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BACKGROUND OF THE INVENTION
Growth differentiation factor 8 is a protein that is classified with the transforming
growth factor-p {("TGF-8") superfamily. Generally, the proteins of the TGF-$
20 superfamily are inifially expressed as precursor (a/k/a prohormone) that undergoes

proteolytic cleavage at a cluster of basic residues about 110-140 amino acids from the
precursor protein C-terminus. In each case, the active, or mature, TGF-p species is
believed to be a disulfide-linked dimer of the cleaved precursor protein C-terminal
regions.

25 Growth differentiation factor 8, hereinafter GDF8, is also art-known as GBF—B
or myostatin. The genes encoding the precursor of GDF8 (hereinafter "precursor
GDF8") have been cloned from a wide range of organisms. These include the human
and murine precursor GDF8 [Nestor ef al., 1998, Proc. Natl. Acad. Sci. 95:14938-43;
U.S. Patent No. 5,827,733, the contents of which are hereby incorporated by

30 reference in their entireties]. 1t has also veen reported that GDF8 immunoreactivity is
detectable in human skeletal muscle in both type 1 and type 2 fibers. Antibodies and
assays for detecting GDF8 are described, e.g., by U.S. Patent No. 6,096,506.

It has further been reported that GDF8 plays a role in down-regulating or
inhibiting the growth and development of skeletal muscle, as confirmed by GDF8

35  knock-out mice (McPherron et al., 1997, Nature 387.83-90). For this reason, there
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Other physiological roles for GDFS have also been described. For example,

20 U.S, Patent No. 6,368,597, [the contents of which are hereby incorporated by
reference in their entireties] has suggested that inhibiting GDF8 function is useful for
treating Type N diabetes, e.g., by administering an anti-GDF8 antibody or anti-GDF8
vaccine to a patient having this condition.

Nevertheless, there remains a longstanding need in the art for improved

25 antigens and immunogens for eliciting an anti~-GDF8 immune response, as well as for
improved GDF8 antibodies capabile of highly specific binding to GDFS8.

The citation of any reference herein should not be construed as an admission
that such reference is available as "Prior Art" to the instant application. -

30 SUMMARY OF THE INVENTION
The present invention solves these and other shortcomings in the art by
providing GDF8 peptides ( e.g., peptide fragments of GDF8 of 50 residues or iess)
comprising a specific neutralizing epitope for GDF8.




for exanple, an isolated peptide that conprises from about residue 312 to
about residue 361 of natural, human precursor GDF8 (SEQ ID NO 1).
Preferably, the inventive GDF8 peptide conprises from about residue 320 to
about residue 350, nore 5 preferably conprises from about residue 321 to

about resiﬂgpﬁ and nost preferably conprises fro ue 327 to
about resi 5gil% of natural, human jzprecursor GDF8. W@“‘Wﬁ?ﬁzgl ed CGDF8
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15 embodiment, there is at least one conservative amino acid substitution, e.g., between
residues 327 to 346 of GDF8. In another embodiment, the GDF8 peptide includes
conservative amino acid substitutions at no more than five amino acid positions within
the peptide. In still another embodiment there are two conservative amino acid
substitutions between residues 327 to 346 of GDF8. In yet another embodiment,
20 there are three conservative amino acid substitutions between residues 327 to 346 of
GDF8. In still another embodiment, there are four conservative amino acid
substitutions between residues 327 o 346 of GDF8.
Preferably, the amino acid residue substitutions are at one or more positions,
relative to natural, human precursor GDF8 (SEQ ID NO: 1) that are marked by the
25 amino acid variations of the interspecies alignment of Fig. 2. These are at residues
328, 329, 331, 333 and 335, and combinations thereof, wherein,
(a) amino acid residue 328 is His, Leu or Asn;
(b) amino acid residue 329 is Gln or Lys;
{c) amino acid residue 331 is Asn or Ser;
30 (d) amino acid residue 333 is Arg or Lys; and/or
(e) amino acid residue 335 is Ser, Pro or Thr.



Preferably, such nodified GDF8 peptides conprise a-specifi-c neutralization
epitope for an anti-GDF8 anti body and therefore retain the property of
specifically binding to an anti-CGDF8 anti body, where the antibody is mAb
788 and/or an 1gG fraction of goat anti-CDF8 pol ycional antiserum as
exenplified hereinbelow. 5 In still a further enbodi nent of the invention,
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20 In yet a further embodiment of the invention, a vaccine composition that
comprises the inventive GDF8 peptide (or fusion protein thereof) is also provided, e.g.,
that preferably includes one or more adjuvants and other art-standard elements of a
peptide or protein-based vaccine composition. Methods of eliciting an anti-GDF8
immune response in an animal, comprising administering to the animal an effective

25 amount of the vaccine composition, are also provided.

in another further embodiment, a screening method is provided for selecting an
anti-GDF8 antibody or antibody fragment from among a plurality of antibodies.or
antibody fragments, comprising contacting the peptide with one or a plurality of
antibodies or antibody fragments, and detecting antibody or antibody fragment that

36 selectively binds to the peptide.

In yet another aspect, the present invention provides a method of down-
regulating GDF8 activity in an animal. In one such embodiment, the method
comprises administering an antibody or antibody fragment to the animal, in an amount
and for a duration effective to down-regulate GDF8 activity in the animal, wherein the



ULdsespechidoaldy-1t 0 the peptide, or by inmmunizing the aninal
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(dog) MAR1afmgpenbel hak@PF8Jeptide, e.g., a GDF8 peptide comprising about 10
consecutive amino acid residues from DJ5 (SEQ ID NO:8).

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates overlapping peptides DJ1 through DJ7, in the GDF8 active
20  region (i.e., mature GDF8), that is from residues 266 - 375 of the precursor GDF8
sequence.

Figure 2 illusirates the alignment of the human DJ5 peptide sequence (SEQ D
NO: 8) compared to the analogous 20-residue peptides, as located in the precursor
GDF8 proteins of the recited additional animal species. The amino acid residue
25  positions of 321 through 347 are based on the human precursor GDF8. The
Genebank accession numbers (incorporated by reference herein) identify the entire
published protein sequence for that species. .



: e-RretsfgoatyfdRe2161(SEQ | D NO 16) Colunba livia (pigeon)AAL35277
(SEQ I D NO 17) Cotum X chinensis (quail) AAL35278 (SEQ ID NO 18) Danio
rerio (zebrafish) AAB8B6693 (SEQ ID NO 19) Equus cabal lus (horse) BAB16046
(SEQ ID NGO 20) Gallus gallus (chicken) AAK18000 (SEQ ID NO 21) Gallus
gal lus (chicken) AAR18244 (SEQ ID NO 22) Hono sapiens (human) NP-005250

(SEQ | D NGyo2hosmobsaopunct atus (catfl sh) AAK84666 ( SEQ | [}(?ﬁmgﬁ)mn pus
capensi s (hare) AANB7890 (SEQ I D NO 24) Macaca faSCI cularis (nonkey)

AAL17640 (SEQ I Q2 NO,. 25 | AAB86692 (SEQ | D NGO
26) Nbroﬁle (?hr ?8@'9??%9?&&333%)’% y ag&é .-)27) MJsﬁrusc?ul us

(house mouse) AACS31AGds piSHByhdRo ucEﬁdAL?ﬁZ?WKfSS TTE .. ) (SEQ I D
NO 29) Ovis arias g}%% SRQ | D NG 30) dr as
(baboon) AAB86686 (S ﬁg nor vegi cus gg : 6691 (SEQ I D
NO 32) Salno sala rg (SEQ I D NO gj $ aurata
(seabr eam) AAL05943 us scrofa (pi g) 1(“QSEQ I D NO 35)

Sus scrofa (pig) AA 82%“&%@9%%14%) DETAI LED MSECHPMNO:(N) OF THE
| NVENTI ON Accor di nglCaprathireuspigestpAART216&nt | on i dent | f(SE& IBDKR @pnai ns t hat
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to herein as GDF8 p&gtusdiisusichipkan) A8B1824dgnent s. TheSEQIIDING: 22) t hese GDFB
pepti des incl udes utlemasapiemuthomamNA-0065260i citing anSEQHUD-NEIRS i nmune
response in ani mal § pusdiglus/@atfisnankeddes speci fic antispedpNo:ding targets in
GDF8-rel ated assaysk%é_[jg%aﬁé}ﬁ@(ﬁérg PQ\NQ‘?' epi topes Q&Y identified

by contacting anti - i
pepti des, and deter megl i) f&%l:h&u?a §r‘°' © 18998 ndi ng (gE i

pepti des and the an HIEYALEE8EO92he anti ( .
Morone chrysops {(white bass)AAK28707 (SEQ ID NO: 27)
Mus musculus (house mouse)AACS531 67 (SEQ ID NO: 28)
O. mykiss (trout) AAK71 707 (SEQ ID NO: 29)
Ovis aries (sheep)AAB86689 (SEQ ID NO: 30)
Papio hamadryas (baboon)AAB86686 (SEQ ID NO: 31)
Rattus norvegicus (rat)AAB86691 (SEQ ID NO: 32)
Salmo salar (salmon) CAC1 9541 (SEQ ID NO: 33)
Sparus aurata (seabream)AAL05943 (SEQ ID NO: 34)
Sus scrofa (pig)AACO8035 (SEQ ID NO: 35)
Sus scrofa (pig) AAR18245 (SEQ ID NO: 36)

DETAILED DESCRIPTION OF THE INVENTION
Accordingly, the present invention identifies GDF8 domains that serve as a

5 specific neutralization epitope for a polyclonal anti-GDF8 goat antiserum and for other
certain specific anti-GDF8 antibodies. These epitopes also serve to provide
fragments of the GDF8 protein that are useful for eliciting an active and specific
immune response against GDF8 proteins, both in vitro, e.g., for detection of GDF8
protein, and in vivo, for downregulating GDF8 activity. These fragments are generally

10  referred to herein as GDF8 peptides or peptide fragments. The utility of these GDF8
peptides includes use as immunogens for eliciting an anti-GDF8 immune response in
animals, and use as highly specific antibody-binding targets in GDF8-related assays.

