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[ 0001] Thwopsesems | nvention relates to peptides which af frextusotrar2o7

bi ol ogi cal activity of cells in culture. In particular, the invention is
directed to specific peptides affecting adherence, growh or secretion of
cells. 2. Description of Relevant Art 15 [0002] Tissue and protein
hydr ol ysat es have been routinely used as a source of peptides in cel
culture nedia since the late 1800's. They are the nost comon undefi ned

cul ture nedia conpone ' I i ' and often repl ace
serumin the nannalianq%gbgggssgggggggggégz IOE?%&SQthavirol 33: 338- 343,
1989). Hydrol ysates and serumare not optimal sources 20 of peptides for
cultyre nedia. Further, their conposition are undefined, vary fromlot to

|l ot and nmay harbor pathoge C has been recogni zed
that peptides are generalﬂ@géggﬁgﬂﬂgﬁ(ﬁﬁfﬁﬁ5%88§§¥#) se in cell cglture
medi a as conpared to their constituent am no acids. Several approaches have
been 25 taken in an effort to determ ne which specific peptides are
utilized by a cell culture as al-nmbthdoftbe ivgetan fyi ng defi ned pepti des
whi ch affect growh or sone other biological activity. For exanple, recent
devel opnents in peptide synthesis technol ogy have made it possible to
scraen [éom1pe nunidke preséntdovgiondaateoto pegidas evhivhnaférve tite, bieloplvel adiyity of
i ndi vi dual defined sequences or

cells in culture. In particular, the invention is directed to specific peptides affecting adherence,

growth or secretion of cells.

2. Description of Relevant Art
15

[0002] Tissue and protein hydrolysates have been routinely used as a source of peptides
in cell culture media since the late 1800°s. They are the most common undefined culture media
component in present use in bac:ceriology and often replace serum in the mammalian culture (S.
Saha and A. Sen., Aptavirol 33:338-343, 1989). Hydrolysates and serum are not optimal sources
20  of peptides for culture media. Further, their composition are undefined, vary from lot to lot and

may harbor pathogens such as BSE.

[0003] It has been recognized that peptides are generally preferred nutrients for use in
cell culture media as compared to their constituent amino acids. Several approaches have been
25  taken in an effort to determine which specific peptides are utilized by a cell culture as a means
for identifying defined peptides which affect growth or some other biological activity. For
example, recent developments in peptide synthesis technology have made it possible to screen

large numbers of compounds for media enhancement, either as individual defined sequences or



WO 03/ 044045 PCT/ US02/ 37207 as a m xture of variable sequences in a peptide
|ibrary. The library approach has provided an opportunity to screen nore
pepti de swQuaiewss f or desired biological effects in cell eartusoz372@hce the
sequence of a peptide having the desired biological activity is identified,
it my be produced in large quantity, such as by chem cal synthesis or
reconbi nant DNA net hods. Subsequently, 5 the peptide can be included in a
culture system by coating on a surface or being free in solution in the
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particular, the abilities of the cell to adhere, spread, and contract on
solid it largeequanhity, suey el ehoppieal fsphthesiorgicaombingtt AnfﬁFthOdS Subsequently,
anchor age- dependent cells in vitro. (Ginnell, F., Psychol ogy, 53:67-149,
19785 andheGmptitiersan be imtluded in Jcoudbiré syBiemi by C@Bing@»Z-azls:Ll@f,aceL@BQE)ingrhee imiolitioy  of
cells to adhere to surfaces is affected by 15 many factors including the
cel | culid the euhtad ngedige dBothieespatatiorsuhar leid/pe debiraldffect amcultunel qelis.t i cul ar
surface upon which the cells are cultured. Wen the end goal is to

accunul ate product in the supernatant, and the cells being cultured are
adherent-type cells, best results are typically achieved when adherence

and grommﬂe optrhaLgfel d1 defil big o fnRrdcP el c@)ﬁ @ﬁlen?s%ftﬁb éf&dcemafmaﬁw ¢88i on

and fin secretion. 20 [000 I'n general ,;; mammal 1an cells are cultured

o POl e AP AL o
re)e(:f ﬁgt d}fﬁ di 1% 1on reov%%( t rlle%essny OF 2 %%nge] dlegen%er?t cehs % fise rml%peetgtsur acets he
largely dictates the success of a cell culture effort. In particular, the abilities of the cell to
adhere, spread, and contract on solid matrices are prerequisites for the growth of normal
anchorage-dependent cells in vitro. (Grinnell, F., Psychology, 53:67-149, 1978 and Couchman,
et al., J.Cell Biol., 93:402-410, 1982) The ability of cells to adhere to surfaces is affected by
15  many factors including the cell culture media used, the particular type of cell, and the particular
surface upon which the cells are cultured. When the end goal is to accumulate product in the
supernatant, and the cells being cultured are adherent-type cells, best results are typically
achieved when adherence and growth are optimized first, followed by an optimization of
expression and finally secretion.
20
[0005] In general, mammalian cells are cultured on polymer surfaces. Practically all

mammalian cells that adhere to synthetic polymer surfaces are controlled by absorbed protein

and are receptor mediated. For example, fibronectin is a protein component of the extracellular



2 WO 03/ 044045 PCT/ US02/ 37207 matrix which has been shown to be invol ved
in the adhesion of mammualian cell types to tissue culture substrates.
(Pear| st eWn,03B4404Nat ure, 262: 497-500, 1976 and Kl ei nman, @CTAISN2/3BdDchem

Bi ophys. Res. Commun., 72:426-432, 1976) The ability of fibronectin to aid
in cell attachnent has been localized to a trinmer sequence (RE), which is
| ocated in the cell binding domain of 5 fibronectin. [0006] Regarding the
role of a cell culture substrate and other surfaces in pronoting cel

adhesi Ofyirdyt whish ‘BQQB‘&: Blvn RS ‘BE eﬁrn? il IHRELIAY 6 %a@%%ﬁ%gu fBed thw%tﬂé face

of a tissue cul ture Strate OWI ng placenent o rotei ution
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and cel | spreadlng can result. 000?% Wth further reference to the role of
the cel hascger lgcalissdhiors Hinger sRareasn BRCRY et lpspted 1 the call Dmdimg dasnain of

adhesion, if cells are seeded on a substrate in the absence of absorbed
pr ot®i nfibrongpsin. pr ot ei ns which are on the cell surface may directly absorb
to the surface and the cell wll, provided suitable conditions are
present, secrete protein towards the surface in the formof an
extracellular matrix. However, it is known that cells in culture never

direct| pobeuch t hRegulih@ar roMQRielltchl’t&tH GlibdtiateamaraihadlsGriades & %@ﬁloﬂﬁgbﬁi n.
20 [0008] It has been proposed that particular peptides are orbed to a

pol yner ,gdbace id ﬁnov@{ 48f ploReifd SB0hEANRMY abRHBICS! the 36HRRRI AR dBud BRture
surface. For ‘exanple, Singer et al. proposed the absorption of a 13-ner
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10  some of the absorbed proteins on the cell surface, and further provided that the conformation of
the absorbed protein is not altered to a large degree by absorption so as to destroy ligand-receptor

affinity, cell adhesions to the culture substrate and cell spreading can result.

[0007] With further reference to the role of the cell culture substrate and other surfaces in
15  permitting cell adhesion, if cells are seeded on a substrate in the absence of absorbed protein,
then proteins which are on the cell surface may directly absorb to the surface and the cell will,
provided suitable conditions are present, secrete protein towards the surface in the form of an
extracellular matrix. However, it is known that cells in culture never directly touch the surface
except through intermediate absorbed protein.
20
[0008] It has been proposed that particular peptides are absorbed to a polymer surface in
order to promote short-term cell adhesion to the surface. For example, Singer et al. proposed the

absorption of a 13-mer peptide containing the RGD sequence described above onto a polymer



3 WD 03/044045 PCT/ US02/ 37207 substrate to pronote cell adhesion. (Singer,
et al., J. Cell Bio., 104:573-584, 1987) The di sadvantages of using

pepti des WD Bli®43 engt h has been that they are hi ghly sus®epttisol/ar20D
degradation at high tenperatures such as those used during cell culture and
to the proteolytic action of the cultured cells thenselves. 5 [00091 An
alternative to surface absorption of peptides to pronote cell adhesions,
has been to chemically attach peptides via covalent nodifications to a

surface. , For exanpl e andl ) . al. nal w4 cgal Bi 1St I 734270,
1988) pﬁ”B%tBa%%gotm m?ﬁffc?eﬁgla GS%)P ‘ gélﬁgeﬁ’e}%t g@egtf& (Ilacllgﬁ"gf 0%55{33-?3?, slg%ét?% e to
pronote_cel |l adhesjons. Wii|le thjs nmethqd promyted cell 10 adhesions, its
requi r eHSI0YFRSEE TG QFPJ‘}#% oéfti“ﬁe]ﬁ?gtgg"af eﬁ?ng%ttgeyaﬁreaﬁltg@%t %Feé’%gi@v@ of
cell adhesion. Gven that the cost of preparing synthetic peptides. is

hi gh, idaeEadedemel bigh dempepitregeych as thope usrg] Qurge quchHBIey%‘rwv&gﬁ Pepiepbytic
facilitate the econom cal preparation of cell culture substrates

commer cactibh pf theSult@ed ¢€lls themsedvesl so known to derivatize surfaces with

pepti des having | ess than 12 am no acid residues and contai ning one of the
fol Isow ng sequences of amno acids: GRGD (SEQID NO 71), GYIGSR (SEQ ID
NGO 72), GREDV (SEQ ID NO 73). These peptides have been further described

as incledpgyy a mAw GRbmEetd toSitikhas BhsoBBBAI@IpepBdee GBI drombtes@l] Udhekons] bis
exanple, RGD (SEQ ID NO 74), YIGSR (SEQ ID NG 75), or REDV (SEQ I D NO

76), ORI éhem&llgoat&%hlpe@ﬁ@%p@iQrcoﬁgﬁ@%Qifﬁh‘Mrﬁo 2fsufBdd S FbP eRarhpigat ed

surface. The peptidés are preferably attached to the surface through the

reacti a n;gﬁ rq ﬁ{g]' Ci d"n | Q(}tﬂl%e-ngﬁg; I,d&r 1 @_he:

g_rafteglgliagIl hg{ gfu’r acgyt{a%ﬁidﬁggrﬁ%gc |9217§?Zg’pll%§n§t rébc%o yrre% suroltnace. A
di Sadvaﬁ‘etpﬁﬂg ir? fa }gorllylzn%ernseutbrs]t?ge to promote cell adhesions. While this method promoted cell
10  adhesions, its required large concentrations of peptide to promote an acceptable level of cell
adhesion. Given that the cost of preparing synthetic peptides is high, incorporation of peptides to

the bulk of the polymer would not facilitate the economical preparation of cell culture substrates

commercially.

15  [00010] It is also known to derivatize surfaces with peptides having less than 12 amino
acid reéidues and containing one of the following sequences of amino acids: GRGD (SEQ ID
NO: 71), GYIGSR (SEQ ID NO: 72), GREDV (SEQ ID NO: 73). These peptides have been
further described as including a minimal cell-surface receptor recognition sequence, for example,
RGD (SEQ ID NO: 74), YIGSR (SEQ ID NO: 75), or REDV (SEQ ID NO: 76), to permit the
20  cell receptor mediated support of cells to a treated surface. The peptides are preferably attached
to the surface through the reaction of a terminal primary amine associated with the peptide to be
grafted to the surface and an active group on the polymer surface. A disadvantage of this method

is that the surface must first be activated before the surface can be derivatized with a peptide.



is that the surface nust first be activated before the surface can be
derivatized with a peptide. 4 WO 03/044045 PCT/ US02/ 37207 The process
used for wotiwatoshig t he surface can be |l engthy in tinme anecxarsoz/smeot ve
reagents which may be toxic to cells, requiring thorough washing of the
surface prior to nodification with the peptide and prior to culturing of
the cells on the derivatized surface. Further, the efficiency of peptide
i mmobi lization is highly dependent on the prior polynmer derivatization
proces T fi r ange. of i de til i [ t he
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culture substrate. It is further desired that the snuall peptides ar

resi st aftpeptide memefilizationiiy bighlyrdspendeniAn WEPTPERRIYIET d{RFEHON PRS- | f}ieat i on
to the surface. [00012] There is also a need in the art for small peptides
t hatS enfirmhcagerppatide omaanittionBnd egemationnn thel bisfasp eregesirictednes are often
the choice for production when the target pharmaceutical 1is secreted.
Having an i nmobilized cell allows one to easily renove the high nol ecul ar
wei ght constituents, which are present in the supernatant and required
during |Imt)@119r oWt hrHRb asksed @Ridtsti thesaboe teeidcbyery ©p h&digorah emslUpgitides AusaM t h
a stabilizing nedia containing only | ow nol ecular weight substances that
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culture e advant ageous.
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10  remove adherent-type mammalian cells from a tissue culture substrate. It is further desired that
the small peptides are resistant to the desorptive effect, but not require covalent immobilization

to the surface.

[00012] There is also a need in the art for small peptides that enhance expression and
15  secretion. Adherent cell lines are often the choice for production when the target pharmaceutical
is secreted. Having an immobilized cell allows one to easily remove the hiéh molecular weight
constituents, which are present in the supernatant and required during the growth phase, and to
subsequently replace the supernatant with a stabilizing media containing only low molecular
weight substances that will not co-purify with the target pharmaceutical. Unfortunately, these
20  stabilizing media often reduce expression and secretion levels. Having low molecular weight
peptides that increase accumulation of product in tissue culture broth would therefore be

advantageous.



5 WD 03/044045 PCT/US02/ 37207 [00013] Finally, there is a need for peptide
| i braries which accelerate the discovery of nedia or culture environnent
constit uewD3mi4ols t he attri butes descri bed above. The abi IPCyuSOD3720mt ch

pepti de performance with physical properties will lead to peptide classes
delivering benefits across many cell types and culture conditions.
Further, such peptide classes will allow 5 bioengineers to rapidly identify

high-perforning bi oactive peptides as nedia constituents for <cells in rare
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inventlkn p OV|des p es | aV|ng C gromﬁh an

secretion enhan i.ng operties ci fi hav t hes nC|ng
or oper { 1845 WS Y btEeY °°Hstf%?%$e q“h%% i ARt ataRle a?hg it

synt hesi r expression b C S and .
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formulated in a culture medi um to produce the desired effect on cul tured
cel | s. hemefigEonoss mapy salf types pad culiure conditims; &yrtherowichespidsptlpgesswilhallay
enhance cell growth and/or secretion in a cell culture system which

i ncludebiaerginagest r @pofly adentifabighgerfomhing djioaeixk ept{dsy as suxddiax constijuerit xrk
(d) xkxxx and (e) kxxxx, wherein k represents |ysine and each x nay be the
sane orcdkﬁﬂﬂm@mmpamhnhaa@kdukﬂdependentIy sel ected fromthe group

consi sting of lysine, alanine, 20 isoleucine, phenylal anine, proline,
val i ne, glycine, glutam ne, |eucine, nethionine, asparagine, serine,
threonine, tyrosine, aspartic acid, glutamc acid, histidine and

derivatives thereof. [00016@Uﬁyﬁgﬁgﬂopquy@@gﬂ@n(hhe invention is a peptide
whi ch enhances cell growh and/or secretion, the peptide including a

structure of at |east one of (a) xxxkx, (b) xxkxx (c) xxxxk, (d)
10  [00014] The present invention provides peptides identified as having cell growth and/or

and secretion enhancing properties. Specific peptides having these enhancing properties may be
produced in large quantity by such means as chemical synthesis or expression by recombinant
DNA methods and may be, for example, adsorbed to a surface in a cell culture system or,
alternatively, formulated in a culture medium to produce the desired effect on cultured cells.
15
[00015] In particular, the invention provides peptides which enhance cell growth and/or
secretion in a cell culture system which include a structure of at least one of (a) xxxkx, (b)
xxkxx, (¢) xxxxk, (d) xkxxx and (e) kxxxx, wherein k represents lysine and each x may be the
same or different amino acid independently selected from the group consisting of lysine, alanine,
20 isoleucine, phenylalanine, proline, valine, glycine, glutamine, leucine, methionine, asparagine,
serine, threonine, tyrosine, aspartic acid, glutamic acid, histidine and derivatives thereof.
[00016] Further provided by the invention is a peptide which enhances cell growth and/or

secretion, the peptide including a structure of at least one of (a) xxxkx, (b) xxkxx, (c) xxxxk, (d)



6 WD 03/044045 PCT/ US02/ 37207 xkxxx, and (e) kxxxx, wherein each x may be
the sanme or different hydrophobic or uncharged polar am no acid residue
and k repwesni®4s ysi ne. [00017] Specific inventive pepti @#€3/usor/br2atihesi on
and/ or growth-pronoting activities 5 include peptides having an am no acid
sequence selected fromthe following: IFFKG (SEQ ID NGO 1), FIKFG (SEQ ID
NO 2), FIFAK (SEQ ID NO 3), QWAK (SEQ ID NO 4), FKFIG (SEQ ID NG 5),

AFFKI (SEQ ID NG 6), VFPFK (SEQ ID NGO 7), AKIFF (SEQ ID NG 8), AFKIF (SEQ
| D NO 9 FAR I : I : ' ions
ther cor HHS HR01 B WL e el B e e D R R e
corrpositilon .S di.icl gﬁed gfni ch Qrﬁ%m)t es adherence and/or growth of

adher enRIgATENQ Afiq Lesifye and K FepXeSEtts WSMI%i ng one or nore pairs of peptides
selected fromthe follow ng group: (a) AFFFQ (SEQ ID NO 12)/EEEMY (SEQ ID
NG 13) and (b) FIKLM (SEQ ID NO 14)/FFIPY (SEQ I D NG 15). 15 [00019]
Specific inventive peptides with secretion-enhancing activities include
pept i de®O0KHvi ng Soscidisi insenitvedpplidefe el adheaien sldfor PV HePPBIHBRHARHVILEKL Y
(SEQ ID NG 16), KKKKK (SEQ ID NG 17), KKKKL (SEQ I D NO 18), FKKKQE&SEQ | D
NO. 19) , inBIiE¢ GeftBEQbatii Noabiino #HEKSkuesSEQeldmteNdran Yhe fokiwing SEEGOSKQIP1) ,
FKKKK (SEQ I D NO 22), 20 LKKKK (SEQ I D NO 23), KKLKK (SEQ I D NO 24), KKKKT
( SEQ | INO)2 5 KFEKBE® 11§ SEIR), IFIRAOK? (RHEQ KRAQY:3),SBYVAX NSEQ7ID NeKKKKFKIBEQ | D
NG 28), KVKKK (SEQ ID NO 29), KNQTY (SEQ ID NO 30), FKKKV (SEQ ID NO 31),

KPKKK( SR B M®32) AFFKI (SEQ ID NO:6), VEPFK (SEQ ID NO:7), AKIFF (SEQ ID NO:8),
AFKIF (SEQ ID NO:9), KFAFI (SEQ ID NO:10) and FAKFI (SEQ ID NO:11) and

combinations thereof.

10
[00018] In a further aspect of the present invention, a peptide composition is disclosed
which promotes adherence and/or growth of adherent-type cells on a surface including one or
more pairs of peptides selected from the following group: (a) AFFFQ (SEQ ID NO:12)/EEEMY
(SEQ ID NO:13) and (b) FIKLM (SEQ ID NO:14)/FFIPY (SEQ ID NO:15).

