WO 2006/ 048777 PCT/1B2005/ 003662 1 MODI FI ED GRONMH
HORMONES RELATED APPLI CATI ONS Benefit of priority is

wol2aoeagi7to U. S. Provi si onal Application Seri alPCRa#B2005/003662

10

15

20

25

30

60/ 625, 652, filed Novenber 04, 2004, to Thierry CGuyon,
Glles Borrelly, Lila 5 Drittanti, and Manuel Vega,
entitled "MOD FI ED GROMH HORMONES; " and to U. S.
Provi sional Application Serial No. 60/706,697, filed

August 08, 2005, j e rrelly,
Lila Drittanti, a%/fdb%ﬁfe[? &\%@P@H&!‘Mﬁﬁ | FI ED
GFKEENHED?MBHE[E[CAW@NS permitted, the subject matter
of eac% h ]?e ap Ilcatl ons_is |ncorporat ed b

refere riority i laimpd ta o Sfirgvigionpl Aprlicaion Serial No.

t
;ﬁoﬁjﬁ%ggg{ﬂeégbﬁ?\%ﬁfﬂef o200 Sty Ofbon! Bifahetidy it

hﬂ)mtt@i&M@@%@aﬁ@hﬂ&d dMCﬁ)IP}I)EDlGR@&dI’H HORMONES;” and to

oS PRl ARl o Sei e o Bl 20 R R v, RPGSHERThicrry

STABbh) Gilles Bda FRIGEL
I\/QECU,ILEISes toegglgﬁgﬁmiﬁ%rhl erry‘l)%'\%%rq N@?ﬁue

VERO WA HQRMONES. anWhere’phrrmttaqb,ghqz suttjéod mastesof éash of these
No. 10/ 658, 355,

Ser i al
f?k@ﬁgg% lesn%%rrp(g%g%%gfte%eﬁge ]tng Iﬁ%f Eeﬂlratl onal PCT
Appl | cmmpp‘vfwaﬂaé/raaa&aﬁu e sﬁt)pllclaﬁéh SEmIININR /658,834, filed
NG TWO- DI MENSI ONA|

DLRECT EIN EVOLUTION U
Rk pr M@@&u@s}@éﬂmpﬂq@aﬁm@\lmﬁzwo1?e2r977-A1 and to
a

(P8I Ao weT IR0 6277 S b R TIgNAL

e EYVIOIII TION Qm@y@mﬁm&la(t)lzglgﬂ?z Ols_imlzxﬁ%ré%%* g\lﬁ%b C?ZS’]}:OKBNES
i 1Tl e
?\@@? EE %ﬂ?ﬁﬂéwﬁ P tpRend GantiehAthierry
d(}fu§&{ N&AR VEpAREH ]iﬂaeﬁrlﬁﬁrg m‘llug ]%M&%t BL gltsc()e Itsgr% aﬁ [ftg U.S.

provi ded. Nucl @i c acid no
pmh@amn Seréal Pro DIGE8,355, e Sepembetss, 2003, fa8atBMmAThal PCT

0SS row h horrmre rot ei ns.

EARRRRBORS O o Lfidad %xggwm REOITEIN

CEVOLEATON BSTNGA WREDIMRSSIOR AT PRATIGRE! AGENESIS
sgience. Once in the bl oodstream these pro el ns-ar

cORONNING. Y teBenrd Gantieat Berfy Gnyath€roz, Rambaﬂiuga, Mtk Mega and
LI NI T I -
pmtdsmamedﬂgr refdede@n fts Ghtir@iynat i on, such as .
ﬁ{é)Ln]\)grdJFl‘? EfI\II'Il‘It(;l\?t ion in'the Ki dneys or proteolysis
Modified growth hormone (GH) proteins having properties that differ from
unmodified and wild type proteins are provided. Nucleic acid molecules encoding
these proteins are provided as are methods of treatment and diagnosis using the
modified growth hormore proteins.
BACKGROUND
The delivery of therapeutic proteins for clinical use is a challenge to
pharmaceutical science. Once in the bloodstream, these proteins are continually
eliminated from the circulation within a short time by different physiological

processes, involving metabolism as well as clearance using normal pathways for

protein elimination, such as (glomerular) filtration in the kidneys or proteolysis in
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adm ni stration and i ntravenous or intranuscul ar

i njection. The problens associated with these routes

of admnistration of proteins are well known and

various strategi es have been used in attenpts to solve

t QB d. STHS 18R &S blteh @H@lin‘jﬁtiﬁ% ?Foc@&%ff%@ﬁﬁ%fﬂé%afﬂﬁ‘é f Bloteins used
much clinical work and effort to 1nprove its

adasithérapaudic iagentaindpdiovaladsiimbtraion@nd israveeousydr dktraveuscular

fam | ipcl udi human, gr h hornone.(h . A )
nFSFR o P PR i oS CE s WP ot SO Stfiomef peyins are
Cuséll Bbwrl shdlefous SASSES Ve PBLBHsclYRY hit&RptERP&Ive them.

i solated this hornmone ~from human and nonkey tissue
and i nj&prateindamila that bag bagnithe foowsef idicicdinidwhwork aml effort to

1 e .of. heH. as .approved bi gphar maceuti.cal .

aa R 3 o biS B R R onths QRIS B ncping,
1 Hubhain@rd@BhormGht EGHY bA aliad gfdvalhewhbRchas @bcdvein 1912
hypaophysi s. Because heat destroys GH, these extracts

c A VeeCHEuRS dinal {96, endepriralegist Navride Raben issdated this hormone

bi ' ] S, +.hotent j all he .
ARG oFORLARLTABKS UL, PR GTLLAbYs. blEe s me
19BSysetdfeGEDAs a1 apprbvedadoptaandduticet weht mlrgalqmégaﬁgt During
Th econd [ilhas? i n the pharnmaceutical use of h

bé@% st fpash Lioms [ 2l SeshG i svssbigined frommexteasted fogyan

! ! ! :
C AIPAPILEAN Boblsd bRy OHL, Dbl Afiagt SRR Rl
basaglaely prefiedfiomastherbilogaesontantinass, Blich 40 ppletilESthe
aGRaRra e 1 e e RiicRhuberFain ABee DA ikted th
GisdasetreRd Mo . OYRIsdcBhd bidRe b ﬁ@%s acBhticAl Y&f dﬁ?ﬂ Bégan

di seases, disorders and conditio such as chrl
g™athe the Rdremb afredembinanthiB A tachwologyr comtchmithntr withn éhe arrival of the

deficiency, . Turner ndr one hronic. r I .
Rl A VOB P rhelioan EAh SRy 1B ahchoniasies based on
b @y inbsyant DNPE madd #SposEbRWS BrddaEdRBEmbRAANBEEH: DBFo from either
cytokines, _are inportant therapeutic agents.

Naramasliap- s becterialrglleaktprgrin industriehathewds.undesi r abl e 25

i d | - not bl .of

St ot i ar s B Pkl ot RO SRR Foh PR i Rses,

Helivorlers digr@niioas,raeidad ohild@ooviehHhaRe Jefigiens), ta%i'ﬂ't b@kvth
e

i %s use d?;% a biotherapeutic. Therefore, anong _
oBPERIS deBFnsy, Tumer Syadrogis; elwpnicgenl snsutficienay, cachexia related

val ' e ti rties. .
LA o B LS gL AR o,
herenmpestaftGrishpdvtiatagenthi Naturdllyesceasiag vafituits ©ftbn have undesirable
stabi ity co areﬁlto an unnodi fi ed_grow h hornmone.

THEC GLECtH 25 SRl ioriy 50380816 Amalempof Ad st honduep ailability

and short half-life. Hence, there is a need to improve properties of GH for its use as a

biotherapeutic. Therefore, among the objects herein, it is an object to provide GH
‘variants that have improved therapeutic properties.
SUMMARY

Provided herein are modified growth hormones (GHs) that exhibit increased

protein stability compared to an unmodified growth hormone. The use of growth
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bl ood stream and under storage conditions. The
nodi fied Gids provided herein are nutant variants of
CGH that display inproved stabi{ity, thereby possessing
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Provided herein are modified growth hormone polypeptides containing one or
more single amino acid residue replacements, which occur at at one or more of any of
of positions 1 to 12, 14 to 26, 29 to 53, 57, 58, 60 to 63, 67 to 78, 80 to 84, 86, 87, 89,
91, 93,95 to 100, 102 to 113, 115 to 128, 131, 132, 135 to 139, 141, 142, 144, 148 to

160, 162 to 182, 185 and 187 to 191 relative to mature human growth hormone
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growt h hornone exhibits increased protein stability
conpared to the unnodified growth hornone, which
contains a sequence of amno acids set forth in SEQID
NOl 5 or 712. Provided herein is a nodified growth
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The modified growth hormones provided herein include amino acid
replacement(s) at one or more of the following positions: 1, 2, 5, 6, 8, 9, 10, 11, 14,
15, 16, 19, 20, 23, 25, 26, 28, 30, 31, 32, 33, 35, 37, 38, 39, 41, 42, 44, 45, 48, 52, 54,
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154, 156, 157, 158, 160, 162, 163, 164, 166, 167,
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of the mature human growt h hornone pol ypeptide. In
one enbodi nent, the positions 5 include Fl, P2, P5,
L6, R8, L9, FlO D11, M4, L1j, R16, R19, L20 L23,
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L113V, L1141, L114V, K115N, K115Q, D116N, D116Q, L1171, L117V, E118Q,

E118H, E118N, E119Q, E119H, E119N, L1241, L124V, M125I, M125V, R127H,
R127Q, L1281, L128V, F1391, F139V, D153N, D153Q, D154N, D154Q, L156I,
L156V, L1571, L157V, K158N, K158Q, Y160H, Y160I, L162I, L162V, L163I,
L163V, Y164H, Y1641, F166I, F166V, R167H, R167Q, K168N, K168Q, D169N,




i nclude am no acid replacenent(s) at one or nore of
the followi ng positions: 1, 2, 5, 59, 11, 14, 16,
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119, 124, 125, 153, 156, 157, 158, 162, 166, 167, 168,
169, 171, 172, 174, 177, 178 and 191 of a mature
human grovvth hor none poI ypeptigde contai ning a sequence
of amno acid residues set forth in SEQID NO 1. In
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éfﬁH’%E%iﬁWE%NgﬂéW fLé’@L T8, FATER] P PR 19,1124V,

guence anmino atrd re
NOI1R5I, IV 1 251, 21830 ite6l, L 167le KA68Nf L o, IF]rﬁﬂI,LRih67|£B R169Q,

s Ratd S R S S e A A i b,
h Erl zﬁgﬁl ’E)é@ }%Hﬁl El §{1oqg 'a'fﬁﬁfcula? ORbbiiRRAt, ¥ ﬁ‘os{tﬁﬁ’ll RCReplaced by I

and/or T. For exanple, such
r epVatherr@nsmon e Imreplak:&be A 1a a matmpllmmn@novv’@n‘hd_mbye E

o pokieiiie oy B he brmedy anrstseidrel Brdih SRERNG oo
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Al13E, Al13D K, A13’R A13N, Al13S, &3-]- L15E,

L ireDydelabfing a@d%@la@m(smoa@oﬁmowme following positions: 6, 9, 13,

drd T At SR, 110 R o 7 gl il e
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A%\%?Al@%,o&;ﬁ 0, ﬁl‘??,-il 1¥,1L iLIO},EIIZ\G 11:%21 antEPI8 of a mature human

growth hormone. In one embodiment, positions are replaced with E, D, K, R, N,Q,S

O

and/or T. For example, such replacements include L6E (i.e., replacement of L by E at
a position corresponding to amino acid position 6 of mature growth hormone), L6D,
L6K, L6R, L6N, L6Q, L6S, L6T, L9E, LID, LIK, LIR, LN, L9Q, L9S, L9T, A13E,
A13D, A13K, A13R, A13N, A13Q, A138S, A13T, L15E, L15D, L15K, L15R, L15N,
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14S, L1147, L117E, L1170, L1 17K, L117R, L1 17N,
L117Q L117S, L1 17T, 1121E, 11211), 1121K 1121R
121N, 1121Q 11218, 1121T, LIR4E, L124D, L124K,
L124R, L124N, L124Q L124S, L124T, L128E, L128D,

, BTN R
e A A A AT A s
deseDi b@m%abmriﬁ L20KUE 2@y T30Sy LagT Ores Ry i 26D ?2311(;119@3@1 L23N,
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angpsh M@sﬁfA?oﬁ?tAufo‘Bth@@Q 81698, 18TTOREOE, V110D, V110K,

contarning & sequénce of anino acid residues s set
f Y11tbRI VIBEQ‘VDOQS WO0S1V1iiEdd 1BE, bbisin,ilda3K3L1 3R, L113N,

e L SE hE B L TR TR R R dgs,

i i | t
| %épﬁg,eﬂ@g@ Ingl’f]?AlLll"’?K‘i)E@17I€"f9H@NTm'l7(% DPI?FSOEMTD%zlE

V1D, (121X, IILZJJRL11111\1,112_112]1121_&22!2159@124@8412!4@ éﬁé4K L124R,

SIS L0 R9548! 0321 Soaf SLAREE AN, anlly oo bz,

|@qbgggn@glg@5 L6D, L6K, L6R L6N, L6Q L6S, L6T,
OE, L9D, LOK, LO9R LON, L9Q L9S,  L9T, AI3E, A13D,

A13i< Rir@mediiczsin ape1@m mediges] emyaly hormaes as deyoribediaheve,

Ao ek g3 orLelSn?@f e Gtk B by 15

L26Q0, 1220@ 1080110, L2BHE 14/ P3D121,43K and /o2 BES oMﬁxhturm@@n
L1235, 'L23T, A24E, A24D, A24K, A24R, ARAN, A24% q
2 growhhormonsEontaining #)seqypos Rt a%{l@@?é TRSIBENN S S @é% m SEQ ID

3y oyl 0 e i,
13Bsitibd 1181 replhced3 e rbfladiBBamiro dcddis riol mefionihd, Itm:ne

Cemvoineni ¢ b ok 105 {2 it aos

I 12 EKr 1ol 1 219kN,
BT

Llaplﬁi;edhihﬂﬂ}f DIK2BEN, Q128 811‘0;1/01_’[2 8 ex_anm such_1132®g:ments include

A 5505 BoCBRAOS, QU GORePdErT S d 5 9 LN L9Q. 155

deJTf ',Aﬁ@EQA@E‘DhAﬁ‘ﬂ(”RDﬁ% Aene rAtr@l Aﬂ@@vgmmrﬁ flLlBtD?LlSK
mbér of positions replaced i

0 Llﬁa, 115Q, LEIN, 1131,581B,15115A17E1@17D7Ali§? Ai@R 6,17150A1’7Q AL7S,

Cco r
CoEEA S A P L A RS A R D, 123K
hqrgirN 1 28Kl peis) am3sor.asT, dAZAﬁI}lpaM@]@IMKs)AZAR AzoNeAMQ A24S,
mor e of thefollovvln osi tions; 66,
82412 A19AE, A0Q5D, 18 IﬁgﬁdOSR A105N A105Q A1dss A105T 'V110E,
V110D, V110K, V110R, V110N, V110Q, V1108, V110T, L113E, L113D, L113K,
L113R, L113N, L113Q, L1138, L113T, L114E, L114D, L114K, L114R, L114N,
1.114Q, L1148, L114T, L117E, L117D, L117K, L117R, L117N, L117Q, L1178,
L117T, 1121E, 1121D, 1121K, 1121R, T121N, 1121Q, 11218, I121T, L124E, L124D,
L.124K, L124R, L124N, 1L124Q, 11248, L124T, L128E, L128D, L128K, L128R,

L128Q, L128N, L128S and L128T.