The specific binding epitopes of GDF8 were identified by contacting anti-GDF8
antiserum with a battery of overlapping GDF8 peptides, and determining the degree of

15  binding activity between the peptides and the antiserum lgG antibodies. The anti-



WD 2005/ 066204 PCT/ US2004/ 043125 7 GDF8 anti serum was obtai ned from a goat
I mmuni zed with a precursor GDF8 protein having a structure optim zed for
expression and antigenicity. In order to nore fully appreciate the instant
i nvention, the following definitions are provided. The use of singular
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under st ood haprovided. Theaideic?RingGiah &rmisi i dotflehiRnEd M ds¥ckibtioH R'in no wa
configurations, process steps,_and materials disclosed herein as suc

conf i gur &t i #iendeddodesssiingitiag s Thig dorrxamplerefereicea acompasitioatcomprising al so
to b d " ' LI oSt df th
bur pose of | ABaTPRtle” rtfideb SRR UE BPHRYEEr A BAcIUSES, ' 0T Ged (o

be limting, sinéeusédhseipthedern fapppoximately” is nserhintescharigeblyawith thistteh onl y
by the appended.cl.aj ns _.and. equi val thereof . As. used.herein, the term
"pol ypept i deﬂ)qq'é %Etﬂg?'ﬁ?%ﬁhé‘ﬂﬁNa@&gﬁfﬁwﬁBWG'EWQQ{%%P?@'&'B@?E‘&H VAYE 'Ferfbt es a
pol ymer conpeptide\goritainingapproginanéiyros@amiie auidresiiued cay copBiti bétkvekands .
Preferably, ugl 558 otherw se stated herein, the term pol ypeptide is 20

di st i ngdf sh8nd FPAmipA aciddesiduesent  de” as enpl oyed herein, by size or chain

length, wher ei nitfs 2186 RS bé'BNASr8oBA that i3 iMRNSTFIS it firited to rtiddidd Y or
fewer am no acids, and a polypeptide or protein refers to polyner chain

conpri si ng ReRfigurationsapregess steps aadimaterialg idissloseg hitaimps guchcorijgurationsr a
pol ypepti de C ' ] | | : r 1 gene
or by an m%&%%@ih%{pc{ @?féer‘i%geﬂée\( %%ﬁk&wﬁgﬁﬁla Iaﬁedagté b%a@%%gg(gﬂ‘aﬁ gheeguence
of am no acietmirddgivaraployed hereld is aised forghe purpope bf gesoribihg pariicwdar, a si gnal

orater i3 A PeHE BT Ang 2B Recd & 6 Phog iod Mo stBpB B Insretelitar f very
short fragimwehtistewiiMedinhiteehorly by HaFdppenaée climEdrd equibaleagtasiedf.of such

pepti des can be 30 terned 8 peptides. Wiile not intending to linmt the
maxi num si ze of AS @Eﬁ‘gh?ﬁ?ﬁb %EHBC%PB’PRBHQQ) is Heed intasehanggablyiwithsthgdeimr r ed

the. max mum ADeN preieotes EpB Rkt Ko O inthe NG R SnEcRU Y T Y
si ze is abopepii banssditesferahiyl ustess lotheswisestaie@ hetsliry thénterm polypeptide is
20 distinguished from the term, "peptide”™ as employed herein, by size or chain length,
wherein a "peptide" refers to a polymer chain of about fifty or fewer amino acids, and a
polypeptide or protein refers to polymer chain comprising more than about fifty amino
acids. Optionally, a peptide or a polypeptide may lack certain amino acid residues
that are encoded by a gene or by an mRNA. For example, a gene or mRNA molecule
25 may encode a sequence of amino acid residues on the N-terminus of a polypeptide
(i.e., a signal sequence) that is cleaved from, and therefore, may not be part of the
final protein,
A “GDF8 peptide” according to the present invention is a relatively short
fragment derived from the GDF8 protein. Even subfragments of such peptides can be
30 termed GDF8 peptides. While not intending to limit the maximum size of a GDF8
peptide according to the invention, it is preferred that the maximum size of the peptide
is about 50 residues, more preferably the maximum size Is about 40 residues, even
more preferably the maximum size is about 30 residues, and still more preferably the
maximum size Is about 25 residues. More generally, the GDF8 peptide preferably



maxi mum si ze i s about 25 residues. More generally, the GDF8 peptide
preferably WO 2005/ 066204 PCT/ US2004/ 043125 8 ranges in size fromabout 10
to about 50 amino acid residues in length, nore preferably fromabout 15 to
about 30 am no acid residues, and in particular, is about 20 am no acid
resi dues i wao sosoda204GDFB pepti des that are small er subbtags®od/sszzs ot her
GDF8 peptides of the present inventios, for exanple,.a GDF8 peptide 5
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variations in honol o&i%not ed Qve are referably conservative
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structure thaferily &eﬁ.ghéé ﬁﬁbhb{ gésigban ftb5e)Tromh fifd latder Wibtg COF8

anti bodi es.” These” conServed su st| repr sent resi due substltutlons
that are 15eplidan by i nterspecies horml ogy conparisons (e.g., see FIG 2) to

e ds of anal ogili& PeLdteth R & Tite S Briieah o nthlde Bl L “Thue
prese { vi ng hesd diegreebf hbmblmgy rarimgifnomlamdut 50%do ngomﬁétbgy toya pégﬂidlﬁ
subst | (1t 1 RGNGHEY GeRle pmBeReR 7o G I RBEBE of B nebudbduing quman

i sol euci ne, pregirstrest GBES (SEQID NG mhbrvanaﬁansaﬁ%hﬂﬂoqu{oté@ab@w &g one
pol ar residue of equivalent charge for another substituting arginine

for |ysi ne,Preferabiyrensesyative sybstiutions@ang/os yadations tgameﬁaw He ineentitepar agi ne.
| par ol oSSR, (APl HBCREANT AR i\l SRkl DRl S0 | el ude
epi t ope or antibbdiesi Thesscaimeniad subatitutions represent fesiueysubsiitdtions mabanEGA
o ol e Mo AR 50 SR P TE BoetiB o Lo,
(" mAb") Cgtfuncft{mn avididr 8EpreBEm rSsidn@BBbdtmmons bstwaereamninoacideNdf analogolsr ns
epar at od REENE U BSHHE) FE SPLERTB Sretale, s resPHED hElSE BtmEAng
\li/hm el at ed tﬁ@bﬁfibdﬂysbmdmgspe&fi&?&%’ﬂﬁéaiﬁ{rémvé BHrG bastideal IB@nipsfistich from
ich the materi al tai ned. For exanple, a purified or isolated protein
i s pref er alfiopsevativesrmisiorasid substitutions include: replacmg one hydrophobic residue
20  such as isoleucine, valine, leucine or methionine for another; or replacing one polar
residue of equivalent charge for another, e.g., substituting arginine for lysine, glutamic
acid for aspartic acid, or glutamine for asparagine.
In particular, the GDF8 peptide according to the invention will alsc include a
specific neutralization epitope for an anti-GDF8 antibody, i.e., an epitope or antigenic
25 domain that will specifically bind to the PGA anti-GDF8 IgG polyclonal antibody
described by the Examples below, and/or that binds specifically to commercially
available rat monoclonal antibody ("mAb") Cat. No. MAB788 (R&D Systems Inc.,
Minneapolis, MN).
The terms "purified" or "isolated" as employed herein, refer to materials
30 separated under conditions that reduce or eliminate the presence of unrelated
materials, /.., contaminants, including native materials from which the material is
obtained. For example, a purified or isolated protein is preferably free of other
proteins or nucleic acids with which it can be found within a cell. A purified material

may contain less than about 50%, preferably less than about 75%, and most



proteins or nucleic acids with which it can be found within a cell. A
purified material may contain | ess than about 50% preferably | ess than
about 75% and npst WD 2005/ 066204 PCTI | JS2004/ 043125 9 preferably |ess

t han about 90% of the cellular conponents with which it was originally
associated. Purity can be eval uated by chromatography, gel electrophoresis,

i Mmunoassawp 2ewpee4 t i on anal ysi s, biological assay aretmtsiemomathods known
in the art. Froma functional aspecty an isolated GDF8 peptide according to
the inventi t t
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reconbi nan expressi on systéeém Substanti purity ma assayed by
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conprising , nucl eotides includi ng but is not limted to , genonic
DNA and ev&hromatography on an appropriate solid-phase matrix. Altematively, antlbodles or

20 binding fragments thereof, produced against the polypeptide can be used as

purification reagents.

The term "substantially pure” indicates the highest degree of purity which can
be achieved using conventional purification techniques known in the art and means a
nucleic acid, polypeptide, peptide, or other material that is free from other |

25 contaminating proteins, nucleic acids and other biclogicals derived from an original
source organism or recombinant DNA expression system. Substantial purity may be
assayed by standard methods and will typically exceed at least about 75%, preferably
at least about 90%, more preferably at least about 95% and most preferably at least
about 99% purity. Purity evaluation may be made on a mass or molar basis.

30 A "polynucleotide” or a "nucleic acid molecule” is a molecule comprising
nucleotides including, but is not limited to, RNA, cDNA, genomic DNA and even
synthetic DNA sequences. The terms are also contemplated to encompass nucleic
acid molecules that include any of the art-known base analogs of DNA and RNA.




synt heti c DNA sequences. The terns are al so contenplated to enconpass

nucl eic acid nol ecules that include any of the art-known base anal ogs of
DNA and RNA. WD 2005/ 066204 PCT/ US2004/043125 10 A "vector™ or "replication
vector” is a replicon, such as a plasm d, phage, or cosmd, to which

anot her DNivGsmgsimhio4 may be attached or incorporated sopewusn/dasizig about
the replication of the attached segnet. The term al so includes a repl I con

t hat incl udes thea, rparat. r l.nt er est .
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known in the art are suitable for use 10 herein. See, e.g., Pouwels et at,
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e.g., by ligating nuc]eqtide se uences 20 q%gl nkers) onto the termni. Such
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constructs tImeoDNw andigr veatdr by digesting bacicsing légtmneembmerh%éneglat%ﬁt ]

peptlde(s) al | era | i,nked to sujta eti

Phat ar e ¢ bydestacioh sbgnidledsn 88 o S pais? Bt ShiS arto S80RYS e satimat | bl e
host cells re@t’]ﬁﬁﬂllﬁcﬁﬁ'ﬁﬁé SthgieltaRBES tdrmihi Witk | ande proiidd INOSIgmBFZ3EDT er
systemor a 30 eukaryotic pronoter expression control system " and typically

i ncl ude a Altamativelpidesiad sitey BiaytberProdiicedpe-go by ligaiing aueleotids sasiieness t he
onset of ! [iHkefd) loRtd B terhlidin Siichfihk&s may comprise specific oligonucleotide

sequences that define desired restriction sites. Restriction sites can alsobe ~
generated through the use of the polymerase chain reaction (PCR). See, e.g., Saiki et
al., Science 239:487 (1988). The cleaved vector and the DNA fragments may also be
‘modified, if required, by homopolymeric tailing.