15

[00019] Specific inventive peptides with secretion-enhancing activities include peptides
having an amino acid sequence selected from the following: FKLVY (SEQ ID NO:16),
KKKKX (SEQ ID NO:17), KKKKL (SEQ ID NO:18), FKKKQ (SEQ ID NO:19), FKFIG (SEQ
ID NO:5), KKKSK (SEQ ID NO:20), KKKLK (SEQ ID NO:21), FKKKK (SEQ ID NO:22),
20 LKKKK (SEQ ID NO:23), KKLKK (SEQ ID NO:24), KKKKT (SEQ ID NO:25), KKPKK
(SEQ ID NO:26), KKPQY (SEQ ID NO:27), SKKKX (SEQ ID NO:28), KVKKK (SEQ ID
NO:29), KNQTY (SEQ ID NO:30), FKKKV (SEQ ID NO:31), KPKKK(SEQ ID NO:32),

FFKKX(SEQ ID NO:33), HKNQT(SEQ ID NO:34), FKLVG(SEQ ID NO:35), KKQPK(SEQ



FFKKK(SEQ | D NO 33), HKNQT(SEQ I D NO 34), FKLVG(SEQ I D NO 35), KKQPK(SEQ 7
WD 03/ 044045 PCT/ US02/ 37207 | D NO. 36), EKKQT(SEQ | D NO. 37), EKKKK(SEQ I D
NO 38), KKDKQOSE® | D NO 39), KKKKS(SEQ I D NO 40), KKQKK( SEQUSI/AGAL),
KKLNY( SEQ I D NO 42), DGKKT(SEQ ID NO 43), KKPTT(SEQ ID NO 44), KFIFG( SEQ

| D NO 45), FKKMY(SEQ I D NO 46), FFFKK(SEQ ID NO 47), KQKKI (SEQ I D NO 48),
H KKK(SEQ | D NO 49), DFFHK(SEQ ID 5 NO 50), AKKKSS(SEQ I D NO 51), AHKK(SEQ
I D NO 52), AHKKK(SEQ I D NO 53), LKLVY(SEQ ID NO 54), PKQKK(SEQ | D NO 55),

1 N BN BB e AR TR BHR KERIP R Py
No: 66) . MRS SER T NGB, Kol q PN RNt QPR oG
are SF?@ oA B SRR 2 ekl SR Rl BB e

i nventive Igﬁptl des represented bésl@rES ID NO 1 througg I D NO. 11 and SEQ
| D NO.  HBFICRSH$Y HD DEOAT D KK HSH DeAS) AR BARK (A5 ] AFEREG(FEQC®) |
culture substrates 15 may include one or nore of the palrs of peptides

i denf i f NESQOANKEE(FEQ (MBEDISD), NOHIKEYIEGED N®SRO AHBKISEQ By NEEL))I D
NGO 14)/(SEQ I D NO 15). [00021] Further provided by the invention is a

cel | or LKILY3U(SEQUID NiOe54ye BKQKK (SEQUID ND: 5 e AKISRT(SHey IDN@Sp), iREETY (SEQ
conposi tions of the present invention described above. 20 [00022] The

i nvent i gn NOOBY), dBSPPEEEE DI NOrRy, s shQai® Ne:8d) | AADEG(SIOAD NO:60),

identification of biologically active peptides wherein the peptide library

i's sel egiRIGIELEH ROLA) PHENG SPPHPNY.62), HHPST(SEQ ID NO:63), FHENT(SEQ ID

NO:64), ADELN(SEQ ID NO:65), KKKK(SEQ ID NO:66), KKK(SEQ ID NO:67), KK(SEQ ID

10  NO:68), OrnOrnOrn (SEQ ID NO:69), RRR(SEQ ID NO:70) and combinations thereof.

[00020] Cell culture substrates are provided by the invention, the substrate including one
or more of the inventive peptides represented by SEQ ID NO:1 through SEQ ID NO:11 and SEQ
ID Nd: i6 through SEQ ID NO:70 described above. Moreover, inventive cell culture substrates
15  may include one or more of the pairs of peptides identified above as (a) (SEQ ID NO:12)/(SEQ

ID NO:13) and (b) (SEQ ID NO:14)/(SEQ ID NO:15).

[00021] Further provided by the invention is a cell or tissue culture medium including the
peptides or peptide compositions of the present invention described above.

20
[00022] The invention provides peptide libraries which are useful for rapid identification
of biologically active peptides wherein the peptide library is selected from the following group of

libraries: (a) xxxkx, (b) xxkxx, (c¢) xxxxk, (d) xkxxx, (¢) kxxxx and permutations thereof,



l'ibraries: (a) xxxkx, (b) xxkxx, (c) xxxxk, (d) xkxxx, (e) kxxxx and
permutations thereof, 8 WD 03/044045 PCT/ US02/ 37207 wherein k represents
| ysi ne artosaomoxs may be the sane or different am no aci dpPCmdspzsdent |y
selected fromthe group consisting of lysine, alanine, isoleucine,
phenyl al ani ne, proline, valine, glycine, glutam ne, |eucine, nethionine,
asparagi ne, serine, threonine, tyrosine, aspartic acid, glutamc acid,

hi stidine and derivatives thereof. Once active peptides for a particul ar

cel | tyRg i Gehd&Rld fykid ahd emhi Hl\é.g e N E sGPb AretehPiing ach £AB)n8Enily
pep e core h

. C
library o eptides possessing t features (charge, size

hydr ophobj ci can then be. generated and appli t I 4 :

{her oby FEOELIRG PHETUNEER =67 SonpBtras PAIr e BItSMARC sV RboBas he
invention further proyides a peptide which enhances cell, secretion.in.

cel | 1@¥ine gluamips Legpingielioning [SBieies SETt BFOTHe BEBTIC 881%‘% sl
positively charged side chains. [00024] Also provided is a nethod ?f

modi fyi rEPtamis aold déstidineandederivatives dheeaty Qnemagiverentides s pareieviar cell st
and/or secretion in the system including the step of applying to the

sur f &ce araidsepfi¢din amiiventivegpeptide Hbwaryureesnepdler tibway pf pentidse PPesEIsEE the cgicoup:
(a) xxxkx, (b) xxkxx, (c) 15 xxxxk, (d) xkxxx, (e) kxxxx and conbi nati ons

t her eof ,featnes €iharde, siephydaphsbitiygiocar thendbegaterated amdyafydied e nsanwellouystems,
different ami no acid i ndependently selected fromthe group consisting of
lysine, R4k RBucihSBkaMEIbBLS dRPONIEItRANASt bddctdenad, val ine, gl ycine,

gl utam ne, l'euci ne, nethionine, asparagine, serine, threonine, tyrosine,
aspartic acid, glutamc acid, histidine and derivatives thereof. 20
[00025] In a further aspect of the invention, a nmethod of adhering cells to

a surf a\jﬁ%‘?ir%’é; pro %qn&e%ltiloH :fglgllse? 'i)%%(lﬂes i aspe%itiﬁg ARG erihRdel QLD YedrifonSih&PSeIOf

(i) pro a surrace at

10 culture system, wherein all amino acids of the peptide possess positively charged side chains.

[00024] Also provided is a method of modifying a surface in a cell culture system so as to
enhance cell growth and/or secretion in the system, including the step of applying to the surface
a peptide including a structure selected from the following group: (a) xxxkx, (b) xxkxx, (c)
15 xxxxk, (d) xkxxx, (€) kxxxx and combinations thereof, wherein k represents lysine and each x
may be the same or different amino acid independently selected from the group consisting of
lysine, alanine, isoleucine, phenylalanine, proline, valine, glycine, glutamine, leucine,
methionine, asparagine, serine, threonine, tyrosine, aspartic acid, glutamic acid, histidine and
derivatives thereof.
20
[00025] In a further aspect of the invention, a method of adhering cells to a surface to
promote cellular growth is disclosed including the steps of (i) providing a surface at least

partially coated with a peptide including a structure selected from the following: (a) xxxkx, (b)



partially coated with a peptide including a structure selected fromthe
follow ng: (a) xxxkx, (b) 9 WD 03/044045 PCT/ US02/ 37207 xxkxx, (c) xxxxk,
(d) xkxxxwo(eap440xxxx and conbi nations thereof, wherein ea®eTASIHY2bE t he
sanme or different hydrophobic or uncharged polar am no acid residue and k
represents lysine; and (ii) contacting the at |east partially coated
surface with the cells for a sufficient tine to permt cellular attachnent
thereto. 5 [00026] Lastly, the invention provides a nethod for enhancing

cel l ul arr 325 B8 Bh aaRE| € 1000 M &Hlbaﬂaﬁwsdﬁerewanﬁéraﬁ egéh £ Yhdyiitd G

cells or t|§s e presence of the peptides or de conpositions

of -t he_pr.6senty VG ons d0 BRLEE. PESCRLPTLON OF eﬁa\w % (0902 ghie ©

is a graprPn cal repre en |on an oxy sensor aséa

whi ch ed N d
PERF AR LA - ity el Vri@%s B e b°

foll owup MDL- 400 library conprised of 15 conpounds filling in the
propert?@@ﬁéﬁﬁh@ﬁéﬁéﬁmym%§V€¥%d by the MDL-100. Biological effects on the
cells is conmpared in the presence and absence of the inventive peptides and
in ppesence and absence of extracellular matrix (ECM controls and known
peptide controls. The absorbance at 590 rimis a neasure of relative
oxygen dootRéhpt i ofastiyhithd iventiel atysdesia methell| fog reokdnking2&1DET ArdvED and/or
DESCRI PTI ON OF | NVENTI ON [ 00028] By the term "enhanci ng secretion”,

" pr onot isB@etss elidhoncludedtle sip of icleuringtcells or tiaey inttha@preséitce lof e pepfides or
target molecule in the supernatant mediumis greater in the presence of

one or qgﬁﬁaéﬁbdﬁggnbﬂygﬂ&éﬂ@Sﬁﬁgﬁkﬁhgh relative to in its absence. This
effect may be related t

10 BRIEF DESCRIPTION OF DRAWING

[00027] Figure 1 is a graphical representation of the results of an oxygen biosensor assay
which was used to monitor growth of MC3T3 cells. Inventive peptides were identified in an
initial maximum diversity library (MDL-100) and a follow-up MDL- 400 library comprised of
15 compounds filling in the property space coarsely covered by the MDL-100. Biological effects
on the cells is compared in the presence and absence of the inventive peptides and in presence
and absence of extracellular matrix (ECM) controls and known peptide controls. The absorbance

at 590 nm is a measure of relative oxygen consumption, which correlates with cell growth.

20 DETAILED DESCRIPTION OF INVENTION

2 (19

[00028] By the term “enhancing secretion”, “promoting secretion”, and the like, it is
meant that the level of a target molecule in the supernatant medium is greater in the presence of

one or more of the inventive peptides relative to in its absence. This effect may be related to a

10



10 WO 03/044045 PCT/ US02/ 37207 nunber of factors including, but not
limted to, changes in protein expression |evels and intracellular
traffickiwg.o3p00@29] Two initial peptide nmaxi num di versit PCIriusozasizes,

MDL- 400 and MDL-100 and a 5 followup library conprised of conpounds
related to early | eads were constructed using conventional peptide

synt hesi s techni ques. The candi date peptides in the followup library were
sel ected by "Nearest Nei ghbor" techniques. They were subsequently screened
for Dbi olggigabf xact@l@tfnmdﬁlgoﬁow%t EdHeli th) Okriged tRiRot@S bfRsion levels and
characteristics. One goal of the present work was to identify peptides

whi ch mhe o&ﬂﬁ zﬁﬁ&géély attached or non-specifically adsorbed to a
surface 10 |ncr se cell gromh as neasured by an increase in oxygen
consunpti on of the cultured cells, where the increase in oxygen
consunpti on was neasured by use of an oxygen bi osensor. A second goal was

to identif epti des enhancing secretion. partlc
secretiﬁ@xyﬁfatelgwodéﬁ} Eﬁﬁﬁ?éWFﬁnW§é¥8¥$ TdSe Bﬂ®g4gﬁ8n§ﬁb£@ﬂg$éﬂia

| evel s of PDGF were nonitored by a sandwi ch ELI SA. The MDL libraries were
firsP sdolsrap litwaryt pempriseflf el compoyngderelstedr tor Py dends 1Berehemdsteried UeiRal

| eads were found in a followup library conprised of Nearest Nei ghbors.

Fur t her coaveatiysil peptivieoyethess ichsiquésy Ehe samdutatesmptidestindhe fodlow-wpelitanyi werd t o
enhance growth. [00030] Each library of initial peptide candi dates was

sel ect edelbasd Uy oNeaeCNEighbsl2 s¢dhRiqued. iThey ivare butsbqidhtly sabatedor bidlopdaallpr
wei ght , nass and hydrophobicity. Table A below classifies 20 am no acids

on the B e?ftldésh&hwhﬁ’é céhiPledile@icharadieigstic a0RS -godiloMEk PRsBA4RAR was to
PCT/ USOZ/ 3 TABLE

identify peptides which when non-covalently attached or non-specifically adsorbed to a surface

10 could increase cell growth as measured by an increase in oxygen consumption of the cultured
cells, where the increase in oxygen consumption was measured by use of an oxygen biosensor.
A second goal was to identify peptides enhancing secretion. In particular, a cell line secreting
platelet derived growth factor was selected and supernatant levels of PDGF were monitored by a
sandwich ELISA. The MDL libraries were first screened for their effect on PDGF secretion and
15  then additional leads were found in a follow-up library comprised of Nearest Neighbors. Further

analysis uncovered bioactive isomer sets which were determined to enhance growth.
[00030] Each library of initial peptide candidates was selected based on specific design

criteria, including charge, molecular weight, mass and hydrophobicity. Table A below classifies

20  amino acids on the basis of the polarity of their side chains.

11



Hydr ophobi ¢ Uncharged Pol ar Positively Charged Negatively Charged al anine
serine lysine aspartic acid | eucine threonine arginine glutamc acid

i sol euci n&otogro®ithe hi stidi ne valine asparagi ne proline @CHttEsnt/sme07

phenyl al ani ne cysteine tryptophan glycine nethionine [00031] Each peptide
fromthe MDL and Nearest Neighbor followup libraries consisted of five
am no acid residues. Selection of amno acids to formlibrary peptides was
typically 5 based on ease of synthesis. [00032] The clear nmajority of PDGF
secretion enhanci ng sequences (SEQ ID NGO 16 through SEQ I D NGO 56 and SEQ

I D NO 5) had one of the follow ng structures: (a) xxxkx, (b) xxkxx, (c)
xxxxk, (d) xkxxx, (e) kxxxx, wherein kf@ggfnts | ysi ne and each x nay be
the sane 10 or different am no acid sele romt he foI | ow ng residues:

| ysi ne, al an } f Re— .E%'“u, Hre— i"“ Ares

gl ut ami ne, | 0 gni a i g ositlyely (har fiyely ¢
aspartic aci lanmem anm ¢ am%?nn%l stidine 3h¥iMerivatives |taseatieecid Sor eeni g
a smaller rjedséte of MDL pletprepdise for gr dwdinined to t he |sgiwemisasiton
structures: |(sjencioekx, (b)|tysosloex, (c) xfhiskidined) xkxxx,| (e) kxxxx wher €} n
each x may Healilke sanme or |dispdregieet ami ng acid 15 i ndepgndently sel ect ed
from the folllpyideg hydr ophoflitam@de Unchar ged pol ar residyes: phenylal anipe,
i sol euci ne, é@lﬂgmnyaf RoysRIRl 1 he, grycine and glutanine and K
represents | [ty gLoW and §ecretion screerfing, a smarfer
nunber of u Irgeltﬁbﬁilﬁel)l oactj ve conpounds

[00031] Each peptide from the MDL and Nearest Neighbor follow-up libraries consisted
of five amino acid residues. Selection of amino acids to form library peptides was typically

5  Dbased on ease of synthesis.

[00032] The clear majority of PDGF secretion enhancing sequences (SEQ ID NO:16
through SEQ ID NO:56 and SEQ ID NO:5) had one of the following structures: (a) xxxkx, (b)
xxkxx, (c) xxxxk, (d) xkxxx, (e) kxxxx, wherein k represents lysine and each x may be the same
10  or different amino acid selected from the following residues: lysine, alanine, iséleucine,
phenylalanine, proline, valine, glycine, glutamine, leucine, methionine, asparagine, serine,
threonine, tyrosine, aspartic acid, glutamic acid, histidine and derivatives thereof. Screening a
smaller number of MDL peptides for growth led to the same common structures: (a) xxxkx, (b)
xxkxx, (¢) xxxxk, (d) xkxxx, (e) kxxxx wherein each x may be the same or different amino acid
15  independently selected from the following hydrophobic or uncharged polar residues:
phenylalanine, isoleucine, alanine, valine, proline, glycine and glutamine and k represents lysine.
For both growth and secretion screening, a smaller number of unrelated bioactive compounds

without lysine were found.

12



wi thout |ysine were found. 12 WD 03/044045 PCT/ US02/ 37207 [00033] To
identify peptides in a particular library which positively affected cel

expr essi owoana4®etr eti on, each test peptide was added to &CEaISb2/81201 ai ni ng
a nonol ayer of chinese hanster ovary cells. The selected cells were
anchor age- dependent CHO cells known to 5 secrete platelet derived growth
factor, which were initially grown on the tissue culture surfaces wusing a
media with serum After the nonol ayer was established, a chem cally defined
base nedia and a single test peptide was added to each well. In the
present work, secretion of PDG- was assessed in the presence and absence

of pept| fromthe library.. col l ecting supernatant fr.om each | 1., and
per f or ml(ﬁg?gn ELI@A lgﬁgﬁf?%tﬁ%sr TBrPagif e ﬁgervﬂ’é?qjar?to?ﬂlﬁg ?a)iﬁﬁfcﬁe\gf °fhs 10
t he absorbance at, 492nm Seﬁretion,mas ezgju ted in a basal nediumrich in
ani no agfrdessiopld $7ekelieRarafh iptt RAPHLS Vestadred 1Q 2 Welh coRalang 4 dRetORYSeAS us
CHO culture factors. PDGF |evels were conpared to _known standards spi ked
i nto t hehingsdhamsiseavary celds | Thersslecled goliuyerspaelarpge-dapordent ¢Hegblsikaewn g t h
secretion enhancing activities include peptides 15 having an am no acid
sequencsecstd platebad derivent griowtl Gictopwivinigh wWSEQNItRIINGrden oSEE tifSudOultuie smSEey | D
NO 18, SEQ ID NO 19, SEQ ID NO 5, SEQ ID N0O:20, SEQ ID NGO 21, SEQ ID

NO 22, ©ifg hDnddD 23th Sirdnl DARED B, mEGykeDwHO cRablished) 4 Phévicals; dShdd]Yase

NO 27, SEQ 1D NG 28, SEQ ID NG 29, SEQ ID NG 30, SEQ ID NG 31, SEQID

NO: 32, B4 labd H@r%fb testeRiddwNARK toobdeh W1INGh 38 prafeit vorid\ekod&ionFERDEF
NO 37, SEQ ID NO 38, SEQ ID 20 NO 39, SEQ ID NGO 40, SEQID NG 41, SEQID

NG 42, 4 | :

NG 47, BEOFBROTEe PR oA R 4 SR BoRe R pheR-ade g

NG 52, 1%(')519 elaal \wgl ggd peSrE)(;rrllilq% ?;.\Ill%]_sz@’A s%%gﬁlc ?or%é? on %‘Fe%ulpg)matant. The output was
10  the absorbance at 492nm. Secretion was evaluated in a basal medium rich in amino acids, the

necessary vitamins, metals, carbon source and consensus CHO culture factors. PDGF levels

were compared to known standards spiked into the media used for culture.

[00034] Specific inventive peptides with secretion enhancing activities include peptides
15  having an amino acid sequence selected from the following: SEQ ID NO:16, SEQ ID NO:17,
SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:5, SEQ ID NO:20, SEQ ID NO:21, SEQ ID
NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ
ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33,
SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID
20 NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ
ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50,
SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:55, SEQ ID

NO:56, SEQ ID NO:57, SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID NO:61, SEQ

13



NO 56, SEQ ID NO 57, SEQ ID NGO 58, SEQ ID NO 59, SEQ ID NO 60, SEQ ID

NO 61, SEQ 13 WD 03/044045 PCT/ US02/ 37207 1D NO 62, SEQ ID NO 63, SEQ ID
NO 64, SBQoloBoNMmH55, SEQ I D NO 66, SEQ ID NO 67, SEQ |D ROrasp2/82Q | D

NG 69, SEQ ID NO 70 and conbi nati ons thereof. [00035] To identify peptides
in a particular library which positively affected cell growth in 5 cell
culture, the library was screened in a gromh assay. The selected cells
wer e anchorage- dependent MC3T3 cells, which were grown on tissue culture
sur f acegpvO&?, BB BERID: 63, SHEPab &D:64 SEQ PBRTO GBS SBH IDROPSE SEQ) I R8s, i on.
The screening mediumused to eval uate peptides in the library was a | ow

ser um Mg Rl uishe 1Y RO 5RO 1 NBERIbSoRbLARLR ikl | ow I nterf erence

fromun present” in the nmedium e present work, growth
of MC3T3 cells 10 was assessed in the presence and absence of the peptides
inthe library which were present in the formof a dried filmon a tissue

i de aAIERh: o nagi e RS PR Elnr ey RERE e e b Lol ot

source. After an_ appropriate incuybation_tinme, growmh of each

pept P de-c8l syltereiedibreny| Vaf ecrpeiied dnp gt sy o&bﬁ selggted ellyWergHschoragt ed
culture. The extent of growth was eval uated using a Becton Di ckinson 15
oxygen sleperdenttNCHES edis, whighorere srosummttisore etutrermrfpeds|vehichrhad boeh breraoatsdr i n
each well containing a particular peptide was then assessed indirectly

W th a fithr papeitiex ofnhe phesaasuanéidn. fThe ecreatenaedigenesedtte dvdlnaepeptides in the
fluoroescent dye using band-pass filters of 465 Mh for excitation and 590

rimfor [®frg a8 10%0sdrdQB&dinBrallefving, eviahRtion yg eepthicaFROGOKIth ovp as&teretren
the fluorescence of rutheniumdye which is quenched in the presence of

oxygen. AL ufk¥@ink® nlMRR prbsfdindnt Rhdaid) T Bletpriieht RHAD rLg'Y wiR F MeePt Lcells
silicone matrix |ocated at the bottomof mcrotiter well's. Previous data

sugggst &fstbalksed in the presence and absence of the peptides in the library which were present in the

form of a dried film on a tissue culture substrate. Growth was evaluated in a basal medium rich

in amino acids and containing the necessary vitamins, metals and simple carbon source. After an

appropriate incubation time, growth of each peptide-supplemented culture is compared to growth

of the unsupplemented culture. The extent of growth was evaluated using a Becton Dickinson

15 oxygen sensor to detect oxygen consumption by the cells. The cell number in each well

containing a particular peptide was then assessed indirectly with a flurometer which measured

fluorescence generated from a fluoroescent dye using band-pass filters of 465 nm for excitation

and 590 nm for emission.