133, 134, 140, 143, 145, 146, 147, 183, and 186 of a
mat ure human growt h hornone containing a sequence of

wameew4gor ds set forth in SEQID NO 1. In one PCT/IB2005/003662
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enbodi ment, the positions include E56, P59, R64, E65,
E66, E88, F92, R94, L101, E129, D130, P133, R134,
K140, Y143, K145, F146, D147, R183 and E186. In one
enbodi ment, 10 positions are replaced as foll ows:

repl acgn i th f ' i

L0, SRRk Wl A Honf R0A0 Bt Bov

| whEreM the @nh@@f @Epdénmhs Ebplahieﬂ s 2(2394 N6, aAntl 9, &) Hc i12g13y14, 15,
wth Hor |. For exa suc;P nments i ncl ude

E5637, t%,elﬁ,, OFR¢ ppmpay @é{s@nwﬁng%@m% EONEEERpdiment,

R o8t ?ﬂ\;mﬁeg?f A Ger PR B eyl ERRor () a

D306, mEkATNhe LB RisERAs: T8l 38164, RIIH88KAY0G 101, 129, 130,

TN TS A P, 30 S e e honone
q g&ggﬁlbglggf‘s%gﬁéme draRiMto acdidiSeMethiih SEQUIPNAIL hpy Wb%%odlment

ove are human growth hornones (h

piretgositioas ineittediSte RS9, R H65,d16dEBS Ii%pRAE ekt 51&9 @130

BOLsaR, RYTE Bl bS8, BT 35 TR 19, B Rt

g 5@%&6}1&1&& FNREd 48 B lowRERpRERYE Witk any NN Hyrephding P

hornones. Provided herein are nodified growh hornones
hamhrﬁgOH AmgphsingfR with H 00Q, replagizg Lig4 withd or M eeplacyyg K or D

204 TN, fig repaiie ¥ Sen 15871 oy bugile, 8 Repfihinegfipficiude
2;153632E96N23516}DFPS@82P59A rK64a1;|Rc$aQ EBS@DEGSTérE65H E66Q, E66N,
enbodl nent rovi ded herein are di fied

6RRBE QLA TS EREL ToPV SBeA 0. 3asTVe Ba0n Bros,
1%2%141 9%??)13%%8 Dl%gﬂf £{335981 }A O A ‘H @égmnmfﬂﬁ% K 140N,

am no>’ aci aéemsnts are

gnavBH, TTQ#WK&%Q@HUJ%NEBM F1d6VhDil 47@H 47N, MO83H, RI1A3Q,
anot her_enbodi pent, am no acid 30 replacenents are

néd&o Q_ ¥W6¢%@l§6§%r growt h hor none sequence set
forth iflonteabinh, telfodift@UoIRE nBIR il dalcAibEReibdvi d

gr owmt h or nones e one or nore WO 2006/ 048777
Pﬁﬂifnhﬁgﬁﬁﬁhmﬁﬁﬁﬁﬁbs (BGHi) hroa partichlarequhlznsiémrent; sminogacid

ral am no aqgi ds,, non- ntural o aci ds,or
C G B Oai Pt BV CH R Hapap BPess PpEaglocenta

g%ﬁ%@rrﬁ@ﬁee ' thélﬁ@tnf@l’;d itfid R6diFRed BfRvth hoBRomHs @ekdiibed above are

rnmone pol ypeptid and nodi fi ed precursor human
gmomhhniamgm@hmﬂnywptl des. 5 In certain enbodinents,

EEZI gD Irgxlflged % rrc%\ﬁware mo{ilq:%ﬁ grov?th%ornnqgr?e% h%%n%qgrpg"tﬁs St 191, 192,

193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209,
210,211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221 or 222 amino acids. In
another embodiment, provided herein are modified growth hormones having lengths
of 180, 181, 182, 183, 184, 185, 186, 187, 188, 189 or 190 amino acids.

In one embodiment, amino acid replacements are made in the growth hormone
sequence set forth in SEQ ID NO:1. In another embodiment, amino acid
replacements are made in the precursor growth hormone sequence set forth in SEQ ID

NO: 712. Provided herein are modified growth hormones where the one or more



Provi ded herein are nodified growh hornones where the
grow h hornone is pegyl ated, al bum nated,

wghywoggi7at ed, or treated with another chem caPCT/1B2005/003662
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process. Provided herein are nodified growth hornones
further having one or nore 10 pseudo-wi |l d type
mutations. In a particular e di nent, the

pseudo-wi | d-type nutations cdan be an insertion,

a
del eti on, a, repl acenen r _a _conhination t.her.eof .of

¢ iR ap RS e ing Aot et e ora
hesABRGto1l & 1RGaP&ieoh nabiiel amidbktigsl growt h hor mones
exhibit increased stability that is manifested as an

i ncr eaBrayideddiesain areanedifipd sratse aman growth dppmens polypeptides
enbodi t.S, 15 i | .prot eol ysi s

ot TR Buscdiior B AR RO RAPIREY | el or 1

Vi tro nwhesgtaaxgasatimentspiho nerisfsl growtoiemend &t naket polypeptide
i ncreased resistance to proteolysis is exhibited by

t BRalRdi f | ed growth hornmone when it is admnistered

oral |y pplvided iRE&S Fifétmbﬁlﬁte@gro@hgﬁﬁfdl s WA the BB EDERone is
can be, tor exanple, one of nore of gelatinase A -

getgtlated atbudinated,ndycvsyatedpar treatedrwitivhthedhemiocay poicess.
(Lys bl.ocked), 20 clost..ipain, . endoprot.einase Asp-N,

Cymot PSR Heeg B ABBRIBES Ricpih FOTauRss CHHS BaYIAE Bie or more
méme%fd b muf¥tiOnk | B 4 ?anih!ﬂ&? ORbo PRSI the pRBRIOOW i1l e

opepti dase, dipeptidyl peptidase, enferopept|Qase
anhtdtions ohrabean inserting, a deitioa, arsplacemint orodionitdnation thereof of

pal ypeptide is. at .| east 5%..10% 15% 20% 25% 30%
3%b?qyﬁ%‘g%a"@é%ld‘%%"?é%d)élméﬂ‘%leg@%%’%%%m‘}%% 80% 85%
90%  93YendfHect2ihe MG AP OWAPREVne OQIbiNRIcRased stability that is

resistant to proteolysis. In one enbodi nent where the
pronifasged asanjobigasedasdstmcertp pratedyis. el cepaingeiadingents,s

SR SAT R Bl eSS, M 0, e i

POIPRRED S§oSanoLotehRaVRromfdntiodihent SiacieasdacditamEitao
acids Met-Ser-Tyr-Asn. |n another aspect, the .
poroipaptis iexbibitep by thsanedidgd grovah dprmaenesphends ishdeynistered

r. . TNl g% i i r f r
S S0 0 RTINS £ g s mon
pookealiyst 3\, kylagedsa®, ngpsinRrypsin (g béodked), trepdin (Lysblvied),
2006/ 048777 _ PCT/ 1 B2005/ 003662 10, nodi fi e%lpol. é)epti de
i §logiripais spdopugteinaser Do ohyImayypsi, SENPELY 25% » 50%

5 50 8 0 {]7 0, 0, % . 8 Ofy - 0, . 0, 97%
R ST e e e b S
gehddpeptidase Blip¢ptielgt pepoikiases sntcwpeptiase arery drdlgse. InAse,

or onbination.thereof. .In o i 0 0 0 0
o e B ot B it e IR RS 20 g%, 0%
anyo Y08 N85GS 5695 5 8% S6H% D6, NRRAI T3%, 1809218892 9DRE D5 %4, bi6v,
modi fi ed growt h hornones’ exhibit i ncreased stability

t 9EY, 98%, ABYH, bebA056 nuse fasistanhitoaptotenbysisal  t ol erance. I n

one e ntfr? %hggllngdi}nlggt \/ gr'e f’[l’lleeIng‘O%Elé)eV\ilS I?gelatinase B, the modified

polypeptide is resistant to cleave at the sequence of amino acids Met-Ser-Tyr-Asn. In
one aspect, the modified polypeptide can be cleaved after the sequence of amino acids
Met-Ser-Tyr-Asn. In another aspect, the polypeptide can be modified at each of

residues Met, Ser, Tyr, Asn, or a combination thereof, thereby rendering the modified

peptide more resistant to proteolysis by gelatinase B. In one embodiment, the



hormone has increased thernmal tolerance at a
tenperature from about 20C to about 45C In a one

wentwiusent , the nodi fied growt h hornone has | RCTABREF003662
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thermal 10 tol erance at a body tenperature of a

subject. In a particular enbodi nent, the nodified

growt h hornone has increased tjpermal tolerance at a

terrperature of about 37C. In one aspect, the nodified

g I if zd b bl tayro b, 1180 0
mani est eéy&gﬁgﬁ mé%ggssé’dfq{g?%@? /9?3/{’73965 2?@’ 400%, 45%,

ViSOV 55%00n 6@Yhe 6 Exsh Db Eith, 81%,586 D88k, 95%, %%b v, 98%es 99%, or

ni.f ested as an i ncrease [£-1i dmnl
{rg g&’éﬁ%‘:éﬁsﬂ"‘tarﬁ@ Pfqt?(ﬁiéﬂf g%ga?ﬁ‘%a@%b gtieg FSI SM §er Tyr,

hf 61%%09&19%1‘5&&*&8&%91“ qn%@ eRBoliRfeht fi‘és@ﬁa&)é tégrcﬁéﬂéy Bin be
such’ as 10% at |east 20% at |east 30% at ast 40°¢

aempaastly 53%d ht anyezfshe m%s describied éstelﬂ 0% at |east

|8Ce}(;/<;t a%‘alee/%a%g’?gfo%gég%diég% Wﬁ)g S %;ggag}t[ 1ré:§ga:s%cggi1b1hty that is
3%ﬁifeﬁéd hERSteadA0Nernell tdl@fﬁﬁée 4R Ofe eBdiatent, Qlﬁ’esﬁ‘loal@ied growth

% or nore conpared to the half-1ife of unmodif
g rhonmcbnelm pneased theafn@&thl@rance ptrolgmperature fiming alhcut é0°C to about

b3S ¢ A B, TR Eh e od 185 ERpEEQRerna

t itdTe@nceattal HERS ,terﬁpérhﬂﬁﬁeﬁof aléhblectTes a padiculldr@sboddfent, the
times, 40 tinmes, 50 tinmes, 60 tines, 70 tines, 80

t imaskfiedogrovitearmong dhas ingesssed thermal folerancezy@ tempwgturaefpbout
ti , 500 times, 600 tinmes, 700 tines, 800 tines, 900

25 tines, and1000 tines or nore times when corrpared to

t he hallif ohd dspect themmdifiéd gadwilghantdnehiextibin crdasednsbility that is

aspect he npdifie owt. h hornpnes exhibit jngreased
menHgitechps anigpregs di B0 Ph I o U HhORS $MeefligeBiaingreased

hgfagﬁﬁ]f is rhé}ﬁl St H'&gﬁn%ﬁi’@ﬁéd eﬁf‘fiogl Cafdd‘?rﬂmsg:&éa’\ﬁorh subject. Half-

hor nones ex ecreased activ
c dmﬁtp@emm $tab1ht}e ofi tirmdocﬂuﬁedi gﬁa@vtlg; hommdnelwn o nm:reasnd byen amount

J\?bP i ot 194t Leoti P oo SO at gt 60% at

p'lé%'s! ’f(% ak e 80%,Velttléa‘§t 90% é%%a%@ld@)"/@'b’@%htnﬁ@% at {A& 200%, at
ed growth horrmone binds to a growth hornone

r éeaepliﬁ)l%, aPle@vh 80, fak keastrd SV e atloakt #0Q%, girloast #S ‘I?f’ér ansiad deast
t exhi bit increased i st.ance r ot S
oDt dhde bR 1 i eliie B BRGRuECA BBkl BRits 7B Snother
5 eHibaBighdnt, @610 \Wedturk QtaHEL oﬁh@&bdﬁﬁd@%ﬁ&%@h@ne can be
nodi fi ed growt h hornones that exhibit increased

t heareased by an amaneisughas abledshf timegetlimes Sdimess P dimasck) times, 20
GRS D) S 2 ATRHLL! A e, 100 s
moe tifes, 800 tihes, hBO k. f300dinggspedthtimes, 700 times, 800 times, 900
times, and1000 times or more times when compared to the half-life of unmodified
growth hormone. |
In one aspect, the modified growth hormones exhibit increased biological
activity compared to the unmodified growth hormone. In another aspect, the modified

growth hormones exhibit decreased biological activity compared to the unmodified

growth hormone. In one embodiment, biological activity is assessed by measuring



10 hornones described herein. Provided herein are
nucl ei ¢ aci d nol ecul es contai ni ng a sequence of

woualemagizdes encodi ng a nodi fi ed growt h hor nDNeCAEB2005/003662
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descri bed herein. Provided herein are libraries of

nucl eic acid nol ecul es having a plurality of the

nol ecul es descri bed herein. Provi ded herein are
vectors containing nucl eic acid nol ecul e as descri bed
her P ed here r A HoBh6
RGBS S o Do e

em@ﬁtdmgﬁomhhanﬁ@tdree@m eukar yotr c cell, a
pr okar ot| c cell an insect cel myal ﬁ’é cel |

etc. ddereinararapdifipd grawth 8 S R Y g reased
ptet%[] ?J{{‘ % o ﬁfotetotl]}%l VirQleXnibits ég%rga[sgéf 'tlﬁj:ﬁqalht%fe?éﬂ&e lSmPared to the

or* expressing a no ed growth hornone havi ng
stuepsdified lguslithdiormpné. nt r oduci ng a nucleic acid or a

vector _int cel | i) culturi t he cell unde
cond t Puidedheifineir BAG et besidh MRS i SR pncreased thermal
NYITRRG dndl exBIUHs GRSBsked k&m%h%e eHREJIRRN conﬁﬂb@ed’t@%@ﬁﬁnodlﬁed

are 1n a eukaryotic cell, a prokaryotic cell, an
| geech hoehéne.a nanmalian cell, a plant cell, etc. In

one emhodi. .the di.fi.ed. 2 rowt h -hor

gl yc on‘?r%‘{@%ﬂlqr o ml‘%%%g&} mare og Any ggﬁlg mMddified growth
eykahorak 46sceiBbd herelfy Ovi ded her ein are methods for
producing a nodi fied target protein, having an

evol vedrgyideicheseiniaraichniopid mplesules comiaining a sqguensetdfod
plngﬁ?lgﬁ%#g Shcgo%g}g gﬂf ed %{i}\bfﬁ ln%&%ré &gdes&noeﬁ Hggerng.ef’rowded

am no

aANBRAPAE libfhrich 0OMLEIED @ciﬂh@olé@t@és\/}@dlﬂgr ai‘;d&taﬁty‘m)ﬁ’thd molecules
propar;¥ or activity upon anmino acid 30 replacenent;
bpd herein. s- HI T target anino acids are deterni ned

by i de @’FéJléféJ]l?erelﬁtaE éJ& éC I'QL$I}{3,IH%I§2’JU9”%¥%IJ&G gl%%gﬁta\éﬂ@&rlbed

t he evolvin ern an
ZQ@MIDZE&?WEE&’E&%&BQ@ @5]/150(&3@&% thd Augjeioatid rhalecmdeseor vectors as

oY herpin. T6prb EpPARTIRL AR SPILIAR SOKTST eF I PEPRAFCHC cel
2 oh SR AGRITER hlaﬂmlﬂ{%ng‘éﬂ A @MRRE P& h&élﬁ%@lﬁ%lééﬁﬂﬂg a

evol ved predeterm ned property or activity to forma
c phdalitgitod theewatorpr ot ei n, wherein only one amno acid

repl ac ccurs on ea tar et. protei.n; c .
exSr oo Frg Co it S b aretite Tat PR S B st howagns havine

gs chﬁId%é’ 1) RtBde8hd a n6AGE aLIARH alvecRPird6l 8 cels B culturing
arr assayi ng each candi date LEAD pr ot ei n to

i dﬂmﬂerllftyldone)lmhthm e whichtthe encodedimoridied growsth hormone is

predete ned r activity th

Bt 11 ot BrORGrist. Pitapa ekt PRyrglecsl: SpigkaTbrc cll
t b G@lectieft &hiisnrhdli ceﬁr 1bfARE; ett.NIDHe: @ﬂm&héﬁnﬂm modified
the nmethod further includes the steps of. eg)

c @npaihi hegmoneiselloselatsdo kapnesembrdineels thefeell fipa arlarxntn@ell
protei rov1ge& 0&efod fefiBds for producing a modified target protein, having

an evolved predetermined property or activity, the method including the steps of: a)
selecting, on a target protein, one or more is-HIT target amino acids amenable to
providing the evolved predetermined property or activity upon amino acid
replacement; wherein the is-HIT target amino acids are determined by identifying

structurally homologous loci between the evolving target protein and a modified



growm h hornone to identify regions of high coincidence
bet ween their backbones, the regions designated as

weoernwsmugnral | y honol ogous regi ons; and f) i dent PEYiIIBZH05/003662
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is-H T structurally honol ogous | oci on the evol ving
protein that correspond to structurally related
is-H T am no acid positions wigdhin a structurally
honol ogous regi on of the 15 nodified growth hornone.