25 Recombinant expression vectors used in this invention are typically self-
replicating DNA or RNA constructs comprising nucleic acids encoding one of the
inventive GDF8 peptide(s), usually operably linked to suitable genetic control
elements that are capable of regulating expression of the nucleic acids in compatible
host cells. Genetic contro! elements may include a prokaryotic promoter system or a

30 eukaryotic promoter expression control system, and typically include a transcriptional
promoter, an optional operator to control the onset of transcription, transcription
enhancers to elevate the level of mMRNA expression, a sequence that encodes a
suitable ribosome binding site, and sequences that terminate transcription and



enhancers to elevate the | evel of nRNA expression, a sequence that encodes a
suitabl e ribosone binding site, and sequences that term nate transcription
and WO 2005/ 066204 PCTI US2004/ 043125 11 translation. Expression vectors nay
al so contain an origin of replication that allows the vector to replicate

I ndependeniybyoBlosdatie host cel | . Expression of nucl ei ¢ peeidSoo@oisedi N9
i nventive GDF8 peptide(s) can be carmied out by conventional methods in
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bond to at |least a portion of another protein. For exanple, fusion proteins
can corfri get kmited tee prokanoic seduences il fropy eukagyalicanRNA: gergmicd®NAhat  ai ds
in the isol.ati YoV r Akl [ r ' L ot GDF8

pepti de of 5t %%re gsent éll“%\'/‘)édr%{ci(g#'rﬁg}ﬁgélﬁu%@gh&ﬁ%{e !m%érgmq%rggrpri se at

| east a posequences. A traoscripies tgymination sequems: will wsaallydp lodated@itb the at | east

a portion gl ypeptide. In preferred enbodi nents a portion of the
GDF8 is fghgiﬁg%&erp €., retains its antigenicity. The non- GDF8 sequences

can be am no- As usédhhbeitytheasmisilisiérPplobsin' G fesaen pastRis" afduded ecombi nant
DNA nol ecul e epcodi ng such a fusion praotein _cogﬁ&)ﬁses a , sequence encodi ng

at | ead? alfiercnpegpably an Womsﬁﬁ‘m@’_éfiﬁpf%ﬁ"ﬁﬁ T FhimictR?Pfiﬂ%S" a¥rs codi ng
sequence, . T r . g.,
Chronbi n ofiorf oM TGRMHESY SATS0h Broth OIERSES o RaBAbEBR TS0 | e

GDF8  sequ&iift peplidetnd theopresprtdnvastior jrined Via appepide bpnd teabisastapertion pt
o0 BFae? Pk 6358e uB 8 o SHBRe S HENITLRIA 81 1 000 00,
of an affi peplde; of aproteinadr peptidethat Aids in the isolation and/or purification and/or
20 antigenicity of a GDF8 peptide of the present invention. A GDF8 fusion protein can
comprise at least a portion of a non-GDF8 protein joined via a peptide bond to at least
a portion of a GDF8 polypeptide. In preferred embodiments a portion of the GDF8 is
functional, i.e., retains its antigenicity. The non-GDF8 sequences can be amino- or
carboxy-terminal to the GDF8 sequences.
25 A recombinant DNA molecule encoding such a fusion protein comprises a
sequence encoding at least a portion of a non-GDF8 protein joined in-frame to the
GDF8 coding sequence, and can encode a cleavage site for a specific protease, e.g.,
thrombin or Factor Xa, preferably at or close to the juncture between the GDF8&
sequence and the non-GDF8 sequence. In a specific embodiment, the fusion protein
30 is expressed in a CHO cell. Such a fusion protein can be used to isolate the GDF8
peptides of the present invention, through the use of an affinity column that is specific
for the protein and/or tag fused to the GDF8 peptide. The purified GDF8 peptide, for
example, may then be réleased from the fusion protein through the use of a proteolytic
enzyme and a cleavage site such as has been referred to above.



for the protein and/or tag fused to the GDF8 peptide. The purified GDF8
peptide, for exanple, may then be rel eased fromthe fusion protein through
the use of a proteolytic enzyne and a cl eavage site such as has been
referred to above. WD 2005/ 066204 PCT/ US2004/ 043125 12 In one such
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nucl ei cl5acisruatral prorerties. ﬂ%@FOthﬁhWéﬁ’ﬁbqﬁg'ﬁentﬁbehﬁ pggus mudegtidenas 25 been
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cells, a stiridrgiogbus nwls:ﬁtﬁfermue@ctd carsfupttion 4 srieahs ioh echaes ousleblie has
become ZiOnt e%aﬁér(]ac% éfr'}ﬁe present invention. A heterologous nucleotide sequence can comprise
non-coding sequences including restriction sites, regulatory sites, promoters and the
like.
A "host cell” is a cell that contains, or is capable of containing, and expressing,
an exogenous nucleic acid molecule, either transiently or permanently. A cell has
25 been "transformed"” by exogenous DNA when such exogenous DNA has been
introduced inside the cell membrane. Exogenous DNA may or may not be integrated
(covalently linked) into chromosomal DNA making up the genome of the cell. In
prokaryotes and yeasts, for example, the exogenous DNA may be maintained on an
episomal element, such as'a plasmid. With respect to eukaryotic cells, a stably
30 transformed cell is one in which the exogenous DNA has become integrated into the
chromosome so that it is inherited by daughter cells through chromosome replication.
This stability is demonstrated by the ability of the eukaryotic cell to establish cell lines

or clones comprised of a population of daughter cells containing the exogenous DNA.



chronosone so that it is inherited by daughter cells through chronosone
replication. This stability is denonstrated by the ability of the
eukaryotic cell to establish cell lines or clones conprised of a population
of daughter cells containing the exogenous DNA. WD 2005/ 066204

PCT/ 1JS2004¢®#84®520413 Pr okar yot es i nclude both gram negausiesy@asdspositive
organisns, e.g., E. coli and B. subtidis. H gher eukaryotes include

established tis I [ r ' e C 0 . bot h of .

non- manmal i an ori gF%&bée$dsglﬁﬁé1§8¢'td?§@lr{eg,gmfn%mo@éd%\% éﬂﬁgms%nﬁ&'i%ﬁ%ri gin,
e. gl. : dhurranar&qui suitils., Hdégtdaf r eQRembies irfc!d?fe@@abtdi_s??ntti‘o‘mﬁ culiaed ol Iﬁtﬁsstfﬁiﬂﬁd
include a wide varjety, of vectors for many different specijes. use
nerein. . eOmal Gl boto B actanamalion Bideeg. yiseet cals 97 bits. and ude

equi val ent Hﬂﬁh‘ﬁél%nl&%ﬁ] lely. OhiHBaN, PrifieRés, @h8 Fodehts.epr esent ati ve vector for
amplifying DNA is pBR322 or many of its derivatives. Vectors that can be

used to 3 expressPrerpotiahestyectapsgstempinduds a wide \atiety efnectors forgnamy ni t ed
to, those c |1 L V0 0 z ' '
(pBRa22- tr pyeent sibicey Aboed forBln BV b erdife veefis §al b b0 Bt o,
'('EXOT S); or in{z/ludeequaienf wﬁorsutfhdasoqhea;tzrokeryml G’)rep@md r;ﬁtiyeiuestoetforat,
pressi on_Vegt or a - = .l ac- n pp-deriyv
Pr onot er s", aﬁ“Rﬁfiﬂﬁ@%ﬁ% rn'ﬁ?%?f '(se%%IY?t'Vé;ctvoercgqrsAhaétfr%V lﬁe%q%l ecul ar
9 onit ng Vecé;ﬂressa@EFﬂﬂmdloifFB pth_ﬁﬂ&:s_, Mitlude buicare mot Iﬁﬂ&é@l‘b, tigse o’b@ufaf irﬁigé-h 1t5
east, as as_hi gher eukar Ic tissu e.cells are preferred hosts
for t hzo r\é\@ﬁrlr%‘? W&’m‘)%?fr(Buﬁcﬁrﬁ%%fp R"HE“%{@%@#&%&%&@ pEYRetaedhe BN or of
ﬁ_nt i - GDF8  gutdsh04thBEa-BPUr PR hroAdids (SOPS); b APSHEBohRAGTsatich Ak hkpuagh any
i gher eukaryotic tissue culture_cell line mght be used, 1ncluding insect
bacul ovi r us(péaﬁl%s{s% Begaisepisal., “Epmfﬁ%ﬁlqra\ﬂe@teﬁg@ﬂalowrlgrt@mqeedrp-, lac-, and

Tr ansf or mat j,Qr o ' . ' ;}B?ve becone
a routine pllpgcraeegg?(g??@%% ’e@r%@iggg% ﬁﬁ%ggwaﬁ @g%%%eﬁ%r\fe cells,

Chi nese hanifbleculan &foping¥edtorseand Thairddsesh 2988, Batdteksvebrthy BoBRIN) pp.c2d5-236hes,

I nsect Il lin ir ell,.line n nke COS), cell 1ine ression
vectorsi:for Sucﬁﬁéggﬁlasﬁeﬁle%s méﬁ%lq%aﬁlﬁg?ﬂo ,eégﬁree fﬁ-@"%?"%{ﬁ"%‘fha?%?%
replicat i[)mtheae%l?‘rmlﬁdrprowdibﬁllmﬁtf?tihvthtib@ GDR8 ;béﬁlidéé,&ﬁd/dﬁ*% ahElGDEgsi tes (if
genomi ¢ | u , a polyadenyl ation site, and a transcription
termnati or?@%f’@'?s?ﬁaf%)ﬁ@gﬂegfss%émﬁ?_ "H'E'i]ﬂ&??- éfih%ghﬁry @Eh%"&lfkéﬁf‘ﬂﬁne or
anpl i fi catiqaugeifure 3gil liR® hiigi e Rea! RRLYRG iMYest bﬁ@omsraxﬁﬁﬁs%sg&teme&
or retroviruses carrying pronoters derived, e.g., fromsuch sources as
adenovi r us, mamaliap gelsoanerpisiesredy deansformation os trangfectianoansheiopegaties. of
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Pol y- A [ Thorelsa eslisaChinese hamster ovary (CHO) cell lines, baby rat kidney (BRK) cell lines,
insect cell lines, bird cell lines, and monkey (COS) cell lines.
Expression vectors for such cell lines usually include, for example, an origin of
replication, a promoter, a translation initiation site, RNA splice sites (if genomic DNA is
25 used), a polyadenylation site, and a transcription termination site. These vectors also
usually contain a selection gene or amplification gene. Suitable expression vectors
may be plasmids, viruses, or retroviruses carrying promoters derived, e.g., from such
sources as adenovirus, SV40, parvoviruses, vaccinia virus, or cytomegalovirus..

Representative examples of suitable expression vectors include pCR®3.1, pCDNAT,
30  pCD [Okayama et al., Mol. Cell Biol. 5:1136 (1985)], pMC1neo Poly-A [Thomas et al.,
Cell 51:503 (1987)], pUC19, pREPS, pSVSPORT and derivatives thereof, and
baculovirus veciors, such as pAC 373 or pAC 610.
Prokaryotic expression control sequences typically used include promoters,

including those derived from the B-lactamase and lactose promoter systems [Chang ef




Cell 51:503 (1987)], puC 9, pREP8, pSVSPORT and derivatives thereof, and
bacul ovi rus vectors, such as pAC 373 or pAC 610. Prokaryotic expression
control sequences typically used include promoters, including those derived
fromthe (3-lactanase and | actose pronoter systens [ Chang et WD 2005/ 066204
PCT/ US2004w@1®dsA662044 at, Nature, 198:1056 (1977)], thectusepismphian (trp)
pronoter system [ Goeddel at at, Nucl®ic Acids Res. 8:4057 (1980)], the
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I mmunogl obtgohgg l%l’dh ﬁ nggglkggn @q@ggodlé?s énggdy or anti bodies according to

the invention so e SSs an nts, i.e., antigen-binding
L r ag_rrent s, for Thaamehtion Beo |MesMclE(nabanc2moao?on§e(n§cb)gntltgd:daestmt

I ndi n rote Nat C Cl . ,
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i ncor por at edfehetro%rmnwuﬁogiwuﬂn@ﬂdﬂomfragmem@tthér@bf eﬁhat@éuw@dwrrafg as
bi functional hybrid antibodie Lanzavecchia at at, Eur, J. | mrunol.
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referenge i\ AGhmUABbiobilid G5Hidble region genes. An antibody or antibodies according to
the invention also encompass antibody fragments, i.e., antigen-binding fragments, for
example, Fv, Fab, and F(ab')p, engineered single-chain binding proteins, (e.g., Huston
et al., Proc. Natl. Acad. Sci. U.S.A., 85, 5879-5883 (1988) and Bird ef al., Science,
242, 423-426 (1988), hereby incorporated herein by reference in its entireties), as well

25  as bifunctional hybrid antibodies .(e.g., Lanzavecchia et al., Eur. J. Immunol. 17,105

(1987)). [See, generally, Hood ef al., Immunology, Benjamin, N.Y., 2nd ed. (1984),
Harlow and Lane, Antibodies. A Laboratory Manual, Cold Spring Harbor Laboratory
(1988) and Hunkapiller and Hood, Nature, 323, 15-16 (1986), the contents of all of
which are: hereby incorporated by reference in their entireties.)