20 [00036] Briefly, the oxygen biosensor is based upon the fluoroscence of ruthenium dye
which is quenched in the presence of oxygen. The dye is immobilized within an inert but highly
permeable silicone matrix located at the bottom of microtiter wells. Previous data suggested that

increased oxygen consumption correlates with an increase in cell number. (Wodnicka, M.,

14



i ncreased oxygen consunption correlates with an increase in cell nunber.
(Wodni cka, M, 14 WD 03/044045 PCT/ US02/ 37207 Guarino, R D., Henperly,
J.J. Termwo3/oMoRs , Stitt, D. and Pitner, J.B. (2000) J. eCT/Bowsubecul ar
Screeni ng 5:141-152) [00037] Several peptides which enhanced cell growth
were identified in the initial 5 screening of the MDL-400 peptide library.
These peptides included the following: SEQID NO 1, SEQID NO 2, SEQ ID
NO 3, SEQID NO4, SEQID NO5, SEQID NO 6, SEQID NO 7, SEQID NG 8, SEQ

I D NO 9 I i Qﬁ%ﬁl d hnat i t her I
parti cupggﬁgésﬁdgléoc%%%@%ﬂ]f ?E’T’Qngt er S’d(]ei\{I gil]’l S%g%, a%%gﬂﬁlg? ?ﬁéggb%%p? i ggs,

when ads@rbed .tq a surface, oduced a significant difference in growth as
conpar e?l?%(ﬁscéﬁlargcbereg%% ngr%ﬁélnﬁ5 10 uncoat ed surface. [00038] Two inventive
pepti de conpositions were further identified to have growh enhancing
properties. These conpositions were selected during screening of a library
designated MDL-100. The specific pairs of peptides identified were the

fol | owi HP037la) SESevepl N@pils}mecblchlsnhapcwocel[i%rawﬂl wisye disotifiesl Ny the igital | p
NO 15. [00039] Canonical peptides or isoners have the sanme ami no acid
conpbsi seremimgndf drel YIDI-He0 pepfidenithoanyar These papiédesnn¢ludgsl tecfalomingaSEQeR i des
are found to create an enhancenent, a broad non-specific nechanismis

i mpl i edNGHer 8@, IDaND: Y rSEY IDFNQEpSEQeED Wed:¢, SIHQ tIDaNDy5, s3H @ éh O 20 SEQr ID

i nprovenents to PDG- expression in CHO cells. The canonicals FKFIG (SEQ I D

NO 5) nNany $EOARG N6 SHY) NO: NS, SEey eD0110 d4n@ S8 MDSNOt Mearfdogontkdtions
Menbers of the sanme canonical set were |ater screened for the inpact on

MC3T3 gptoR- 1BasechNad A& itdl R he SERAERING, cablkbt BedeFeRidds, Widn Rikod8d t WO
ot her nmenber’s of the canonical set, |FFKG (SEQ ID

to a surface, produced a significant difference in growth as compared to cells grown on an

10  uncoated surface.

[00038] Two inventive peptide compositions were further identified to have growth
enhancing properties. These compositions were selected during screening of a library designated
MDL-100. The specific pairs of peptides identified were the following: (a) SEQ ID NO:12/SEQ

15 IDNO:13 and (b) SEQ ID NO:14/SEQ ID NO:15.

[00039] Canonical peptides or isomers have the same amino acid composition and only
the sequence varies. When multiple canonical peptides are found to create an enhancement, a
broad non-specific mechanism is implied. Herein, a library of peptides were initially screened
20  for improvements to PDGF expression in CHO cells. The canonicals FKFIG (SEQ ID NO: 5)
and KFIFG (SEQ ID NO: 45) were found to be positive for PDGF. Members of the same
canonical set were later screened for the impact on MC3T3 growth. Based on this growth

screening, FKFIG (SEQ ID NO: 5) and two other members of the canonical set, IFFKG (SEQ ID

15



15 WO 03/ 044045 PCT/ US02/ 37207 NO 1) and FIKFG (SEQ ID NO 2) were found
to be positive. The results are shown in Tables 1, 3, and Figure 1. The
resul ts ivwornioi4psmnn new cl ass of conpounds useful for cell pcwusoz/a7207 00040]
As descri bed above, the present invention provides a peptide which enhances
cell 5 growh and/or secretion in a cell culture system wherein the
peptide includes a structure of at |east one of (a) xxxkx, (b) xxlIxx, (c)
xxxxk, (d) xkxxx, and (e) kxxxx, wherein k is represents |ysine and each x

may be s 52fF Fﬁiﬂ? i(iﬁﬁe_ﬁ@rﬁoam Wee G th BdeRERGE MTh/resalsars advhi RMabhe

group consrsting o ysine, al’anine, isol eucine, phenylal anine, proline,

val i ne, ;ghyci ut-am - ' olal AJlBe-u1BEL 1 Ne,

t hr eoni %e&’a%r%o%‘f eﬂie %gés%glggﬁ%‘g@t@fé?g‘glc&‘%ﬁC@mpeglgsgl,%%go hlasgt;lll I ne and
derivatives thereof. [00041] It is well within the contenplation of the
present invention that peptides of the invention which pronote cell growth

and/or secretion in a cell culture system may contain eat.er than fiye
am no ad9W4Pksi dues ,deiﬁnge‘%l Ay et e PreHRyIYREP H@Vﬂ[ef PP e‘l%?lg% enfuReRs S e]i
structure 15 corresponding to at |east one of &g) xxxkx, (b) xxkxx, (c)
xxxxR, @owikiensier segretionain asatieultugrosysierh sderppihe, PepHds Bickides p sPpeute it

| ysine and each x may be the same or different amno acid independently
sel ect edeatr om dfi{e) xpedup (W) orbics (E)rgoak, (dY skores, apd &) ikpaxx, vdwran &iip ecpresents
phenyl al ani ne, proline, valine, glycine, glutam ne, |eucine, nethionine,
aspar agilysne ahérehdbex nafbe diei sage ok iffesénn eminozwfibindépendanils selgttad fomahagrodp

hi stidi ne and derivatives thereof. It is noted, however, that care 20 nust

be give @oﬁs@stﬁl@eofapsytsh@p aRhirR] GRURBRYS pREHTLHOGS NAYEnep Valifd SEFcine, ! Flunntife
culture system uch proteases are nore likely to degrade peptides of

l'onger hgngfh MiSﬁnQPXsﬂafhgkﬂéd%_eﬂﬁé?t e@RBnint! SRYRRE Shh@R Wid,hbRtdnhiel deid,
sequence. Nbteover, whol'e proteins or |arge peptides are nore susceptible

to qﬁgr %%%Eﬂn% "Ind derivatives thereof.

[00041] It is well within the contemplation of the present invention that peptides of the
invention which promote cell growth and/or secretion in a cell culture system may contain
greater than five amino acid residues, provided that they include within their sequence a structure
15  corresponding to at least one of (a) xxxkx, (b) xxkxx, (c) xxxxk, (d) xkxxx, and () kxxxx
described above, wherein k represents lysine and each x may be the same or different amino acid
independently selected from the group consisting of lysine, alanine, isoleucine, phenylalanine,
proline, valine, glycine, glutamine, leucine, methionine, asparagine, serine, threonine, tyrosine,
aspartic acid, glutamic acid, histidine and derivatives thereof. It is noted, however, that care
20 must be given to the action of endogenous and exogenous proteases within the culture system.
Such proteases are more likely to degrade peptides of longer length which may include protease
cleavage sites within their sequence. Moreover, whole proteins or large peptides are more

susceptible to degradation.
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16 WO 03/044045 PCT/ US02/ 37207 [000421 It is noted that pentapeptides
according to the present invention would be generally free of internal
pr ot ease wWhD@awames sites. However, with respect to the desipcahise2/3tret hods
for producing the peptides of the invention, it would be particularly
desirable to select 5 peptides that include CGtermni or N-termni
corresponding to the Gtermini and NNtermni produced by enzymatic or
chem cal cl eavage of proteins in traditional culture nmedia hydrolysates.
For exanple, the inventive peptide QWAK (SEQ I D NO 4) does not have an
internal trypsin site but does possess a C-termnal |ysine which can be

| ever ag t.9, manuf.act e i e ] I SR oul
nuner oui roétg]onbi ngnfs gé%%u%{’]ﬁ 8%&2@;@?«2«3@3&%&%% t?{?lap?%%ng?l?&ﬁﬁ\s oudd' be
cont act ener cont ai n -hundr eds, of copies ©f the coding seqguence, .

Concat eﬁﬁ’?era}ytr}?’%é‘éiog‘n]él?ﬁrﬁalc%ﬂ ??‘eugltegvagﬁcs Gt ng™P ?)Vtell”d‘gg of gi)teﬁteﬂ? Fefesahlew t n
Ctermini and N-term.ni which. are subject fo e mat i.c .0 hem cal

cl eavag&etinds dercrodiening thshentdes of wbst ’iné’%’rﬁtffnf Ed@&?‘fﬁ%pa@&lﬂﬁﬁﬁﬁ ggglrgﬁ"lett% gelect
peptide am no acid sequence separated by convenient cleavage sites.

O eafageeptisiss ribatt ineludp fr-tpmint @ Wrigymint Ferrespordiegite de feigraing and Ntaymitie
peptide nononer. This 15 approach to manufacture increases the yield of the
desi r ed ppejotédd dyardzyteaioe as eshemricalf aetvage nef peatsins . inPotitiongr esléiro nmedia
processing is sinplified due to the cleavage site nmade avail abl e by

cl oni ng hodirolyRetes 0 oA ERATRS]e,Sthe Unventiee péfdido4BLVAKe (SEY EDtNO M) absonanieyapasses
a peptide which enhances cell growmh and/or 20 secretion, the peptide

conpri Sigmal $igsHCditleit @besdtosée8Rs C-RARINAT Iy4iad whickkoin bé versk& 1o mbfactuweXK,
(d) xkxxx, and (e) kxxxx, wherein each x may be the sanme or different

hydr oph g&rgn}ge e e%%?ﬂ%%ﬁa; ROLAE MBI RiflctbusGS Fiifin AR Prdiubfi §3RAk Kbkl ne-

In one I ment,

10  inthe art. As contactemers may contain hundreds of copies of the coding sequence. Concatemer
nucleic acid constructs encoding peptides of the invention with C-termini and N-termini which
are subject to enzymatic or chemical cleavage, produce polypeptides comprising repeating
subunits of the peptide amino acid sequence separated by convenient cleavage sites. Cleavage
using the appropriate enzymatic or chemical means releases the peptide monomer. This

15  approach to manufacture increases the yield of the desired peptide and decreases manufacturing
costs. Post-expression processing is simplified due to the cleavage site made available by

cloning of the concatemer structure.

[00043] The invention also encompasses a peptide which enhances cell growth and/or
20  secretion, the peptide comprising a structure of at least one of (a) xxxkx, (b) xxkxx, (c) xxxxk,
(d) xkxxx, and () kxxxx, wherein each x may be the same or different hydrophobic or

uncharged polar amino acid residue and k represents lysine. In one embodiment, the
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WO 03/ 044045 PCT/ US02/ 37207 hydrophobi c or uncharged polar residue is

sel ected fromthe group consisting of Phe, Ile, Ala, Val, Pro, Ay, dn
Tyr, Thr ,wbheg/oatds deri vatives thereof. [00044] Peptides ofCrhsopsesent

i nvention may be synthesized by any suitable method 5 known in the art,
such as FMOC Chem stry of Atherton and Sheppard, 1989 in Solid Phase
Peptide Synthesis (Merrifield 1965). Boc chem stry nay al so be used as wel |l
as synthesis on a variety of different solid supports, "tea-bag" synthesis

(Hought em)dropabBicSiRinkhaBsl Foi R8idus i&”ééid&ﬁ:ﬁ%drﬁ'thé{%b%%msis%ﬁﬁ Wrippe, Phasie,
an

nmet hods for peptide synthesis may al so be used. 0045]

al t er naty 0 ] C i : i.des of the present invention
VAePOGR T, CR), BIANEAPSdSteril i P BRI

can be produc nor'e “econom ¢ y usi ng reconbi nant mnethods. For
reconbi nant production, the peptide sequence is first converted to a
correspondi ng nucl eic acid sequence which encodes the am no acid sequence

of the jde. This.. an RNA. sequence ich.is subsequentl

Ot anst af BHVHE° or ochsBtre Bepttrornt inyenian Tray T VAMeRACL B o ca s apethad
then cloned into an 15 expression vector_ under the control of a pronoter
whi ¢ endiPasing the arty spdcey PMQn (hemishy oivhiberen arch SBeppaed, JIB2 deypefid fhase

translation of the nRNA to produce the peptide. Many such nethods for

r econbi reptidpPpethesiy AviervificldnP6dk sBeechepugty tey elso e osed 75 weltaesymithesis enwel |
known to the practitioner and nay be applied to the production of the
pept i desvaoittyt b€ different isalid wiupprots) “tdacbaglxsgmttiesie (Boupite®ntandesmiki ddd. diMide
peptides may be purified, if necessary, also using standard 20 net hods for

physi cal confbiedridinetivds.afblufion phasepRidlls R pytide Ryahesisvahy alkepaikello t he
practitioner. [00046] Useful peptides of the invention may include

nodi fications to the CGtermnus, (e.g., amdes and esters), the N-term nus
(e.g., acetyl groups) and non-naturally occurring amno 18 WO 03/044045

PCT/1gS0 2[4)6(74%?7 As an alternative to chemical synthesis, the peptides of the present invention can
be produced more economically using recombinant methods. For recombinant production, the
peptide sequence is first converted to a corresponding nucleic acid sequence which encodes the
amino acid sequence of the peptide. This may be an RNA sequence which is subsequently
translated to produce the peptide, or it may be a DNA sequence which is then cloned into an

15  expression vector under the control of a promoter which enables the transcription of the DNA
sequence and subsequence translation of the mRNA to produce the peptide. Many such methods
for recombinant production of the desired peptide or protein sequence are well known to the
practitioner and may be applied to the production of the peptides of the invention without the
exercise of inventive skill. The peptides may be purified, if necessary, also using standard

20  methods for physical, chemical and affinity separation which are well known to the practitioner.

[00046] Useful peptides of the invention may include modifications to the C-terminus,

(e.g., amides and esters), the N-terminus (e.g., acetyl groups) and non-naturally occurring amino
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acids as will be described in further detail below, (e.g. norleucine). Such
nodi fi cations may have an effect on peptide activity. Moreover,

nodi f i catwons/osm@ys provi de a nmeans for coval ent attachnmentPCrasa2/ganTi er or
| i nker nol ecule. 5 [00047] The peptides of the invention nay be included in
tissue culture nedia prepared for prokaryotes and yeast, as well as
cultured cells and tissues derived fromvertebrates and invertebrates to
produce a desired effect on the cells, such as increased adherence, growth

and /or aciad BE ﬁxglzib%gc%/eil 4 egelﬁrtﬁhhé}rheﬁﬁgﬁ%g?’isﬁé% ‘1'1'01:19!50?11 . Cgu\:!ﬂlrﬁ(ﬂiﬁi\&\itﬁﬁb ﬁl@?

peptide T's ad chem ca medi um or a conpl ex nedi um

SRR A R R N R

preferred, as the peptide of the invention are nost advantageously used as
a nmeans efmaHod erﬂﬁgk?rﬁ‘i‘ﬁ%‘f‘;l%g performance variability due to

undefi ned nedi a conponents and for reducing or elimnating animal-derived
conponents .in the nmedia used to produce pharmaceutical products. 15 [00048]
It is within the ordinary skill in the art to determ ne an appropriate
concént [8404Gh of Tha peptidestof viee paprtiodeniyhbainsbided e tiswalculine medid prepared
coating solution. In one enbodinent, the peptide is introduced into a cell
cul t ur e feyplokafyaies and oReeniy atil as cfturbedlls 500 tibdueo dativadt frorédrtebmtea and
further enbodiment, the peptide is introduced into a cell culture system at

a  CoNCemckidbiaRl tdproaR dedhl dMidcPoieetils? duth as intraseéd ametdnes, gesabdndint
the peptide is 20 introduced into a cell culture systemat a concentration

rangi ng 4 E@%@l%& QecBhiRU! e BAVE culieaRMBim BUWHitIPHR RoRld desddmmderadded

to a cultur umor to a solution for coating a surface to produce a

o oduge Chpgicfits Pt} b0 S MRRRICTINARIR Rhlile BRCE BBl bf e

sam?locelfétgl) éaltl s%rl}/r%) o?%ée?s?ﬂ?cﬁglyspe%/. %gv%év%zzc Zmically defined or semi-defined media are

preferred, as the peptide of the invention are most advantageously used as a means for reducing
or eliminating performance variability due to undefined media components and for reducing or

eliminating animal-derived components in the media used to produce pharmaceutical products.

15  [00048] It is within the ordinary skill in the art to determine an appropriate concentration
of an inventive peptide in a selected culture medium or coating solution. In one embodiment, the
peptide is introduced into a cell culture system at a concentration of about 500 uM to about
6mM. In a further embodiment, the peptide is introduced into a cell culture system at a
concentration of about 250 uM to about 24mM. In yet another embodiment, the peptide is

20 introduced into a cell culture system at a concentration ranging from 3mM to about 12 mM.
Moreover, multiple peptides may be added to a culture medium or to a solution for coating a
surface to produce a synergistic effect (if those have the same effect on the cells) or to produce

multiple effects (if each peptide has a different effect on the same cells).
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[ 00049] Those skilled in the art will appreciate that the ability of the
peptides of the present invention to enhance cellul ar adherence, grow h,
expr essi owowms/0smes et i on may be affected by the base cul t ece/useddent and/ or
t he presence of other nedi um conponents. The culture 5 nedium can be used
to culture any cell, tissue, or organ of interest. Preferably, the culture
mediumis a cell culture medium Typically, and preferably, peptides of the
present invention rmay be used as conponents of culture mediumto culture
cells in vitro. In particular, the present invention can be practiced to
culture animal, (nore preferably mammualian, avian or insects), plant,
bacteri ot ozQan, fu l, .or yeast cultures, In additign, the culture
nedi um ig?{)‘@ onec}%éet ﬂﬁﬁ&fiy H?e#t“('}ﬁpaﬁm?ﬁ’ﬁge af ﬁtéeegblgw B% ee‘?qpfig‘?‘?a@é&\en
host cells. A culture diumaccording to the present invention may al so
be usef (RFESPRINYERPR i Frpagcq relliiar gdhesyce, @Eowth, cxrsesgionRr BRAeiqnapat becalacksdr or
insulin production). O her uses for a nedium containing the peptide of the
pr esent hynthe baseopulturg geddinre apd/er ithe piseeneelof pitlker ghedih | conneaenthadde sabivre
genetically engineered to express reconbi nant peptides or protein.

Fi nabl y mednen cah therwsedntol iculture samy beell atissuguordorgae i iigtatestd  Brefgahly,dthe whituee
15 medium Preferably, the culture mediumis a |liquid medium [00050] The
pept i desndlfiurh hea icalV enltire inddiym.b & ygicaltylavé rétarablye péptides of delprégnivaleftioho
produce a solution for coating tissue culture substrate or other surfaces

for growhdy wfussdeh@agients WP EulaRt hitdiufioh AXaRRERs 356 Bl pRfRcutNhaiphisig one
or nore peptides of the invention may be 20 distributed onto a surface and

he- sur TRCRUH EFRge Lﬁ‘%%k%?ti;&ﬁﬁ?%Eﬁiﬁaﬁ'@%f’%%%‘?ﬁﬁ%é%gﬁﬁpc??@%o%?é%%‘%’%t >
00051 [ i i.0n, i '
oxygen MoRIRORR PR, flord 28 R B le WAl P RE RO i RS

ads qbbe(%ha;[t (1)s l?seg %lor ga%ﬁggel \E}n{[sgseor bacteriophage in host cells. A culture medium according to the

present invention may also be useful for culturing a primary cell (e.g., to grow beta-islet cells for
insulin production). Other uses for a medium containing the peptide of the present invention,
include use in the culture of cells that have been genetically engineered to express recombinant
peptides or protein. Finally, the culture medium can be a liquid, semi-solid or solid culture

15  medium. Preferably, the culture medium is a liquid medium.