I n _one. enbodi nen : (e
B OR RO e bRITEAIR e PLORERRR el i
VhViRplatingleh® tatgek amancaidwith aséshcnmat sminopoat @oéneblesto
Provided herein_is a nodified cytokine praduced b tthie
aprovislingthe sHolved predgleEmined Brapexy or ATt ite gora} diidate lcad
hor - ' : f in:
BB ROER. S ASEH st o B Byt
gerkRinydrom aescleivicigmalegulsfeatheandwigted nadbrotsfin irartalo

ranabin angoresiable iy and Siss a3 fosh Candite 3D roten o
18 : in&cHal hé Blelidtedihby bO#ktivity that
Yol gt ab o sy i o

c diffepsfromanaminrodifiedi prgteim yhepébyt identifiringiev plyved gargaitomoteins that

hor e_po epti.des descri bed rein. .Phar '

25re OB 11 BT P T, Ferma i e e et BEF]
AcGRPARY tBe SXGBAS N al LSS e ebbmﬂigggo@gmtd_, th@modified
filler, Ta lubricant, a disintegrant and a wettin

agevwth hoteonstaridentié tagicns of bighosincidsnse b@we%theirgbackbones, the
fornul ated f.or oral S r ; r . PSP
SF R Rl Bl gy UL BRRR v T
ph@TRGeRY hbeBlogoaoImRDs the@VslvatgeprbRimhbidoetspard torsalicturally
adm ni stration. The nodified growth hornone 30 in the

phelrtnd it T eminocsirhprsitiqnsvihin ¢ seugiwathemglageds region of the
I: %Logﬁ?ttxe?dt Ogl.]rg&gh:]fl((g‘léx{&élg.s In LRCLERRE e bkéc‘feferﬁmfé@:?roperty or

rom exposure to'saliva, e posure
t @ctiNGly20 PRUtEIASTBTItPGibIeBPRABEROB65a, thartad talteasess fesistance to

the gastroi ntestinal tract_ and exposure to ]ow p
cordFalyShstioBidsdhetsin 15 2 S syiekiag pragese bt g method.

| n_t e ppRAICAREU L Pno S HEA QW MEMBR i peliBedBidifideaty any

growt h rmone pol ypep , Where the Todification
i € thedasthodsndesaibedfheprimt eol ytic 5 di gestion sites or

i ncreasi ng.the stabilit) f th rotein structurea.

modi fi 3’60\91 HNRET 1S éiealgrq\ﬁtg l@ﬂgprﬁg Ving &Ly of thie SEEL?GHCGS of

C%H}?l‘i’(?&fi&iéélt forH Rig : NEaeeh, m5o1@iss-tal {11,liLel1ar 116, 119,
abi In

bi oaval Ity e gastrointestinal tract. Protein
hdR; 123 54, $64,Uie5 st Hb2 16, 293-35¢ ana biologiex yastiye pertign thereof.
amount of .at.least 10% at l.east 20%. at. | %

| east TApYcdperpinace p %ace&tlc@ecgg}p %{8%% ar ﬁ’lag%sa?gé%&}?é
atydBAst grbWh hérimdnedlypBPitdesaesdrivas her@fif/oPlibbinadeutiedst
100% at | east 150% at [east 200% at | east 250% at

| easipositioss cantfurthergncludsopharmacquiisally ansapipblgexpipiest, such asa
ﬁ ?I;/_iﬁgr ?ggetnt,la%ﬁlc’etr, a5 Rl%g'{%a(?t{t, mgﬁte%f)aqi'? Qﬁcf“g w’e&in'gtb%ent.

The pharmaceutical compositions can be formulated for oral, nasal or
pulmonary administration. In a particular embodiment, the pharmaceutical
compositions are formulated for oral administration. The modified growth hormone
in the pharmaceutical composition in the pharmaceutical formulation exhibits

increased half-life under conditions selected from exposure to saliva, exposure to



of wild-type protein. Alternatively, protein half-life
can increased in an anobunt of at I|least 6 tines, at

wOeami04877ti nes, at least 8 tines, at | east 9 tPOESB208$/003662
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least 10 tinmes, at least 20 tines, at |east 30 tines,
at least 40 tinmes, at least 50 tines, at |east 60
times, at 15 least 70 tines, g | east 80 tines, at

| east 90 tinmes, at |least 100 tines, at |east 200

tines | e 1] i o
B b ARk R TR iSRS R o BB G pompre
t wWilggypeadytdbléast 800 tines, at |least 900 tinmes or at

| east 1000 tinmes qQr nore conpared tqQ wi.ld-t )

pr ot ei Rrovisegyjn &@&W%‘ieﬁﬁc% comapHtipnRs hergip fee %E@ﬁﬁﬂgm“’m

S | . o N . .
ShB gkl 55 AR B8 Mot PRL Y RaRRCScodQuni 2t
adigestionysited ott inereasing flieesthbility ofithe froteimsteichuse.i The madidd

conpared to the wld-type growth .hormgne. Protein .

h1oPith Fprnengin e FhAEPebetl sPRBPSiian SO greaskd hyptein balf:
”ereoreo‘?%ﬂé@ﬁ’ﬁn in S d4dbRShstiRM ttraBOtPrbieM hAlifeQserum stability)
exposure to saliva, exposure to proteases in the

gemt bainoteesstliinah amouot ofah thastxifds wt east 00pwt faast 30%, at least

A 41207 555 S SR SRS R, et SR a0

Ofit 1 QDGASK: 1b430 1L 0% 04t SeasBROUYe, 28 1AsBBOVRRt Biabt300%, at least
i nhi bitor, a conjugated Bowran-Birk inhibitor,

aph @i atilensheD%e.cardeasd 30%Ppnt lerst S0 o mosg eompared to the half-life

phar eutical conpasit i formid
ARSI STRSR 0 Ho AL S bfeadith g ampunt o
t fakted ti@es, at kagIUikes, hiledN @ t3hkspatledbt oeifies, dtheaspl 0 times, at
tabl et is chewable. In one enbadinent, the, pi

X

t b9pte20 tirgess gbolegsd S O @%%&é@ti%&@éhaﬁéodﬁn'% ét k%%ﬁ gQdimes, at
. _ . , 3

b ep Bl 50 R pabiap o0 R ot MRS it 200

i Andeleat tapsi00aihess, atlehstdQ0 dinfesratleakins (rtiraes adlieast 600 times, at
wherei n the pharmaceutical  co %si tion i f a li 8uj d,

¢ Fast7Quitees; &t st S0 eyt ispshoaimeseor b [ege LGl tipes or more
S#M]Br%f%t@“’ﬁ&' bR, Provided herein are

phar

ceuti cal”‘conpositions fornmulated for controlled
5 rel eRswviddd Henginprdiein kdf-hfedetrbmstabidity pisgotrpasegtin the presence

TS ORI i RO T B ST oot
S%H\A\/tﬁ fhorrth&YR i8Retrdds6d chpnbd e mﬂﬁyﬁ@gﬁoﬁh AbERsR. of

e mouth, the mucosa of  the throat or .
gast r oPnteisthialdife cambe .ingudatied pieraxpgsure ineoniesr angre cengditions
exci

be fornulated w.th an lent  such .
B Lo R ronnl s Sl SReERuER ARy e
1Qa Rtk siRd] Higst ahd eBuR 18169 ELohditions IR Othe isionmsh).
formul ated without "protective conpounds. In one such
enbodi Peettided hrscingen phasmacuiiorlsompPsiteRs PreRapdvigout the use of
' %%cl)téc’e}sg ri‘x%n?bitto(%s,l RS ﬁglmﬁh—cﬁiﬁ?ﬁlﬁfbitor, a conjugated Bowman-Birk
inhibitor, aprotinin and camostat.
Provided herein are pharmaceutical compositions formulated for oral
administration in a form such as a liquid, a pill, a tablet or a capsule. In one
embodiment, the pill or tablet is chewable. In one embodiment, the pill or tablet

dissolves when exposed to saliva on the tongue or in the mouth. In one embodiment,
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15 agent, a non-aqueous vehicle, and/or a
preservative. Provided herein are pharmaceuti cal
conposi tions of nucleic acid fpl ecul es encoding any
of the nodified grow h hornone pol ypepti des descri bed
rei l: : AL} I I ;
o ieGttitocfiioal BBl iaY bite SuBUE P LRI Sorfl R G cRibodiment
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t he pharnmaceutical ‘conpositions described herein.
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a C hr 0%@rmdc6ﬁﬂ1@lt"ﬁ@hpd§$it1@fs cat be firthen fdrmilged with oseiohmore

as Crohn's di sease, . sh

t b d
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afga{t &h %Eé seﬁlelprw&ar%&k&ah% ertility, X-1inked

ophosp rickets wn''s syndrome, Spina
bi fi da Pr(bhddfthhbrﬁwmhf pmmaMSaltcpmppstpans efnueleic aad molecules

strength and. fi br In a artchar enhodi
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a & eOmbhified h h
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b %e@ﬁ&d bisBlsk %Q coiitioPBE K@finigerTiataay o kheqﬂﬂrrﬁaceutmal

pharmaceutical conposition of a nodified growth
hmoﬂmnstlomdq&p@hﬁdhféeldescrl bed herein contained within

t he pa mat eri al .
enbodi ﬁ%ﬂ% %r DHaY %Ehé)g ngga%{ng a%ﬂéil%% | %ar]?%l&acﬁrg Wé%homone
Wirhédifted BReaE ok 6bRlitdn bRadthddsidting a Iﬂlaﬁﬁﬁmtwal&ofnposmon as
treatment of a growth hornone- nedi aﬁjed di sea

didsseied howiny e saRIOAGRHNG e BEMtA homieaed aigd issese o

t h?&d?lgg 1% ?lé(ge h%ﬁ% #thﬁm‘f@adtbf oy gﬁ&ﬁtg%fﬁgﬁfgﬁcﬁgﬁ%gﬂgg ATDS wasting,

di 5@aS émpdired immune function of HIV-infected subjects, a catabolic illness,
surgical recovery, a congestive cardiomyopathy, liver transplantation, liver
regeneration after hepatectomy, chronic renal failure, renal osteodystrophy,
osteoporosis, achondroplasia/hypochondroplasia, skeletal dysplasia, a chronic

inflammatory or nutritional disorder such as Crohn's disease, short bowel syndrome,
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di sorder. 15 Provided herein are uses of a
phar maceuti cal conposition of a nodified growth

wboaoosmagr7pol ypept i de as descri bed herein, for PO®I1B2005/003662

preparation of a nmedicanent for treatnment of a
subj ect having a disease or condition that is treated
by the adm nistration of gro%h hor none. I n one
enbodi ment of said use, the growh hornone di sease or
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t hal assaeni,a. 2006/ 0487.77, PCT/ 1 B2005/.003662. 1 .
RS AT R e R B ieeeh 1508 B APeRe BACp modified

CORPAE hbin@heq§ usedTBLirédt@ent cﬁraﬁg&é\mh%ﬁﬁaﬁe-ﬂ@hﬁ_é&%miée% or

as, descri bed herein, a device for adm nistration of

t $gordgibdi fi ed growt h hor mone pol ypepti de and

option [ [ i.ons £ o _adm nj.stration. Provid
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formul ati on_of a nedicanent for treatnent of a
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S ERRESbarbhic AR Pk syiifidme SBRE puite Vot Sytetode,
CdYesiny, GmPhikd ihidcle stength dffitRb@§alia. Tharticular embodiment of

said use, the growth deficiency disorder can be selected from among Turner’s

syndrome, intrauterine growth retardation, idiopathic short stature, Prader Willi

syndrome, and thalassaemia.



infertility, X-linked hypophosphatenic rickets, Down's

syndronme, Spina bifida, Noonan Syndrone, obesity,
wonpmwiongd7 muscl e strength and fibromyal gi a. | nPOTAEB2005/003662

aspect, the grow h deficiency disorder is any of

Turner's syndrome, intrauterine growh retardation,

i di opathic short stature, Prager WIIi syndrome and

t hal assaem a. 20 BRI EF DESCRI PTI ON OF THE FI GURES
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~byeckbavias §niave i Saraitns Ll Areated £ S RrbishlBy gr rowtn
t 9N e8Lvi RGOSR REBe Qe oS BlRkinhstutioAl doRposiEtn brevided herein
residues. Figure 3 depicts activi ta/_ curves of

efe tehtament pbHa sikjed hgviogeidiseaserns sendition that isdrrated byghe

2006/ 048777 PCT/ | B2005/ Q036 . e s
Sorion LR BSTRn DT i Pl et et sondiion

Sady ofd REfdBNRS didordeg! AITES Rastiny egiagtinpaired tlhmune function
growt h hornone receptor 3. Gowh hornone as a .
boﬁHh\ﬁﬂﬁfﬁ@@dSH@ agts, acatabeligridingssy SurgicAbISEOYeuY- AfioRRFivRg
gro or Fon i C i (O j | is" .
LMY kAR, 10 Bl ahp bttt phoni
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e Py PP AP HE S ERIBIOB) Qighigationsl Sapit yigh s Crobns
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nmodi f i1 ed b&/ L . .
Noonan Syndrome, obesity, impaired muscle strength and fibromyalgia. In one

aspect, the growth deficiency disorder is any of Turner’s syndrome, intrauterine

growth retardation, idiopathic short stature, Prader Willi syndrome and thalassaemia.

20 BRIEF DESCRIPTION OF THE FIGURES

Figure 1 displays the sequence of mature wild type human growth hormone
with amino acids sensitive to proteolysis indicated in bold.

Figure 2 depicts the “Point Accepted Mutation” (PAM250) matrix used to
identify candidate replacing amino acids for the is-HITs. Original amino acids are
25  shown on the horizontal axis and replacement amino acids on the vertical axis.
Values given to identical residues are shown in the gray squares. Highest values in
the matrix are shown in black squares and correspond to the highest occurrence of
substitution between two residues.

Figure 3 depicts activity curves of exemplary modified growth hormone

30 variants.
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hor none pol ypepti des d. Assessnent of growth hornone
variants with increased resistance to proteolysis 2.

