Alanine per polypeptide; Dimension 15
Percentage of Cysteine per polypeptide; Dimension 16: Percentage of Glutamic acid per
polypeptide; Dimension 17: Percentage of Phenyialanine per polypeptide; Dimension 18:
Percentage of Glycine per polypepiide; Dimension 19: Percentage of Histidine per
polypeptide; Dimension 20: Percentage of isoleucine per polypeptide; Dimension 21:
Percentage of Asparagine per polypeptide; Dimension 22: Percentage of Giutamine per
polypeptide; Dimension 23: Percentage of Arginine per polypeptide: Dimension 24
Percentage of Serine per polypeptide: Dimension 25: Percentage of Threonine per
poiypeptide; 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 polypaptide:
Dimension 30: Cysteine content: Dimansion 31 Percentage of coiled secondary struciure
per polypeptide; Dimension 32: Percentage of helical secondary structure per poiypeptids;
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 heiical biocks per polypeptide:
Dimension 37: isoelectric point of polypeptide; Dimension 38 Average molecuiar weight of
polypeptide; Dimension 39: Sum of Van-der-Waals forces of each amino acid within
poiypeptide; Dimension 40: Sum of hydrophobicity values of each amino acid within
polypeptide; Dimansion 41 — 48: Mean
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151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163,
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values calculated based on principle component score vectors of hydrophobic, steric, and
electronic properties per polypeptide; Dimension 49: Length of polypeptide.

3. A method according to claim 1 or 2, wherein protein sequences from step b) are only

naturally occurring protein sequences found in the human secretome.

4. A method according to any of claims 1 to 3, wherein said bioactive peptides,

classified in step g), are bioactive peptide hormones derived from precursor hormones.

5. A method according to any of ciaims 1 to 4, wherein the bicactive peptide, classified in
step g), has a sequence selected from the group consisting of the amino acid sequences of
SEQIDNOS: 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
43, 50, 51, 52, 53, 54, 35, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 89, 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,
g7, 98, 99, 100, 101, 102, 103, 104, 105, 108, 107, 108, 108, 110, 111, 112, 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,
132, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 159,
170, 171,172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185.

L

8. A method according fo claim &, wherein the bioactive peptide is present in a peptide
library.
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176, 177, 178, 179, 180, 181, 182, 183_, 18_4, 185. 6_. A net h_og a;:pgiglr ng
to E:Iaim5, wherein the bioacfive peptide is present in a peptide Ii tidé's
25 30 7. A conputational device confzbgured to identify bioacti vet p\e/gCt ae

derived from protein precursor sequences by using a binary suppor

[ id method conprising the steps of: a)
T g St ot hmts ©ony disti gui sh between b active and non

L L fo _ . ‘ .
bi oact | o oot T e ool oy deBibi Sschd prices e Tompyoigener at | ng
vect oPESH iip% SRYIRAICAR Y HeNg A binach sdpprehedatar msiret SVW) =08y H@@nlcgog!sgiuc ?.t 1/ gn
of a meitealitanpriagans plept o¥al ue, for a set of iabelied known I 0a
pepti des derived from precursor sequences and | abell ed known non

5 a) training a SVM algorithm to iearn to distinguish between bicactive and non

bicactive peptides, said training comprising the steps of:

a1} generating vectors with 49 dimensions_, each dimension resulting from the
calculation of a molecular descriptor value, for g set of labelied known
10 bioactive peptides derived from precursor sequences and labelied known non
bicactive peptides derived from precursor sequences, where the labels
indicate whether the peptide is, respectively, bioactive or non bicactive:

ay) transferring the vector data generated in step a;) to the SVM based algorithm,
15 sald aigorithm calculating the optimal hyperplane that separates the vectors
' ' corresponding o the bioactive peptides and the non bioactive peptides,
respectively,

b} providing protein precursor sequences from a publicly available human proisin
20 database;

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

25 of peptide fragments:
d} calculating a set of 42 moiecutar descriptors corresponding to the physico-
chemical properties of the peptide fragments generated in step ¢);
30 e} transforming the calculated values from step ¢) inio scaled values between 0 and