[00050] The peptides of the invention may be dissolved in a carrier such as water to
produce a solution for coating tissue culture substrate or other surfaces for growth of anchorage-
type cells. For example, a solution containing one or more peptides of the invention may be
20  distributed onto a surface and dried in a reverse airflow hood that results in a peptide being

present on the surface in the form of a dried film.
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formof a dried film were found to enhance cell growth when conpared to
grow h obtai ned on uncoated surfaces as neasured by an increase oxygen
consunpt i wo 03f440ke cel |l s. Peptides of the 5 invention nayPemhzsnzar2gr owt h of
cells in vitro or in vivo. For exanple, tissue culture surfaces my be
treated to enhance the growh of the cells in vitro or, alternatively,
pepti des may enhance the growh of cells in vivo on the surface of an

i npl ant ed bi omedi cal device. [00052] In a further enbodinment, cells are

sel ect eqodosa t he 1gr@ePehPsdikehtngs thiltprddeit inkBntidn the hepBde tigedke) b
epithelial, endothelial, dermal, neural, tunor, |ynphocytic, stemce s

and CO”QbH&Eﬂp%g of Rae quOT eﬁﬁng;?gﬁﬁ&es d%ffﬂé fn%r?uoﬁf whifads0MRA QQu@aEcQ n&‘%h%{ ul

in pronoting herence an of anchorage- dependent cells

The m)defm% oﬁgt 8(5] ﬁﬁﬂtwgle dt%e an%g%eﬁf &vtf}ﬁ véflﬂz %BH dttg vs;scfi'ro{)% fd on
e g

i ncl udes non- era Ion, N eC|

coval ent _1ink one e odi nent of the inventio p

adsor bed™ m%ﬁﬁv@ce A3 TG PIEH OF &0 IHOTPSP QY81 COBHEoR %Eebf{d S o
be adsorbed to a surface which has al ready been recoated mn but |s not

| i mi Ped inyegtionmay epbince ggowih fifslly @) w@worngl Ve i ﬁ%e@élmlﬁntaﬁwtﬁre surfaces

oval bum n, keyhole |inpet haenocyanin, collagen, fibronectin, |amnin,

pol y| ysimmsy, becitqstadttp ¢mhavae thegrewtheifithasenlls dc wrmpaecabietativgyy reptidasimdyombance
sequence, an inmunogl obulin, a polysaccharide, or a growmh factor. In

anot her theghooth oftretls i7t Wieo petieisddaend aneplafited hienpdetkbdavicedescri bed above
are applied sinultaneously, <either free or as a conjugate to the surface.
21 WO 03/ 044045 PCT/ US02/ 37207 [000541 The growt h enhanci ng pepti des of
the present invention are suitable for pronoting adherence and growh of a

vari ety [gdos2chor a9e- demeneanddifRht, SeltaRWelfe@Sfroth NGk WebipdinkMRing, but not
dlnen3|onal or three di mensional surfaces. For exanpl e,” the surface may be
t hatl OOf lﬁmt@doc[)?t’ﬁgtfgﬂowmg: epithelial, endothelial, dermal, neural, tumor, lymphocytic, stem cells,

and combinations thereof. In general, peptides of the invention are useful in promoting

adherence and growth of anchorage-dependent cells.

[00053] The mode of attachment of the peptides of the invention to a surface includes non-
15  covalent interaction, non-specific adsorption, and covalent linkages. In one embodiment of the
invention, the peptide may be adsorbed directly to a surface. In a further embodiment, the
peptide may be adsorbed to a surface which has already been precoated with, but is not limited
to, at least one of the following: bovine serum albumin, ovalbumin, keyhole limpet
haemocyanin, collagen, fibronectin, laminin, polylysine, a peptide having a cell-surface receptor
20  recognition sequence, an immunoglobulin, a polysaccharide, or a growth factor. In another
embodiment, the peptide and one of the proteins described above are applied simultaneously,

either free or as a conjugate to the surface.
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which allows cells to attach in 3-D arrays. Mre efficient bioreactors than
presently exist can be 5 designed by attaching the cells to 3-D surfaces
nodi fi ed witob/og4ees i nventi ve peptides. [00055] Wth specifiPCTrishzsente to
the types of surfaces which may be used in the practice of the present

i nvention, suitable surfaces would include, but are not Iimted to,

ceramc, netal or polyner surfaces. Most desirably, the present invention
is used in the treatnent of polynmer 10 surfaces and ceramc, e.g. glass
surf ac esﬁoo@!ﬂ tabl enr%lé]&é@ﬁ%'ﬁh&gefngtp%sﬁaéa of BR (RERSERYeriBY BRSuREble fdrRedmistaig but
are not limted to, plastic dishes, plastic flasks, plastic mcrotitre

pl at es, e S i I S;

m cr opare}%:h%%}elés? ar@é yriﬁe’jc}rl Ossfulg? ? érgeg% 0%3:91:; cﬁ%ﬁ%g&dgﬁ Celgyr gﬁ E%?écﬁlg’mm% 1§§$§ ot,wopol y
(hydr oxyet hyl.met hacryl ate) .. | ytet hyLene terephth t .

bol v ¢ et FaPoRL gt TR Pl R Oy Lt DGl ton ot sk
and other,  siljcone_ 15 rubbers. d ass_surfaces. yay include glycerol

propy| si VHRR 2KSFEHs & %‘éasc!b“ s é%b%*}YSA&%F Bgf}a?bmf Blogggto %@? Pﬁegenéﬁt%’&f FBRe of
the invention, the peptide can be bound to a carrier. A precondition for
sel edt i oiesighedibysattachise sheeslp fod-Dririessimeodified widh thefeventire@sPsdes  bi ol ogi cal
activity of the peptides should not be inpaired either by the carrier or by
the coupling 20 process. Carrier nolecules for the purposes of the

i nvention can belong to varied classes of substances, including, but not

i mted [00055)r ot eiWith opgeifiverefcsernt td the tyxt bAsetdced whichmiayibe usein thspractice

fi bronectin, collagen, and | am nin. Mreover, the peptide may be covalently

l'inked tdr thop@sentRiveiesh, s1bleanmRses Woaldidilnds, bitidre ROt lithitdd fopetrdrdic, metal or
pol yl ysi ne, oval bum n, bovi ne serum al bumin, 22 WD 03/ 044045

PCT/ USO?;!Q%Z%QJsuAé@%hOmSﬂ h&ﬂ%lggﬁﬁ;ﬂ%@%ﬁmrﬁﬁnﬁmr&% Gl ReatBOYSTAGHIAL de,

| i poprot'ein, growh factors, a y conbi nations thereof. Suitable

I hat i d . i ncl , | .ul i :
By SEe. AR et B B SIRRL SRR Qoo Br e Ine REGH Hrgngon

r h f, r . .. . . .
growt 1%0 El €; %uI a%re not limited to, plastic dishes, plastic flasks, plastic microtitre plates, plastic tubes,

sutures, membranes, films, bioreactors, and microparticles. Polymer surfaces may include, but
are not limited to, poly (hydroxyethylmethacrylate), poly(ethylene terephthalate),
poly(tetrafluoroethylene), fluorinated ethylene, poly(dimethyl siloxane) and other silicone

15  rubbers. Glass surfaces may include glycerol propylsilane bonded glass.

[00056] According to one specific embodiment of the invention, the peptide can be bound
to a carrier. A precondition for selection of a suitable carrier molecule is that the functional
biological activity of the beptides should not be impaired either by the carrier or by the coupling
20 process. Carrier molecules for the purposes of the invention can belong to varied classes of
substances, including, but not limited to, protein components of the extracellular matrix such as
fibronectin, collagen, and laminin. Moreover, the peptide may be covalently linked to more

defined substances including, but not limited to, polylysine, ovalbumin, bovine serum albumin,
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chem cal couplings with the peptides of the present invention, these

i nclude, but are not limted 5 to, bFGF, GCSF, an ILG~1, or VEGF. In

addi ti on,wohe/opmpt i des of the invention nmay be conjugat e®Crassa2/sipent heti c
pol ymer, e.g. polyethylene glycol or polyvinyl alcohol, to phospholipids

i ncluding ceramcs or paraffin and to al cohols, such as glycerol. [00057]
The chem cal coupling between the peptides of the invention and any one of
the 10 class substances descri bed above is generally affected directly via

react i vekeyheldimpt hhdifodgahih] BEmudRbuBNGR RACbhhHE:, mgasﬂo% QrowhtfictbR€arfd d

of the linkers. For exanple, the bi-functional l'i nker

sul phosugg/ @nﬁ’ﬂlﬁ)fﬂonélTl(e?lédfa.fbﬁtaméjfﬁgsta@wa}ldgy GoeRSKANG Ftafcﬁr g&?{é ?t Celltidse e

used to couple pepti des of the tion to a suita actor or

extracel r VB IR ad S

the car Terb e, Satl, r%ﬁuﬁﬁ&e:%éhﬁmﬁ‘éﬁﬁe Rles BT R BREGS 45
activati eac lve in.the | ecul e. e

functi onraigfntlciaigoup et Wﬂ@qﬁ‘%’%deﬁ ?’flt(ﬁmpreﬁ% FOSEt lgr{rgﬁqsﬁ Pﬂfﬁ'ﬁfi& §‘I‘t 5% net ity |
group 0 is noted that it nmay advant ageous to conjugate nore
t han Sznet[opggagdg SHp28 “boPtaVEStt i %P‘gjrltl?}’arth? @Fptiq?S &t dbs HEVSH‘T‘% maythe e
enhanced adhesi on and growth pronoting 20 properties. [00059] In one
enbodi nefprugktehéo jan\avpthicbn, palivacte ag-gi @olyvdnlrae efycelheor cpelyvigah eldobol, to
adsorbed to a particul ar surface such as a tissue culture surface. For
exanpl e, pholghotiaids iirerludimgy cdyamic® 8r miﬁﬁ/aﬁdm:MEolﬁﬁT AUdBRR LBV an
extracellular matrix protein adsorbed to the surface and contai ned a

reactive functionality to provide for binding or conjugation to a peptide
or peptides of the invention, such as by reaction wth a non-natural am no

acid at obsmgr t hqﬂ&&@amap@alpgﬁg GetREMtHRUsepRicst dTanP BREAERSand | Ay IRE f the

i nstance, the nodified peptide is added to a tissue culture substrate whi ch

has @ r sy sRE@hoes described above is generally affected directly via reactive groups of the carrier
substance and the peptide or with the aid of the linkers. For example, the bi-functional linker
sulphosuccinimidyl-4-(N-maleimidomethyl)-cyclohexane-1-carboxylate may be used to couple
peptides of the invention to a suitable growth factor or extracellular matrix protein. Reactive
groups may be already present on the carrier and the peptide. However, they can also be

15 introduced by activating a reactive group in the molecule. Common reactive functionalities

include amino, imino, hydroxyl, sulphohydryl or carboxyl groups.
[00058] It is noted that it may be advantageous to conjugate more than one peptide
molecule to a particular carrier in order to facilitate enhanced adhesion and growth promoting

20  properties.

[00059] In one embodiment of the invention, the carrier member of the conjugate is

adsorbed to a particular surface, such as a tissue culture surface. For example, the carrier may be
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5 precoated with a carrier containing a reactive functionality.
Alternatively, a preforned conjugate is added to a culture system either
by coati nrgoaB/osdees conj ugate on a surface or by inclusion @®CTHUSe2/3120N) ugat e
as a nedi a conponent. [00060] As described above, several of the peptides
of the present invention are useful for 10 enhancing adherence of cells to
a surface and to enhance cellular growh thereon, as neasured by increased
oxygen consunption of the cells when conpared with adherence and growth on
uncoat ed, S f 688 mIQd fba: ERdo o H{ees%?f'%e% V&St d&’fe‘aé/ﬁx%%n&ioﬁgﬁtk t0
cul tur e“8GbstFare PhReludi ng one or nore o e peptides corresponding to
SEQ I D NQ . hyoygh SEQ 1D NO, 11. 000 ernat.i vel a.substrate
mmy, be BENIGAOPRHE GEpEPa B dEP e R TRE RIS BE el =i, 8 o3t
followi ng pairs of peptides (a). SEQ ID NO. 12/SEQ ID NO . 13 and. (b) QID
NO. 14/ 8ED3 ponestueh st aid A Cigier )-tgeeers B%E%‘ﬁﬁ‘é‘f?c%f éawm%ée Ia?ﬁs
growt h of anchorage- dependent cells. 20 [00062] The invention also

provi dednstanes| the enadifiedepentigstis added toch digsusgemivpe prliseie sehiel thay alrpadynhsehe
secretion-enhanci ng peptides corresponding to SEQ ID NG 16 t hrough SEQ I D
NO 78 aredoBSevithaN@rier aodaiogiai raative fisictibmmalign f Altdatingly0 8 péefdadrd conjugate

PCT/ US02/ 37207 [00063] It is well within the contenplation of the present

i nvent i @addbdto 4 hidtueedysichi, ihte by @uhtingrof thadisiupateenneyrfacdioeby iacldsion ofitht 0
including a peptide of the present invention, further include at |east one
of the toljLowé A% mB@YcHBp&RMEM al bum n, keyhol e |inpet haenmocyanin,

col | agen, "fibronectin, lamnin, polylysine, a peptide having a cell-surface
receptor recognition 5 sequence, an inmunogl obulin, a polysaccharide, or a
grow h factor. For exanple, a peptide according to the present invention

ey sy n%(ﬂ)id)]e Wit Rs %e&:rri%g(? ial')’]ovpé,r s%%grra]tf of’He %Qﬁld%y 5{' A& %retsgnt%‘;e%Won are useful for
10  enhancing adherence of cells to a surface and to enhance cellular growth thereon, as measured by
increased oxygen consumption of the cells when compared with adherence and growth on

uncoated surfaces. To this end, the present invention provides a cell culture substrate including

one or more of the peptides corresponding to SEQ ID NO:1 through SEQ ID NO:11.

15 [00061] Alternatively, a substrate may be coated with a peptide composition including one
or more of the following pairs of peptides (a) SEQ ID NO:12/SEQ ID NO:13 and (b) SEQ ID
NO:14/SEQ ID NO:15, which as already described enhance adherence and growth of anchorage-

dependent cells.
20  [00062] The invention also provides a cell culture substrate including a peptide selected

from the secretion-enhancing peptides corresponding to SEQ ID NO:16 through SEQ ID NO:70

and SEQ ID NO:5 and combinations thereof.
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for enhanced adhesi on of anchorage-dependent cells and enhanced cel | ul ar
grom h. The invention further contenplates that the cell culture substrate
may i ncl e ca/owondl ayer of cells. 10 [00064] The pepti de PairtEsot/ar2bor
coating of a substrate nay be covalently linked to a carrier such as those
descri bed above which included extracellular matrix proteins, bovine serum
al bum n, polylysine, an i munogl obul in, polysaccharide, or a growh factor
anong others. As described above, the peptide nmay be conjugated to a

carrier [6®6Fpmd RYis Goa gvminothetéaﬁte Dii#d8 8 Ghe QRosbAtEinSeHibAGRatOhe cell/tissue
alternatively, the peptide is conjugated or covalently linked to a carrier

ok s et _ ! °! .
| € 1§u1|u%§isu§s UiPhEGOR & a@cﬁn&?ﬁ% ?%g%a‘[%ﬁlf%% ,p%ét?&/el %%etéﬁégnﬁ%ﬂée&@ne fﬁﬁ%;?e%}('eye

. may,
functiona €S are presen arrier, ecul ar

when preseni. [00065] The present invention provi.d ti | i brar

el oot ed Rt RO Snitoro P i PrEge e BB, FasfoR e heeorbel,
(d) xkxxx, (e) _kxxxx and pernutations thereof, 20 wherein k represents

| ysine &pdpesachbrensplip, lanipRe Pelyisingr 2 gepiider RayingaarcrllSfacH TPoFRIOB &FRISAILICY
sel ected fromthe group consisting of |ysine, alanine, isoleucine, )
pheny| alsegience, ap riginiuneglobalin, riepolysficgharide, orgd graarh rfacton. efier peammethpeniidae,
asparagi ne, serine, threonine, tyrosine, aspartic acid, glutamc acid,

hi st i di mecoadidg tethie\pa¢seweimventenendy. syAbrgid® vai8! 94rd0eib pREFHLUB0DRE SHERE to pNGO66]
I n one enbodi ment, the peptide |ibrary of the present invention includes

pepti desor ftianbedabéhasivviabenhéhorigerdepehdent dclpabid euhaiced akllular .gr&uthl alihe
carriers are the sane as those described above and i nclude, but are not

i m t ed i{RntiPREBE SRfAPIALDHUA tHe cHENMRtSubitREhaP iR RRATRGYAIHer SRLIATEN,
fibronectin, lamnin, polylysine, a peptide having a cell-surface receptor

recogni tion sequence, an i munoglobulin, a polysaccharide, and a growh
factor. [00067] Wth reference to nethods provided by the present

i nV?Bt i ?&)062} met h‘fge ip%ptide suitable for coating of a substrate may be covalently linked to a
carrier such as those described above which included extracellular matrix proteins, bovine serum
albumin, polylysine, an immunoglobulin, polysaccharide, or a growth factor among others. As
described above, the peptide may be conjugated to a carrier followed by coating of the conjugate
on the surface or, alternatively, the peptide is conjugated or covalently linked to a carrier which

15  has been precoated on the surface, provided that suitable reactive functionalities are present on

the peptide, carrier, and molecular linker, when present.

[00065] The present invention provides a peptide library selected from the following
libraries: (a) xxxkx, (b) xxkxx, (¢) xxxxk, (d) xkxxx, (¢) kxxxx and permutations thereof,
20  wherein k represents lysine and each x may be the same or different amino acid independently
selected from the group consisting of lysine, alanine, isoleucine, phenylalanine, proline, valine,
glycine, glutamine, leucine, methionine, asparagine, serine, threonine, tyrosine, aspartic acid,

glutamic acid, histidine and derivatives thereof.
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provided for nodifying a surface in a cell culture systemso as to enhance
cell growth and/or 10 secretion in the system wherein the nethod incl udes
the step wboapployi ng to this surface a peptide including CTUSOLIE
selected fromthe foll ow ng group: (a) xxxkx, (b) xxkxx, (c) xxxxk, (d)
xkxxx, (e) kxxxx and conbi nations thereof, wherein k represents |ysine and
each x may be the sane or different am no acid i ndependently selected from
the group consisting of |lysine, alanine, isoleucine, phenylal anine,
proline, valine, glycine, glutam ne, |eucine, methionine, 15 asparagine,
serine, threonine, tyrosine, aspartic acid, glutamc acid, histidine and

derivativ t her eof . 0068 ecifi.c.peptides suitable. for (I

nodi fyi 1[1(6’%36]sur fa OI’teanéq%O %Anﬁ’ﬁgﬁﬁ?példg éIIBf yggﬁlg éensg%t 13?1%“8?3\1/?}{%&? hgr}hedg%

i nclude those selected fromthe follow ng: S NO.1l, SEQ 20 1D NGO 2,
SEQ | D Nich, argmovplpntNolinkedstay |ns .%,Ca§%€g |§‘%§E€6€a"%§ba{% e 8D
NG 8, SEQ ID NO 9, SEQ ID NO 10, and SEQ ID NO 11 and conbi nations t hereof.
26 WD 03t0vlalsbevendsorhus2byt arp gobdinjitelgpebodRe sgyE abupgh deghole jpet
follow ng inventive peptide conpositions are suitable for nodifying a

sur f &ice hsam@gaiin, qilaget, dibomiettim drenimnpdylysidegr paptide hindng s well-gurfacgEmepor NO
12/ SEQ ID NO 13 and (b) SEQID NO 14/SEQ ID NO 15. 5 [00070] In a

f urt her r@obadbmeRjuenceNs BimAEBbafin, el e@hidés anbs gesyiofediong t o SEQ 1D

NO 16 through SEQ ID NO 56 and SEQ ID NO 5 nay be applied to a substrate
in acell culture systemso as to enhance cell secretion. [00071] Further
provi ded by the present invention is a nethod of adhering cells to a 10

surface BeFf Ot @Vi&e::r%t‘léﬂlegée % ol dsNGLUREAD Y IR B8 i@lerdion, B A¥KEENY a

surface ast part coated with a peptide including a structure

sel ect e%rcfvricﬁag' ftop ?nofdﬁjy{ncg)vg g‘lgfacé N XX K brurk l%%fst%%l?é)%s th %hhance cell growth and/or

10 ' secretion in the system, wherein the method includes the step of applying to this surface a
peptide including a structure selected from the following group: (a) xxxkx, (b) xxkxx, (c) xxxxk,
(d) xkxxx, (e) kxxxx and combinations thereof, wherein k represents lysine and each x may be
the same or different amino acid independently selected from the group consisting of lysine,
alanine, isoleucine, phenylalanine, proline, valine, glycine, glutamine, leucine, methionine,
15  asparagine, serine, threonine, tyrosine, aspartic acid, glutamic acid, histidine and derivatives

thereof.