I ncreased thermal tol erance 237a. Properties of
thermal tolerant nodified gromh hornone pol ypeptides

[ D]ﬁﬁlfﬂ .ﬂﬁ)lﬁckﬂ"f‘g{)ﬁol ecul ar bonds ii. Increasing

polar Tnteractions ween helices b. Assessnent of
t her mOdthher ant nodi fi ed grow h hornone 30
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hor mon nDdEﬁ(:v'!vft% ons  E. Production of nodified

rmone . .
growt h"hor npne pgﬁg‘ptgagﬂﬁéeﬁmc@eoresm on systens a.
Prokaryoti c,expr ¢ggla&idn with gRwihRfmbneGeceptdp €Ct S and
i nsect cells d. dYowiBbinARe £8lbicphSimaluddlis 2.
Puri fi cati oBxerfiflar mefdds O inqAitRh £ tithorireey pPEPt | de
nodi ficatiom 5. 1Disednaing (‘Raticmenetgasis® Assessi ng
nodi fi ed grawt h BDiSpmnigactivity(ies) 1. In vitro
assays 45 23. Non-2Beaaning (ypstrigtedypiipaplgnut@zendis) ni cal
assays G Fornul &t i onAdzaniyng drsilise HBF¢  H. Ther apeutic
uses 1. Growth dé&ficié e?fé@gr@pﬂzgagaeh%% a 3

Anti - a gi ng c. onstruction of modified polypeptides and biological assays
. Modified growth hormone polypeptides
1. Increased resistance to proteolysis by removal of proteolytic sites
a. Properties of growth hormone polypeptides modified by
removal of proteolytic sites
b. Generation of growth hormone polypeptides modified by
removal of proteolytic sites
c. Additional modified growth hormone polypeptides
d. Assessment of growth hormone variants with increased
resistance to proteolysis
2. Increased thermal tolerance
a. Properties of thermal tolerant modified growth hormone
polypeptides
i Creation of intra-molecular bonds
ii. Increasing polar interactions between helices
b. Assessment of thermal tolerant modified growth hormone
polypeptides
3. Super-LEADs and additional growth hormone modifications
E. Production of modified growth hormone polypepdies
1. Expression systems
a. Prokaryotic expression
b. Yeast
c. Insects and insect cells
d. Mammalian cells
e. Plants
Purification
Fusion proteins
Polypeptide modification
Nucleotide sequences
ssessing modified growth hormone activity(ies)
In vitro assays
Non-human animal models
Clinical assays
Formulation/Administration
Therapeutic uses
Growth deficiencies
Cachexia
Anti-aging
Renal osteodystrophy
Cystic fibrosis
. Other conditions
rticles of manufacture and kits
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conditions 55 1. Articles of manufacture and kits WO

waaos/agB8777 PCT/ | B2005/ 003662 18 J. EXAMPLEBCHIB2005/003662

Definitions Unl ess defined otherw se, all technical

and scientific terns used herein have 5 the sane

meani ng as is commonly undersf{pod by one of skill in

the art to which the invention(s) belong. All

patents, pabeMNpeEP! i cations, published applications

and publications, GenBank sequences, websites and

ot her published nmaterials referred to throughout the
et i r DHEPBS ur e herein, unl ess noted ot herwise, are

| ncor p@%l@ése&ﬁ ¥ ofRHAEE rhﬁfleceél'ﬁhéahﬁicf scRikiifk @énhs ds@d h&i8in have
event that there s a plurality of definitions for

t the sEnd Siehging anjs dohosenly nnddritgod by ool gkilbirathe artWh athich the

referen URL or i.dent.ifier

i EBRGS bedpg” afiufely gt RidOhe iE e EPLtigRt and
ChAMERIRE dGElﬁﬁrﬂ(%Hh@ernceﬁ QBB bh@BthepiblRhédinatenials ré@fted to
cone and go, but equivalent information can be found

UW(B’ghwﬁhm@ttrh disclosaiersrein, Ralesy eeted othravise, areincomataesl by
hf 6?11}’{.;%{141 1r e é}{e@ nf}lstgla %ﬁen ’cha%j tRpe 1'§‘a’}3%m1iaﬁ &f deﬁﬁﬁﬁns for terms

pliHréiﬁ efbieda tl(u@ lséctiongfr&rafile d%@rehefeﬁdnﬁe i?sSmadE"lb d IGREroi? otter such
any cGH poI@X eptide (protein) including, but not

| ldﬁdilttfl?d of addregselt ynBethiaat Mt prebddedidicpstapsbprgepnd particular
S%Porgl%{lﬁ? % h}’e 1ﬁ e?rgelf %ﬁgccﬁﬁ% Xrgie% 'bgﬁ %leqfl nfgfﬁtle{tgﬁtcgg be found

I SSues I nc not

Pbyt seatching thél iht@inaic aifadence thestoasyide@bbsht wpalabildy and public
|ncI ude pr ecursor growt h hornone pol ypepti des havi ng
S@H@%Wn guenedamgHan rat ure growth hor none

poI ypeRt |86 e¥eq7k| aog ?@ﬁmdrﬁgﬁe”;ﬂb@} s fide {aﬁo%?e?red to herein as

pol ypept | rom ferent speci I ncludi ng, but not
I GHi) refelsto am;nGI’@cﬂyIm‘pndh (preteing ietlutbng, foutraet lonitgd to, GH

ol t d t

P ERUB R Saror e neplis qEaheiiegfiv Bustii Eoclgpertiat widon
péltﬁé%etﬁloﬁ? éelféEiﬂ 1i8aNe 1&%1% iogtznot :l-ﬁﬁted]tg ;pltﬂtg.éx anh%ﬁacental

197, 198, 199, 200

20:8pe2 5312 @olypentides Znduderecursor growzthzhormse pcﬂmeptlﬁisrhavmg
218, .219, 220 22 d 2 i i ds. : .
JRyPhSetienss ot o ted Pt Bhol FmRtigy Ghfmstdpg include
S&Pﬁe@ﬁﬂﬂ&%ﬁdeslﬁdm AfB&entlsPasiesliBbludib@dbutkd®limiBd to ddfhals of
189 am no acids, wherein the polypeptide

damnalman ariginf GHhrolyneptideammopnsid ssapencgs can contain
ml&% PHP%SIG_P aérllJ %cqugssidlg_' F?} J:)ga!tﬂé)% &1 'peﬂ;pef)tﬁ%fs UdBave 191,

s or “anongs
192, 193, 194, 195, 196, 197, 198, 199, 200 201, 202, 203 204, 205, 206, 207, 208,
209,210,211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221 and 222 or more
amino acids. GH polypeptides also can be shorter than 191 amino acids, such as 180,

181, 182, 183, 184, 185, 186, 187, 188, 189, or 190 amino acids, wherein the

polypeptide retains an activity of the mature GH polypeptide. Human GH (hGH)
includes GH, allelic variant isoforms amongst individuals or amongst species,
synthetic molecules from nucleic acids, protein isolated from human tissue and cells,
protein isolated from non-human tissue and cells, and modified forms thereof.

Exemplary hGH sequences are set forth in SEQ ID NOS: 1, 712 and 713. The amino
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forms thereof. Exenplary hGH sequences are set forth
in SEQID NOS: 1, 712 and 713. The am no WO

2006/ 048777 PCT/ | B2005/ 003662;9 19 aci d sequence of an
exenpl ary mature hGH pol ypeptide is set forth in SEQ

Lq,l?;éc]c\lo 'rqg%l?ce o} 8@{:%&1%% F\Wgr%at%reslileé]ﬁ%%mgg gée al? é&%l‘t? §r¥ SE? ID NO: 1.
| TheSERInb @cﬂ%que?l%é’s @h@teﬁ@&xy ﬁﬁmo@mmmode pf)kypeptldes are
such precursorNC? ge ptides is 26 am no acid

| @h@tﬂh in|SEQHR) 12gnd 73| Ib,e signal peptifesion %Cussor

B AP RS L PS8 BE B
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bepqiierees sot forg) lnpS:EQ ROk, 712 ab®713 Exeonplary GHipedstneptides of
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functionality of a rmdl fied formof CGH a f%@km\gﬂ
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(p¥o e dysayy & &'S any acti’vity or property

ethbsdof erdinbty mlﬁﬂmeattm n that can be assessed Such

activities jnclude,_but, a,re hot Ilm anc
to pr oﬁéBF%dshesemt%raﬁtéYl 1B BFORREE © ah&'];%&l rotem)

hledis td 4y a%ﬂ% roPEi%Y b)tlﬁﬁl?édl B 6Et ﬁr&feiﬁthaf@an%%@sessed

her el n, reS|s %e to proteolysis" refers to any
afmirdctiofticd arche?asbwt ar@ﬁotdirmaaddgerea‘p‘taacet tamg@tteolarmmbermal

d resj dues di,fi.ed t|d by a protease
F?hl‘ii%‘?"@dlnf’ﬁaﬁqdj‘ﬁ@btggaﬁ %]ﬁ {?ﬁ%ﬁ%ﬁ? 1 ypepti de by
the sapg yRI@OiLERS THAdBCcelh 9rot§(ﬁj@s”01@ﬂ:@@ fol @fSmofint of decreased
nodi fi ed pol ypeptl de that exhibits increased

r dsisgant e target aprine awd yesidiee gz piogdiiedipolypsRtadavea proigase

go/ 30/ ?P(g?} aso/% @}1 Jrg{ﬁocgé%/d 80@@61’)%6/ y .tl?e sgﬁ%ﬁrf)t.easgd%der the

9§e%e St 3% modified polypeptide that exhlblts increased resistance to
proteolysis exhibits, for example, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, ...
20%, ... 30%, ... 40%, ... 50%, ... 60%, ..., 70%, ... 80%, ... 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% more resistance to proteolysis than an

unmodified polypeptide.
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30 94% 95% 96% 97% 98% 99% or 100% nore

resistance to proteolysis than an wunnodified
woabospapt’rde. WO 2006/ 048777 PCT/ 1 B2005/ 003662 PC2AB2005/003662

"Proteases,” "proteinases" or "peptidases" are

i nt erchangeably used to refer to enzynes that

catal yse the hydrol ysis of coypl ent peptidic bonds.

For "serine proteases,"” the nechanismis based on

nucl eophjdl Lot fie A

a seri gwé{)ﬂeéiest e%)?o‘%éﬁn ?e(grn' %@(%rgésagtrééﬁl }%hgu bg}gﬁ%dwrefer to

mpmbaﬂmdcamlykb ths mdmmss aficotal eretpepisdiabendsc dior ffeaine

this role ned si.d hal serine, . histidine ...

raieatene themet R & tehel Spuiopehicare ot B rurctedbeptidic

"%31{1 bzedr deBife PEYLERS Efircorfik I0f fvalth M A8t BesUssceBlidd WWith aspartate or

endopépt1 dases’constitute a class of pepti dases, which

anetatsraéaoazaneﬂayzthw tole. tAlegnedrids ehains of sezine,dristivine @i agpartate
mt@aactl ter of the e

r ot
Bt Pt e T e BteRGhs SPH R CBouy,srie
I aﬂbﬁéijtﬂgsé@,lceﬁﬁuﬁﬂe@tcudsa of plfidhdek) @Hi@ﬁwdndha@a%teﬁ%d bthe
di gestive enzymes in both prokaryotes and eukaryotes.
Tivesenge of weermetrem@ie ig g ardivp eenteranfdhe ¢@yma§@mea§ofaases

f1. L. L rat.
R b e R L
Pt ReRtivd s sieh sk diestive(dlizymes in,bofBproR2ryofdd andPeukarydles. The
P3', ..., Pj) and their_respectijve binding sub-sites

(Q;,tlve site ofggrme gwteasgs isshaped gpa clefigwhere the pylypeptiqggubstrate

va
l!élfﬁgs n&%lﬂq ac?@%e@ 61%15%% @fo@%ﬁ%n}? %\Ietg)[tlg (f% of tl#eggdﬁlg%bﬁﬁg substrate
P@i.t.i. 0B IPllaPl FEX 2 IPES ..qP¢) aad their sespéative hirclirlg sub-sites (Sl, . S3,

e SnS1 % Sa6 ¥ve aiibutlts iErAgs i CobRER besen P Laen-
hor mongg u%d%&‘éiﬁda %ﬂﬁfh 80 rp%ﬁ})}i gtl(ﬁ@’trgfe?s tofa@y I%)ornon that

exanpl'e, hunans praoduce pitui hor nbne and

péxdhitsitstomle ogmoont hiohayicab aﬁwﬂ&se]fmlheafuj{l lnagth\pel}dpupmiw

pituitar rowt.h 20 .hor none and a h

hor no g?"gl hezging Datiye g9 B’rmﬂn eri g%wgﬁ%o%%ne

qsﬂaaﬁceamy%l Stgardéih fh ASuRRIERERam I, QRS PRIJuYEp RN Browth
hor none, “f or exan‘pl e, bovine native growh hornone,

ehaymonSEQ! poceutrl Ztdwthdrmmhe slamrmdmesanmhmen pigitsy Browth

SironG endbitaenid e ol & 4B HATE SBENRL Ros 258 dha 713

r@fh%E SnitfA] 9 BYcHHsSRASRAR! pridacs ﬂeﬁfvel ghowdhi mmbﬁeabmtnple
W th growt h hor none anel | orates g{}synpt om o

nlevifieorAtveigew ltl;lthﬁﬁ@n%l iee ¥ §? I\H? 4o dad R}E&l@rmq)r&qey native
y d di d
OBy o1RLIPDE SR F R g geases and di sor der s

imted to, growth deficiency

dl sor dgg &sédsli,&éin AgrdwihiRimsns R diatdaisdasd, dizotder bneondition”
growt h retardation, _idiopathic short st atur Pr ader

viefars tosgnycrienses ondisarden i dudniarment it grauth Agrmoyg ameliorates
S%h]n%n} ca@%%ofﬁw f‘;&eﬂgslgfééa‘gg oPBisbld¥. | ]@)Eéﬁ?ﬂl%‘} growth

hormone-medlated diseases and disorders include, but are not limited to, growth

deficiency disorders (such as Turner’s syndrome, intrauterine growth retardation,
idiopathic short stature, Prader Willi syndrome, or thalassaemia), AIDS wasting,
aging, impaired immune function of HIV-infected subjects, catabolic illnesses,

recovery from surgery, congestive cardiomyopathy, liver transplantation, liver



recovery from surgery, congestive cardi onyopat hy,
liver transplantation, |iver WO 2006/ 048777
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chronic renal failure, renal osteodystrophy,

ost eopor osi s, achondr opl asi a/ hypochondr opl asi a,

skel etal dysplasia, chronic ixyflamatory or
nutrltlonal di sorders (such as Crohn's di sease), short

T ani e, S e
(TER o BRI TRpal HES, o0 RA0 Pfld, el blleodRbnIS,
h pptappmepk}amhmdcroplamk/hypq chbndwplasis,ysikelletilrdly sphisia) @hronic

b'. f , d |
(P AREHORH OB dgiders RE s Gaobey derisch Shey bawe
h QY iRbRe Jalérilc@MFohic bt B cyihis 8®8Ris, tHafo El?&‘{lll% K-linked

condi tion where a subject produces native
hdwmhesplmtdnuwckcts Dmm@qmmneagmnmmidammnaa Syadett,

nornal f, OWt ev t and/or metabolism
bt Tpeidh Abiseteabrven BRCGDloaoaE L ¢t £ om
di sr uptAiseRedherbitCa GitoRth ﬁoﬂlﬁbn%'@l@ﬁ&bﬂéf}@ﬁs B Pdilease, dbsorder or
hypot hal anus, or pituitary hi s nction can

W@fbmrt wherga sabigot preduces @@WOW& hqmm in }wsrenbnmadequate

S ed with.an
B ERE ERRLARE ABARREAL Rl by AR BB metgbolism. Groweh
symdmmmeﬁsluﬁdsy m 18Nt ReRtdisustichifasd @H(e@@s in'¥Ré Rig8Er brain,
ndr one), whi can_i ncl ude other pituitar

d YH"Eh"éﬁEP%@r psww Ay sﬁlsctrt@wmb@s:pagerauaﬁomem@é
PP APENE RERLHE B Pon e SR 2 TR g s
| gfaﬁd (seelm oft MIgI) or emcbppat b4 §ndromes) istidi 4siseptooptidysplasia (de
adlat|8 gﬁ§ nﬁ_gtrophf ﬁsar to be the nost
THET BRI Whigh car gcfudle jopher piuifary deficipyoies, apidy earve
ohﬂ?d' la%}ﬁsﬁﬁd%l?segéescﬁetﬁée?e gellucmu?ﬁ &#r\%ﬁ gf‘%ﬂ?@%ﬂﬂgﬁae
fs A [

herein, "treatnment" y manner
sgiﬂimm af tha otl2 halmh dam tesulf frdinsteauthe; m:feadms(ega enédphalitis,

TrPETRER. Sl ihdaligh Sbudhaph e mie be i mpstadaian-sensitve
t BalsiR Hefpivstagr OéMdVbr oA g’?ﬁéﬁlc‘i‘ﬁ‘s‘éaé‘e@'@ Sh s't1855$t0512

provi ded hereln "tre a subject havin
di seasAs gpeddmneins |tmatm¢r1 ? mamntmma]t 1ntvlvilach ﬁ&tsymptdms ofa

S | al | | evi

- RO PO B b B s s Bl e e B niliniees
h@fealigei alsb @8t RApadbdsang bhh@iabetﬁlcﬁﬁlﬁs‘é' oA kh@iho@li@i%él rowth
alleviation of synptons. Hence treatnment encorrpasses

phIpepeRsadcomnsitiony peaviedhersire.  Treatnent al so
enco npﬁi Sfreatiady agﬁ %%gfﬁg Coa;.ea Cg)g}fi@lggo 1% Iésl;rlgg%t thﬁﬁ Ehe

gr om h hor non |on

phetias sybipeomp mtpaﬁadlﬂy}br@cﬁtﬁlﬁbyﬁ Iilllél(/@ltéﬂ”fmﬂ PdmaiR tatic following
"therapeutically effective 30 _dose"” as used herein

%ﬁ%@e%thétsuhk?ﬁhwho bas basn figelad wilk exhgbii adartiphpetotal jalleviation of
Vgnﬁg%éoﬁﬁzg trga%{eh%lggﬁiagsgg’@ﬁ%phylams, therapy and/or cure.