30 For example, serum produced from animals immunized by the inventive GDF8
peptides, using standard methods, can be used directly, or the IgG fraction can be
separated from the serum using standard methods, such as plasmaphoresis or
adsorption chromatography with igG-specific adsorbents, such as immobilized Protein
A or Protein G. Alternatively, monoclonal antibodies can be prepared, and optionally,
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Many references are ava e to provi ul dance above
t echni ques Welbkrown iatthevart, aiydoin gmaian'wblne amixing (tlm)beilssmth afuditgy dgant,
Labor atﬂ)r Y:such as polyethylene glycol.

Hybridomas are selected by standard procedures, such as HAT (hypoxanthine-
aminopterin-thymidine) selection. Those secreting the desired antibody are selected
using standard immunoassays, such as Western blotting, ELISA (enzyme-linked
immunosorbent assay), RIA (radioimmunoassay) or the like. Antibodies are
25  recovered from the medium using standard protein purification techniques [Tijssen,

Practice and Theory of Enzyme Immunoassays (Elsevier, Amsterdam, 1985)].

Many references are available to provide guidance in applying the above
techniques [Kohler et al., Hybridoma Techniques (Cold Spring Harbor Laboratory,
New York, 1980); Tijssen, Practice and Theory of Enzym=» Immunoassays (Elsevier,

30 Amsterdam, 1985); Campbell, Monoclonal Antibody Technology (Elsevier,

Amsterdam, 1984); Hurrell, Monoclonal Hybridoma Antibodies: Techniques and
Applications (CRC Press, Boca Raton, FL, 1982)]. Monoclonal antibodies can also be
produced using well-known phage library systems. See, e.g., Huse, et al., Science

246:1275 (1989); Ward, et al., Nature, 341:544 (1989).



New York, 1980); Tijssen, Practice and Theory of Enzyne |nmunoassays

(El sevier, 30 Ansterdam 1985); Canpbell, Monocl onal Antibody Technol ogy
(El sevier, Anmsterdam 1984); Hurrell, Mnoclonal Hybridoma Anti bodies:
Techni ques and Applications (CRC Press, Boca Raton, FL, 1982)]. Monocl onal

ant i bodi eswoa0osake0s be produced using vel | - known pha%ﬂmggﬁ(ﬂyoyslgsyst ens.
See, e.g., Huse, at at, Science 246:14275 (1989); Ward, at al., Nature,

341: 544 (1989) 6620 004/043125 16 S
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20  cDNA clones expressing GDF8-related polypeptides in expression cloning systems.
Neutralizing antibodies specific for the ligand-binding site of a receptor can also be
used as antagonists (inhibitors) to block or downregulate GDFS8 function. Such
neutralizing antibodies can readily be identified through routine experimentation, as
exemplified by the Examples provided below.

25 Antagonism of GDF8 activity can be accomplished using complete antibody
molecules, or well-known antigen binding fragments such as Fab, Fe¢, F(ab);, and Fv
fragments. Definitions of such fragments can be found as described hereinabove, or
e.g., in Klein, Immunology (John Wiley, New York, 1982); Parham, Chapter 14, in
Weir, ed. Immunochemistry, 4th Ed. (Blackwell Scientific Publishers, Oxford, 1986).

30 The use and generation of antibody fragments has also been described, e.g.: Fab
fragments [Tijssen, Practice and Theory of Enzyme Immunoassays (Elsevier,
Amsterdam, 1985)], Fv fragments [Hochman et al., Biochemistry 72:1130 (1973);
Sharon et al., Biochemistry 15:1591 (1976); Ehrlich et al., U.S. Patent No. 4,355,023]
and antibody half molecules (Auditore-Hargreaves, U.S. Patent No. 4,470,925),



e.g., in Klein, Imunology (John WIley, New York, 1982); Parham Chapter 14,
in Weir, ed. Immunochenistry, 4th Ed. (Blackwell Scientific Publishers,
Oxford, 1986). 30 The use and generation of antibody fragments has al so been
described, e.g.: Fab fragnents [fijssen, Practice and Theory of Enzyne
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Solid phase peptide synthesis may be acconplished by techniques famliar to

those in t HabigrNapenAMfogPiested S-torandmethexygasbonyl (Fmoc) amino acids first
20 described by Carpino and Han [J. Org. Chem., 37:3403-3409 (1872)]. Both Fmoc and

Boc Napna-amino protected amino acids can be obtained from Fluka, Bachem,
Advanced Chemtech, Sigma, Cambridge Research Biochemical, Bachem, or
Peninsula Labs or other chemical companies familiar to those who practice this art. In
addition, the method of the invention can be used with other Ngjpa-protecting groups
25  that are familiar to those skilled in this art. Solid phase peptide synthesis may be
accomplished by techniques familiar to those in the art and provided, for example, in
Stewart and Young, SOLID PHASE SYNTHES!IS, Second Edition, Pierce Chemical Co.,
Rockford, lll. (1984); Fields and Noble, Int. J. Pept. Protein Res. 35:161-214 (1990), or
using automated synthesizers, such as sold by ABS [Applied Biosystems, 850 Lincoln
30  Centre Drive, Foster City, CA 94404 USA ]. Thus, the GDF8 peptides of the invention
may comprise D-amino acids, a combination of D- and L-amino acids, and various

"designer” amino acids(e.g., beta-methyl amino acids, Capre-methyl amino acids, and
Napra-methyl amino acids, etc.) to convey special properties. Synthetic amino acids
include ornithine for lysine, fluorophenylalanine for phenylalanine, and norleucine for
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20 to the human GDF8 nucleic acid sequence. Where possible these codons were

substituted with the next most preferred yeast codons encoding the same amino acid.
The resulting optimized gene (SEQ ID NO: 3) can be expressed in any suitable

host system, including, e.g., art-known insect, mammalian, bacterial, viral and yeast
expression systems, For example, insect cell expression systems, such as

25  baculovirus systems, are art-known and described, for instance, by Summers and
Smith, Texas Agricultural Experiment Station Bulletin No. 1555 (1987). Materials and
methods for baculovirus/insect cell expression systems are commercially available in
kit form from, inter alia, \nvitrogen, San Diego Calif. ("MaxBac" kit). Similarly, bacterial
and mammalian cell expression systems are well known in the art and described, for

30 example, by Sambrook ef al. (MOLECULAR CLONING: A LABORATORY MANUAL; DNA
Cloning, Vols. 1 and [I; D. N. Glover ed.). Yeast expression systems are also known in
the art and described, for example, by, YEAST GENETIC ENGINEERING (Barr ef al., eds.,
1989) Butterworths, London. Many other such expression systems are known to the
art and are available commercially in kit form. As exemplified herein, the modified
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20 collected, as needed, from the immunized animal. The collected serum is then

preferably purified and/or fractionated by conventional immunoglobulin purification
procedures such as, for example, protein A-Sepharose, protein G-agarose,
hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity
chromatography with a suitable ligand. As exemplified herein, the IgG fraction of the
25  serum was further fractionated on a protein G-agarose column.

The anti-GDF8 antiserum IgG fraction is then available for screening against a
range of peptides of the mature GDF8, as described in greater detail by Example 3,
hereinbelow.

30 GDF8 Binding Epitopes

Suitable anit-GDF8 monoclonal or polyclonal antibodies were contacted with
GDF8 protein for a time period sufficient for the antibody to bind selectively to the
protein. Thereafter, GDF8 bioassays confirmed that the antibody neutralized
substantially all of the GDF8 protein activity. Any GDF8 bioassay can be employed



25 serumwas further fractionated on a protein G agarose colum. The
anti-GDF8 antiserum|IgG fraction is then available for screening against a
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exenplified pro Q|1n5 in t grcr:]ont-gi of IPS p[)rteétﬁ’gor protem Superimposed on the map of the GDF8
20  active region are the locations of seven overlapping peptides. These overlapping
peptide were designed in order to provide targets for identifying the antibody-binding
epitope or epitopes of GDF8. The peptide labeled as DJ5 was identified by screening
with the 1gG fraction of the exemplified goat anti-GDF8 antiserum as the only
significant binding epitope of GDF8 for the exemplified antiserum. This peptide has a
25 sequence (SEQ ID NO: 8) corresponding to residue 327 to residue 346 of precursor

GDF8 (SEQ ID NO: 1).

GDF8 Peptide Vaccine Compositions

The GDF8 peptides described above are preferably formulated into vaceine
30 compositions. These vaccine compositions may be employed to immunize an animal
in order to elicit a highly specific anti-GDF8 immune response. The result of the
immunization will be downregulation of GDF8 function in the immunized animal.



25 sequence (SEQ ID NO 8) corresponding to residue 327 to residue 346 of
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Enzyme Immunoassays 3rd Edition, 1987, Elsevier, New York, incorporated by

20 reference herein.

The vaccine composition includes a sufficient amount of the desired
immunogen, such as the inventive GDF8 peptides, to elicit an immune response. The
amount administered can range from about 0.0001g/kg to about 1.0 g /kg, relative to
the mass of the animal. Any suitable vertebrate animal is readily employed to obtain

25 polyclonal antiserum. Preferably, the animal is a mammal, and includes, but is not
limited to, rodents, such as a mice, rats, rabbits, horses, canines, felines, bovines,
ovines , e.g., goats and sheep, primates, e.g., monkeys, great apes and humans, and
the like.

The vaccine composition is readily administered by any standard route,

30 including intravenously, intramuscularly, subcutaneously, intraperitoneally, in ovo
{particularly for poultry), and/or orally, For fish species, methods of administering a
vaccine composition or immunogenic composition include the foregoing, as well as
dipping the fish into water comprising an antigenic concentration of the peptide,
spraying the fish with an antigenic concentration of the peptide while the fish is briefly
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For purposes of the present lnventlon the term “fish” shall be understood to

20 include without limitation, the Teleosli grouping of fish, i.e., teleosts. Both the
Salmoniformes order {(which includes the Salmonidae family) and the Perciformes
order (which includes the Centrarchidae family} are contained within the Teleosti
grouping.