[00068] Specific peptides suitable for use in modifying a surface to as to promote cell
adherence and growth thereon include those selected from the following: SEQ ID NO:1, SEQ
20 ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID

NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11 and combinations thereof.
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xxxxk, (d) xkxxx, (e) kxxxx and conbi nations thereof, wherein k represents
| ysi ne and each x may be the sanme or different hydrophobic or uncharged
pol ar anmwo oaoi@4mnd (ii) contacting the at |east partialPCy/usoasrd? surface
with the cells for a sufficient tinme to permt cellular attachnent 15
thereto. In one enbodi nent, the hydrophobic or uncharged polar am no acid
residue is selected fromthe followng: Phe, Ile, Ala, Val, Pro, Ay, Gdn
and derivatives thereof. [00072] Specific peptides suitable for use in

adherlnqoﬁﬁ@POVag§mﬁaﬁﬁﬁd§ﬁ€oﬁ%&hécHQha1bﬁ&&&QQ%v&ﬁn@fﬂﬁﬁh§<£ﬁbbﬁh&k gleowt h
i ncl ude 't he sequences represented by Sequence | D NO 0 through Sequence

cor osponting S PRk PR 8 Pf"al*\@%gé.*?%dha?é@%%ﬂd?%ﬁ‘“l{fé%&&?@%@%‘?SEIQ
| nked 01 @E@Eﬁp PR 14555\ Ut dl, PevL e oy e coval el

PCT/U802/37207 [ 00073] I n one enbodi nent of the nethod of adhering cells
to a surface to pronote cellular growth, the cellular growh occurs in
vitro, such as on_a tissue culture substrate .including, but not limted
to, i cA®fi70te welt g fusthes smbodiment e for argee of dhesprptidesasrarespandingsto SFQ ID
Alternatively, cellular growth may occur in vivo such as on a bionedi cal
devi ce WHP:dh threugh B0 ARNQ: 56 and SBQAYP. NDOS 0ed bewappliedrte sppbstrategintanell gy kure f
the inventive peptides in bionmedical inplants, it is generally desirable
t hat t heysemrouanth enfamelckl séanetiohe ti ssues adhere to and spread upon the
inplant 10 surface. The peptides of the present invention provide a neans
for surface nodification to obtain such a desired inplant integration
within the host. In particular, the surface-treated bi omedi cal inplant

devi ces | Wl‘ce t RERIOMBTidEN By "BL SrREntCRInRANES] AithotiCoft MheiHg BEE 10 S

wel|l as ‘gro
10  surface to promote cellular growth including the steps of (i) providing a surface at least partially

coated with a peptide including a structure selected from the following: (a) xxxkx, (b) xxkxx, (c)
xxxxk, (d) xkxxx, (e) kxxxx and combinations thereof, wherein k represents lysine and each x
may be the same or different hydrophobic or uncharged polar amino acid and (ii) contacting the
at least partially coated surface with the cells for a sufficient time to permit cellular attachment
15  thereto. In one embodiment, the hydrophobic or uncharged polar amino acid residue is selected

from the following: Phe, Ile, Ala, Val, Pro, Gly, Gln and derivatives thereof.

[00072] Specific peptides suitable for use in adhering anchorage-dependent cells to a
surface to promote cellular growth include the sequences represented by Sequence ID NO: 1
20  through Sequence ID NO: 11 and combinations thereof. ‘Moreover, the inventive compositions
corresponding to the following peptide pairs are useful: (SEQ ID NO:12/SEQ ID NO:13) AND
(SEQ ID NO:14/SEQ ID NO:15). The peptides may be covalently linked to any one of the

carriers described above.
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and therefore the rate of tissue integration of the device in vivo.

Mor eover, the enhanced adherence and growth of the cells provides a

cont i nuouwopBo¥me i ve | ayer between the bionedical 15 devipce/tsnzd3he

bi ol ogical tissue to prevent entry of bacteria and other infectious agents
into the tissue. Wth an enhanced cell adhesion pronoting surface included
as a part of the device, the wundesirable effect would be mnimzed since
the protective cell covering reduces the opportunity for potential entry
of infectious agents. 20 [000751 Moreover, the peptides of the present

i nvention have the desirable property of reduced susceptibility to

ceIIuIa t eases which,l nds I st | i.t he di sed
treated‘gﬁ? aces. ﬁﬁﬂ?% ﬁ&ﬁg ﬁ%iﬁg ngjﬁ%%i gﬁﬁﬁ%u a%%gcﬁﬁ%ﬁnﬁgg?ides
of the present ntion an |d system.in epari ng various bionedi cal

i npl ant &t %W’é‘hd'gﬁ egli%f BB Q@UW’MF(PMB‘ %SBW%?C? e su Strate

enpl acenment . These woul d include, but not be Iinited to, nerve grow

gui des aetndingiviit| noiglimetad Her enigrotitrpewely HisguoCukwai gsking dishes a?é’ésb‘?}g?%g
the systemof the present invention would also be useful in the design of
a mafmaliltematiedly, tillotaagrowtl nsiynesur 7 pioviudk sasaors ealibmedingledgvide whighfiace
conponent which allows for support of cell adhesion and cell growth w thout
the 5 ahagihnte@in £6pdyt enent of nedial cell adhesion nol ecul es such as
fibronectin and collagen. Furthernore, a substrate coated with the peptide
of the invention provides the further advantage of allow ng the use of |ow
serumor serumfree nmedia which is low or deficient in cell adhesion

mol ecul ?fmg&f [ 00QA£RI re}é@ct Q@Tﬂtfg)gsef&fr thEQHdn¥il & %eﬁtﬁfe@ ag SioMbdidhl k& Pfahg,eﬁ iof

t he prese nventi on useful 1n the treatnment of |aboratory

g{)gslslwamrggnegaﬂﬁ, ci%s&réogé GURRE tﬁ%&qldﬁ gi ntﬁyilsslagseacﬁiggsih o3 63 adhi diGn: DU

Sue- cul® nd petri refere ce to
Iargg sca

surface The peptides of the present invention provide a means for surface modification to obtain
such a desired implant integration within the host. In particular, the surface-treated biomedical
implant devices enhance the amount and rate of cell adhesions to the surface, as well as growth
and therefore the rate of tissue integration of the device in vivo. Moreover, the enhanced
adherence and growth of the cells provides a continuous protective layer between the biomedical
15  device and the biological tissue to prevent entry of bacteria and other infectious agents into the
tissue. With an enhanced cell adhesion promoting surface included as a part of the device, the
undesirable effect would be minimized since the protective cell covering reduces the opportunity

for potential entry of infectious agents.

20  [00075] Moreover, the peptides of the present invention have the desirable property of
reduced susceptibility to cellular proteases which lends long-term stability to the disclosed
treated surfaces. This makes the method of modifying surfaces with peptides of the present

; invention an ideal system in preparing various biomedical implants for extended term body
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tissue and cell culture, the nethod may be useful in treating surfaces of

m crocarriers, macrocarriers, hollow fibers, and roller bottles. Mreover,
t he met howorwayw44oes useful for 15 treatment of the interior Pefi/tsn2/smpt ant abl e
artificial vascular graft in order to pronote endothelialization of the
surfaces. Mreover, exterior and end regions of vascular grafts may be
treated with peptides of the present invention to pronbte integration into
the tissues. The peptides of the present invention nay al so be useful for

ot her i d}amea&ehﬁ PR GRSuLS e thd@Sbut ¥t b Tikditad t& %@%@Mﬂ HARLE indd¥¥ng

screws and plates, bone fragments, joints, and skin where 20 |ntegrat|on of

the | ol aMcald o THE Wb HodiRfind LARESuR, ] sﬁ,gt@&' thgggésaﬁ HRhfen \%mar es

may be treated to pronote ad ra |ng I Ssue.

03/ 04404 U 72 PEPTI DE AFFECT NG CE

EXAVPLE B e %ﬁnee%ga%‘] Onprgehian S brey i ST GFO Ayanle Mtcgral

cal vari a-deri ved osteohl.gst_(establishnment a cl gnal_ osteogenic Cel
e f 1 GHREEORAONBE SRR G RIS Son FEPpER O, ok afhegop| angacells gyigh Jamppt e
EXAMPLE 2 Cell Maj ntenance [00078] MC3T3 cells were maintained in aVEM

(G BEO cisalrisgramiremensaf) medigl <abb dbesion aeplogules suphfast fbronegtin aed gpilaerTs,
inactivated) and 100 units or g/m of penicillin/streptonycin for one

mont h priuwtheteorgsaesubSite soasted with s papsily of thedevkntion arodteles ithoyfugher advantage
approximately | x104 cells per 20 ml culture nmedia which was placed in a 250

m cant edf allewing the bysofivenerun sssseuraific mieelid whizh édlof @sdeficBacinasll adhesion
Di ckinson). Cells were cultured until

molecules.

10 [00076] The method for modifying surfaces with peptides of the present invention may be
useful in the treatment of laboratory glassware and plasticware used as cell culture substrates,
including, but not limited to, tissue-culture flasks and petri dishes. With reference to large scale
tissue and cell culture, the method may be useful in treating surfaces of microcarriers,
macrocarriers, hollow fibers, and roller bottles. Moreover, the method may be useful for

15  treatment of the interior of an implantable artificial vascular graft in order to promote
endothelialization of the surfaces. Moreover, exterior and end regions of vascular grafts may be
treated with peptides of the present invention to promote integration into the tissues. The
peptides of the present invention may also be useful for other implantable devices such as
artificial tendons, ligaments, bone screws and plates, bone fragments, joints, and skin where

20  integration of the implantable device with the tissues is desirable. Furthermore, sutures may be

treated to promote adhesion with an integrating tissue.
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approximately 2x106 cells were obtai nable fromeach flask, which were
resuspended in 5nml of 15 aMEMw th 2% FCS for a final cell concentration of
about 5x1W0 0s®idoss per 150 | for peptide screening. EXAMPPETAISOZBEN@ENI ng
Condi tions 20 [00079] For determ ning the biological effects of library
pepti des and appropriate controls on MC3T3 cells, cells (5x104/1501) were
grown in an 96 well oxygen sensor plate treated as described below. 30 WO
03/ 044045 PCT/ US02/ 37207 Library Peptides [00080] Peptides for screening

wer e obt ai ned frompeiptriien AFFMRTI4BQET DADRERENED YRS GRARGH i brary. Fifty
mcroliters of peptides at a 1nM stock concentration in phosphate buffered

sal i ne dinwlls of a 96 well oxygen sensor plate and dried in a
reverseﬁggg%ﬁngfhood 5 overnight for 30 hours. Controls [00081]

\/troge Iagen | was obtained from Cohesion (Palo Alto, CA Catal og No.
FXP—019) i bronectin was obtained fromSi gma (Cat al og No F-0895). All

ot her acel | tri ounds we tain rom Bect on

Di cki nsﬁﬂgﬁiwar e,M&?%qéH?Eﬁ?j? Oéfiﬁl\’/. PFC)W eﬂ qﬂéi;e osteoatpst {eﬁfﬂl? lsbeentpt

Di cki nson Labware and RGDSP- rhodam ne was from AnaSpec Inc. (San Jose,

CA) . SExtardensl psieegenisiell Ling Srpd¥rsrhosn Moesg Celvariadndam) st Bieb23.88P 6198ddd at

the followi ng stock concentrations: 15 Vitrogen-Collagen-I 3.2 ng/m
EXAMPLE 2

Cell Maintenance

[00078] MC3T3 cells were maintained in oMEM (GIBCO Catalog No: 12561)
10  supplemented with 2% fetal calf serum (FCS, inactivated) and 100 units or ug/ml of
penicillin/streptomycin for one month prior to use. Cells were routinely seeded at a density of
approximately 1x10* cells per 20 ml culture media which was placed in a 250 ml canted neck
polystyrene tissue culture treated flask (Becton Dickinson). Cells were cultured until
approximately 2x10° cells were obtainable from each flask, which were resuspended in Sml of
15  oMEM with 2% FCS for a final cell concentration of about 5x10* cells per 150 pl for peptide

screening.

EXAMPLE 3

Screening Conditions

20  [00079] For determining the biological effects of library peptides and appropriate controls
on MC3T3 cells, cells (5x10%150pl) were grown in an 96 well oxygen sensor plate treated as

described below:
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Fi bronectin 0.1% Collagen-V 1 ng/m Lamnin 2 ng/mM h-Collagen-1 1 ng/m
20 Collagen-1V 0.5 ng/m Collagen-111 1 ng/m Polylysine 5 ng/m

RGDSP- r howarmse0ds ng/ M 25 [ 00082] Twenty-five mcroliter ®Cofuse2/ank7
concentrations of controls and 25 Al of phosphate buffered saline were
placed in wells of a 96 well oxygen sensor plate and dried overnight as
descri bed above. 31 WO 03/044045 PCT/ US02/ 37207 EXAMPLE 4 Monitoring of
Cell Gomh [00083] Cells grown on 96 well oxygen sensor plates treated as

describ§$@3§ﬁ¥§gﬁgag nmonitored for growth using a Becton Dickinson oxygen
bi osens S noni tored at the 5 followng time points: 1 hours,
24 h

days. MY, 0" @FP%%&E%E@%%%@&% Wi PR B PP Y P g,
noni nvAdPOSoTRE LD TGO BFSCRMARHSR BrRolE. S onegiiripe Thgboahipoered

measur enent of oxygen dlssolved in 10 assay nediuns. The Becton D ckinson
bi osens &elinesvesaplagecdiisorelisind affouelbeeiar senser plafe laad diied Byacreverse fpw agdwndhed

in the presence of oxygen. The dye is inmmobilized within an inert but
5  overnight for 30 hours.

Controls

[00081] Vitrogen-collagen-I was obtained from Cohesion (Palo Alto, CA, Catalog No.

FXP-019) and fibronectin was obtained from Sigma (Catalog No. F-0895). All other
10  extracellular matrix (ECM) compounds were obtained from Becton Dickinson Labware,

(Bedford, MA). Polylysine was obtained from Becton Dickinson Labware and RGDSP-

rhodamine was from AnaSpec Inc. (San Jose, CA). Extracellular matrix components (ECM) or

known peptides were used at the following stock concentrations:

15 Vitrogen-Collagen-I 3.2 mg/ml
Fibronectin 0.1%
Collagen-V 1 mg/ml
Laminin 2 mg/ml
h-Collagen-I 1 mg/ml
20 Collagen-IV 0.5 mg/ml
Collagen-III 1 mg/ml
Polylysine 5 mg/ml
RGDSP-rhodamine 1 mg/ml
25 [00082] Twenty-five microliters of stock concentrations of controls and 25 pl of phosphate

buffered saline were placed in wells of a 96 well oxygen sensor plate and dried overnight as

described above.
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hi ghl y oxygen-perneabl e silicone matrix. Previous data suggested that
increase in cell nunber correlates well with increase in oxygen

consunpt iw.03051000085] Al l data was obtained with a pol aPsrarsot/b1zor i net er
(BMG Lab Technol ogi es, Durham NC) at 37C using the bottom pl ate reading
configuration. The band-pass filters were 465 nmfor excitation and 590 nm
for em ssion. Because the intensity readouts on fluorescence plates are in
arbitrary units, values were normalized by dividing well values at sel ected

tinme p@ﬂ%ggégthe same well's initial reading, prior to adding cells.

(Wbdni cka; ) arino, RD., 20 Henperly, J.J. Termins, MR, Stitt, D.
and Pitner,. J.B. &1 of Bionol ecul ar Screening 5:141-152) 32 WO
03/ 044045° EXAMPLE 5 Results of Oxygen Bi osensor Assays

[ 00086] . The data sented in this exanpl e denonstrates that. the inventive
pept i deJOO(@??ect i %ﬁ? SHEh e g’ 6 W‘éﬁ g&ﬁ%@ﬁ@ﬁ?&@%ﬁ%@@%&%ﬁf aﬁndescnbe(? above were
anchor age- dependent MC3T3 cells on tissue 5 culture surfaces and that
these efdiotediphererih PHRg ¢ Begtan Dackymson oREernbiessnIoho WP YERW S srapFAEH RS theas
descri bed above, |ibrary peptides and controls are adsorbed to the bottom
of the fokdwisg tinegoinxyddnulsi ZkarssB2rhours; dhourppad 86 heursr Mediatwis chgrgedi on
of cells. Gowmh is nonitored wth an oxygen bi osensor assay as descri bed
above. TEheyahsedbanddedicadondt sappl&Bented with ndditidesd pedidedasng enlofingel ati ve
oxygen consunption of the cells which correlates with cell growh. 10
Gowmh of the cells was conpared in presence and absence of peptides froma
peptide library (MDL -400 and MDL-100). G owh was further conpared with

Eg:wosv?nt[ﬁﬂiﬁ] and KgeWi,oP&Rlt d8ydeRNbioMnior@assd§ SlowRe dfdr Nrehl it hodlRiAlve
monitoring of cellular growth. The assay is based upon measurement of oxygen dissolved in

10  assay mediums. The Becton Dickinson biosensor is based upon the fluorescence of ruthenium

dye that is quenched in the presence of oxygen. The dye is immobilized within an inert but

highly oxygen-permeable silicone matrix. Previous data suggested that increase in cell number

correlates well with increase in oxygen consumption.

15  [00085] All data was obtained with a polarstar fluorimeter (BMG Lab Technologies,
Durham, NC) at 37°C using the bottom plate reading configuration. The band-pass filters were
465 nm for excitation and 590 nm for emission. Because the intensity readouts on fluorescence
plates are in arbitrary units, values were normalized by dividing well values at selected time
points by the same well’s initial reading, prior to adding cells. (Wodnicka, M., Guarino, R.D.,
20  Hemperly, J.J. Temmins, M.R., Stitt, D. and Pitner, J.B. (2000) J. of Biomolecular Screening

5:141-152)
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[00087] The criteria for selection of the inventive peptides was a relative
oxygen 15 consunption (Absorbance at 590 nn) of 2.0 and above at the 86
hour ti nmewpeBni44As shown in Tables 1 and 2 bel ow, a tot @CTafSoEs20EN

i nventive peptides were identified in the MDL-400 |ibrary as having an
absorbance of 2.0 or greater. Referring to Table 2, these peptides
correspond to SEQ ID NO 1-SEQ ID NO 11. 20 [00088] Wth further reference
to Tables 1 and 2, two inventive peptide conpositions were identified in
the MDL-gPfhiprrary as having an absorbance greater than 2.0. The
conposititons correspond to the follow ng peptide pairs: (SEQ ID NGO 12/ SEQ

I D NG 13). Q =D. W[, oEQ I D NO 15) as indicated in Table 2. 33 WO
03/ 04404 53720 9] It is noted that the results for controls

0 2t ]
and pept| sho i n, Tabl e re..obtained fromithe,sape 96 well o en
sensor pd"g‘f@l at t éwB%a-{?u?ﬁ?se{]ﬁle%n ptB}Sn‘fX.arqp?e ggm%sﬁaﬁgre[h%to gdm%lﬁlgf &P ﬁ%f ar
absorbance patterns were gbtained, at earlier tinme points ith jnventive
pept i desSTRAEVEly pEIqte dhecafisrars Aoth&rogith o Gn?ho&%'rdegﬁ‘@ﬁ%m% RlfE PR gissue
relative to other library peptides on the sanme assay plate. However
over 8l | culursr bunfses valudat wkese ¢fkst ereapmibse BBsaichtdncd: rgw kaews ECYs
woul d be expected. 34 WO 03/044045 PCT/ US02/ 37207 TABLE 1 MDL-400 Library
MDL- 100 dokipoaentCots descdbedRivor ¢,dibraxy pepilsles and Raprvlsdee adssrbedivsthaboBom@if theon
Abs at 590nm 590 nm 590 um

wells of an oxygen biosensor multiwell plate prior to the addition of cells. Growth is monitored

with an oxygen biosensor assay as described above. The absorbance readout at 590 nm provides
a measure of relative oxygen consumption of the cells which correlates with cell growth.
10  Growth of the cells was compared in presence and absence of peptides from a peptide library
(MDL -400 and MDL-100). Growth was further compared with ECM controls and known

peptide controls as described in further detail below.