Treatment also encompasses any pharmaceutical use of a modified growth hormone
and compositions provided herein.
The phrase “therapeutically effective amount” or “therapeutically effective

dose” as used herein means that amount of an agent, compound, material, or



22 conposition of a conmpound is an anount effective
for producing a desired therapeutic effect (e.g.,

wamricioasAri on of di sease synptons). A "patient PCOAB2005/003662
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"subject” to be treated by the present nmethod can nean
a mammal (i.e., a human or non-human animal). In one
enbodi ment, the mamal can 5-8e a primate (e.g., a
human, a chi npanzee, a gorilla, a nonkey, etc.), a

d%&i’ﬁfﬂ&éiﬁ&’i V\ffja &ithPBRInd( &4 am AnfG%ctide RY! %@ducﬁlg?aaél sirfd
pig, a cow), or rodent” (e.qg., 5 Mouse or a a‘d),
etleeragentip afftdt ¢elg a ametibiatiomofdibeass sanptomay. As used

herein, :a directed.evolution method" refers to

ot hodd THREEN 23 sprbiect pindiedteris By ie presen s can mean o
PinGhATi.e SY BERAGH bF ndH-RERhD Sniffal) p{]}.’l%lﬁl eﬂmﬂi’)ﬁﬂﬁérﬁ,sthk hammal can
have 10 changed proportions, such as the ability to

abe aipninditd feeg. enburoan, exchitpanges) atgorilly, aomosltdyi £ficQj atlomesticated
Chem"{f]?l or .bi ol.ogi cal environnents an@%&r to elicit

n@WHA e BASS-ARATET 208 2 PHe AEATY B TORUY Eale? BOYFY i 1),
agtcl \th b¥rticARE/BE nfan G4 RiBad 0i Ven feature.

Exenpl ary directed evol ution nmethods include, anong ‘
ot her s Asrused berain, ta disedtedevolwionmethod mefentidsmetbedy thiiddapt”
in U.S .appkication Serial ...10/ 022, 249: and U..S.

P S P el oy PR BB s i o have
Ugk4hoBe bRipdrtiorsyucHiagBRsdbalitRko 4k in QifRkerdl adSM@Shatural or
scanning (2D scanning)" refers to_the processes

pedificipd gheraical or hiplogiccenvirapmentirandpoioslist ngw functions and/or to
p I o

TSP 5P BeclaBy FmAMANS SndbPo3HONIGL S idch (W frgwplary
aldireged e lptici @ethodeitichide saniengr @lpdra aatioral Hirelitéd &rodiion

SATE NN B ORI L N
agihichinas Ahgebeslof siommep aci ng the parti cul ar
I S-

target, referred to as the replacing am no
aci d. As wsskberhiy; Efwn ditviensisnd] ratwhal mbegendsts scasdag D
and experinents_performed usj a conputer. |In silic
mEtABHe) | iy rﬁﬂ’eﬁhemce%%ﬁép%ﬂdea%ﬁ{eﬂ%ﬂﬂff ch hgp depenstons ofa

MBaelchBg preis SetflicRse A8YchodRl Batd BeAQGKINE identify specific
experinments. As used herein, "is-HT" refers to anin
s amirpoadidiresidues eldna ferpotain stqperse ta wplacaothglifferent amino acids,

target, prot.ei equence. t hat been identified_based .
ofb1Fed R uEh T TR Tioh. 2 CA T R Phd Rty 58 R %ESo acid
eY)gJeVsél%t_e_ﬂ ifdr fePRCcIAE FhEpdHiCul HISFRT (‘éﬁ?&f refé 0o ikSreplacing
and/or iii) the known properties of the individual

apmiw agid.ds. These is-H T loci on the protein 30

sequenge a‘ﬂ% L ‘ﬁ%“ifrgl 32 zi_nf Si- oc(rjo” réf’érpgrgﬁ's’ %e?sgzic’rgh glfld ?}ﬁ:g:%%{reg sgaltegtlormed using

biologlg exa once
f aabipeles) I GlikemedbiigincRde, it GRI} ligtled eb,aboletlilmansdeling

SO ety S0 DAL G el 00366223
As used herein, “is-HIT” refers to an in silico identified amino acid position
along with a target protein sequence that has been identified based on i) the particular
protein properties to be evolved, ii) the protein's sequence of amino acids, and/or iii)
the known properties of the individual amino acids. These is-HIT loci on the protein
sequence are identified without use of experimental biological methods. For example,

once the protein feature(s) to be optimized is (are) selected, diverse sources of



i nformati on or previous know edge (e.g., protein
primary, secondary or tertiary structures,

woizb@ragure, patents) are exploited to determ REeTHBIO®003662
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amino acid positions that are anenable to inproved
protein fitness by replacement with a different am no
acid. Thi s step utilizes protehn analysis " in

SI lico." possi bl e candidate anino 5 acid positions

i a%%“‘ﬂ%%%d%u? A T

t stringnres, Niteature, I’pa&n‘[s) ae expIbdted (& deteﬂrihﬂ'esthbse dhiio acid positions
I|brary( ection), of all is-H Ts identifjed during

@5 AREBPIOYSd PO filiiess b 7RIS PFAL (i g different amino
r Qﬁﬂd‘mls%@eﬁio ‘dlfc}r@g beih A1y MO« 8 HRASH 9&%05%%‘?@ ﬁgiatebz'mmo

erein.” 10 As used el n anena
t acig rpomtldnmjomgm teega lpvadinr mtedrg sequesce thatméght be arvolved in the

" Eiife bibe s¥oluh s TREE o Senan e ke P 6 R HRRD. Tbe

c ﬁsfaemoﬂ&&ﬂm RES6ds-PTd ﬂeﬁﬂlﬁé&&ua@ahm Step reﬁl@sd?l@sstﬁg $ist
properties or features that when repl aced

r ésmrlslan(tarm refedyiernaditian) piihe ywirdimensionel spenlmng lmthods
-anenabl e to providing the evolved
Prodz%%g Hd property or activity," in the 15 context
Of | denfsiukyd RegeineRinkiRBRAG peViidifg tel e¥Sivell PfReterinthed property or
particular amno acid type that is contenpl ated,
bagiidtyorinithe entex of ieatilyings-HIg's pr@@g%@sanmrmp@ peidesigion on a

aﬁlﬁ)trt]é(‘)lﬁ gl’?:at y&ﬁltetr%?ﬁﬂgﬂ%ﬁggf?% lg’l srz a%ﬁﬁrswhf% séegs B{;\)Ige]itlgs or
r Eatiires that \tvl‘ml @pkicedaonldtreslitiy ﬂbﬁdeﬁﬂecea’(ﬁiv‘it?dmnésevdﬁed The

%@ h-throughput screening (HIS)" refers to a

%f‘ssan%qlila e to provadipg the qvglvsd prﬁsiﬁisémmsfl PEQRFPY €5 actiif in the

a I

né%ﬁ%ff?@%nﬁ e RpIRLALR A0 8l rtRriB A BUIARY anyin aid type

| thaniS| cbyteﬁtpiaied Uasesl (nfznlsﬂioeraasllysm,rtotpmsessdlﬁnperhys befehtures that,
teract., wth tge vari ant rotel ns or

CSRPRULdTp arirasdhe SRERR AHR0 apieia T e CH R P tsip. would

afgsalmth@'aeﬁf% Riit) ¥Rhgaldyegonputerized to handle
sanpl e preparation,” assay procedures and the

subseqde rmtseqolnewclas‘&lﬂgtMﬁug}@ugmeezﬁigv(ﬁﬁﬂ)’é sfof td apmcesssthat

used herei erm"restric " en used

TR e et St syl PicRiab SRS pt oS ag oAl Fitaining
PRSdISiC ABids BhYAthgt tRE pRAGhEbMinkesen tRnE ) fflcBHed Minterest or to
am no acid replacenent and/ or the identification of

r ifontali tag campﬂmdédh@sntembwgh tthca\tarlaﬂmxetelrtsm iseks ¢0ntam1ng

SRS 1355 ABerBfodsTiie Rl Lo RARRNG 1l SrLRAS PorhBlterized to

t Agndlesmmple p@pdidtisiRsygrbetdury ahd &i@l sﬁbie@ueﬂt??d)@@:&ng BElarge

original amno acid present in the unnodifie tarting

prolsies obfdada.sel ect ed WO 2006/ 048777 PCT/ | B2005/ 003662

24 for b

ot ho dé‘é %?%c@i? an%xe térﬁl Q@{tﬁ&t%&‘ Wnefi TR T helt oF B
identification of is-HIT amino acid positions along the protein sequence selected for

amino acid replacement and/or the identification of replacing amino acids, means that
fewer than all amino acids on the protein-backbone are selected for amino acid
replacement; and/or fewer than all of the remaining 19 amino acids available to

replace the original amino acid present in the unmodified starting protein are selected



H T amino acid positions are restricted, such that
fewer than all am no acids on the protein-backbone

wanecgesect ed for amno acid replacenent. | n oPOEMB2005/003662
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enbodi nents, the replacing amno acids are
restricted, such that fewer than all of the remaining
19 5 ami no acids avail able to,peplace the native am no
acid present in the unnodifi eo?f starting protein are

S r i i

o RiraGhiECtafihe” FPRARLIA AMAIARL Hthe pbeRls HIGTR Piekein, he is-
ailm anﬁm acif pssitiomsnsre aesttidtdts suchthadewer thamh ald amagd aif‘bds on the
are re r| cted, such that fewer, than all am no acj

o RTOIF{B- D3 IEhase Rigy I gpno agid rgplagemetyy ra%h%eralaqdaments the
f
r e %%Egm ?Eﬂig Vag%"ﬁgtg]tc{éanslﬁh kha® et SndrTP Mt fendining 19

am no e to replace the native am no
aemthoeacédssaladalle tb feptace dplmtiecramino atsl presit hethe unmodified

candi dat e. LEADs ant proteins that ar .
c S g S isETe selepisd BRePTAC TR CHEUD AG O A PRI oh eppodiment
agythafihd Lidh€io 1@9&1?37 ¢aHIT Qﬁi}iﬁﬂ 428 pitidHsahQ %&%blamﬁg amino

property in which such alteration is sought. In
neclﬂ@dt@ rpgrietied, such thut Gavee thagADsmine ecideore thel frgtein-backbone are

RSROPLRR et g XG4 RiBiek o s EBP Rt R b iy 19 dinino

r @éiﬂﬁ hvedi R BleIt B&ice tBE n@tlvie anftho A€ afeFRICHATEr rbBlad8thaa.
aci ds, such as obtained usn@g PAM anal ysi s. Candi dat e
Y

LEADs darvsprbhefeivereandigaisyLE 2 prepravianiey otelv\thattage contemplated

thér)é %gal rrehgo%lsalgﬁag?{éﬁ% : e{t&ﬂ)ul?ey %QSICQI 8ﬁystc€'£brsblologlcal

used herern

apopeaa Iildwﬂail'LESublEélE&athl@ S@ug’h@t Invthe yhelta®ls herin, c2tllidate LEADs
denonstrated to be optim zed or inproved for t he
paqetgeggnagy gg@qrpﬁeg@yéystgﬁ@tfﬁagg Feplacblpg;g-]}ﬂgﬁ 1@91 in a protein or a

b U&Ing&] tﬁ@ljeﬂ%ﬁﬂ ?}%ﬁlé’allty a%stﬂt‘t'l;@ Q. BE A, | g tﬁe re) n{:aﬁgng 19 amino

as acti vi resp éct to funct
oﬁmdmts&c}ea:st olithiatd dslﬁg EAM wis. | %ﬁﬁdai@P/EAD@%m B@g&nerated by

%, 60% 0/ 100% 15 0%
£ PUkr PR RBANR Aeios ol P o gt {558 TR gy throughput methods
phgrefﬂ . In certain enbodiments, the change in
activity is at |least 25 about 5% 10% 15% 20% 25% 30%

35% 40%s4684 h&oby “BBEAPsEa% ‘c@ilidate ZBAPDs7 S¥tosB8aHivit 5o been

% 9 00%. of th t t
¢ dhersalip b ap l{rﬁze&% SDRNbY firfatbatiofin e, fitpical,
ggi;j's\féa‘l Yr bﬁ)l éal hagr s Bdein 49%BAH ?éncally has act1v1ty

% 25% 30% % 45% 50% 55% 60% 65% 70% 80%
854th rogpist ©3be ﬁmcm@% itereshthapdifferd hyyatdeast Hedo, 20%, 30%, 40%,

e P ant 5 B ARn BT Hie e om e prped andro

2 wWhildrepge (Iﬁtﬂ/da)"{ﬁ&emdr ThicB®sin eﬁlbo&lhiﬁhﬁs., tife dhbf@sin aZtNat}fTB%tt least
8 tines, nes, 10 times, 20 tinmes, 30 tines

¢ Pt SVsd%lé%@PmQ%ﬂ@f@rﬁ S t19aG%6, 86 ¢ et %
6 (I 0 0 0,
90 A) %0 8(?‘% ?T%‘%E% 63% }€ bi®50 A),chéﬁ% gﬁﬁntyjogngt W@lﬁ&ptgrget
79£bté1hﬂﬁ$ oth80embodimsnts X100 charigeiin adkDAY i§ homBoreahanabioat 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55% , 60%, 65%, 70%, 75%,

80%, 85%, 90%, 95% or 100% of the activity of the unmodified target protein. In yet

other embodiments, the change in activity is at least about 2 times, 3 times, 4 times, 5

times, 6 times, 7 times, 8 times, 9 times, 10 times, 20 times, 30 times, 40 times, 50



times greater than the activity of the unnodified
target protein. The desired alteration, which can be
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upon the 5 function or property of interest (e.g.,

-10% -20% etc.). The LEADs can be further optim zed
by replacenent of a pluralityjg2 or nore) of "is-HT"
target positions on the same protein nolecule to

g " [ M i r .
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activity of a LEAD desired anount, .such as
 Bh PO AL G GroRales STBm Y, LB nd BB B0,
ﬁ@ A ctdrfd ord A% in H@%r%_ssfaf)f_é%&s.! %&—L@%ﬁ%ﬁhant HE%%)eScules

Q
EAD mutants fromwhich it is derlvgd. | ;
t kenteimangpeiable nunther and fype 0§ LEAD mwistions. BMDEscilkes displaying further
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THEPBRES Fulros e LreRinisn et Wing SRR 18 % super-
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PP 700 oA b 35 ol DEEPAPLERDS BRRSn
the activity for super-LEADs is dependent upon the activity that is being "evolved."

The desired alteration, which can be either an increase or a reduction in activity,
depends upon the function or property of interest.
As used herein, a recitation that a modified growth hormone has more

proliferative activity (or other activity) than anti-inflammation activity (or another
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positions in the LEADs or super-LEADs that are
replaced with different replacing 5 am no acids,

woesslous71g i n the desired altered phenotype or PCT/IB2005/003662

activity. As used herein, an "exposed residue”
presents nore than 15% of its surface exposed to the
sol vent. As used herein, the rase "structura

honol ogy"” refers to the degree of coincidence in
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hﬁWﬁ eemparable feutitiohaddasist and” allsumd réferet] to herein
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mluywty SRl talfyRelatddSviBetRA By, dveh if their }l)_rec1se
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| f
RS A8 S5 B B R
Wedfit DUl fromaachather eknpihbgRetedl sequences, when these sequences

are aligned following the rules of classical sequence homology. As used herein, a

“structural homolog” is a protein that is generated by structural homology.
As used herein, “unmodified target polypeptide,” “unmodified polypeptide,”

9% ¢

“unmodified cytokine,” “unmodified GH,” “unmodified growth hormone” or



5 mutated, such that they differ fromthe native
Wl d-type isoform but are nonetheless referred to

woeomiasdas starting unnodified target pol ypept PAESB2005/003662
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relative to the subsequently nodified polypeptides
produced herein. Thus, existing polypeptides known in
the art that have previouslyfseen nodified to have a
desired increase or decrease in a particular

bi ol ogi cal activi . i f . .
g e L
gor hbéifisiteon isigy the msdleb dsipeshidairlgedin pThe etarting urkordified target
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nsovided heyeimss deristpgingiamogified dwreptRplwerids R dithgr nypdification
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gﬁ?ﬁ%ﬁﬂﬁ%@?&éﬁ%%%ﬁ%%%ﬁ?ﬂﬁ@%?ﬂ?ﬁg?ﬁﬁan be repl aced 25
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reference protein. For exanple, in a position .

coith esipabindicplpcing aarine avidoantiested Syicitherpngnepease prglgerease in the

gr,ow h, hor none forth as SEQ 1D NGO 1 can be
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particul ar ) .
hormone,” refers to a growth hormone polypeptide that has one or more mutations
compared to an unmodified GH polypeptide. The one or more mutations can be one

or amino acid replacements, insertions, deletions and/or any combination thereof.