Examples of potential fish recipients include the Salmonidae family, the

25  Serranidae family, the Sparidae family, the Cichfidae family, the Centrarchidae family,
the three-Line Grunt (Parapristipoma trilineatum), and the Blue-Eyed Plecostomus
(Plecostomus spp).



the three-Line Gunt (Parapristipoma trilineatum, and the Bl ue-Eyed
Pl ecostonmus (Pl ecostonus spp). WO 20051066204 PCT1U52004/ 043125 23
Sal noni dae Fami|ly TAXON NAME COVWON NAME Coregonus clupeaform s Lake
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Brown trout t a X S. fontinali ' td-trout Sal velinus
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Centroprisfis QhidrizgrhpbkisughRock sea bas@ohéggliionpri stis striata Black sea

bass Diplectrumbivittatum Dwarf sandper ghiverldathég) r um f or rosum Sand per ch

Oncorhynchus masou cherry salmon (masou salmon)
Oncorhynchus nerka Sockeye salmon
Oncorhynchus tshawytscha {chinook salmon)

Prosopium cylindraceum Round whitefish

Oncorhynchus clarki Cutthroat trout

Oncorhynchus mykiss Rainbow trout

Salmo salar Atlantic salmon

Salmo trutta Brown trout

Salmo trutta X S. fontinalis Tiger hybrid-trout

Salvelinus alpinus Arctic charr

Salvelinus confluentus Bull trout

Salvelinus fontinalis Brook trout

Salvelinus leucomaenis Japanese charr (white spotted charr)
Salvelinus malma Dolly varden (Miyabe charr)
Salvelinus namaycush Lake trout

Thymallus thymallus Grayling

Some Members of the Serranidae Family

TAXON NAME

COMMON NAME

Centropristis ocyurus
Centropristis philadelphicus

Bank sea bass
Rock sea bass

Centropristis striata Black sea bass
Diplectrum bivittatum Dwarf sandperch
Diplectrum formosum Sand perch
Epinephelus flavolimbatus Yellowedge grouper
Epinephelus morio Red grouper
Serranus phoebe Tattler
Serranus fortugarum Chalk bass
5
Some Members of the Sparidae family
TAXON NAME . COMMON NAME
Archosargus probatocephalus - Sheepshead
Archosargus rhomboidalis Sea bream
Calamus penna Sheepshead porgy
Lagodon rhomboides Pinfish
Pagrus Major Red Sea bream
Sparus aurata Gilthead Sea bream

Stenotomus chrysops

Scup
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Some Members of the Centrarchidae family

TAXON NAME COMMON NAME

Ambloplites rupestris Rock bass

Centrarchus macropterus Flier

Elassoma evergladei Everglades pigmy sunfish

Elassoma okefenokee Okefenokee pigmy sunfish

Elassoma zonatum Banded pigmy sunfish

Enneacanthus gloriosus Bluespoited sunfish

Enneacanthus obesus Banded sunfish

Lepomis auritus Redbreast sunfish

Lepomis cyanellus Green sunfish

Lepomis cyanellus X L. gibbosus Green x pumpkinseed

Lepomis gibbosus Pumpkinseed

Lepomis gulosus Warmouth

Lepomis humilis Orange-spotted sunfish

Lepomis macrochirus Bluegill

Lepomis megalotis Longear sunfish

Micropterus coosae Shoal bass

Micropterus dolomieui Smallmouth bass

Micropterus punctulatus Spotted bass

Micropterus salmoides Largemouth bass

Pomoxis annularis White crappie

Pomoxis nigromaculatus Black crappie

5
In a further preferred embodiment, the animal is a companion animal or a
human, and the vaccine is administered to provide long-term downregulation of GDF8
for any veterinary or medical purpose responsive to such GDF8 downregulation. For
purposes of the present invention, the term “companion” animal shall be understood to
10 include all animals - horses (equine), cats (feline), dogs (canine), rodents, (including

mice, rats, guinea pigs), rabbit species, and avians, such as pigeons, parrots and the

like.

Other birds receiving such vaccination or antibodies can be associated with
either commercial or noncommercial aviculture. These include e.g., Anatidae, such as
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obtai n ant - Cikinragliakesli es that specifically bind to the inventive
peptides, and the eI|C|ted anti bodi es are harvested for use in assays,
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followung examples are presented in order to more fully illustrate embodiments of the
invention and should in no way be construed as limiting the broad scope of the

15 invention.

EXAMPLES

EXAMPLE 1
Materials & Methods
20 A. Expression and Purification of Precursor GDF8 (GDF8 Prohormone)

The natural DNA sequence of the precursor GDF8 or prohormone (SEQ 1D NO:
2) was optimized for expression in mammalian and viral expression systems, To avoid
the negative effects of viral host shutoff mechanisms the DNA sequence was
designed to be as divergent from the mammalian nucleic acid sequence as possible.
25  To accomplish this the amino acid sequence of the GDF8 prohormone was reversed
translated using yeast preferred codons. The resulting sequence was surveyed for
codons, which retained their homology to the human GDF8 nucleic acid sequence.
Where possible these codons were substituted with the next most preferred yeast
~ 'codons encoding the same amino acid. The resulting nucleic acid molecule (8EQ ID
30  NO: 3) was commercially synthesized for incorporation into the appropriate expression
vectors.
The Flp-in™ CHO expression system (Invitrogen, Carlsbad, CA) was used to
express the optimized GDF8 prohormone, Briefly, a GDF8 prohormone construct

containing a C-terminal FLAG® (Sigma-Aldrich Corp., St. Louis, MO) epitope fusion



The present invention may be better understood by reference to the foll ow ng
non-limting exanples, which are provided as exenplary of the invention. The
foll owi ng exanples are presented In order to nore fully illustrate

enbodi nents of the invention and should in no way be construed as limting
t he broad %&B%{@mot“he 15 invention. EXAMPLES EXAMPLE 1 Materials &

Met hods 20 A" “EXpression and Purificafion of Pr ecur sor PEHER20p44p13S
Prohornmone) The natural DNA sequence 0Of the precursor GDF8 or prohornone
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(I'nvitrogen, Car)sbad, CA). was use ess the opti m zed GDF8
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PCT/ UB2004/ 043125 26 was constructed by inserting the gene enCOdIDr!])&bt he

modi f i d@ CERBressioncaaRstle iniertbe genameial ap diReratpE KEsitabugiaspegiie Dl go,
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Purification of the FLAG® tagged GDF8 prohormone was achieved by affinity |
chromatography using an anti-FLAG® M2 affinity gel (Sigma-Aldrich Corp., St. Louis,
MO).
20
B. DJ5 Specific Antibody Purification
DJ5 (SEQ ID NO: 8; See Table 2, below) specific antibody fractions were
purified by affinity column chromatography. An affinity column was prepared by
coupling 10 mg of DJ5 synthetic peptide to 0.8 g of cyanogen bromide-activated

25  Sepharose 4B (Sigma Genosys, Woodlands, TX). The column was washed and
equilibrated with PBS. Approximately 11ml of Goat igG fraction (10 mg/ml) was
applied to the affinity column and washed with 25 ml of PBS. Fractions of 1.0 mi were
collected and monitored for absorbance at 280 nm. Bound material was eluted with
approximately 10 mi of 0.2 M glycine (pf:l 1.85). Fractions of 1.0 mi were collected and

30 neutralized with 0.25 mi of 0.5 M sodium phosphate, 0.75 M NaCl, pH 7.4.
Approximately 25 ul aliquots of unbound fractions 1-10 and bound fractions 25-35
were assayed for ELISA reactivity to DJ5 peptide. Unbound fractions were found to be
negative for DJ5 reactivity. Bound fractions exhibited a strong peak of reactivity to the



reconbi nation. A stable cell |ine expressing and secreting the CGDF8
prohornone containing the FLAGr) epitope was obtained using hygronycin B
sel ection. The stable CHO cell line expressing the GDF8 prohornone
containing the FLAXr) tag was adapted to suspension culture in serumfree
medi a usi 2;%&@5&’%??2 15 techni ques. Conditioned nedi a containing the
secreted pro 3tone was gener at eg usi ng the WAVE BCAsz¥¢e431235yst em
(WAVE Bi otech LLC, Bridgewater, NJ). Purification of the FLAG r) tagged
GDF8 pr ohorldingeptids. Hnbmmﬂe‘mdupnaﬂf1|1mnwomuﬁm0msg2&ﬁl4we:emg!ealnPooled
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affinity cdddmgmidonsghesquenttuse2s ml of PBS. Fractions of 1.0 ml were

coll ected and nonitored for absorbance at 280 nm Bound material was el uted
with approximately 10 m of 0.2 Mglycine (pH 1.85). Fractions of 1.0 m
were col lected and 30 neutralized wi EXAMPEE®I of 0.5 M sodi um phosphate,
0.75 M Nad, pH 7.4. Appl‘&XI 3 ) of unbound fractions 1-10
and boundfractlons 25- 35 =wete ; = et vity to DIS pepti de.
Unboundof r act i ogpanentepfeaursdr G@Ftael le@mtameﬂanonDdﬁ irfu@afized igbt bypiend
fractions exivwmd g@thbdst rong peak of reactivity to the WD 2005/ 066204

PCT/ US2004/ 04312 27 DJ5 peptide. Unbound fractions 1-11 and bound
fractions 26- 34 aereuppise of 2agl ed sanples were concentrated and their
buf fer exchanged W th phosphate buffered saline (PBS) as indicated bel ow

gggl e gnlcﬁnf r atd &ﬁé@)%ﬁé@(a%ﬁﬁﬁ‘ﬁiﬂ(y ld '%QH %h&%#}%ﬁ:}ﬁﬁund

sanmpl e was padfmte@dmbmabﬁaaf/&probmmmlee(omamd asadqslcabeuhby Bdpmpteeti to |
nmg/ M, for e S L Coat _Anti -8 PoI ¢l onal, | aG Serum 10
Coat ant |- GPBYEH 86 oheyseSne BAAHE Fifaihaked PRHSIRA B AR ARy « he
fol | owi ng mEiamiS(CFA) and injected subcutaneously (SC) beneath the skin of the goat.
Subsequent booster immunizations administered SC at weeks three, six, and ten

20  contained 0.3 mg of protein emulsified in Freund's incomplete adjuvant (IFA). Blood
was collected from the jugular vein with a syringe and needle, and taken with vacuum
~ bottle and tubing. The blood was collected in bottles containing anticoagulant and
centrifuged at 2500 RPM for 20 minutes to remove the red bloed cells. The plasma
was re-calcified to produce serum. The serum sample collected 15 weeks post initial
25  immunization was used for further analysis.

B. Collection and Purification of Goat Polyclonal 1aG

Serum was harvested from the goat after 15 weeks, and the IgG fraction was
30 purified from this serum, as follows. The IgG fraction of goat sera was purified on a
Protein G agarose column according to the manufactures protocol (Kirkegaard and
Perry Laboratories, Inc., Gaithersburg, MD). Eluted fractions were pooled,
concentrated, and buffer exchanged with phosphate buffered saline (PBS) utilizing
Centriprep centrifugal Filters (Centriprep YM-10, Millipore Corporation, Billerica, MA).
35  Sample concentrations were determined by the OD 280 method (CURRENT
PROTOCOLS IN IMMUNOLOGY, /d.) and adjusted to 10mg/mi.



A. I mmuni zation of Goat 15 A Saanen (dairy) goat (approximtely 2 year old
mal e) was i muni zed wiwth purified reconbi nant GDF8 prohornone (obtai ned as
descri bed by Exanple 1, above), as follows. One half ng of protein was
enul sified in Freund's conplete adjuvant (CFA) and injected subcutaneously
(SC) beneath the skin of the goat. Subsequent booster i mrunizations

admi ni st er 403342 eks three, six, apd ten 20 contai REA/P2@404§125f protein
enul sified in Freund' s inconplete adj d¥ant (I'FA). Blood was collected from
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Plasmid pDPC4-luciferase contains four copies of the CAGA box, derived from the

human plasminogen activator inhibitor (PAl-1), which confers GDF8 responsiveness
20 to the heterologous promoter reporter construct.