[00087] The criteria for selection of the inventive peptides was a relative oxygen
15  consumption (Absorbance at 590 nm) of 2.0 and above at the 86 hour time point. As shown in
Tables 1 and 2 below, a total of eleven inventive peptides were identified in the MDL-400
library as having an absorbance of 2.0 or greater. Referring to Table 2, these peptides

correspond to SEQ ID NO:1-SEQ ID NO:11.

20  [00088] With further reference to Tables 1 and 2, two inventive peptide compositions
were identified in the MDL-100 library as having an absorbance greater than 2.0. The
compositions correspond to the following peptide pairs: (SEQ ID NO:12/SEQ ID NO:13) and

(SEQ ID NO:14/ SEQ ID NO:15) as indicated in Table 2.
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592 2.11* 5,6 1.27 Vitrogen- 1.26 Collagen-1 596 1.65 7,11 1.22
Collagen-1V 3.14 601 2.38* 12, 15 1.38 Fibronectin 2.12 593 1.42 18, 19
1. 50 Col InsQenosdous 1. 45 597 2.08* 24, 26 1.55 Coll agen-V PCTAISOH2207. 71
27,31 1.70 h Colla en-1 1.79 528 1.45 33, 36 1.38 Lamnin 2.65 530 1.77
40, 42 1.39 Polylysine 1.08 531 1.70 46, 48 1.60 RGDSP 1.25 590 2.06* 53,
60 1.63 HECM 1.78 533 1.30 61,66 2.22* Serum 1.35 535 1.57 67,70 1.40
Cells & nedia 1.20 536 1.81 72,74 1.62 Media 1.15 538 1.81 75,76 1.31 594
1.50 77, 78 1.46 539 1.48 83, 84 1.91 540 1.68 85, 87 1.93 541 1.29 99,
102 1.89 544 2.11* 106, 123 1.28 599 1.81 128, 133 1.98 549 1.60 138,

*
141 2. 1?00085]75 L. ﬁgis 11%%éd %h%? tﬁ'e' §e7s,u1ts for controls and peptides shown in Table 1 were

obtained from the same 96 well oxygen sensor plate at the 86 hour time point. It is further noted
that similar absorbance patterns were obtained at earlier time points, with inventive peptides and
5 peptide compositions giving higher absorbance readings relative to other library peptides on the
same assay plate. However, overall absorbance values were less than those obtained at 86 hours,

as would be expected.

34



576 1.55 149, 151 1.90 577 1.87 161, 163 1.77 591 2.53* 579 1.31 583
1.33 584 2.27* 585 2.01* 595 2.06* 586 1.78 587 1.56 588 2.08* 589
2.78* 608003881035 denot es i nventive peptides/ peptide conp@sirtisons’2085 WO
03/ 044045 PCT/ US02/ 37207 TABLE 2 Inventive Peptide No. ldentity 61,66 SEQ
I D NO 12/SEQ I D NO 13 138,141 SEQ ID NGO 14/SEQ ID NO 15 592 SEQ ID NO 10
601 SEQ ID NO. 2 597 SEQID NO 3

TABLE 1
MDL-400 Library MDL-100 Library Controls
Peptide No. Abs at Peptide Nos. Abs at Condition Abs at
590nm 590 nm 590 nm
592 2.11%* 5,6 1.27 Vitrogen- 1.26
Collagen-1
596 1.65 7,11 1.22 Collagen-IV 3.14
601 2.38%* 12,15 1.38 Fibronectin 2.12
593 1.42 18, 19 1.50 Collagen-III 1.45
597 2.08* 24, 26 1.55 Collagen-V 1.76
524 1.71 27,31 1.70 h Collagen-I 1.79
528 1.45 33,36 1.38 Laminin 2.65
530 1.77 40, 42 1.39 Polylysine 1.08
531 1.70 46, 48 1.60 RGDSP 1.25
590 2.06* 53, 60 1.63 HECM 1.78
533 1.30 61, 66 2.22% Serum 1.35
535 1.57 67,70 1.40 Cells & media 1.20
536 1.81 72, 74 1.62 Media 1.15
538 1.81 75,76 1.31
594 1.50 77,78 1.46
539 1.48 83, 84 1.91
540 1.68 85, 87 1.93
541 1.29 99, 102 1.89
544 2.11% 106, 123 1.28
599 1.81 128, 133 1.98
549 1.60 138, 141 2.13*
575 1.29 144, 145 1.37
576 1.55 149, 151 1.90
S77 1.87 161, 163 1.77
591 2.53%
579 1.31
583 1.33
584 2.27*%
585 2.01%*
595 2.06*
586 1.78
587 1.56
588 2.08%*
589 2.78%
600 1.93
* denotes inventive peptides/peptide compositions
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590 SEQID NO 11 544 SEQID NGO 4 591 SEQIDNO1 584 SEQID NO5 585
SEQID NO6 595 SEQID NGO 7 588 SEQID NO8 589 SEQ ID NO 9 [00090] A
graph of wbesnesuits in Table | which were obtained at th@C8aShosmoti ne
point fromthe oxygen bi osensor assay is shown in Figure 1, where the
inventive peptides are 5 conpared with ECM or known peptide controls. As
shown, the inventive peptides pronote the gromh of MC3T3 cells wherein the
peptide controls, polylysine and RGDSP, do not. These peptide controls are
known to promote cellular attachment topfppgue culture substrates, which is

a prerequisite for the growh of anchorage-dependent cell in vitro
(Ginnel, F. Psychol ogwwerktBie@eptidé No. 197§ and Coucrmaﬁitgt al., J. |Cell
Bi ol ., 93:402-410,,-1982) 10 1000911 Eurthernore the qgranh in EFidure 1

~J

i ndi cates that eadh of the ©h6ntive peplSBEID NEH2KHEQ B NQ:1dr ondt i ng
adherence and growth of MC338,14kl | s t hen| SBQdPaANOd#/SHEIERNA:tOnt r gl s
i ncl udi ng Vitrogern}- Col | agen-3$92 Col | agen- | BEQ I0ANOd@gen- V, h- Col | aggn-1, HECM

and serum 36 WO (3/044045 Pepi/ US02/ 3720FSEQABOYB]2 Mor eover, each of the
inventive peptideq was equalsg,o or bettelsgEhapgbg T1bronectin cgntrol at
promot i ng adher ende—and growdy of the ce 'SEQIbakﬁb:rl‘if’ the performance of
544 SEQ ID NO:4
591 SEQ ID NO:1
584 SEQ ID NO:5
585 SEQ ID NO:6
595 SEQ ID NO:7
588 SEQ ID NO:8
589 SEQ ID NO:9
[00090] A graph of the results in Table 1 which were obtained at the 86 hour time point

from the oxygen biosensor assay is shown in Figure 1, where the inventive peptides are
5 compared with ECM or known peptide controls. As shown, the inventive peptides promote the
growth of MC3T3 cells wherein the peptide controls, polylysine and RGDSP, do not. These
peptide controls are known to promote cellular attachment to tissue culture substrates, which is a
prerequisite for the growth of anchorage-dependent cell in vitro (Grinnel, F. Psychology, 53:67-
149, 1978 and Couchman et al., J. Cell Biol., 93:402-410, 1982).
10
[00091] Furthermore, the graph in Figure 1 indicates that each of the inventive peptides
was better at promoting adherence and growth of MC3T3 cells then several of the ECM controls

including Vitrogen-Collagen-I, Collagen-III, Collagen-V, h-Collagen-I, HECM and serum.
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two of the inventive peptides, SEQID NGO 1 and SEQ ID NO 9, which showed
rel ati ve oxygen consunptions of 2.53 and 2.78, respectively, perforned
conpar ablwotoa/os4ees Col | agen-1V and 5 Lanmi nin controls whi clrCgase2/asdr bance
of 3.14 and 2. 65, respectively. PEPTIDES AFFECTI NG SECRETI ON OF PDGF
EXAMPLE 6 Cell Line 10 [00093] Chinese Hanster Ovary (CHO Cells possessing
a gene for PDGF were selected for secretion screens. CHO cells are the
nost widely used animal cell lines in the field of biotechnology for the

product i[ooosczg t hemagebldrC @hdty of rfﬁ@ﬁh@éh&w@g?egfmewas |u§l (VRE th e tihadl the
REVI EW J Bi ot echnol ogy. Progress 1998 14, 807 8 . The Chi nese

Dot o nod ehdkrifRbeol at BEMS MHAGBeTl rowede b ells. %@3‘?9 bt 'n%aﬁf of

ob

Qaks. e Bt BHRE, SIONDIGBOCALLRAEE BT ‘rﬁ’lé’s"hasﬁawex pIé‘V% 2§V6en
d . S. 17 EXANPLE 7

P 00004] CBFTEPtgs o T i O F‘?*prﬁ\)% R T S g T S

bet ween 5- 7% CO2.. Passages were limted to 5 prior to seeding and PDGF
expr &ssi IRRCoREHE iRy absphanes of Bl Hand2eh, E?_'SP%VG]QE&I s were routinely
seeded at a density of approximately 1x104 cells 37 WD 03/044045

PCT/ US02/ 37207 per 20 ml culture nedia that was placed in a 250 nml canted
neck polystyrene tissue culture treated flask (Becton Dickinson). Cells
were cul tured to confl uRBENDESIAFFEWEING BEAREDIQN ) RIPDGF

EXAMPLE 6
Cell Line
10 [00093] Chinese Hamster Ovary (CHO) Cells possessing a gene for PDGF were selected
for secretion screens. CHO cells are the most widely used animal cell lines in the field of
biotechnology for the production of therapeutically important pharmaceuticals (Martin et al,
REVIEW, J. of Biotechnology. Progréss 1998 14, 807-833). The Chinese Hamster Ovary Cell
Lines producing rPDGF (CRL 9359 / CRL9360) were obtained from the American Type
15  Culture Collection, 12301 Parklawn Drive, Rockville, Md. 20852. The depoéitor was Amgen
Inc. of Thousand Oaks, California. Further details about the cell lines and expressed products

can be found in U.S. 5,175,255.

EXAMPLE 7

20  Cell Maintenance

[00094] Cells were propagated in DMEM/FI2 media with 5% serum at 37°C between 5-
7% CO,. Passages were limited to 5 prior to seeding and PDGF expression was monitored by

western blot and ELISA. Cells were routinely seeded at a density of approximately 1x10* cells
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cells for seeding. 5 EXAMPLE 8 Preparation of Supplenent-Ri ch 1A Media and
Controls [000951 1A Media was used as a PDGF negative control

(pre- cul twpep/0440¢5 hydrate the 40 ng PDG- standard (pre-culPCoresp/31207 hydr at e
test peptides (pre-culture) and to normalize all 10 other test and control
PDG- results (post-culture). The 1A nedia was prepared by adding the
foll ow ng conponents to a 500 mM bottle of DVEM F12 (G BCO cat. No.
11330-032): 2.5 mM of a 10 nM NEAA stock (G BCO Catal og 11140-050); 10 m

of a 20 eff%kn%ﬂ{mlasih%l%as OB ¢31s8l 80 carQBR:@8)ol schx%e Afsu@ cpfluran/ m
gentanycin sulfate stock (GQ BCO Catal og 15750 0601); % f a 100 M

Stock (S Ak f?ﬂ@éﬁz‘%@*’* 2%3?1%%?' %%“m‘f’?‘%“?%c}s R orlgfyr ot Aol o PR

(Long RB ctor Sigma Catalog No. 1-1271); 2.5 grans of bovine serum
al bunin 4 g’ alog No. A-7906); and 0.5 m of a 7.5 ng/m
hoIo-transferrln stock (Sigma T- 1283). EXAMPLE 9 20 Culture Plate Set-Up
and Sanpling [000961 The CHO nodel cell lines are adherent cultures that
have never been adapted to a serumfree environnent. Accordingly, nedia
cont ai niEANMEPLER was used to seed wells. Two formats, Overlay (0) and Wash
(W were used to |ntroduce nmedi a contalnlng t est peptldes to 25 adhered
cel | s. 3BepADIDB/O0840p1EME bediDand C@M%E/1 I n the O Format, conpounds
wer e gently added on top of t he seedlng medi a on the

[00095] 1A Media was used as a PDGF negative control (pre-culture), to hydrate the

40 ng PDGF standard (pre-culture), to hydrate test peptides (pre-culture) and to normalize all
10  other test and control PDGF results (post-culture). The 1A media was prepared by adding the
following components to a 500 ml bottle of DMEM/F12 (GIBCO cat. No. 11330-032): 2.5 ml of
a 10 mM NEAA stock (GIBCO Catalog 11140-Q50); 10 ml of a 200 mM L-glutamine stock
(GIBCO Catalog 25030-08); I ml of a 50 mg/ml gentamycin sulfate stock (GIBCO Catalog
15750-0601); 150 pl of a 100 pM methotrexate Stock (Sigma Catalog M8407); 0.5 ml of a 7.5
15 mg/ml insulin Stock (Sigma 1-6634); 50 ul of a 1 mg/ml insulin-like growth factor-stock (Long
R3 Factor, Sigma Catalog No. I-1271); 2.5 grams of bovine serum albumin (Sigma Catalog No.

A-7906); and 0.5 ml of a 7.5 mg/ml holo-transferrin stock (Sigma T-1283).

EXAMPLE 9

20  Culture Plate Set-Up and Sampling

[00096] The CHO model cell lines are adherent cultures that have never been adapted to a
serum-free environment. Accordingly, media containing serum was used to seed wells. Two

formats, Overlay (O) and Wash (W) were used to introduce media containing test peptides to

25  adhered cells.
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second day. In the O Format, 9360 cells were seeded at 1,000 cells per 96

well ina 125 Al volune of A nedia with 1.5%serum |A nedia (- serum
cont ai ni NyOb/omokdf test peptide 5 was overlaid 2 days | arem/iSoz/3rotfi nal
pepti de concentration of 6 mMand 0. 75% serum Cell culture supernatant

was col |l ected fromeach test environment on day 10 for |ater PDGF assay.

[ 000981 In the WFormat, conpounds were added on day 2 or 3 after the
seeding nedia was renoved. In the WFormat, 9359 and 9360 cells were
seeded at 6,000 cells per 96 well in a 10 250 Al volunme of DVEM F12 with 5%
serum Three days later, the seeding nedia was renoved and replaced with

gﬁgefLaﬁ@R%ﬁﬁggd g?%ec?erQﬁ a%@%h% Q%Q H&%@%ﬁ cﬁgﬁid ass%hwaéfk%BiE 10
col 1 oot 50t - e Fhecen oﬁét%%eé&gé%%%%%ﬁiﬁﬁp@ 03 B 98 e 123 T

contalnlng test conpound e rPDGE | evel s were_neasured by the ELI SA which
wil |l novelpae OQés\cmg@éwhzbS%ow Pramediawe paumd sereimipet 7 mivlektestreptittinan
PDGF AB/ BB subunits %Eobtalned from PharM nge@ﬁécatalog No. 15-681A)
for 1 hoas omrlamﬂ@lays &wro @ Toel deptidet eamicentratipn i iabd dy757s sgrumi oGell

Bl ocki ng agent was then added foll owed by incubation at 37C for an hour to
el i m natwdturexompesipant Fasccdbliectdd figm cbhietesi avkbmyergenty WafordelcaPDEH assag. t he

pl ates were washed three tinmes. Test supernatant along with positive and
negative controls (Positive control = Pool of Sigma 39 WO 03/044045

PCT/ US02/ 37207 Human_r PDG- Cat al og Nos: P3201 and P4306 or_ P32Q1 al one)
vere t hi90%ded dRdhe N%ﬁaav@dcommun%@eweépn L2 orhealiss|the sesAngaRcdihen

decanted and the plates were washed three tines.
was removed. In the W-Format, 9359 and 9360 cells were seeded at 6,000 cells per 96 well in a

10 250 pl volume of DMEM/F12 with 5% serum. Three days later, the seeding media was removed
and replaced with 250 pul of 1A media (- serum) containing 6 mM test peptide. Cell culture

supernatant was collected on days 5 and 12 for later PDGF assay.

EXAMPLE 10

15  Monitoring PDGF in Tissue Culture Supernatant

[0099] Supernatant was collected from each culture of CRL9359/9360 propagated in a media

containing test compound. The rPDGF levels were measured by the ELISA which will now be

described.

20  [0100] Plates were coated with mouse anti-human PDGF AB/BB subunits (IgG1) obtained from
PharMingen (Catalog No. 15-681A) for 1 hour at 37° C, followed by decantation of the antibody
solution. Blocking agent was then added followed by incubation at 37°C for an hour to eliminate
non-specific binding. The blocking agent was decanted and the plates were washed three times.

Test supernatant along with positive and negative controls (Positive control = Pool of Sigma
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Anti body specific to PDG- of the IgQ2a isotype was next added (Angen MAB
133 obtained from ATCC) and i ncubation was for one hour at 37C. Foll ow ng
decant at iwp oofo44olee anti body 5 sol ution, the plates were washamso2/8eebndary
anti body HRP conjugate anti-nmouse (1l g&a specific) was then added and

i ncubated for one hour at 37C. After decanting the secondary antibody
solution, the plates were again washed. The substrate for the peroxidase
was then added and the color was allowed to devel op. The reaction was then

t d t i g

nvent | Jaan BpBLECHBEE NP 1R anf $450For R0 MR ol I8 Jodci A il Bbated
ich wi.th traditi I t t I ted if. the b

redi a (SROnEARELYe) s b R AR thera e g BB SR ke GRS

bet the 1A b ' t | t, d 40 DGF st andar.d .5

e " Nl G OBl 76 BB R AT Lo ERef

exanpl e denpbnstrates that the jnventive peptides effectively pronmote the

expr essfiom ARG C3 apd Erqubaicass wispior ope haw e 3 Here Faborsing dseantation o |tha agpody ssue

20 culture surfaces and that these effects are beyond the results achi eved
wi t h5a sedfien, cbetpddtes migres avaghedandeomdarypenibody BRHneniugetcumismppieeies. As
descri bed above, library peptides and controls are added to a 96-wel |

pl at e afjieetficy etds shar added had ddeubded foribat han af37ROCGA fied debenting dlpessvandany was
noni tored by a sandwi ch ELI SA. The absorbance readout at 492 nm provi des a

40 WO Oghtisbd 4o1ubieal/ 119024t8y 3¥e again washed. The substrate for the peroxidase was then
added and the color was allowed to develop. The reaction was then stopped and plates were read
at 492 nm.

10
[0101] Signals from the inventive peptides were at least 0.2 OD higher than the 1A base media
(rich with traditional supplements). Data was only accepted if the base media (pre-culture) was
less than 0.2 OD (raw value) and the spread between the 1A base media (post culture) and 40 ng
PDGF standard was 0.5 OD.

15 |
EXAMPLE 11

Results of PDGF Assays

[0102] The data presented in this example demonstrates that the inventive peptides effectively
promote the expression and secretion of PDGF in anchorage-dependent CHO cells on tissue
20  culture surfaces and that these effects are beyond the results achieved with a media containing
serum and/or a pool of common serum supplements. As described above, library peptides and
controls are added to a 96-well plate after cells are adhered. Accumulation of PDGF in the

supernatant was monitored by a sandwich ELISA. The absorbance readout at 492 nm provides a

40



measure of relative PDGF | evels stinulated by each test peptide.
Supernatant PDGF | evels were conpared in the presence and absence of

pepti des Wooaos®yer al peptide libraries. PDG- | evel s wer@cfrarsohgnoronpar ed
with nedia; pre-culture, post-culture and pre-culture spiked with a known
concentration of PDGF. 5 [0103] The criteria for selection of the inventive
peptides was a relative ELI SA PDG- val ue (Absorbance at 492 nm mnimally
0.2 over the | A base nedia at day 12 or sooner. As shown in Table 3 bel ow,

a total ' LXpi V& b 48, 08LL Hhslert ishi L BOSE QeI

VDL- - TOBFABE Sy F bt PO Rt BirnREd OF e pelt e G b LI R
NO 16-SEQ ID NO 70 10 plu EQ I D.NO.5 t hat was._al jtive I3
gr owt h. C‘%@ﬁaﬁ%{\l% Ipéesﬁn‘%eqng\ﬁgﬁegﬁ? Sf H%pt]r%gss Erﬁ{nsseg‘g? g %@89?1 E{gﬁr?]e%olr)l re% I %%li h a
typi cal Enzyne Linked_ i, ngabsor hant Assay for Pl ate] et rived owt h
Fact or . W%%’é’h"d %Wﬁﬁﬂi@%@fﬁwé%@%@ PO R e d RLE S UL FRE 6i5]1"§1(a1 3%%33“ a
pre-culture, |A nedia post-culture and 1A nedia pre-culture 15 spiked to
40 ng/ nrongertratPPEEPDG#105] Table 3 contains results obtained fromnultiple
Enzynme Li nked | mmunoabsorbant Assays for Platelet Derived G owh Factor.

| nvehtive pentamers were identified in an initial maxi numdiversity
library (MDL-100), a followup library conprised of conpounds filling in 20

t he propo0BY Thparterie Not seléfion odintble inventiveopuptipes why anglativeoBhibAeDIGE Vaaals.
Bi ol ogi cal effects on the cells, above the base nedia (I A) are shown as

the val yessoftihcd Av@Ntiny)EmPERAIHES over e 1AWERIedi@dt War B6r dobnerediAg shover e
the I A nmedi a val ue post culture was subtracted). The absorbance at 492 nm

is a me f oY@ -SheURbiverbebfies GRkrb ideti BURS ppf the
41 VO 0 ’g%flg%géeé%&naat Uﬂ§02/og72 5 W kStivebepiesGfdrt idenlifisd £ fBiHed M
100/400 and follow-up libraries. These peptides correspond to SEQ ID NO:16-SEQ ID NO:70

10  plus SEQ ID NO:5 that was also positive for MC3T3 growth.