GH pol ypeptide of interest. Correspondi ng positions
can be determ ned by such alignnent by one of skill

wonodslves@art usi ng manual alignments or by usi ngCThB2005/003662
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numerous alignment prograns avail able (for exanple,
BLASTP). Correspondi ng positions also 10 can be based
on structural alignnents, forgexanple, by using
computer sinulated alignnents of protein structure.
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ntity" are used interchangea
of the modified polypeptide corresponds to am1n3/ acid residue 1 of the mature

unmodified GH polypeptide. One of ordinary skill in the art would also understand
that for a modified precursor GH polypeptide compared to a precursor unmodified

GH polypeptide, amino acid residue 1 of the modified polypeptide corresponds to



but honol ogy for proteins can include conservative
am no acid changes. In general to identify
woaoreaggondi ng positions the sequences of am nBCAABTBS/003662
are aligned so that the 10 hi ghest order match is
obt ai ned (see, for exanple,: Conputational Ml ecul ar
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20

identity and percentage homology vary). Whether any two nucleic acid molecules
have nucleotide sequences that are at least 80%, 85%, 90%, 95%, 96%, 97%, 98% or
30 99% “identical” can be determined using known computer algorithms such as the

"FAST A “program,” using for example, the default parameters as in Pearson et al.
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exanpl e, by conparing sequence information using a GAP
computer program(e.g., Needleman et al. | Ml. Biol.
48: 443 (1970), as revised by ith and WAt er man

(Adv. Appl. Math. 2: 482 (1981)). Briefly, a GAP
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reference polypeptides. Similar comparisons can be made between a test and
reference polynucleotides. Such differences can be represented as point mutations

randomly distributed over the entire length of an amino acid sequence or they can be



10 acid in a protein, the total nunber of am no acids
in the protein is unchanged. As used herein, the
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target protein" refers to the nodification of a target
protein, such that it differs from the unnodified
formof the target protein by ?r‘bSi ngl e am no acid

change. For exanple, in one enbodi nent, mnutagenesis
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cont ai 1gs e hBRIE a28inBR A6inE acil Q6P AR reftlrs RthY rﬁgﬁ%ement of
of the is-HT tarﬁet positions. used herein, th
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piong gmingacad; By anpther angyipe acidj dhe meplassmeakeandfe byi ampterabamino
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asciddhiavgote@iRA0AChEMBEr o aBliNEAid h MR Protcin RAFchhRd.

can replace the 25 native one at that position wthout

i nt r odus ¥§d AeRpinaesiirass)“enkyms geningacid prplademgnteccurs on each
pr, i S\ . ej id
LS PoR elts o RO SR by O, SN L 4 o
i shgenesdifiedifoambfthenoget pratéihlby achl@gmbiol saeDcltgd For

t hat groxeins wi_f h sequences, of ami no _acids djfferent

f CEAPP RN SPRLAINATALUIaRFRESis b perfosmed &y thq replacemaent of a

S ial J_1{rir. . t %, .- 509
70RATh gelt B AT ORI et it R hd Bilheft8a8ibone
arfelgt, Ypre-yf-onkd i nddiessablevariays)asich tieat eadhgindavidyai oiuesnt generated

ar.e, sel ected. 2006/ Q48777 PCT/ |1 B2005/00366 32 As,
ol RBel ROt O GROPAT PGS ERLIOH TREPREL: g acid
PetpIRRRIh IRt BhesisSrei@ons R %péafe@"iﬁf éd’éch%?ﬁié ﬁé]ﬁﬂ@ﬂ%%hﬁ'ﬁjo acids

or otherw se chemically nodified, and only contai
c ¢latted e gach phibeds-EHT nargeigiodion\s Tusse d phealdy f martant protein

oy iR A Bro Ry Ry St oigB i BRE s SRt i acid
MeeiladeiRht &onlyStidoMRElistHTRatgPpoditigisude,  but are not
limted to, Eeer%yl ation, al bum nation, glycosylation,

f any sy lAgtusedh hereiph herhoasg|“asquder valddy pe,” 61 thecontext of single or

p ' Lfhcations known in the t,. d
ShHARES I, A5F4AE 0B URUE A0 s 58 om
beriial, sueithsaiative, dnif® acida a pive asiinedtid fokaid, ch@tbplace the
For _exanpl e, when a reconbi nant protein 1s 10 ) i

i e onead thak pesinor glithoutipwodusing any meessviahlg charge in a particular

r %P&gfﬂia@%{y. PA %Bﬁ'ﬁlgti&pSifasre%o(ﬁﬁlugle&%&olecules encoding a collection
of mutant molecules is generated and phenotypically characterized such that proteins
with sequences of amino acids different from the original amino acid, but that still
elicit substantially the same level (i.e., at least 10%, 50%, 70%, 90%, 95%, 100%,
depending upon the protein) and type of desired activity as the original protein are

selected.



of changes. Any such change that can be nonitored and
used to assess the transformation or transfection, is
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reporter cell; the encoding nucleic acid is referred

to as a reporter gene, and the construct that

i ncludes the encoding nucleic gcid is a reporter

construct. Qutput 15 signals include, but are not
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bi ndi ng. This equation has been enployed in nethods
f aelaigd de theiampunt af piotein Pesddn the cosmebidienbiFer bigherajoncentrations of

R SESEE 255 HAAL AE ALEEB0 -2l BT BRBL Lo,
usethubsipBilincredsel Aea Flidctiobabkee ankll y/slatkal pighdhebe Dutput signals
I nt ernational PCT 10 application No. WD 01/44809 based
orflspem m@asmethqnm%@a bsyveen pellsy axnpwsing heterojogousgenes, and
t%11§6 are as follows: it is the potency of the

oYl ca agént acting on the assay (cell-based)
syst emAs used herein, the Hill equation is a mathematical model that relates the

concentration of a drug (i.e., test compound or substance) to the response measured

Yimax [D]*
Y7 DI+ [Dsgl"

where y is the variable measured, such as a response, signal, Ymax is the

maximal response achievable, [D] is the molar concentration of a drug, [Dso] is the
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Kis the constant of resistance of the assay systemto
elicit a response to a 15 biological agent; Eis the

wgholsauseifi ci ency of the process or reaction PCTAB®NE3662

by the biological agent on the assay system ti is
the apparent titer of the biological agent; 0 is the
absolute titer of the biologigal agent; and 20 11 is
the heterogeneity of the biological process or

I
§gge tr?ﬁ?n h@l{ B{%dﬁ eé%c % m%§mﬁ’a??gs H %ﬁ? e (ng e% }s S”c?% snlg
eyammaad whirhrie s peibe ldv@ bin@astsemngla gitqoantdewmitly nmﬁO@etaemw
agent to produce a ?sggnse in assaégs stem an

theivacas smenesiie: A Fell alad /108y i 10 p RuPies, geceptor t
d ggéce ?&t\/ﬁzIOFZ?? g‘ilf.gﬁhég%lioﬁt 1s(ne(afhle1%' aes@@é) of gr&atérbtﬁan 1 indicates

the Hil curve (o
icooperaviat amodg bingingtshey, asd g abpdaf lesy thlam hean indicate
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armco response. used her ei n, ga par ent

tapphce)ﬂomstéH@ (1644869 dased qnl"HQT Noi PCW@RQWQ&&O h or the

30 apparent,.titer bi ca

S000, oanow hereiinsoa G e i aub R I%%%&P?Pal §Cct

(@Eﬁ@éﬂ&ﬁ\]& IWer01/44899 Basd dnP OB ARYUPE TIHROABS0B)Y, ttee parameters,
imting dilution or titer of the biological agent.

As usednh&r aers fdlowset er ogenei ty) nmeasures the
exi stence of . dis ontl X
V\}ﬁlﬂaenpo ency lt'l?e 1@&@[}@?@%&9 09131 totnlgﬁang%bfclrelll based)

react |76n,

I ec
eMal ue 5 of the H| [ coeff|C| ent or in t he
const ant of resistance, used herein, g)oequl ation
of set®% of idkd @nétaamfde%w é@e%qﬁ%)’oﬂ’SW&l 1ojtiGrgsRense to a

(Iflgfoﬁf‘%fé%g of mutants” refers to a library of

ot her vehicles that carry (encode) the
gene var i anitsshe glubdl effidendyrudithe gloedss pt esctiasiriggered hethe
i ndi vi dual E@cl es carry individual gene variants.
Eﬂ@h’g&ab?ﬁseﬁf(’? W)Y % he |ibrary is 10 physically

separaj ed T1,Qf I ie-cal [1RF B 8 WidlogiRallpdhyi dual |y in an

appropri ate essabl e array, and has been generat ed
as thedsi ngis&hqoahsdhubﬂtmaf oﬁtlhebmil@ai@gmt and_ut agenesi s

reacti on. preins

cont enf at etf, tﬂ‘? ﬁla%og?nabt& g glesbsl 18512:8 rﬂ%esﬁ%ﬁeaﬁtér gin, a
"reporter Cg|jartibi3arl BCuse8hbretd)&e paARQEHT (potengy) ,or K (constant

undergoes the 15 change, in response to_a condi'tion,

softrksistence) are wd tptespectixgy savess the patepey)pEs fesiageat to produce a
response in an assay system and the resistance of the assay system to respond to the
agent.

As used herein, € (efficiency), is the slope at the inflexion point of the Hill
curve (or, in general, of any other sigmoidal or linear approximation), to assess the
efficiency of the global reaction (the biological agent and the assay system taken
together) to elicit the biological or pharmacological response.

As used herein, © (apparent titer) is used to measure the limiting dilution or the

apparent titer of the biological agent.



virus or to a change it its external or internal

environnent. As used herein, "reporter" or "reporter
wounimtg7ref ers to any noiety that allows for PCEB2005/003662

detection of a nolecule of interest, such as a protein

expressed by a cell. Reporter noieties include, but

are not limted to, for exanpig, fluorescent 20

proteins, such as red, blue and green fluorescent

prot ei useb%%;en?@ aBgohl?LE tlijeq‘} ?Sclh%ﬁ It@me%lﬁ% ﬁie%s@lﬁfé 185HRg
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act i vi ty usest hergiRe TeBPTer TR TSRQTTSy Inﬂ}etgr refersito, Any moiety that
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“con#errln or art|C|pat|ng|n con errlng
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20 a%%{tc%/llgt%lsggl} %Sf reaolﬁr otmdf geen ﬁ@rﬁ%@%ﬁgge%&%%ndd QfierHtectable

g%ﬂ? Q&P% ?r&ﬁi%tso Fof Ekﬁr@ﬂﬁﬁl) in@Bl1§ aRfueled 4tid Awlddse@ncoding
rern , " "Dbiological act|V|ty' and

ﬂha‘epmdmlrmga@a:lan ba@xvaq;spgr as wﬁ.@mrmrytegtmtb ,atp}:ot@m of interest or
bi ol o ceut i f | ncl udi ng, but not

Pﬁﬁl?rgﬂlclieoco FrQL? %rﬁg@getré)fﬁgeor{seol ysis, bi ol ogical
ef fici eGied heRAS d}bh‘chb@? ’efeffdrgtoeﬂhephys@emfysrmm neother
a

expressi on, di fferent | gene expression and i nduc

25 actanifestytiort of éegenome;ﬁﬁ srgacers agae) Jnimethqds e p) heolypes

Y S st ot o

act i vi tAs use BERRE U&dtﬁut@’C triexnst iyl the Jargesosast ofithe teem any change in
a system (either biological, chemical or physical system) of any nature (changes in the
amount of product in an enzymatic reaction, changes in cell proliferation, in

30  immunogenicity, in toxicity) caused by a protein or protein mutant when they interact

with that system. In addition, the terms “activity,” “higher activity” or “lower



mass, pharmacol ogi cal activity, cell/tissue tropism
and delivery. As used herein, a nodified GH
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7% 8% 9% 10% ... 20% ... 30%... 40%... 50%...
60% ... 70%...80%...90% ... 95% 20 96% 97% 98% or
at least 99% of the activity the unnodi fied Gh

pol ypeptide. In yet other enbodi nents, the change in
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cont ai Asmgedelmrgm ‘Trstivigy.oiblolpgiFabadtivitho Rhaggpca)loglcal

r 2
i AP SOl i oo
t WeAkd td) aésitalce Yo pReslydis) Gidegicd effidénty, nandnatianredficiency,

am no acids, and am ngo aci d anal ogs., These j ncl ude.
agenedrasEens espm@%mffatee% 8ERe W%Péesaloguaaé f&#&Pﬂn agliyity, titer,

use%ﬁg&%ﬁﬂﬁl\h toggp gﬂ't Eﬁf 1frﬁ’ﬁun%g¥m@1rt§3tcgﬁ tpirc\’lﬁ”era‘uon and/or
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| ffegattiadom bt Blerpholgemmcamﬂww, therdgeatic agbrtypimcreased muscle

usage,  recognjzed abbreyi ati ons I UPA

BT, ST EisA AN oA R R P SIS b e pren, o

1 C%, I 3994%; S9%, 6%, 3%, 8%, 9%,
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siloW, e. ewt er 36%de) 46%, t.hE0%L andaYod. tﬁ@"ée .§086+ eP0%pele 95%,

Dl YMrfaduicalleat 399 ottt oS PUFLnodied cHippepyoe
t ggt (gﬂérrbﬁl%ﬁirgeﬂ@ the cH¥igd FRLRRY & ,leanﬁHwt aginds, 3 times, 4
r ési

ue refers to an amno acid forned upon . cheni cal
ditigeest 5 Gmes, fytiined, 7 dineds, Y times, rﬁﬂlll}ip% pPitieesatl {imss.pdimere 0

i nk -
ak@%?&m%pﬁegoyig 361D R, 80/ Bl APR RRIBPHELD 300

| Rintdd@400RimésS 0B tites fammme@hvmlmeg 890 tides) Qm)aﬁmes lﬁ@(htlmes
be substitutéd for any L-amino acid resjdue, as |on

asr ivee tiwss grsdtet thas vinBedifiedr &l e AC)vits canshemersyrasly fr P‘?gamPle>
pols%g% sFay‘s;j Siich as those described in the Examples below.

As used herein, the amino acids, which occur in the various sequences of
amino acids provided herein, are identified according to their known, three-letter or
one-letter abbreviations (see, Table 1). The nucleotides, which occur in the various

nucleic acid fragments, are designated with the standard single-letter designations

used routinely in the art.



NH2 refers to the free am no group present at the
am no term nus of a polypeptide. COCH refers to the

wonew/agr7boxy group present at the carboxyl terPaTABE0D03662
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a 20 pol ypeptide. In keeping with standard pol ypepti de
nonencl ature described in J Biol. Chem, 243:

3552- 3559 (1969), abbreviati o?% for amno acid

resi dues are shown in Table I: Table 1 Table of Co

respondence, .. SYMB l.letter 3-lLetter AM ACID. Y .
Tyr Ty oo Ry et o ool ClonfiliY i Ringgn amino

Metoupinbiacatbeaylidadld gralpam ﬁ@lyﬂ@tﬁe lcom@fikedawolorlthde amino
i soleucine L Leu |eucine T Thr threonine WO ] )
2006 ORg IrPEET hepim emimussiinclude the vty naturaiyregeurring amino

AU R el g B BTl s

g lwiHetui 6-catbiogl hag aGide oBhin. and/ or G n W Trp tryptophan

g ﬁrsg r %Jsg%l] ggr@irn? 9 %b?esvia%roglé for %%/ grotelz\clztlég %r&%g,aarrr%%lo 0ids and
other compounds, are, unless indicated otherwise, in accord with their common usage,
recognized abbreviations, or the [UPAC-IUB Commission on Biochemical
Nomenclature, Biochem. 11: 1726 (1972)). Each naturally occurring L-amino acid is
identified by the standard three letter code (or single letter code) or the standard three
letter code (or single letter code) with the prefix “L-;” the prefix “D-* indicates that
the stereoisomeric form of the amino acid is D.