Plasmid HCMV |E-lacZ contains a beta-galactosidase gene under the controf of
the constitutive human cytomegalovirus immediate early promoter. This gene is added
as a control to normalize for transfection efficiencies. Cells were then treated with 100
ng/well GDF8 protein (R&D Systems Inc., Minneapolis, MN) and incubated an

25 additional 16 hours in a 37°C, 5% CO2, humidified chamber. Luciferase and beta-
galactosidase were quantified in the treated cells using the Dual-Light Luciferase
Assay (Tropix, Applied Bio.systems, Foster City, CA).

Each sample was run in duplicate (2 wells). The signal for each welt was
‘calculated as the luciferase signal divided by the beta-glactosidase signal times 100.

30 The sample signal was calculated as the average of the two wells,

To test the bio-neutralization activity of an antibody sample various
concentrations of purified IgG fractions were incubated with the GDF8 protein
(approximately 16 hours at 4°C) prior to treatment of the cells. The percent inhibition
was calculated as 100 — (100 X sample signal) / (signal with GDF8 alone - signal with



10% fetal bovine serum 2% L-glutam ne, and | % Penn/ Strep. Upon reaching
greater than 80% confluence, the cells were transiently transfected with a
m xture of plasm d 15 pDPC4-1| uciferase and HCW | E-1acZ using the protocol
recomrended by the manufacturer of the FUGENE transfection reagent (Roche
Di agnostics Corporation, Indianapolis, IN) and incubated 16 hours in a 37C,
5% 02, huni dVP2Z&WsRhber. Pl asni d pDPC4-I uci f erase corrGaVUs300fO4BI25COPI €S
of the CAGA box, derived fromthe humai®pl asni nogen activator inhibitor
(PAI-1), whiChy ewﬁseécme@%héeémg%rﬂ@nﬁwmt?&\sbﬁp Hﬁ%&?&ﬁd@% e PT OMDL €T
reporter construct. Plasmd E-lacZ contains a-gala 05| dase gene
under the cons4amagzed bm&ablgﬂs@ralom I ve human cyt onegal ovirus i mTEdI ate early
pronoter. This gene is added as a control to nornmalize for transfection
efficiencies. Cells were then treated with 100 ng/well GDF8 protein (R&D
Systenms Inc., Mnneapolis, M\) and incubdabkk fan 25 additional 16 hours in a
37C, 5% Q02, humi dified clGbBeneutralizdtionctitersfur GeatSerant PGASI dase were
gquantified in the treated cells using the Dual-Light Tuciferase Assay
(Tropi x, Applied Biosysgaempie fiRsie) Cty, %Ahhibitefibf SRS Activig run in
duplicate (2 wells). Th@oaﬂ.gm af @60jeach we was cgl curated as t he

| uci ferase signal divideggd, tb_ypéh g8t a- gl act osi dase ggnal tinmes 100. 30 The
sanmpl e signal was cal cubg% average of the wells. To test the

bi o-neutralization acti l)é ’9 nti body sanple v% i ous concentrations of
purified IgG fractions é QXed with the GCOF8%rotein (approxi mately
16 hours at 4C) prior t@°§tr‘e%‘§ﬁe(ﬁﬂ) of the cells. Th@ percent inhibition was
cal cul ated as 100 - (106GoX-sB@pl@6signal) / (signal ™M th GDF8 al one - signal
with WO 2005/ 066204 PCT/ US2004/ 043125 29 no GDF8 aaaea; The Tesults of the

in vitro transcri %I on activation as are summarized by Table 1, bel ow
r Qﬂ?i;

Table 1 G¥F8 neut raeiNByalzRtoN@sFaY ¢ @ﬁfh%mmﬂos&ﬁmhwasteaepa%
I nhi bit
I I R

thls activity assay.

EXAMPLE 4

10 Goat Polyclonal Antibody Defines
A Specific Neutralization Epitope of the GDF8 Proiein
In order to determine the specificity of the neutralizing immune response the

PGA igG fraction was assayed for its reactivity with a set of seven overlapping
.peptides (DJ1-7 see Table 2 and Figure 1) that span the entire coding region of the

15  active GDF8 protein. Reactivity of the Goat PGA 1gG to each individual peptide was
determined by Enzyme-Linked Immunosorbent Assay (ELISA) assay. The GDF8
peptide ELISA was performed essentially as described in Protein Detector™ ELISA
Kit HRP, ABTS System (Kirkegaard and Perry Laboratories, Inc., Gaithersburg, MD).
The following modifications were used in the assay. Synthetic peptides DJ1-7 (see

20 Table 2, below) were custom synthesized under our direction by ProSci, Inc. (Poway,
CA). Plates were coated with synthetic peptides at 500 ng per well and purified GDF8
prohormone at 250 ng per well. Primary antibodies were 1gG fractions from various
samples. Secondary antibodies were used at a dilution of 1:2000. For goat primary
antibody samples the secondary antibody was rabbit peroxidase-labeled antibody to

25 goat IgG. For rat primary antibody samples the secondary antibody was goat
peroxidase-labeled antibody to rat IgG. The OD 405 nm was read for 15 minutes with
an ELISA plate reader. The ELISA reactivity was calculated as OD 405 per minute
times 1000. '



5 The neutralization assay confirmed that the 1gG fraction of the harvested
goat serum contains anti bodi es capable of neutralizing at | east 95% of the
GDF8 used in this activity assay. EXAMPLE 4 10 Goat Pol ycl onal Anti body
Defines A Specific Neutralization Epitope of the GDF8 Protein In order to
determ ne tWO28(5®6é204 city of the neutralizing i Mmune resaoRSRJolR2s PGA | 9G
fraction was assayed for its reactivitdy with a set of seven overl apping
. peptides (DJ1-7 see Table 2 and Figure 1) that span the entire coding
region of the 15 active GDF8 protein. Reactivity of the Goat PGA igG to each
I ndi vi dual peptide was determ ned by Ealler®e- Li nked | nmunosor bent Assay
(ELI SA) assay. The GDF8 pept i GBFEIAcTte Reyjige Peptides essential ly as
described in Pr oN@mg Eeé@fqtr@tégﬂ Ehind acKi dSeqiBite ABTS System (Ki rTegaard and
Perry Laborat or :ﬁi@ I nc., Gaither sB E—Ei gﬁg | I owi ng nodi fications

s

were used in th ay""6 heti OF 2 4 bel ow)
were cust om syntPéd r ouiCrl WPF@?\F Dyl . SBRID M@y, CA).

Pl ates were coatlddp WI t297s i het i Wi VAN pSEQWI NQuéd puri fi ed
GDF8 prohor nondddt 2591283 ber WHAEFVELQIRYR TMH%& eSE@®HENQYE fractions
fromvarious sdbgf es.BBe&%daryVMQAW%R@'@Tm SEQIDRINQuB on of

1: 2000. For goatDy8 i ne342-3émnt i bodATKMSRENMISYRNGKERINONdaSE@IID Nidb@y was rabbit
per oxi dase- | abel®gy ant38708iF5 t 0 2ECHVEKIRAMVYVIRCGCAL pr SEG 1D NO:ifbody sanpl es
the secondary amtrelath@ytoWamag GIFS PeHomibritSenspk AecsaidhiNuathgr to rat 1gG The
OD 405 nm was r ¥Rl 00625015 minutes with an ELISA plate reader. The ELISA
reactivity was cal cul ated as OD 405 per mnute tinmes 1000. WO 2005/ 066204

PCT/ US2004/ 0431 Tabl.e 2 GDF8 Act i,on Peptides Nane

Coor di nat es* A %'F?S Eﬁ% r%%’&ﬁ@ﬁ%é“'ﬁﬂ@”é@b%gﬁ%@@g HSTESRCCRYPL SEQ I D NO
4 DJ2 282-301 CRYPLTVDFEAFGADW | AP SEfR{iP3NO. 5 DJ3 297-316

W | APKRYKANYCSGECEFV SEQ IQ_|§Q ,.egct,m BpEA3 MG HiF YPHTHLVHQAN SEQ I D
NO. 7 DJ5 327-346 VHQANPRGSAGRYY S 6 342-361

PTKVBPI NMLYFNGKEQ Y-S APREECS SEQ | D NO
10

OD 405 / minute X 1000
Antigen 1:20 1:40 1:80
DJ1* 23 10 1
DJ2* 3 0 0
DJ3* 0 10 0
DJ4* 3 0 0
DJ5* 121 37 27
DJe* 3 0 o
pJ7* 10 1 0
proGDF8** 194 186 199
* peptide, ** prohormone
5 The PGA IgG fraction reacted specifically with both the purified GDF8

prohormone and with the DJ5 peptide. Among the GDF8 active region peptides the
IgG fraction reacts specifically and exclusively with the DJ5 peptide. This is a strong
indication that the neutralizing capability of this serum is directed against an epitope
defined by the DJ5 peptide. In order to confirm this hypothesis the DJ5 specific
10 fraction of PGA IgG was purified. This was accomplished by affinity chromatography
as described in the materials and methods. The PGA antibodies were separated info
DJ5 peptide bound and unbound fractions. Both fractions were assayed for
neutralization activity against the GDF8 protein.
The results in Table 4 show that the majority of GDF8 neuiraiization capacity
15 resides with the antibody that binds specifically to the DJ5 peptide. This clearly
demonstrates that the DJ5 peptide defines a neutralizing epitope of the GDF8 protein.



* relati've to Human CGDF8 prohornone (Genebank Accessi on Nunmber NP_005250)
The ELISA results are summari zed by Table 3, below Table 3 ELISA
reactivity of PGA IgG (10 ng/mM) to GDF8 Active Region Peptides OD 405 /
mnute X 1000 Anti en 1:20 1:40 1:80 DJ1* 23 10 1 DJ2* 3 00 DJ3* 0 10 O
DJ4* 3 0 0 DJ5* 121 37 27 DJ6* 3 0 0 DJ7* 10 1 0O proCGDF8** 194 196 199

* peptide, ** wootswsotie 5 The PGA | gG fraction reacted speaidst@abdayswi t h
both the purified GDF8 prohormone and wsth the DJ5 peptide. Anpng the GDF8
active region peptides the 119G fraction regels specifically and exclusively

with the DI5 peptide. T 266h W alizing
capability of this set athF{E% ]qu:;c%‘tchéu aggll:rrstfa*bges Q@itficn Lt J the DJ5
peptide. In order to conmtrrartnrs yothemst‘“ﬁe— 11 fraction of

PGA 1 gG was purifi ed. Gﬁaisnm’ §568btipl i shed by affinity %chromat ography as
described in the materg 'uﬁbé’d?ﬂl S}%@? The PGA anti bodbgs were separ at ed

into DJ5 peptide boun and unbou ractions. Both fractions were assayed
for neutralization adJpbpendlg§dPPst the GDF8 protein. e results in Table
4 show that the majer b)ﬁoﬁﬁal SbEo W %a{epgt%'ceﬁrr&am Ubm ron-FriiRIrees g%ttéara

t he anti body tﬁg,tnn{& Q,Qﬁggeg)ca y to the DJ5 peptide. This clearl
denonstrates that the 5 peptide defines a neutralizing epitope of the GDF8

protein. WO 2005/066204 PCTI US2004/ 043125 31 Tab GDE8 neutralization
activity of DI5 spdeifquslyaiit @ Berimirary expeiraent, peyt @fxpn%ﬁ@ﬁﬁ pribogies,werernas

Activity — Gpat gpiafi@lHHen(té@Fhbbifs ere injected with the human DJ5 antigen conjugated to
keyhole limpet hemocyanin. As can be seen in Figure 2, the amino acid sequences

corresponding to DJ5 for rabbit and human GDF8 are identical, whereas the amino
acid sequence of goat DJ5 is different. Therefore, in view of the data provided above
for the goat, the preliminary rabbit data suggests that it may be advantageous to use a
10  DJ5 antigen that comprises a different amino acid sequence than that for the

corresponding region/portion of the host animal GDF8. Thus, in this case, the ability
of the recombinant human GDF8 prohormone to induce bio-neutralizing antibodies in

| a goat may be due, at least in part, to the fact that the antigen used comprised an

f amino acid sequence that differs from that of the host sequence by a single amino

15 acid substitution in the DJ5 region/portion of GDF8 [see, amino acid residue 333 in

Figure 2]. More particularly, as Figure 2 shows, the Argass in the human sequence is

replaced by a Lyszas residue in the goat sequence. This lone conservative amino acid
substitution may constitute an alteration that is significant enough to render the protein
“foreign” to the goat immunological surveiliance system.
20
EXAMPLE 5

= GDF8 Neutralizing Rat mAB 788 Defines
i A Specific Neutralization Epitope of the GDF8 Protein

25 Rat monoclonal antibody 788 is reported to neutralize mouse GDF8
bioactivity (R&D Systems inc., Cat. No. MAB788, Minneapolis, MN). In order to
confirm this result we assayed the monoclonal antibody for neutralization activity
against the GDF8 protein. The antibody was characterized as described by Example

; 2, above. The results of this assay are summarized by Table 5, as follows.