[0104] Table 3 below contains results obtained from controls in a typical Enzyme Linked
immunoabsorbant Assay for Platelet Derived Growth Factor. Raw and normalized values are
shown for assay controls, 1A media pre-culture, 1A media post-culture and 1A media pre-culture

15  spiked to 40 ng/ml with PDGF.

[0105] Table 3 contains results obtained from multiple Enzyme Linked Immunoabsorbant |
Assays for Platelet Derived Growth Factor. Inventive pentamers were identified in an initial
maximum diversity library (MDL-100), a follow-up library comprised of compounds filling in
20  the property space (MDL- 400) and a follow-up library around early leads. Biological effects on
the cells, above the base media (1A) are shown as the values for inventive peptides were
normalized versus 1A media (where the 1A media value post culture was subtracted). The

absorbance at 492 nm is a measure of relative PDGF levels in the cell culture supernatant of the
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inventive pentanmers. It is noted that 42 of 51 pentaners contained the
basic amno acid, lysine. Three exanples of negative peptides found in
MDL- 100, WDI034@04:nd fol | ow-up screens are shown in Tabl @C3/USB2/p00D6]
Table 3 followup library includes results obtained fromcomrercially
avai l abl e dianers, triners and tetranmers containing lysine; SEQ ID NO 68,
SEQ ID NGO 67 and SEQ I D NO 66, respectively. Values for trinmers of

argi nine and the arginine precursor, ornithine; SEQID NO 70 and SEQ ID
N 69 AffeRl i oRlaBEtd ol id Rorkd fhal £ bOY pfhidnldN Brkaifil] @&gg?sig 3{3&% dcR Wi

denonstrate that peptides conprise eir entiret si ne of -argini ne

or the LN UL SOf. . i thin Ve ~a L,bhve,ef.fect on PDGE
accunl apsRiviehdr REFE SbidR R A A RIS R Bh 150 Pl Him Bk 00
Li brary NDL“laQ #%brary Fol low U Library Inventive Nornmalized Inventive
Nor mal | $83 HvVEREide Normmlized Peptide Seq. ID Abs at 492nm Peptide Seq.
Abs at 492nm Peptide Seq. Abs at 492nm No. ID No. ID No. 16 1.38 17 1.32
18 0.82 19 0.79 33 0.44 5 0.77 22 0.59 47 0.28 20 0.76 27 0.55 49 0.26

21 0.64 30 0.50 59 0.55 23 0.58 31 0.49 62 0.34 24 0.58 34 0.42 64 0.26
25 09 58[0106] Table 3 follow-up library includes results obtained from commercially available diamers,

trimers and tetramers containing lysine; SEQ ID NO:68, SEQ ID NO:67 and SEQ ID NO:66,
respectively.  Values for trimers of arginine and the arginine precursor, ornithine; SEQ ID
NO:70 and SEQ ID NO:69 are also provided in the follow-up library column. These results
demonstrate that peptides comprised in their entirety of lysine or arginine or the arginine

10 percursor ornithine have a positive effect on PDGF accumulation in the media.
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37 0.38 26 0.56 38 0.37 28 0.55 43 0.32 29 0.51 44 0.31 32 0.48 46 0.28
35 0.42 50 0.25 36 0.39 51 0.25 39 0.37 53 0.22 40 0.36 56 0.20 41 0.36
58 0.58 MO0®38510450 0.45 45 0.28 61 0.43 48 0.26 63 0.33CFAIS02/2807 65 0. 23
54 0.22 55 0.21 57 0.68 66 1.37 67 1.11 68 0.34 69 1.31 70 0.90
Negative Negative Negative Peptide Peptide Peptide

TABLE 3
MDL-400 Library MDL-100 Library Follow-Up Library )
Inventive Normalized Inventive Normalized Inventive Normalized
Peptide Seq. ID | Abs at 492nm || Peptide Seq. | Abs at 492nm || Peptide Seq. | Abs at492nm
No. 1D No. ID No.
16 1.38 17 1.32 18 0.82
19 0.79 33 0.44 5 0.77
22 0.59 47 0.28 20 0.76
27 0.55 49 0.26 21 0.64
30 0.50 59 0.55 23 0.58
31 0.49 62 0.34 24 0.58
34 0.42 64 0.26 25 0.58
37 0.38 26 0.56
38 0.37 28 0.55
43 0.32 29 0.51
44 0.31 32 0.48
46 0.28 35 042
50 0.25 36 0.39
51 0.25 39 0.37
53 0.22 40 0.36
56 0.20 41 0.36
58 0.58 42 0.35
60 0.45 45 0.28
61 0.43 48 0.26
63 0.33 52 0.25
65 0.23 54 0.22
55 0.21
57 0.68
66 1.37
67 1.11
68 0.34
69 1.31
70 0.90
Negative Negative Negative
Peptide Peptide Peptide
- 041 -0.36 -0.21
- 0.05 -0.81 - 0.56
- 0.23 - 1.07 - 0.64
Controls Raw Value Normalized
Base Media, Pre Culture 0.20 -1.08
Base Media, Post Culture 1.28 0.00
40ng PDGF Std. 2.47 1.19
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- 0.41 -0.36 - 0 .21 -0.05-0.81 -0.56 - 0.23 - 1.07 - 0.64 Controls Raw
Val ue Normalized Base Media, Pre Culture 0.20 -1.08 Base Media, Post

Cul ture 1wWP®3044085 40ng PDGF Std. 2.47 1.19 43 WO 03/ 044026 TRS0Z/81802/ 37207
VWHAT IS CLAIMED: 1. A peptide which enhances cell growth and/or secretion
in acell culture system wherein said peptide conprises a structure of at
| east one of (a) xxxkx, (b) xxkxx, (c) xxxxk, (d) xkxxx, and (e) kxxxx,
wherein k represents |ysine and each x nay be the sanme or different am no
acid 5 kpdgpeaqsr el ected fromthe group consisting of |ysine, alanine,
i sol eucime, ine, proline, valine, glycine, glutamnm ne, |eucine,

net hi oni,ne, aspar.aqgi ne, serine, .fhreonin tyrosi ne spartic. aci .
O ut an & aci & PoRgs plhe oS eet b ifon FEERh B5e caf B8Rk Bl oftegsiny
1, wherei,n the peptide pronotes _adherence anchor.age- dependent 10 cells
on a suftidPertids compaisgiepbirud e Ot g lgpshone Ofﬂﬁ%&mqﬁ@ %P?e?g%é’ﬁt(?hé"xégir\%é el |
gromh and is selected fromthe group consisting of |FFKG (SEQ ID NO, 1),
FI KFG ( rtye) fyxKicr 2yherqip kArpresspty lysnoymdgach xapambke thspamepr ddfergnt appam @id SEQ
ID NO.5), AFFKI (SEQ ID NO 6), VFPFK (SEQ ID 15 NO 7), AKIFF (SEQ I D NO 8),
AFKI & ( SEepdridenity Sdlectedrabn thSE@upBaNSstiy) ofilyding,AlEine, (i8HeudimD, Nnylljnizend
conbi nati ons t hereof.

proline, valine, glycine, glutamine, leucine, methionine, asparagine, serine, threonine, tyrosine,

aspartic acid, glutamic acid, histidine and derivatives thereof.

2. The peptide of claim 1, wherein the peptide promotes adherence of anchorage-dependent

10 cells on a surface.

3. The peptide of claim 1, wherein the peptide enhances cell growth and is selected from the
group consisting of IFFKG (SEQ ID NO:1), FIKFG (SEQ ID NO:2), FIFAK (SEQ ID NO:3),
QVVAK (SEQ ID NO:4), FKFIG (SEQ ID NO:5), AFFKI (SEQ ID NO:6), VFPFK (SEQ ID
15 NO:7), AKIFF (SEQ ID NO:8), AFKIF (SEQ ID NO:9), KFAFI (SEQ ID NO:10) and FAKFI

(SEQ ID NO:11) and combinations thereof.

4. The peptide of claim 1, wherein the peptide enhances cell secretion and is selected from
the group consisting of FKLVY (SEQ ID NO:16), KKKKK (SEQ ID NO:17), KKKKL (SEQ ID
20 NO:18), FKKKQ (SEQ ID NO:19), FKFIG (SEQ ID NO:5), KKKSK (SEQ ID NO:20),
KXKXIK (SEQ ID NO:21), FKKKK (SEQ ID NO:22), LKKKK (SEQ ID NO:23), KKLKK
(SEQ ID NO:24), KKKKT (SEQ ID NO:25), KKPKK (SEQ ID NO:26), KKPQY (SEQ ID

NO:27), SKKKK (SEQ ID NO:28), KVKKK (SEQ ID NO:29), KNQTY (SEQ ID NO:30),
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4. The peptide of claim1l, wherein the peptide enhances cell secretion and
is selected from the group consisting of FKLVY (SEQ ID NO 16), KKKKK ( SEQ
| D NO 17)wokBiido4g SEQ | D 20 NO 18), FKKKQ (SEQ I D NO 19) PCEHR0IB8EQ | D
NO 5), KKKSK (SEQ I D NGO 20), KKKLK (SEQ I D NO 21), FKKKK (SEQ I D NGO 22),
LKKKK (SEQ I D NO 23), KKLKK (SEQ ID NG 24), KKKKT (SEQ I D NGO 25), KKPKK
(SEQ I D NG 26), KKPQY (SEQ ID NO 27), SKKKK (SEQ ID NO 28), KVKKK (SEQ ID
NG 29), KNQTY (SEQ ID NG 30), 44 WD 03/044045 PCT/ US02/ 37207 FKKKV ( SEQ

NG 54), FREVE (BEO D NG 0) « RUPR (SEO B N SE) ERROT (SHD TE RO ),

(SEQ 1 DNRCA): TRRVG/CEER IS 40O B oRA PEER 18 REna] St Sl | o
ko | KK BN kb o f 078 RS QUBNG Rk R
NG 54) , KRR DSEBIN DI 3) NONR KRR B ey Jek BT (Ha pHe D or

claiml, wherein said peptide is introduced into a cell culture systemat a
conceént rBFIFeN(SEIQ HB R 450 FREWY (SEROHR NEXa), BEFRR4SEQPD N4, EREKA (BEQ
wherein said peptide is introduced into a cell culture systemat a

concent r&x NOm48)f HEKBEt (SESD IMN©:48) QRFIZK (REQ 1D IFO:SPheARERK (SEQIDCNG: Th),1,
wherein said peptide is introduced into a cell culture systemat a

concent r AHIIOK (SBQJDMNOS52R MBKKK! GEQLIUNOISB) KL VY (SEQ ID NO:54), PKQKK (SEQ

ID NO:55), AKKKT (SEQ ID NO:56).

10 5. The peptide of claim 1, wherein said peptide is introduced into a cell culture system at a

concentration of about 500 uM to about 6mM.

6. The peptide of claim 1, wherein said peptide is introduced into a cell culture system at a

concentration of about 250 uM to about 24mM.

15
7. The peptide of claim 1, wherein said peptide is introduced into a cell culture system at a
concentration ranging from 3mM to about 12 mM.
8. The peptide of claim 1, wherein said peptide is present on a surface in the form of a dried
20 film.
9. The peptide of claim 8, wherein said surface is two dimensional or three dimensional.
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8. The peptide of claim1, wherein said peptide is present on a surface in
the formof a dried 20 film 9. The peptide of claim8, wherein said
surface iwotoao4eisrensi onal or three dinmensional. 45 WO 0RC0AB0437207

PCT/ US02/ 37207 10. The peptide of claiml wherein the cell culture system
conprises cells selected fromthe group consisting of epithelial,

endot helial, dermal, neural, tunor, |ynphocytic, stemcells, and

conbi nations thereof. 5 11. The peptide of claim 1l wherein said peptide

i ncreases oxygen cons tion of said | l.s. 12. The peptide of cl.aim,l
wher ei n ¥ai dylg‘@ ;?Fli’tb‘g %Wc]egﬁaﬁe ki Céf‘:@i‘ﬁs}@éﬂ %OWI?{PS&FF ?@ SSfr)ecﬁeﬁ frO\r/rlm\}lce). 10
13. The peptide of claim1l attached or non-specifically adsorbed tq a

sur f ace.graup, copsisting: pf prithelipl, endgthaliah dgpealensyira afugos becytis, sgt @ﬁs’vﬁnfih at
| east one of bovine serum al bum n, oval bum n, keyhole |inpet haenocyanin,
col | agervombiratiomsberen. | ami ni n, pol yl ysine, a peptide having a

cell -surface receptor recognition sequence, an imunoglobulin, a 15

pol ysaccharide, or a growmh factor. 15. The peptide of claim 13 wherein
said surface is selected fromthe group consisting of plastic dishes,

pl astsi ¢ 1l aske ppptadt dfelainarvalidréin €aip peptils inqabasd dxygtnbaBumptidrisfsaid cells.
menbranes, filnms, bioreactors, hollow fibers, sacs and mcroparticles. 20
16. The peptide of claim1 covalently linked to a nmenber of the group
consisting of extracellular matrix protein, bovine serum al bum n,

oval bum 10 k%@%eﬁti&é Wﬁ&inﬁﬁm&}/@ﬂi@peptﬂg enhances growth of said cells in vitro or in

vivo.
10 13.  The peptide of claim 1 attached or non-specifically adsorbed to a surface.

14.  The peptide of claim 13 wherein said surface is coated with at least one of bovine serum
albumin, ovalbumin, keyhole limpet haemocyanin, collagen, fibronectin, laminin, polylysine, a
peptide having a cell-surface receptor recognition sequence, an immunoglobulin, a

15  polysaccharide, or a growth factor.

15.  The peptide of claim 13 wherein said surface is selected from the group consisting of
plastic dishes, plastic flasks, plastic microtitre plates, plastic tubes, sutures, membranes, films,
bioreactors, hollow fibers, sacs and microparticles.

20
16.  The peptide of claim 1 covalently linked to a member of the group consisting of

extracellular matrix protein, bovine serum albumin, ovalbumin, keyhole limpet haemocyanin,
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WO 03/ 044045 PCT/ US02/ 37207 collagen, fibronectin, lamnin, an

i mmunogl obul i n, a polysaccharide, a growmh factor and conbinations

t her eof . W0.03/0w4xoval ently |inked peptide of claim 16 whecarusoysaiza? nenber
is adsorbed to a surface. 5 18. The covalently |inked peptide of claim 16
wherein said gromh factor conprises at |east one of bFG, GCSF, an

| LGF-1, or VEGF. 19. The peptide of claiml, wherein the peptide is a nedia
constituent. 10 20. A peptide which enhances cell growth and/or secretion,

the pept E@E%gﬁ) nﬁﬁﬂoﬁ%}ﬁk ek}amﬁ)tnji ug& Yy ugéggg“&ul e%jé lgrgaeccﬁgnc{ea) )é%%vv%fl( faét?%l and

XXKXX, , ~and each x e sane
or dlffere i ¢ or uncharged polar am no acid reS|due and k
represenf % 9ﬁ§'21 The peptide of claim20, wherein said hydrophobic

or uncharged polar residue is selected fromthe group consisting of Phe,
Ile, Ala, Val, Pro, Ay, A@n, Tyr, Thr Leu and derivatives thereof. 20 22.
The peptide of claim 20, mhereln t he pepti de enhances cel |l ul ar adherence

and growlh of Theeftvelealy linkesepeptifls of chaien i6swhaseia stid andmbswisadsor§ediop surface.
consisting of I FFKG (SEQ 1D NO. 1), FIKFG (SEQ ID NO 2), FIFAK (SEQ ID
NO 3)3 QWAK (SEQ ID NO. 4), FKFIG (SEQ ID NO.5), 47 WD 03/ 044045

PCT/ US02/ 37207 AFFKI (SEQ ID NG 6), VFPFK (SEQ ID NGO 7), AKIFF (SEQ ID
NO 8), AFKI F TiE€dvalenily linked peptide of claim 16 wherein said growth factor comprises at least

one of bFGF, GCSF, an ILGF-1, or VEGF.

19.  The peptide of claim 1, wherein the peptide is a media constituent.

10
20. A peptide which enhances cell growth and/or secretion, the peptide comprising a
structure of at least one of (a) xxxkx, (b) xxkxx, (¢) xxxxk, (d) xkxxx, and (e) kxxxx, wherein
each x may be the same or different hydrophobic or uncharged polar amino acid residue and k
represents lysine.

15

21.  The peptide of claim 20, wherein said hydrophobic or uncharged polar residue is selected
from the group consisting of Phe, Ile, Ala, Val, Pro, Gly, Gln, Tyr, Thr Leu and derivatives

thereof.

20 22.  The peptide of claim 20, wherein the peptide enhances cellular adherence and growth of
adherent-type cells and is selected from the group consisting of IFFKG (SEQ ID NO:1), FIKFG

(SEQ ID NO:2), FIFAK (SEQ ID NO:3), QVVAK (SEQ ID NO:4), FKFIG (SEQ ID NO:5),
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NG 9), KFAFI (SEQ ID NGO 10), FAKFI (SEQ ID NO 11), and conbi nations
thereof. 23. The peptide of claim20, wherein the peptide enhances cell
secreti orwandoi®4sel ected from 5 the group consisting of PEKRIS®R/§BEQ | D
NO 5), FKLVY (SEQ ID NO 16), KNQTY (SEQ ID NO 30), FKLVG (SEQ ID NO 35),
KFI FG (SEQ | D NO 45), LKLVY (SEQ ID NO 54), and conbinations thereof. 24.
A peptide which pronotes cellular adherence and/or growth, wherein said
peptide is 10 selected fromthe group consisting of IFFKG (SEQ ID NO 1),

1D NG &) Rk SR PRSTER R, R R ST ERE 57
conbi nat Nor: FhaF b TNy O RAKEL AP R b clpiin Bitegl + °™

non-specifically adsorbed to a surface. 26. The peptide of claim 24,
wherein the peptide is a nedia constituent. 27. A peptide conposition which
pronotes cellular adherence and/or growth of cells 20 conprising one or
nore pai?% of Theegrrtide of dlaine?q, etherein hetngptidgr eplipnces adl secratign gnd (saplepiedion SEQ
I D NG 12)/ EEEMY (SEQ I D NO 13) and (b) FIKLM (SEQ I D NG 14)/FFIPY (SEQ I D
NO 15) . %8 gh@pORneiknag6f PKFIGESE) 3D20:5) 2B L VYe(SEchID iNO:¢ o ¥RTY ¢REQfID
claim 27 attached or non-specifically adsorbed to a surface. 29. The

pepti de NOMWSFKLYG (FEQ RIiNOAE), KFIEGe{SEC & N@4fpaHLVY(SEQ B Nedi4s, and
constituent. 30. A peptide which enhances cell secretion selected fromthe
group cogshisihdtidgs Merdal€LVY 5 (SEQ ID NGO 16), KKKKK (SEQ ID NGO 17), KKKKL
(SEQ I D NG 18), FKKKQ (SEQ ID NO19), FKFIG (SEQ ID NO 5), KKKSK(SEQ ID
NG 20), KKKLK(SEQ I D NO 21),

24. A peptide which promotes cellular adherence and/or growth, wherein said peptide is
10  selected from the group consisting of IFFKG (SEQ ID NO:1), FIKFG (SEQ ID NO:2), FIFAK
(SEQ ID NO:3), QVVAK (SEQ ID NO:4), FKFIG (SEQ ID NO:5), AFFKI (SEQ ID NO:6),
VFPFK (SEQ ID NO:7), AKIFF (SEQ ID NO:8), AFKIF (SEQ ID NO:9), KFAFI (SEQ ID

NO:10), FAKFI (SEQ ID NO:11), and combinations thereof.

15 25.  The peptide of claim 24 attached or non-specifically adsorbed to a surface.

26.  The peptide of claim 24, wherein the peptide is a media constituent.

27. A peptide composition which promotes cellular adherence and/or growth of cells

20  comprising one or more pairs of peptides selected from the group consisting of (a) AFFFQ (SEQ

ID NO:12)/EEEMY (SEQ ID NO:13) and (b) FIKLM (SEQ ID NO:14)/FFIPY (SEQ ID

NO:15).