As used herein, amino acid residue refers to an amino acid formed upon
chemical digestion (hydrolysis) of a polypeptide atits peptide linkages. The amino
acid residues described herein are presumed to be in the “L” isomeric form. Residues
in the “D” isomeric form, which are so designated, can be substituted for any L-amino
acid residue, as long as the desired functional property is retained by the polypeptide.
NH, refers to the free amino group present at the amino terminus of a polypeptide.
COOH refers to the free carboxy group present at the carboxyl terminus of a
polypeptide. In keeping with standard polypeptide nomenclature described in J. Biol.
Chem., 243: 3552-3559 (1969), abbreviations for amino acid residues are shown in

Table 1:

Table 1
Table of Correspondence
SYMBOL
1-Letter 3-Letter AMINO ACID
Y Tyr tyrosine
G Gly glycine
F Phe phenylalanine
M Met methionine
A Ala alanine
S Ser serine
I Ile isoleucine
L Leu leucine
T Thr threonine




C Cys cysteine X Xaa Unknown or other It should be
noted that all am no acid resi due sequences

woemeaggnted herein by fornul ae have a |eft teCcTiBiws/003662
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orientation in the conventional direction of am no-
term nus to carboxyl-termnus. In addition, the phrase
"am no acid residue" is 5 brogpdly defined to include
the amino acids listed in the Tabl e of Correspondence

(Tabl e 1‘—amd—$ b dirfred—and unusual_am no_aci gs.
Furt her npre d be noted that a dash at the
begi nni ng qLL&e&- 01 ag-Iamieno aci d rAediNOeA€EDuence
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reacti vi fy of W4 nat ural Tmn nolacid mntopﬁarhm.ma“y
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natural | y-occwrring| am penaci s and agpekagies but dre

not limfted T the D agQst ereonergndindaiArg aci gs.
Exenpl ary MoTTETatur | a@y 0 aqids are dggpd 1 bed

her ei n and—are—knowr—to 10S€ T art As

used her éin; .X'f" ei ac,xl&g Haet-ude Mﬁd—

anal ogs thereof, 20 including proteln nucl ei ¢ aci ds

( PNA) ' AR NG BdstdiRGEGEnEE: af2d herein b

2006/ o@ggoi‘ghé%#&zg%g}q%né%az 38 sin (?%nst r gglgsed or o

dforinize htvaa thfdto riihn gtlmtsumndb@cth@fmnabélr@ﬂ@n of amino-

cont enpl at e en.referri bes.. or.

o i cgoninsiar JhpddEpb bt pRRsS lipRatlHfaue is
ﬁJilaf RHREd BSindlufié H‘féra%ﬁﬁ@ Qéld@ﬁstédiﬁii b abkle of BaeeBspondence

les are typica of a length such that they
a(k“abhst b)tansltaaaoanwﬁgd] arqﬁ@usuaua@un@ aggs. itmdermerey Skuld be noted

%ﬁ? hgs t ?l?eol?eggvnqﬁggrln léx?é aolf % aréﬁrb ?&1}0&)’ }es{dﬂg s@c{rugﬁéenﬁdf%ﬁtes a

éHtﬂ'e Bondto 4 Aadier Qe’-hueﬂ& Aond Or BRrd axgimo l&Sld&éSldewm@an amino-
conpl ementary to, identical to, a

i termirad grouprssefeas Eﬁd opioj aerkoxylrterpinal erounz éUCh.L@ CogH.
30, 50,, 100 y
her ei nAs nsed DdreiiPlg atur el t)gdu‘frtlﬁ | aﬁuﬁ@ﬁa 9o 205 Ghino

respondi ruc y-related" positions

ORcillyMhaPscoiPirepolsfeppitied. ei ns, such as GH protein and
ot her cytokines, refers to t hose an no, gmfd]a;%ositi ons

det er mAsagchherer. thederns froncaal angRdridy DA% PHAHE
tel ﬁlgé)lﬂl%rlcﬁhtq{ég |, sBYEFARRIIAG 0 a natural amino acid but has been modified

structurally to mimic the structure and reactivity of a natural amino acid. Non-

naturally occurring amino acids, thus, include amino acids or analogs of amino acids
other than the 20 naturally-occurring amino acids and include, but are not limited to,
the D-isostereomers of amino acids. Exemplary non-natural amino acids are described
herein and are known to those of skill in the art.

As used herein, nucleic acids include DNA, RNA and analogs thereof,

including protein nucleic acids (PNA) and mixture thereof. Nucleic acids can be
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a test polypeptide can be 15 defined as any

pol ypeptide that is 90%or nore identical to a
reference pol ypeptide. As usgd herein, the term at

| east "90% i dentical to" refers to percent identities
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have at least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least

95% amino acid identity or homology with each other.
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expressi on of endogenous DNA by affecting
transcription, translation, or other regulatable

bi ochem cal processes. Exanpl of heterol ogous
nucleic acid include, but are not |imted to, nucleic
acid t ncodes. t racea i 165n-28a18d
20 pr oherratRE B g o1 B s el Pl dhehe enBuiatn s

theteiRNeER %0 bhrsiapaiat hmllésé tiedof 3096, lvss thad9b Alessatban 30% or
such as anti-cancer agents, enzyrres and hor nones, and

Diits thira20%antneieeid idandity enhoaolegy Wibeaghfihers ch as

ant | bogi £3 Lok t@ftially identical™
"t or elg ﬁ%&ﬁ? g qt @Q&fs%'&erg@ﬁ%ﬁég tl‘él%tg fs r?lgltebspr elsae?gl en ica

t hespuidat V&ﬁdseowt}ﬂthe @ﬂnﬁn‘daspmsleﬂsto«)d basheseekdled m dmgakvant art.

DNA 25 nol ecule found in t

. 1t al
ref er Apusedigreipdictologoys ’5 nonfelc %‘i‘%’%ﬁs@ C@&A and RNA,
V\?r? ﬁillser%s {erch%n%eat%y%ﬁ!;}ggé? o DA USSR ANBEEd ot o itslly as part

eferenc eic acid nol ecul e or
pef §ip @@idnateinowhich itds pissortot ot atredasis artiesi in pgenome that

s Fora At inMHIERT SCOR APERE R CROTSHE B G Tpld Wotudes
{fl%él&h gc@%'ofjerﬁﬁ) YRR 10 BleleN 8o Wilictadt mnﬁfa&ud?éﬂﬁllsut that has been

ere romt natural state. For exanp
pobtyined fieat amhep celh oppnepge@ symketisatlyr Qpnqralbf @étbwtgh Bt

['iving ani no
s Bt b e S SRR g
?f‘dﬂggéﬂt Bydﬁe 6P A whieH if ik eRprebied C Hewrslbg g DMAdtdh sn@inpasses
s natural state is "isolated," as the termis

emp)_sl' DiedohNSi that orgef skidl 1p(§hey%¥ypp]§ge<5)rgmze or consider as

| eot
P Beimiiestin p fioeBh SRR P RSRE iR M ARE Waprs. |
| PleRRGI8Ho@DRA and TV Atadd dan leyquelp (RNIe or prot(ans thaSmbdma@dbr alter

5 pol ynucl eoti de" are_ pol ypepti des or po eotl

t hspresstoreofiradpgengrs PRy DY 5& m&ﬁ{ayscrwﬁl"gd%@’tséﬂf)

fro onplL pant C 5 W léiQ%iaq Tud

FE g PR pr RS s ExpBlcs oL ALAI QS Ui B e tinclude,

C oAy ndt kafled®, ﬁUdilSlt: aoidi thht epcqdes rtlfacwlebyalﬂmerotems suchasa

one-step nethod, described in Smt
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substi t At QR hefeird "“ﬁsoi&'tedmftﬁ reference to a nucleic acid molecule or
polypeptide or other biomolecule” means that the nucleic acid or polypeptide has
separated from the genetic environment from which the polypeptide or nucleic acid
were obtained. It also can mean altered from the natural state. For example, a

polynucleotide or a polypeptide naturally present in a living animal is not “isolated,”
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nucl eoti des. "lIsolated" or "purified" as it refers to
preparati ons nmade from biological cells or hosts

worers4gr1y cel | extract containing the indi cat edT/DB08003662

pol ypeptide including a crude extract of the DNA or
pol ypeptide of interest. In the case of a 20
pol ypeptide, for exanple, a pyyified preparation can
be obtained followi ng an individual technique or a
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A preparation of DNA or protein that is "substantially pure" or “isolated”
should be understood to mean a preparation free from naturally occurring materials
with which such DNA or protein is normally associated in nature. “Essentially pure”
should be understood to mean a “highly” purified preparation that contains at least

95% of the DNA or protein of interest.
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the regul ation, can be 20 constitutive or regul ated by
cis acting or trans acting factors. As used herein,

the phrase "operatively |inkegy generally nmeans the
sequences or segnments have been coval ently joi ned
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The two segments are not necessarily contiguous. For gene expression, a DNA
sequence and a regulatory sequence(s) are connected in such a way to control or
permit gene expression when the appropriate molecular, e.g., transcriptional activator
proteins, are bound to the regulatory sequence(s).

As used herein, production by recombinant means by using recombinant DNA
methods means the use of the well known methods of molecular biology for

expressing proteins encoded by cloned DNA, including cloning expression of genes
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As used herein, the term"vector"” refers to a nucleic
acid nol ecul e capable of transporting another nucleic
acid to which it has been |inked. One type of

exenplary vector is an episone, i.e., a nucleic acid
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linked are referred to herein as “expression vectors.” Expression vectors are often in

the form of “plasmids,” which refer generally to circular double-stranded DNA loops
which, in their vector form are not bound to the chromosome. “Plasmid” and “vector”

are used interchangeably as the plasmid is the most commonly used form of vectors.
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20 protein. As used herein, "nucl eotide sequence
conpl enentary to the nucl eotide sequence encoding the

wamosw4gor d sequence set forth in SEQ ID NO " PerTaBR0$/a03662

the nucl eotide sequence of the conplenentary strand

of a nucleic acid strand encoding an amno acid
sequence having the particulay3SEQ ID NO . The term
"“conpl enentary 25 strand"” is used herein
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e e sfRes SFs somReBetRL BRI 3E8 riGeisiiq Sffd cncoding an

| g0l adkidedeliBerlc Ghvias thehRirtsdidr 8BE) TH NO:S Thhie derfY&dthplimentary

directly or indirectly Iinked to or otherw se

ared i usgd Wereh intrechangenbly with the term esomplermpntyp The complement

a(%f‘ zi fﬁ?c?ei& 8?18 S éf %gﬁ%gﬁ%%cgfég?ﬁ@ﬁr ofel%rohhfg%lttgﬁf orthB Qgﬁl'ialement

(herein referre
of a non-coding strand. When referring to double-stranded nucleic acids, the

complement of a nucleic acid encoding an amino acid sequence having a particular
SEQ ID NO: refers to the complementary strand of the strand encoding the amino
acid sequence set forth in the particular SEQ ID NO: or to any nucleic acid having the

nucleotide sequence of the complementary strand of the particular nucleic acid
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and suspended in solution or spread out on a surface.
As used herein, a "support' '(also referred to as a

worbosiMsIapport, a matrix, an insol ubl e suppoPCTAB2005/003662

solid support) refers to any solid or sem solid or
i nsol ubl e support to which a nolecule of interest,
typically a biological noleculg, organic 25 nolecule
or biospecific ligand is linked or contacted. Such
r|aI de a te used as

TGS SRR Eng IR Hried bRl RIEpa e Rteotice
bisqueiecihle coniltant 6f SyMitksesci@nch mm@éw a@a ha®ig R rsleotide
but are not |imted to: polystyrene, ycar bonat e,
pEAPESFYIEhES, Coml@‘nentwé% iat ofethe pagticu nwlﬁw agigrsgquence.
pum cey E%F§1 )
buckyb a ﬁg&fﬁﬁnatg? ?%r}ﬁs‘%&? Uy Cfe@ﬁ&%‘%@{aﬁd g% ad double
ostfmdecBﬁudrm acndahsleuﬂe dlaahassth@ sagueiscefladthesmIRINA fHaastcodes the

nt hese affinity s ratiqns and rifjcations

HERES PLETRP FRAEICONET DY i dee: §t59r§io drrclsicrnsid alegue.
app' | CR E‘u%hsherg iith g@ &%ﬁﬁ%ﬁg &Fanﬁ‘iiféf&@%g ﬁ@%%fa dbable-
matrix herein cah be particulate or can be In
oftrandedbmydleio acisl rsoleéide that sulehcamsplement afithd seiqaencdiod theanRNA
oencBgh B Seaene orahige paf Suseredar Beidh b Shmadrd Mteic acia
PRblecgl! ate, typically the particles have at |east
one dinension in the 5-10 inmrange or smaller. Such
parti che gsedrlar@mr af“acioy T weders (ed goliectien ef elementsbaighlsg tucleic
are not cessarll heri c
P PoleElies et Ebe HEEE SRRk lergRET T Ap sy i one in
ofvhich €hdmbib¥ss offficCdiras e ia@n@ﬁam& &ally ByCpdsdiontn a sohd phase
random shapes, needles, fibers, el ongat ed. Roughly

SPEPIt O8bY BRIl apadfmh@abla OF 9ete¢tﬁblrs dehsheresas hagoletan
ﬁ%&gﬁﬁ? eltel(?&oﬁl% g#é'n%l (ﬁ) ) d m"iaérg' aft ot o%)gllﬁ @é&g%ﬁat does not

can 1 nclruae a |ona conpone

nags@hiiallyodlicp ateaﬁwwbh @fﬂlarrﬁoledlﬁes dfs@erest) Obae cfde or other
Dynabeads (Dynal ¥ for separation using
It

nsé@?%’t‘%%y, a%em@algora%hqr Risch Tabels 14 bt eBhofeniss thaanamhers of the
us easrr :{g@ frﬁm%flﬁe& H?dﬁ&%{é‘?%’er%uﬁgﬁe%@'o ﬁ‘eg? Falrcg bfqa scﬁfd %hase or

erein, rix ort par
t dirardy ok mdmb‘éy liakasl tblvabtheavice assoduhkedf\mﬁarthe)idedtlﬁableiﬁel, such

partjcles. The rticl have any sha and Si 0
fhf%ﬁ@@am}cg;%ﬁ’ﬁeré o e BETICY e SHPRREHGBEHHD FHEFed © 8 G6rds)
”&Hd%s;ke?ﬁéd 1§Q>lﬁff8n06r gfeéé Outjfgl e 15 1 €SS, 1 mm or

| ess, 100 mor |ess, mor |ess and typi caIIy have a
si ze tAsansddshet€in, a Tmﬁpco:rt” (alss scfefed todd aomatrizseppdr§) ammdBrix, an
or l.ess,

ol EB g R & S & Wh ey iy sRasofd or ikfnfe”
@Eb&@ td walch aclﬁbie@lﬂe oP BAHEst Ctgrﬁt%allﬂ_&s@ giolsdi&dl Maolédie, o dgamc

reviations for any rot e lve roups, am no aCI
amdlecde loe blo@pmfwhgi@d 1ahekedlmlce3t§cﬁefhd Su@h wdteoirlsenaliideeany