30



DJ5 unbound 1gG (250) 26 DJ5 bound 1gG (25) 90 ** The normal goat 1gG was a
negative control purified from non-inmuni zed goat sera (comercially
purchased). Curiously, in a prelimnary experinment, neutralizing GDF8

anti bodi es were not 5 obtained when two rabbits were injected with the
human DJ5 antigen conjugated to keyhole |inpet henbcyanin. As can be seen

i n Figure 2wotdes/gemano aci d sequences correspondi ng t opdadgsahRloqdsaPbi t and
human GDF8 are identical, whereas thesanmno acid sequence of goat DJ5 is
different. Therefore, in view of the d% A ovi ded above for the goat, the
prelimnary rabbit data sugges mhrg & q‘vant ageous to use a 10
DJ5 antigen that conprises a di mepoalanal

B0 Qﬂiln QT géquence than that for the
7 o — hi s case,
the ability of theSPRRRHGER human m&é@ﬁ%ﬁﬁ/ FETT

correspondi ng regi eplporti-on—-of

bi o-neutralizing anpadmdygs(ips) a goat may be due, af least in part, to the
fact that the antigemppisegk @@yprised an amino acidq{gequence that differs
fromthat of the hopfapsergspce by a single amino 15 acid substitution in the
DJ5 region/ portion MABGDFSS (fgge, amino acid residue 833 in Figure 2]. Mre
particularly, as Fi jiaBe-28ssoayws, the Arg3a3 in the hunan seqguence is
replaced by a Lys333 residue in the goat sequence. This |one conservative

enough Lo r enden ablseS BRTERSLNG Aoty 18 g=pnas b heatkitans actufy or the ™
survei | | anagDE &g, Zﬁo@éﬁh@a&eﬁnﬁ@lﬂﬁfe %&ﬁm’t&ﬂtﬁiﬂnaﬁalﬁlﬁ% imdsurieef i nes A

Specific Neutralization Epitope of the Protein 25 Rat nonocl onal
ant i body 78'83Pf§‘sleéb%f@té'ﬂoﬁQ?'%bWtﬁoﬂié"W%Ym'ts Frasivity with @ seReD Syst ens

I nc. Wﬁ? rnd\’béﬁl gﬂj‘fﬁ_{ sMDhabid éP\Hq@hré ? thﬁP&%ér{ fHetdhife resul t we

assayed the rmn ant'l neutra i zatirron activi gal nst the
GDF8 pr ot e|qmdlnnweg@ntqfrﬂmgrctwaﬁféﬁmmlerRaamiv&soﬂbscmmmnayammmte 2,

w0 2005/ 066200 i Belsbblife 438 kP eR A e RN R e Rt BlS: < 7o

nmonocl onal anti body 788

Table 6
ELISA reactivity of Rat MAB 788 (10 mg/ml)
tq"GDFS active region peptides

0D 405 / minute X 1000
Antigen 1:20 1:40 1:80
DJ1* 4. 0 0
bJ2* 0 0 0
DJ3* 0 0 0
DJ4* 0 -0 0
DJ5* 133 118 102
DJe* 0 0 0
DJ7* o 0 0
proGDF8** 132 127 132
* peptide, ** protein
10 The rat monoclonal antibody reacted specifically with both the purified GDF8

prohormone and with the DJ5 peptide. Typically a monocional antibody has mono
specificity to a single epitope. Among the GDF8 active region peptides this
monocional antibody reacts specifically and exclusively with the DJ5 peptide. This
result provides further independent evidence that the DJ5 peptide defines a
15 neutralizing epitope of the GDF8 protein.

Many modifications and variations of this invention can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art. The



Sample (ua 1gG % Inhibition of GDFB Activity MAB - 788 (12.5) 47 MAB - 788
(6.3) 17 MAB - 788 (3.1) 7 MAB - 788 (1.8) O MAB - 788 (0.1) O Table 5
confirns that this antibody is capable of neutralizing the activity of the
GDF8 protein. In order to determne the specificity of this neutralizing

i mune re Qg@gmgﬁgﬁ rat nonocl onal anti body was assayed for its reactivity
with a set 0 seven over | appi ng pep?é des (DJI-7 see CF4BUS2W4UGYSti gure 1)
that span the entire coding region of  the active GDF8 protein. Reactivity
of the nonepscisambodimboigdeasoribashiigreinaie ofieies bypsay otexanspie gstyeand thed by

765 (L0 malHpotenERe S il B0l eV3he Btis o et st ek Windhe ™ M
ﬁ\gg i %ig io ?ﬂ s%%ﬁ@o%ecgmval@%%‘;o Wgﬁg&ucmdlaﬁni)alfg @ti&lggﬂiwgegbéﬁ ref@idiice8 e 0 DJIS*

* . . .* ) O * % . *. e tl e1 * %
protein 10eeEn ?fmnﬁﬁf%@t'%azci%ﬂ %&aggaﬁﬂ 5 353{93@9@6@9%%5# wﬂﬂ; the
purifieqd GRifnet SR i@ aciyt poli®e /PRIdih @8quentidisCile! disclodiPedef Ona
anti body has rr]r%ﬁ{). specifici tgl to a_single epi tlopeguAm)ng the GDF8 active
regi on pepthigh gre incarpessiod by referanseiim By andeties. specifical ly and excl usivel y
with the DI5 peptide. This result provides further independent evidence
that the DJ5 peptide defines a 15 neutralizing epitope of the GDF8 protein.
Many nodifications and variations of this invention can be nade wi thout

departing fromits spirit and scope, as will be apparent to those skilled in
the art. The WO 2005/ 066204 PCT/ US2004/ 043125



33 specific enbodi nents described herein are offered by way of exanple only,
and the inventionis to belimted only by the terns of the appended
clains, together with the full scope of equivalents to which such clains
are entitled. Nunerous references are cited in the specification, including
Genebank accession nunbers of published and/or 5 intenet-published nucleic
acid and pol ypepti de/ protein sequenceg4 the disclosures of which are

i ncorporated by reference in their entireties. 34 Wat is clainmed is: 1. An
i sol at ed waptik dRinksl sting of 50 or fewer amino acid residues that
conprises amno acid residues 327 to 346 of SEQID NO 1. 2. The isolated

peptide o CI 4 f SEQID
NO 1. 3. leQ abi Eg‘a eﬁ t?&%%% él% a@éﬂ%&% %m 13 O%r%?slg]geé Jﬂéa&n%?l% ’gscelgd resi dues
320 to 3525’“? 4? REI 1"at ed peptlde of cla|m3that
conprises_am aci d esi du 12 to residque 361 of SEQ ID

i sol at ed e(gtl 1%?? &¢ BNt Iﬂa iy | et ORISR AT 28 195 %@.3&&&3%%&

conpri ses dcid resi dues 327 to 346 of SEQ ID NO 1 conprising an am no

aci d SUbStItUtIOI’] wherein there are no nore than five anmino acid

subst i t utd.ons Hretisedated pentide ofciien 2 theteatupsisesanin ecideesidies 3321%;358m wher ei n
the pepti¥EQIPNDLically binds to rat nonoclonal antibody 788. 6. The

i sol ated peptide of claimb5 conprising am no acid substitutions at a

posi tion 4.sel ertedsblitedpariide ofelamp3 dansingirlsagamino heidirebidis 32Bto r3ddue 331, 333
and 335, 31chf SO Natj.ons thereof, wherein, (a) amno acid residue 328 is
H's, Leu, or Asn; (b) amno acid residue 329 is G n or Lys; (c) amno acid

residue 331 ispfRpy deéoﬁals«ﬁgdf@omav&eﬁm%lﬁ% dhe i Golprideks: - and/ or
(e) am noy,agl Clﬁ?ésll 348 oP 18%0 locromplﬂ mgzm dc?cp B (g}pptl de of

| 6
claim6 conpri %gg prg?(':lgl(r%sagr i 5edg?l%1§:a the

reSIdges %%157? "ftso%? 19 tesidliip, 420; a8 | h | at ed
eptide s r.at co 8. The isolate
Begt ide of claY ]?ﬁr‘?mgf? Py ?@8%113&01%%&8? B’P épf{'%‘]fg'afgﬁ epitope for an
anti - GDF8 anti body. . . . . . o .
6. The isolated peptide of claim 5 comprising amino acid substitutions at a position
selected from the group consisting of residues 328, 329, 331, 333 and 335, and
combinations thereof, wherein,
(a) amino acid residue 328 is His, Leu, or Asn;
(b) amino acid residue 329 is Gln or Lys;
{c) amino acid residue 331 is Asn or Ser;
(d) amino acid residue 333 is Arg or Lys; and/or
(e) amino acid residue 335 is Ser, Pro, or Thr.

7. The isolated peptide of claim 6 comprising no more than one amino acid
substitution between residues 327 to residue 346 of the precursor GDF8, provided that
the peptide specifically binds to rat monoclonal antibody 788,

8. The isolated peptide of claim 1 that comprises a specific neutralization epitope for
an anti-GDFS8 antibody.

9. The isolated peptide of claim &, wherein the antibody is selected from the group
consisting of rat anti-GDF8 monoclonal antibody 788 and an IgG fraction of goat anti-
GDFS8 polyclonal antiserum.

10. A fusion protein comprising the peptide of claim 1 or an antigenic subfragment of
the peptide.

11. A nucleic acid molecule that encodes the fusion protein of claim 10.

12. A nucleic acid molecule that encodes the peptide of claim 6.



9. The isolated peptide of claim8, wherein the antibody is selected from
the group consisting of rat anti-CGDF8 nonocl onal anti body 788 and an 1gG
fraction of goat anti- GDF8 pol yclonal antiserum 10. A fusion protein
conprising the peptide of claim1l or an antigenic subfragnment of the
peptide. It. A nucleic acid nolecule that encodes the fusion protein of
claim10. 12. A nucleic acid nol ecul g5t hat encodes the peptide of claim®.