1 to generate dimensions 110 7 of a 48-dimension-vector for sach peptide
fragment and transforming the caicuiated values from step d) into scaled vaiues
between 0 and 1 to generate dimensions 8 o 49 of said vector for each peptids
fragment;
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bi oacti ve peptides derived from precursor sequences, where the | abels
i ndi cate whether the peptide is, respectively, bioactive or non bioactive;
a2) transferring the vector data ge ated in step al) to the SVM based
al gorithm 15said algorithm cal cul ating the optinmal hyperplane that
separates the vectors corresponding to the bioacfive peptides and the non
bi bacti ve heptrésiesng heSRewr Yehdtate D) R i
precursor sequen esgfroma gbl i cl f/il%ahgﬁt%%r)etoﬁﬁn%arﬁ%p?\(ﬁ\&{'ﬁ%QB{T B’Bse c)
predicting s fwﬁé? weﬁve&\a Aistaieg of Faely wesordp ties hyperpiane aalpuleteeiin
precursor seguney appovi ded in step b) using conputational nethods; a set
of 7 nol ecul ar descriptors is cal cul ated based on said
prediction step resulting in the generation 250f peptide fragnments; d)
cal cul ati 2laSSitviref e AR Aese [res ding to the
physi coche% cal y@ rtldeég i%?%%%@epeptt?%g&?ggg P 'goehn%?aac?’eﬂo?‘ﬁ“dﬁt ep c);
30e) transforani’oﬁ@ fh@ﬁ‘%ﬁ’l““ﬁt@éawwlesstémﬁm step C) into scal ed val ues
bet ween 0 andhérdidigrRR i di mensi on-vector for
each peptide fragnent glgﬁ&?rtgrzs rﬁ%’;'”t%%% edﬁai"i‘a‘”{ﬁgr E%e‘}sﬁ%*rﬁ step d)
into scal ed {RINTESFIOE: Sw0ER @"@ﬁ@l‘om 2t bf-fgmealdﬂmemlsmralmn%sﬁod@ M9 of said
vector for egg¢hirRepid @&f@m ntlg the ve t ener at ed
w the step e to thge trai ned SmO Clzgééﬁr{a%? om st EFEP o %fg'ﬁ?e t he
stance of BHEH 38 SHmepsiphs: ﬁytsemlphldr‘wmdeslcom @tnadnsmih $t€e+3=~ra;2aa| and g)
cl assifying paghemeptide fragnent as bioactive peptide or non bioactive
peptide, according to the distance neasured in step f), wherein dinensions
1 to 7 generated in step e) are the following: Dinension 1 N-term nal ProP

scor g; &me%ﬁod :Ncb?d : mensi.on 3: Nterm nal
fragment : D nensi on 4: C—Ite m na Pr gégrﬁeﬂhﬁ'%ﬁ PPN thergrRautic nal

10 HnBB'typé%t@reé afgeiRs vy iptene@ntien.rica aﬁs teaiisabvecieieanDiangns boorarkers

Gt etdinBakorfgik@eent . 8. Use of the method according to any of clains 1 to
6 for the identification of therapeutic pol ypepfides, targets for
drug intervention, iigands to discover relevant targets or biomarkers 15to
noni t or di seases. \



ABSTRACT 5Screening libraries of peptides in different assays offers an
opportunity to sinultaneously interrogate intracellular signaling

pat hways, create reagents to further fshe understanding of the pathway, and
to create novel forns of therapies. Many, if not all, biologically

- active peptides (e.g peptide hornones) have profound effects both in

heal th and di sease, either by growh stinmulating roles, growh inhibitory
roles, or the 10regul ation of critical metabolic pathways. The present
“invention is directed to novel bioactive peptides, an in silico nethod to
i dent i f }BEAB&ETpepti des and a peptide library containing these peptides.

5  Screening libraries of peptides in different assays offers an opportunity to simuitaneously
interrogate intracellular signaling pathways, create reagents to further the understanding of
the pathway, and to create novel forms of therapies.

Many, if not all, biologically active peptides {e.g. peptide hormones) have profound effects

both in heaith and disease, either by growth stimulating roles, growth inhibitory roles, or the
10 regulation of critical metabalic pathways.

The present invention is directed to novel bioactive peplides, an in sifico method to identify

these peptides and a peptide library containing these pepfides.