48



FKKKK( SEQ 1 D NO 22), LKKKK(SEQ I D NO: 23), KKLKK (SEQ I D NO 24), KKKKT(SEQ

| D NO 25), KKPKK(SEQ I D NO 26), KKPQY(SEQ ID NO 27), SKKKK(SEQ I D NO 28),
KVKKK( SEQvDD3M@029) , KNQTY(SEQ | D NO: 30), FKKKV(SEQ | D NOPET)USONPKKK( SEQ 10
| D NO 32), FFKKK(SEQ I D NO 33), HKNQT(SEQ I D NO 34), FKLVG(SEQ I D NO 35),
KKQPK( SEQ I D NO 36), EKKQT(SEQ I D NO 37), EKKKK(SEQ I D NO 38), KKIKQ SEQ

I D NO 39), KKKKS(SEQ I D NO 40), KKQKK(SEQ I D NO 41), KKLNY(SEQ I D NO 42),
DGKKT( SEQ |1 D NO 43), KKPTT(SEQ I D NO 44), KFIFG(SEQ I D NO 45), FKKWY(SEQ I D

NO: 46), FKK{SEQ |.D NO. 47)., KOKK] | 4 . E NQ. 15
DFFHK( SEO'| o 1%@%1‘% W{@E@%@%‘}C?‘e&% %@@%W@S%W(Mﬁ%%m

| D NGO 53 LKLVY(SEQ | D NO 54),. PK EQ.I D.NO 55), . AKKKT( SEQ I D. NO, 56),
DEETY( SE¢Y"| DKkE& 153?}1,8" tpRoprIsReL F@’%ﬁé@j&’é@ﬂ/@(’@%&“ﬂ% lmé.l’%‘gja,%oﬂﬂtﬁ%?ﬁ(t-sm

| D NO 60), GGGGS(SEQ I D NO 61), EEGLS(SEQ I D NO 62), HHPST(SEQ I D NO 63),
FHHNT(SEQ | D NO 64), ADELN(SEQ I D NO 65), KKKK(SEQ ID NO 66), KKK(SEQ ID 20
NO: 67), KK(SEQ ID NG 68), OnOnOn (SEQ ID NO 69), RRR(SEQ ID NO 70), and
combi nat 3&ns Ahspeds whigh enltinsepeglt jedeetion seleeipdiiam the teaeipeepnsisting of FKLVY
non-specifically adsorbed to a surface. 49 WO 03/044045 PCT/ US02/ 37207

32. The (880 OAVOf1 6} KKKKIO (SEQEDeNO: K2 HKHHIL i(SBQiT® NOvER)j AKKHG (SEQNX .

33. A nethod of nodifying a surface in a cell culture systemso as to

enhance Rek19)gr SRFG SEMADONGS); NEKKSR(SPQSH) dNOYS),e RKKICK(SEQS IDgNUIE)St ep

of applying to said surface a peptide conprising a structure selected from

(he 3TouRmISLED B A oS Koy Kol
be the 1p N0:25), KKPKK(SEQ ID NO:26), KKPQY(SEQ ID NO:27), SKKKK(SEQ ID NO:28),
KVKKK(SEQ ID NO:29), KNQTY(SEQ ID NO:30), FKKKV(SEQ ID NO:31), KPKKK(SEQ
10  ID NO:32), FFKKK(SEQ ID NO:33), HKNQT(SEQ ID NO:34), FKLVG(SEQ ID NO:35),
KKQPK(SEQ ID NO:36), BKKQT(SEQ ID NO:37), BKKKK(SEQ ID NO:38), KKIKQ(SEQ
ID NO:39), KKKKS(SEQ ID NO:40), KKQKK(SEQ ID NO:41), KKLNY(SEQ ID NO:42),
DGKKT(SEQ ID NO:43), KKPTT(SEQ ID NO:44), KFIFG(SEQ ID NO:45), FKKMY(SEQ ID
NO:46), FFFKK(SEQ ID NO:47), KQKKI(SEQ ID NO:48), HIKKK(SEQ ID NO:49),
15 DFFHK(SEQ ID NO:50), AKKKK(SEQ ID NO:51), AHIKK(SEQ ID NO:52), AHKKK(SEQ
ID NO:53), LKLVY(SEQ ID NO:54), PKQKK(SEQ ID NO:55), AKKKT(SEQ ID NO:56),
DEETY(SEQ ID NO:57), HNPPY(SEQ ID NO:58), GGHMS(SEQ ID NO:59), AADEG(SEQ
ID NO:60), GGGGS(SEQ ID NO:61), EEGLS(SEQ ID NO:62), HHPST(SEQ ID NO:63),
FHHENT(SEQ ID NO:64), ADELN(SEQ ID NO:65), KKKK(SEQ ID NO:66), KKK(SEQ ID

20 NO:67), KK(SEQ ID NO:68), OrmOmOm (SEQ ID NO:69), RRR(SEQ ID NO:70), and

combinations thereof.

31.  The peptide of claim 30 attached or non-specifically adsorbed to a surface.
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sanme or different am no acid i ndependently selected fromthe group
consisting of |lysine, alanine, isoleucine, phenylalanine, proline, valine,
gl yci ne, wbusamone, | euci ne, nethionine, asparagine, 10 PEWUse/3120hT €eoni ne,
tyrosine, aspartic acid, glutam c acid, histidine and derivatives thereof.
34. The nethod of claim 33 wherein said peptide enhances cell growth and is
selected from the group consisting of IFFKG (SEQ ID NO 1), FIKFGE SEQ ID
NO 2), FIFAK(SEQ ID NG 3), QWAK(SEQ ID NG 4), FKFIG SEQ I D NO 5),

AFFKI (SEQ I D NG 6), VFPFK(SEQ ID 15 NO 7), AKIFF(SEQ ID NO 8), AFKIF(SEQ ID
NO. 9), KFAFI (SEQ ID NO. 10) FAKFI (SEQ ID NGO 11), and conbi nations

t her eof . | 35. ai.m 33, era.n t he de enhances cell
secreti ot andherBEeataam b ot Bt Bianeth Apsbieei v S£0 | D NO
16), KKKKK(SEQ I D NO 17), KKKKL(SEQ I D 20 NO 18), FKKKQ SEQ | D NG 19),

FKFI G(SEQ | D NO 5), KKKSK(SEQ I D NO 20), KKKLK(SEQ ID NO 21), FKKKK(SEQ ID
NO 22), LKKKK EQ I D NO 2 KKLKK (SEQ ID NO 24), KKKKT(SEQ ID NQO 25),
KKPKK( SE&3-1 D Bod OKKPQ)\?{’ISE@ uEFapeOmy bell ORI RYSBEOS? BS KOeERNce eelietivEEQ

| D NO 29), KNQTY( SEQ | D NG 30), FKKKV(SEQ 50 WD 03/044045 PCT/ US02/ 37207

| D NG 31ind/dtPieetiSEGn | DidNGyBR),, cdEmte{eSED $tEp NO 2pBlyingHKNEIEA SE@a¢eDa NBp8d) |
FKLVE SEQ I D NG 35), KKQPK(SEQ I D NG 36), EKKQT(SEQ I D NGO 37), EKKKK(SEQ

| D NO. 38ampstsiteY S OsdNedtsdOfrom HIEES(SESAsIsBnEr @) xx KBS BIRE) (&) A ) |
KKLNY(SEQ I D NO 42), DGKKT(SEQ I D NO 43), KKPTT(SEQ ID NO 44), KFIFGSEQ I D

S NO 45) x1oREKMY (RER ddd MNaht®dion§ flekdst SHLréiR NG A dants K KlahPEEN! i &he
H KKK(SEQ I D NO 49), DFFHK(SEQ | D NO'50), AKKKK(SEQ D NO 5I), AH KK(SEQ ID

NG 52) AR R B indelSb Y BFRRNR D e erBAITER SR NR, B,

isoleucine, phenylalanine, proline, valine, glycine, glutamine, leucine, methionine, asparagine,

10  serine, threonine, tyrosine, aspartic acid, glutamic acid, histidine and derivatives thereof.

34.  The method of claim 33 wherein said peptide enhances cell growth and is selected from
the group consisting of IFFKG (SEQ ID NO:1), FIKFG(SEQ ID NO:2), FIFAK(SEQ ID NO:3),
QVVAK(SEQ ID NO:4), FKFIG(SEQ ID NO:5), AFFKI(SEQ ID NO:6), VFPFK(SEQ ID
15  NO:7), AKIFF(SEQ ID NO:8), AFKIF(SEQ ID NO:9), KFAFI (SEQ ID NO:10), FAKFI(SEQ

ID NO:11), and combinations thereof.

35.  The method of claim 33, wherein the peptide enhances cell secretion and is selected from
the group consisting of FKLVY(SEQ ID NO:16), KKKKK(SEQ ID NO:17), KKKKL(SEQ ID
20  NO:18), FKKKQ(SEQ ID NO:19), FKFIG(SEQ ID NO:5), KKKSK(SEQ ID NO:20),
KKKILK(SEQ ID NO:21), FKKKK(SEQ ID NO:22), LKKKK(SEQ ID NO:23), KKLKK (SEQ
ID NO:24), KKKKT(SEQ ID NO:25), KKPKK(SEQ ID NO:26), KKPQY(SEQ ID NO:27),

SKKKK(SEQ ID NO:28), KVKKK(SEQ ID NO:29), KNQTY(SEQ ID NO:30), FKKKV(SEQ
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AKKKT(SEQ I D NO 56), and conbi nations thereof. 10 36. A nethod of adhering
cells to a surface to pronote cellular gromh conprising the steps of (i)
provi di ngwe osisfoate at | east partially coated with a peptipd@g/usonpnisi ng a
structure selected fromthe group consisting of (a) xxxkx, (b) xxkxx, (c)
xxxxk, (d) xkxxx, (e) kxxxx and conbi nations thereof, wherein each x may
be the sanme or different 15 hydrophobi c or uncharged polar am no acid
residue and k represents lysine; and (ii) contacting said at |east

Pl ar attac@dm%g@(?\n&bhwjghggﬁkeﬁégﬁo@w SEIRRROTER NGRS !
o oy R Bl BB R B NGO ERR Sl ge 0 Sl )L ExkBER
22@!%&&@3@%@%&%@5&%@%@?@@@ B R RS RRIAR 14,

FI KFQ(SEQ | D NO 2) FI FAK(SEQ I D 51 WD 03/044045 PCT/ USOZ/ 37207 NO 3
AR, SELENGEE)ID T2y BEK TSRS 1B NOAR R KRERSES G EpiRGCEQ T o

NO 7), AKIFF(SEQIDNO8) AFKI F(SEQ I D NO 9), KFAFI QIDNOlO%\@
FAKFIY SEJ049), N@IUMY(SE@dH%oNBi:%t IFGREK(heQedp . NO:49, KQERISEQUIIDUNE:48),

substrate conprising a peptide selected fromthe group consisting of |FFKG

( SEQ | D MOKKIK(SER) KFG(BED), DPFRE(SEQ 1P RAKOSEEKKRKEEG)D MWAK(ASHEKEEQND 4)
FKFI G(SEQ I D NO 5), AFFKI (SEQ I D NO. 6), VFPFK(SEQ ID NO 7), AKIFF(SEQ ID

NO 8), AR SEAKIDNBEEQ) ,IDKNS3)( SEQ. V(SN0 10) NOTAKFIPRSEK (SBQNADL K)0:59Nd

conbi nati ons t hereof.
AKKKT(SEQ ID NO:56), and combinations thereof.

10 36. A method of adhering cells to a surface to promote cellular growth comprising the steps
of:
(1) providing a surface at least partially coated with a peptide comprising a structure
selected from the group consisting of (a) xxxkx, (b) xxkxx, (c) xxxxk, (d) xkxxx,
(e) kxxxx and combinations thereof, wherein each x may be the same or different
15 hydrophobic or uncharged polar amino acid residue and k represents lysine; and
(ii) contacting said at least partially coated surface with said cells for a sufficient time

to permit cellular attachment thereto.

37.  The method of claim 36 wherein said hydrophobic or uncharged polar residue is selected

20  from the group consisting of Phe, Ile, Ala, Val, Pro, Gly, Gln and derivatives thereof.

38.  The method of claim 36 wherein said peptide comprises an amino acid sequence selected

from the group consisting of IFFKG (SEQ ID NO:1), FIKFG(SEQ ID NO:2), FIFAK(SEQ ID

51



10 40. A cell culture substrate conprising a peptide conposition including
one or nore pairs of peptides selected fromthe group consisting of (a)
AFFFQ SEQvDD3M@01?) / EEEMY(SEQ I D NO 13) and (b) FI KLM ( SBQTIUSOME207
14)/FFIPY (SEQ ID NO 15). 15 41. A cell culture substrate conprising a
pepti de selected fromthe group consisting of FKLVY(SEQ ID NO 16),
KKKKK(SEQ I D NG 17), KKKKL (SEQ I D NO 18), FKKKQ SEQ ID NG 19), FKFI ¢ SEQ
| D NO 5), KKKSK(SEQ ID NG 20), KKKLK(SEQ ID NG 21), FKKKK(SEQ ID NO 22),

LKKKK( SEQ] EQ, | K , SEQ
D No 280 POV RIS O BRI N madtedb SRS

NO: 29), E 3 P EQ. | D NQ

FrKKKL SED WS SHTF RIS NARH v &gl fo G50 ThABaPhe

I D NO 36 EKK}%(ISE%I D NO, 37),. EKKKK(SEQ I D NO: 38), KKIKQ (SEQ |D NG 39),
KKK. KS(éj'Eéé( RAYO: 1k erkespinatnstheorerf.  KKLNY(SEQ I D NO 42), 52 WO

03/ 044045 PCT/ US02/ 37207 DGKKT(SEQ | D NO 43), KKPTT(SEQ I D NO 44),

KFI FG(SEQ | D NO 45), FKKMY(SEQ ID NO 46), FFFKK(SEQ I D NO 47), KQKKI ( SEQ

| D NO 48), HI KKK(SEQ I D NO: 49), DFFHK(SEQ I D NO 50), AKKKK(SEQ I D NO 51),

AHI KIS( SBQ. | D ANGeB Dl tudHKHr SEQonipHisiNg! 6 PYptide Kielod{eBERbhDhNQrbw) coRKGKK(SEQ

| D NO 55), AKKKT(SEQ ID NO 56), 5 DEETY(SEQ I D NO 57), HNPPY(SEQ I D NO 58),
GGHVB( SERFKDR BGID. NAADEGISEQSE® INON6K)), FEAIGSERED | 0NG! 63)VAERBS{SEQ

I D NO 62), HHPST(SEQ | D NO 63), FHHNT(SEQ ID NO 64), ADELN(SEQ I D NO 65),

E(K)Kgg )SE@JR%gZ I‘Si%ﬁ@gs% » (()13’&5@) | AFFRYBIEG XD NEK6SERPHR (86h GBINO O kR iR 9e¢ $5Q | D

NO:8), AFKIF(SEQ ID NO:9), KFAFI (SEQ ID NO:10), FAKFI(SEQ ID NO:11), and

combinations thereof.

10
40. A cell culture substrate comprising a peptide composition including one or more pairs of
peptides selected from the group consisting of (a) AFFFQ(SEQ ID NO:12)/EEEMY(SEQ ID
NO:13) and (b) FIKLM (SEQ ID NO:14)/FFIPY (SEQ ID NO:15).

15 41. A cell culture substrate comprising a peptide selected from the group conmsisting of

FKLVY(SEQ ID NO:16), KKKKK(SEQ ID NO:17), KKKKI(SEQ ID NO:18), FKKKQ(SEQ
ID NO:19), FKFIG(SEQ ID NO:5), KKKSK(SEQ ID NO:20), KKKLK(SEQ ID NO:21),
FKKKK(SEQ ID NO:22), LKKKK(SEQ ID NO:23), KKLKK (SEQ ID NO:24), KKKKT(SEQ
ID NO:25), KKPKK(SEQ ID NO:26), KKPQY(SEQ ID NO:27), SKKKK(SEQ ID NO:28),
20 KVKKK(SEQ ID NO:29), KNQTY(SEQ ID NO:30), FKKKV(SEQ ID NO:31), KPKKK(SEQ
ID NO:32), FFKKK(SEQ ID NO:33), HKNQT(SEQ ID NO:34), FKLVG(SEQ ID NO:35),
KKQPK(SEQ ID NO:36), EKKQT(SEQ ID NO:37), EKKKK(SEQ ID NO:38), KKIKQ (SEQ

ID NO:39), KKKKS(SEQ ID NO:40), KKQKK(SEQ ID NO:41), KKLNY(SEQ ID NO:42),
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conmbi nations thereof. 10 42. A peptide |library selected fromthe group of
| ibraries consisting of. (a) xxxkx, (b) xxkxx, (c) xxxxk, (d) xkxxx, (e)
KxXxX andwpesiutoat i ons t hereof, wherein k represents |ysi meTarsd2/groh x nay
be the sane or different am no acid i ndependently selected fromthe group
consi sting of |ysine, alanine, isoleucine, phenylalanine, proline, valine,
gl yci ne, glutam ne, |eucine, 15 nethionine, asparagine, serine, threonine,
tyrosine, aspartic acid, glutamc acid, histidine and derivatives thereof.

ggi/argﬁtm{rﬁ%%hgw:}{3)okr§ g]?é% \gﬁg?% p congS]JE(%%%d‘1§ OVI ne is}ﬂgﬁf)' des
o i RN@%’ s MO B oS 8 %mﬁﬁfﬁﬁg@%& P

conbi nations t her eof Acell or tissue culture medi um i ncl udi ng the
pept i de HFTEIGEER P N%é%%@%&%D@@f5uéeﬁﬁwQ B3 NOYS e AHIGRR
culture nmediumincludin the eptide of claim?24. 46. A cell or tissue
cul t ur o TReWPiMI RELYSREQ B Nephh FKQSHEBE IPONOEP)AKKREGEQ B N0, cel |
or tissue culture nmediumincluding the peptide of claim30. 48. A nmethod
for &nhAEHTNGSER ThuIN&Y:5'Gx SINBPYEHREQ0ID SELIBt GHHIMBERQ $D NO 158k AABBGEHPEQ
culturing cells or tissues in the presence of the peptide of claiml1. 10
49. A pépt NOssOMGHGES(ISENC ED NOtdl)SBEGRS(SHQ IID W(Oced)] HHESTYSEQSHS MaM63),
wherein all am no acids

FHHNT(SEQ ID NO:64), ADELN(SEQ ID NO:65), KKKK(SEQ ID NO:66), KKK(SEQ ID

NO:67), KK(SEQ ID NO:68), OmOmOm (SEQ ID NO:69), RRR(SEQ ID NO:70), and
combinations thereof.
10
42. A peptide library selected from the group of libraries consisting of: (a) xxxkx, (b) xxkxx,
(c) xxxxk, (d) xkxxx, () kxxxx and permutations thereof, wherein k represents lysine and each x
may be the same or different amino acid independently selected from the group consisting of
lysine, alanine, isoleucine, phenylalanine, proline, valine, glycine, glutamine, leucine,
15  methionine, asparagine, serine, threonine, tyrosine, aspartic acid, glutamic acid, histidine and

derivatives thereof.

43.  The peptide library of claim 42 wherein said library comprises peptides covalently linked

to a member of the group consisting of bovine serum albumin, ovalbumin, keyhole limpet
20  haemocyanin, collagen, fibronectin, laminin, an immunoglobulin, a polysaccharide, a growth

factor and combinations thereof.

44. A cell or tissue culture medium including the peptide of claim 1.
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of said peptide possess positively charged side chains. 50. The peptide of
claim49 ranging from2 amno acids to about 20 amno acids. 15 51. The
pepti de oWoaBai4z9, wherein the peptide enhances cell se@cattison3in sai d
systemat a concentration range from about 250 Mto about 24mM 52. The
pepti de of claim49, wherein said peptide is a nedia constituent. 20 54

45. A cell or tissue culture medium including the peptide of claim 24.

46. A cell or tissue culture medium including the peptide composition of claim 27.

5

47. A cell or tissue culture medium including the peptide of claim 30.
48. A method for enhancing cellular growth and/or secretion comprising the step of culturing
cells or tissues in the presence of the peptide of claim 1.

10
49. A peptide which enhances cell secretion in a cell culture system, wherein all amino acids
of said peptide possess positively charged side chains.
50.  The peptide of claim 49 ranging from 2 amino acids to about 20 amino acids.

15
51.  The peptide of claim 49, wherein the peptide enhances cell secretion in said system at a
concentration range from about 250 uM to about 24mM.
52.  The peptide of claim 49, wherein said peptide is a media constituent.

20
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