35 13. Arpucl gifacRR Ridmbes fat hat ena%s&m@gep%%rgmi. claiml. 14. The
nucleic acid nolecule of claim13 that conprises "a nuclelic acid sequence of

D5 oL ALy S LA (o RS 07

conpri sing ere cloning vector of™claim15. 17. The host cell of
claim16 that is transforned by the clonjng yectqr. 18 The host cell of
claim 16 ﬁﬁ’at §epah°g€[ﬁ§ H’tgivé’c%ﬁ?qmprfgl.g tl@\e Mﬂ%ﬂpéfn"&"w&’cﬁcﬁ&“égw% pepti de
conpri si ng the steps of culturing the host «cell of claim18, expressing the
encoded pédti a8 hoshfell cempyidng K repisable slonias vegtor ofxlaimcldi ne conpositi on
conpri si ng t he Eﬂepti de of claim1l. 21. A vaccine conposition conprising the
fusi on pr of-ei nTlad hast edlinfThimAB tharsctranaforiedby tepbaing veatoof ¢l ai m 20 furt her
conprising an adjuvant. 23. The use of a vaccine conposition of claim20 in

t he manuf &gt ur €holiosacaliadfictzmE6tthat ioa @lkhsjiotic a¢ll.ant i - GDF8 i nmune response in
an animal, conprising admnistration of the nedicanent to the animal. 24. A

screeni ng1get hadndiidd SPr@Ricingd @PFRPétdERhdpdiid e dkpobt @RLEROEY nhiragnent
from amongeipofdimalsl _E)iﬂfr&fsing fid DesdeRDe hde‘?ﬁﬁd &&f&érﬂlé ﬁﬂﬁgﬁﬁ&. conpri sing

contacting the pepfide of claim1 W a sanple conp ng one or a

plurality,@f aptj ' L ARt ggﬁﬂt nd detecting anti body or
ant i body ?Qagngmap(?ﬁéaﬁnspg)ﬁg?{}%@?@%%ﬁnlég ot gaﬁ%gbti de. 25. An antibody or
ant i body agnent f.or use in down.regul ating GDF8 tivity in an aninal
wher e A an B @I?Pfs)é{t%g%@lfma%%Saow:q{stegboﬁ?ﬁfafa@tl_& claim1. 26 The
vaccine c osition of clair or use in down-regulatin activi in
an ani mal 257, Theacqe ewﬁﬁosgtlm%ﬂaem@ﬁ Tigthes FOMPRSNE FAHBEL | ’
down-regul ating GDF8 activity in_an animal. 27. A replicable cloning vector
conpri si ng3t heThgietearf & vawing eompesitiprpfi@aim 20 in the manufacture of a medicament

to elicit an anti-GDF8 immune response in an animal, comprising administration of the

medicament to the animal.

24. A screening method for selecting an anti-GDF8 antibody or antibody fragment
from among a plurality of antibodies or antibody fragments, comprising contacting the
peptide of claim 1 with a sample comprising one or a plurality of antibodies or antibody
fragments, and detecting antibody or antibody fragment that selectively binds to the
peptide.

25.  Anantibody or antibody fragment for use in down regulating GDF8 activity in an
animal wherein the antibody binds specifically to the peptide of claim 1.

26.  The vaccine composition of claim 20 for use in down-regulating GDF8 activity in
an animal.

27.  The vaccine composition of claim 21 for use in down-regulating GDF8 activity in
an animal.

27.  Areplicable cloning vector comprising the nucleic acid of claim 13.
28. A method of producing a GDF8 fusion protein comprising the steps of culturing

the host cell of claim 28, expressing the encoded fusion protein and recovering the fusion
protein.



28. A nethod of producing a GDF8 fusion protein conprising the steps of
culturing the host cell of claim28, expressing the encoded fusion protein
and recovering the fusion protein. 36 30. A nucleic acid nol ecul e that
encodes a fusion protein said nucleic acid nolecule conprising (i) a

nucl eotide sequence that encodes a peptide consisting of 50 or fewer amno
acid residues that conprises am no acid residues 327 to 346 of SEQID NO1
and (ii) a heterol ogous nucl eotide sedfence. 31. A nucleic acid nol ecul e

t hat encodés aApapleicdeidonelesde thay of 5Soenspddsavfesiompiotein, saidimicke@sictues t hat
conpr i sesmalecwe campsing§) avede@d? sequedthafenSEG & PepitiOe tomsistipgio§bigr one or
mor e am nfewac amireuloRl netidids dles ompreses amirfoheidaresides 387 00346 ¢fiFHQ I ve am no

aci d subsNOt Likndo{iy a hetewsdsgouanuolatide sehueticesi dues 327 to residue 346; and
wherein the peptide specifically binds to rat nonocl onal antibody 788. 32. A
nucl ei ¢ agji.d nBIngskicRcidiaéleQNs AEdEsShcadd iR RASIMRIIMY R Tewr? aflind €Wer ani no

acid_resi %i@&skﬁl@éthﬁ%ﬂfﬁrﬁ@ssanﬂﬁ?) Q&d?&iﬂeé?ﬁt@%ﬁé oBSEQUD NJ4 cgfn pRgR: | O NO 1.
33. The n (ﬁ.lnqm@% ascl @il m 32 that conprises a nucl Fercoaci d

?\gggegglel 0 dug r@‘ﬁ Sgﬁlje% érgﬂ{eéﬁﬁigggh?&g ceﬁ%St%gégg{v%E%nﬁ gdlfodl-gleng a
ewsﬁ%s Pbingt o nielogd BroMs Ry 5. further

CGDF8 peptf e co
and expr essi ng"” 8“1

conpri si ng the step of recovering the GDF8 peptide. 37. The nucleic acid of
cl ai m 32, 3%her &inycieigacisdapelped %&WPQF@§ p&nﬁlmoaﬁlﬁtalgr@sﬁpdm&verwm 0 346 of
SEQ I D NOrcigl resgiges ﬂlh@ompélﬁ%ﬁi amipe peid eisidursd N 19 B4QREPEQADNE: 1pept i de conpri ses
am no acid residues 320 to 350 of SEQID NO 1. 39. The nucleic acid of

cl ai m 38 dher eThe nhrieipapd mdiecolowprlrsr 32 thai coonpmiseda meddic aad se@ideetof r esi due
361 of SEfudiéatie]]12 todficledind NGt lESEQADINIDOE. cl ai m 32 wherein the peptide
conprises a specific neutralization epitope for an anti-CGDF8 anti body. 41.
The nucl epg, acTEk st 1P AIAM, S0 iLd sukhRetiasdll, body is sel ected fromthe
group consi stl ng of rat anti-GDF8 nonoclonal antibody 788 and an 119G
fraction of L%m%%l(}'ﬁi?@ fide B e 4ps IGtHiES Bk hogdci d Of
claim ST i s IR 38 pEARD 801 O

36.  The method of claim 335, further comprising the step of recovering the GDF8
peptide.

37.  The nucleic acid of claim 32, wherein the peptide comprises amino acid residues
321 to 346 of SEQ ID NO:1.

38.  The nucleic acid of claim 37 wherein the peptide comprises amino acid residues
320 to 350 of SEQ ID NO:1.

39.  The nucleic acid of claim 38 wherein the peptide comprises amino acid residues
312 to residue 361 of SEQ ID NO:1.

40.  The mucleic acid of claim 32 wherein the peptide comprises a specific
neutralization epitope for an anti-GDF8 antibody.

41.  The nucleic acid of claim 40, wherein the antibody is selected from the group
consisting of rat anti-GDF8 monoclonal antibody 788 and an IgG fraction of goat anti-
GDF8 polyclonal antiserum.

42.  The nucleic acid of claim 31 wherein the peptide comprises amino acid
substitutions at a position selected from the group consisting of residues 328, 329, 331,
333 and 335, and combinations thereof, wherein,

(a) amino acid residue 328 is His, Leu, or Asn;

(b) amino acid residue 329 is Gln or Lys;

(c) amino acid residue 331 is Asn or Ser;



substitutions at a position selected fromthe group consisting of residues
328, 329, 331, 333 and 335, and conbi nations thereof, wherein, (a) am no
acid residue 328 is H's, Leu, or Asn; (b) amino acid residue 329 is G n or
Lys; (c) amno acid residue 331 is Asn or Set; 37 (d) am no acid residue
333 is Arg or Lys; and/or (e) amino acid residue 335 is Ser, Pro, or Thr.
43. The nucleic acid of claim42 wherei 87t he peptide conprises no nore than
one am no acid (duimainbtavidiredidiecd3deeArg esi@lgs; awdbort o resi due 346 of the
precursor GDF8. (4¥amifiotidlresiduedct as $a) Bebrerirhat. encodes a fusion protein,
said nucleic acid nolecule conprising (i) a nucleotide sequence that
encodes a pept i deneGRBRISIdIEE Pim29 vﬂ{erélﬁwp AdE RhpRsscho Bstediisonknat
conpri ses aifilg a&Risfhstifitio BESvedR \Aﬁesfd‘ﬂes?‘ﬁ@l t9tes 93%)0}\93 recﬁﬁ P%\ggg one or

nore am no acid substltutlons erein there are no no am no
acid substijutio esi.dues 3 i.due .34 nd (il

a heterol OMJOUS ‘{’:E}B}fi 67%‘ eth% enc%{?ap Sﬁontlﬁg Tﬁl ﬁ%;%g%lflfl?oi%ﬁufey bi nds
to rat non (Q tu uenﬁ%fhatAen&g etsé‘peP, d¥Li ¢ aci d
mol ecul e ofal’&lFlﬁlaniﬂF ucy gra W%@F%ﬁ‘nﬂ% |r‘§ﬁ‘ rﬁﬁ’é SEQAR NOHbI ecul e of
cl ai m 40. SOPIPISINZARE OF m@E?n?iﬂF@ et swﬁamm@ﬂ, &@r%ih@em pepee then Gyai m 32.
48. A vect oimige apifissbstigntionebetwesnedraing a¢id resislues 32 Tetogesidieaidn 8l (i) 49. A vect or
conpri si ng heterologeusaivcleatidessequdnee;wierait thelpepitdedPecifislly bindsdsratcel |

conpri si ng mheoclmet artibody ¢8%&i m 47. 51. A host cell conprising the vector of
claim49. 52. The host cell of claim51 that is a eukaryotic cell. 53. A
net hod of panduch Rectar dorfirieigicohiRiel: £ATMOIcH1BGf ElRign Jeps of culturing the
host cell of claim51, and expressing the encoded fusion protein. 54. The

met hod of - cA@i M B3ecthMiohipelsing WPRIRISid MSleehiE B Ohirk 8EOVer i ng the fusion

pr ot ei n.

47, A vector comprising the nucleic acid molecule of claim 32.
48. A vector comprising the nucleic acid molecule of claim 31.
49. A vector comprising the nucleic acid molecule of claim 30.
50. A host cell comprising the vector of claim 47.

51. A host cell comprising the vector of claim 49,

52.  The host cell of claim 51 that is a eukaryotic cell.

53. A method of producing a fusion protein comprising the steps of culturing the host
cell of claim 51, and expressing the encoded fusion protein.

54,  The method of claim 53, further comprising the step of recovering the fusion
protein.