BeRagR b s Mol P it R RE R ] G RER & biological
Bnekbagisgathedds ABRM 6haY4¢6,8ublh 8¢ Berare ndtlimAdLtcd Hélybthene) .
polycarbonate, polypropylene, nylon, glass, dextran, chitin, sand, pumice, agarose,
polysaccharides, dendrimers, buckyballs, polyacryl-amide, silicon, rubber, and other
materials used as supports for solid phase syntheses, affinity separations and

purifications, hybridization reactions, immunoassays and other such applications. The
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B. Gowh hornone G owh hornone (GH), also known as
somatotropin, is a peptide hornone produced in

wanoosaksr77i ncl udi ng mammal s. GH is a nenber of PCAB2005/003662

cytokine famly of 25 proteins that is produced by
somatotrophic cells of the anterior pituitary. GH
plays a role in somatic grow st hrough effects on

nmet abol i sm of proteins, car bohydr ates and lipids. GH
o5 S S Bl bl RN e FhEOPILA G ELBAS: B

Pa micrbtitey dg;hmmtellha) ghsndidesa alhsmrﬁhp,tarmnb&lmlxrmh&t nylon
secreted fromthe ante r pltuitary gl and

r BCEn E ofhyer HepgsP nofhen pagteujete @@%‘gdh%p@acmhave at least
%Mlmeh%m&lersei@ﬁﬂ %g@ of £{H£11%r( ﬁiﬁ'ﬁarﬁ@l% %f%ﬁeei ESBctively

the hypot hal anus or exanpl e
( haem)as' “Acmlnb’fayqaoﬁim betanotmocermﬂs, swm:m@ﬂ GSMﬁEFe?ence however,

/ 1 B2005/ 003662 4 th h t hal |
A R R R R
Ofana—mrsﬁ{ﬂ%dt heedles Hw&mad @Iongéted eﬁ&)gﬂl’ﬁ sphbAla bbasgs gamcularly

McGraw Hi'll, New Yor ) Go hor none i s rel ease

ami@pspherts thaggan b@ll@étln lthee hcalsdmlme (ebweare tontemputgel. The beads

k | ab. din. h Am. 21:.
2808 eiBhe B 8EhpPTms, R sregnk i ot Raddili Barticles (e,
hetgg nnrynamci@(mﬁfal OB Srway T SEpeady adhe nfa8BRONS ESng as the

GH have been studies in humans. These responses

f addmfemb eempQRsnisdods intadfere With thermethods apd apadyisse deteimt

el R B oS o S8 R L SEAAY it

Emérlm l‘hestbﬁn of disadtemsticles. Wltﬁfﬂl@bgﬁjﬂblﬁpb@ﬁd @fmension, but
se ou i nt er medi at e
E@ h& @%Vf‘oéftcf qw%memﬁen %ﬁ‘élsa]ﬁ)&ti’éml‘%rlﬁsén@ HAbHOR Jss, 10 mm or

P egﬁgtrﬂéxgl&ngégsﬂ} 51%& s tlés?% r%n\}woh[ég ghg'? \/\}(1% haxfe a 51%6% that is 100

t n@ﬁt&seseﬁﬁmw o2lesd 10 lmni%i?ﬁa)ss ahl@ rhin? 6f leb$ 100 @niTRIr Rss and
or gan produ0| ng | G- 1. Hepatic |1 G- | nduction is

degpelreduier afisghicderasgp Syel Earbgle:? e pelé@itwgly called “beads 7
transcrl
As

vt nove Bty ot BRI bF Bl Bt Ao acids and

Asthek coﬁﬁ‘pounﬂ@éreﬁ BnleS3thdicARA 6tHe@B6)ih acddre wity tBeir temMon usage,
of IGF-1 inthe circulation is a 150-kDa conpl ex
asegwléﬁdeaé’bwvmoasmilkﬁdiJPAa@ﬁUBqumm@sgmmWﬁmml
ﬁilleH% Ohel. en§ igﬁ%f’gﬁ) an 85-kDa acid-1labile
”P} xanpl'e, ‘Baxter et al. J. Biol.

CBem @Géwthlidﬁﬂ&aell848 (1989)). This conpl ex
circul serves to transport | GE 20 |

froml 3t At WB&? @'éfsga KBSV 85 SIRYRRPPIPr 1S ﬁd’FPBﬁlF hormone
f@??%éd in %nﬁl@Y&lﬁ)dlg%h%ﬁnﬁﬂé eGins tnnﬁnge? gy{lf%téfyg?mg family of

| GFBP-3,” and | e su unit (see
emmmhsethaﬂda pfeiuceat by sdmatdtropdii¢ cells lofi thestnter®t pit8R4ry 3981 plays a

ro?e m s)omatlc growth through effects on metabolism of proteins, carbohydrates and

lipids. GH also is produced in the placenta. Placental GH plays a role in modulating
maternal and fetal metabolism. Pituitary growth hormone is a somatotropic hormone
secreted from the anterior pituitary gland. The release of growth hormone (GH) is
regulated by growth hormone-releasing hormone (GHRH) secreted from the
hypothalamus (See, for example Ascoli et al. (1996) “Adenohypophyseal hormones



1. Gowh hornone structure GH pol ypeptides are single
domai n proteins conposed of a helical bundle 25

woaopoggd7 of four al pha-helices (A B, C and DpCTaB100$1003662
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are connected by four interhelical |oops (AB, BC, CD
and DE). Disulfide bridges can further stabilize GH
structure. For exanple, hunmangrowth hornone isoforms
possess two disul fide bridges (cysteines 53-165 and

R ool B TP o S E AT obaFa Ml B prghibologtea

dBasik bf Therbpdudigs Happanesall alsBPp. 4668413 BRLM cGeaw-Hill, New York).
stabil ity and, productive binding with_ the receptor.

z@@%memnpwﬂemosme@mc wzﬂm@%xlﬁ shl@n&%wefor example
pgw&@atal.%ﬁoww ﬁfeiafbegﬁﬁt R g;neﬁl %%fﬁ&zc(‘i’%"é%ﬂ ved

sequences am no aci or exanpl é
Abdel - Kkgwﬂrhc&moaé hasFseen stubliess lin hvoas. anSaither USAngdls.

6434- 37 987 ) uen conservatj.on i.,s especij al
?E ag}l SP%“S?%@ éﬁ&%&e Besy %t‘tdéﬁ’s lFlé‘&P}?ﬁg These pgsponses
pfél’ltlﬁid%r s ea%gbriagrmﬁﬁme&wﬁ@wﬂse’seﬁaﬁhauaa Lok tion of insulin-

t
about 200 5 amino acCids. Mature hunan grovvtﬁ hor nones
c bht growth $dct@g 2 alaiﬂl NH}E&& iand JGE2), Istimulationed i gly cerile diy dfolysis
26 .am no acid

< pose sl g ot P s PR Lo ttermedine

pfﬁsp@mﬁ bERG L the inclAdARBHIEO an@gﬂompfdndﬁbonwﬂsaﬁated §y IGF-1,
matured to a smal |l er pol ypeptide upon cleavage of

sirxghmm&@lmdmgénemﬁlml@a Wﬂrsatabmwthgﬁsoémﬁueﬂmd@l et al.,

Egovvth hornone is a heterol ogous protein and exists
grrrs that are 180, 191, 202, 216, 217 and 222

a m no aat Uverdis tHegRgfbhorghx prdhising 06T FRpA OFRIB ind &Y s
hor none pol ypepti des include, but are not limted to,
pAerearent upgl hdl ewpopwe Ry iinrreasing iemsasdtivaof A GF{ImRNA S, for

| BRR: hag000) 1304 o B R v Heq B 3

193!43 99@ (1996),) Tﬁé’ majkﬂ&'orni@ﬂl’.GPlEm&ﬁ@ cirdfdtiond®2,15@%&B)a complex
205w BB b i 1P o
a |

p?% §§ kﬂa@c?ﬁ@{‘%ﬁu&ﬁﬁ S\Z&@ n%g ?)Efa:i)’ﬁnpep Batkdr Hﬂ J 7&5 CwemaQ&

cent al S ‘enco e 21
at184#3- hkﬂ43‘3 gepDH e’Ehls ttreplex alredatirgeindbkelplasmoa s’drvcssto ftnanms)rt IGF-

Lfrpl@i lhvgfr 1n|tﬂ gilﬁfgct sges ﬁoa E%@%Emr@t{ognéﬁgagnéﬂﬁalwl g4major role in

| 8RfOERn MIGHLI REYBEBL ardiOackl- F’a%ﬁ@E@Junﬁr(ge ?f&rlékﬁtﬁf)% Kupfer et
i sof orns of GH, Share sequence simlarity throughout

t hleJ. Ghmtleias. 9Fo39leXniP8))a conpari son of mature GH
GEnBa k AcceSS|on No. NP_002050. 1)

pl acental i for ﬁ
and mature ﬁh apye § §EﬁBF%1(GEnBank Accessi on

No. NPG@P@cﬁ?ﬁep%HeiJzﬁ@tsﬁiglb SRAHIR PERSInS EstiFoséd oA hBlRcaRBlslle
di ff erences between th mat ure GH ﬁr ot ei n sequences.

composed of four alpha-helices (A, B, C and D),
interhelical loops (AB, BC, CD and DE). Disulfide bridges can further stabilize GH

ich are connected by four

structure. For example, human growth hormone isoforms possess two disulfide
bridges (cysteines 53-165 and 182-189 of the mature chain). These two bridges link
the loops AB and DE to each other. The presence of disulfide bridges appears to

contribute to stability and productive binding with the receptor.
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25 2. Interaction with growh hornone receptors The
i nterface between growth hornone and its receptor can

woeomwlvasdact eri zed using the resolution of thePCT/IB2005/003662

crystal | ographic structure of the GH receptor conplex
and nutagenesis studies. The conplex is fornmed of one
i gand nol ecule (GH) and two ?eceptor nol ecul es.
Consequently, there are two interaction sites with the

h [ent
PEG R Hor A Bol bl FmEh B, P8 PRRR EMbsraed soqygnces of
odminersius|(see foKekampe, Abi)-Mugtidtdial. tProc. NdrE sice@ 2RS4 84:

h the same affinity. WD 2006/ 048777
P%{r"’ ﬁéé@%ﬁo%@@efwa gorsREaden is eapeciatiydrigle esnspially in the alpha-
(Beﬁfcﬁf fe8fnk 9{ fpzblreﬁl Brobwth Rrnfdh8Bo g) %&ﬁ%@e‘é %égeW@Bgaﬁy Sbout 200

her srte rred to as site
aﬁrfnnmat:gds Mhatsrediustanrprowthrhormomdsfdoniairy 195222 fahe6s @dds, Wvith a

B A o B st Ao
HendrAGR G itprolitRdial 5%@@%1}3@?9@@(1 _Ie_th g sp}?@cu?ﬁﬁ‘ ggé@%tlde) that

for 5the binding to the rec e resi
nag.mﬁtyreﬁy@a ephabei molypestideiemn cldabram ofohe sifznslsequence; mature GH
ues to al anine has no effect on the

assom g??gﬁlr(g%ﬁ% ‘ant (ko") of the conpl ex

hor non@tdvah @piBbne B atheRddl BB protei MATKRE RUHA that are 180,
constant (koff). Thus, these nutations lead to a | ower

afHli AP2:y218y2 Ko 7@(26@111!‘1@ agifiein leegih! Examplss oﬁh‘atlloingous growth
that th
PO SAERE i A e s

feguences $dt ﬁﬁnllﬁSEQ TDNOS: g ahdV E2-015. thﬁone*&&ﬁ’ddﬂﬁﬁéiﬂ' the growth
resi due sjde chains _ at the blndlngéS|tes is to

t}H’émHB‘? RoReHBGHES adeneth o 1M al0% dH2 N, 192 1r9§c]é%713 ég& 199,
@yb@!z ?6’%904 rRsi 966‘3?07 %?gg?)?%f‘é‘dzﬁ ”5@59?%@, 215,216,

reS| ues ar’e 1 hpor tart BindT g "0
i219, 2138:;@;199220 TREse 20D havino doidsl dn @amans, thicgenet e pituitary

LR ARES B oL PR boea i S hover mahe

o LABTONEAC LA T L 1 S, o

wdtethatssspdictriger Bhaat us, &ﬁeaampleeaﬂ earhimofacohisbfbrmrof pitditary GH.

| t h . defi nd d A
il oS B rooori G LA pe B o DBt e
Breid. Iﬁﬁteﬁ%pﬁ:hﬁéorhﬁﬁ[séﬁbfmﬁtiﬂé Gﬁﬁla&&ﬁzﬁ'léﬂfé‘&n n%ﬁk

subj ect to ver requent repeat applications o

dhergssierr NenN Bng(l?-oé 8il) 9ndomgﬁuse Gﬁqntllefﬂamsbﬁ@rm@enBank Accessxon

I(‘Ig(p lC ) Fﬁ%ﬁg 686(: %f%rﬁgelrt sse&ggncg%? OWé r?ﬁ’inélo %.Ci%ué) ffle'lrtefallces %etween the

%ﬁ&fet(SHQjﬁoth@eqmceg al . Acta. Paediatr. Scand. 75:
89-97 (1986)). The necessHi; of frequent and repeated
appl i cat i orliteymctipn withggrewtlp hpxmonesaceptoks ty in the 25

bl 0od fr 1ﬁé@a@@&t%@8?§row&%§%%ng %&j itg ire%@f?tbr can be characterized

using the resolution of the crystallographic structure of the GH/receptor complex and

mutagenesis studies. The complex is formed of one ligand molecule (GH) and two
receptor molecules. Consequently, there are two interaction sites with the receptor on
the GH molecule. The apparent dissociation constant of the complex is in the range

of nanomolar (Kd ~ 0.3 nM) but the two sites do not interact with the same affinity.



Hence, inproved GH stability (half-life) in serum and
invitro (e.g., during production, purification and

webtarsager7eondi tions) would inprove its utilityprPanaB2005/003662
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efficiency as a drug. Accordingly, provided herein are
mutant variants of the GH protein that display
i nproved stability as assessegqeby resistance to
prot eases and/or 30 increased thermal tolerance,

t here 0SSessSi inc r.ot ej ) T

208 ORI T RSU0% Daaaio D) 1 BF hEp AR phd e D 8
dirsRbRY to RPHRVDs 6f R Affihity. Mdssdstindtion heaffmdtyss sdfiebted yn the
in the bloodstream and/or unger stora § rigiti.orb%.
cdlf@@mtanfwﬁévﬁ@%ﬁsam@r(lﬁ%gf §eﬂrﬁ§e ﬁaagﬁ %o o

Provi ded, heke; i tRi :
The. g Sirsfesfs PROH, S gank MuPIp Aibelt 110 ential fo
h@feedindiag to/te irafepgak.f ’ﬂiege irasiﬂuesaarﬁ ahaimly dtyeisiphpbig residues.
conpared to . unnodified growth hornone. .lncreasing . ..

s DABaian of the bycreRlhit tesidbpiorlamiag 86 sftec ot g afgciation

v ich%)(a%n:f @?ﬁ’g)r S5 {:(ajn 8‘2 haRESRASEptd?, bltQubmestd $R @issOdiation

i njec neede mal ntain a sufficient drug | evel
i Qo oz, Hlisus] thask mytations leadhiogghlerver affindty tbytascelprgting the

accepfance hy . .treated subjects r.ti.cul arl :
S GB?‘S%?‘QISSP?%U?% esg &E@éeﬂ%%se@%ﬁ% ncilﬁetﬁf: ghag Bc(lheimg%%ne binds to
c %@%Eﬂﬁ&%ﬁ ahpe ofkh&Lé Sfast@bHisidn andabatabe role of the

consequenceé, an attenuation of the (dose-dependent)
s &y dioghobic efsidvetside dhains ehithe binskingysites {stodeerhediprmpae bound

achi eved, far anpl e i_opof
PN SN R B kLGP O, RS tncharged
| DESBRS Salddark MEPSMAnt 6 tRE BIMGRgT GH keitpreotyston. These polar
Modification of  GH to increase stabjlity

/[ can
aceodnss inwtiatdinihe perracs prekdng ofdysrepbsbicaatidugs of %ﬂand receptor at
,l’f\ﬁ hﬁ@?ed thrrpared to the unnodified or wild-type GH
&3 W&FE%known in the art can be used to create
modi fi e gr auédwihGicraime apadiieplearmacentitsd et hods
descri bed herein, nodifijcations are chosen %JZISL&} the1 .
et hod Growtip Boressns s AmIKRHER AT TSrpEuis PR e spaple, in

V“B&rzr%%é” OR27 84-0309 H0:0R044:022893 of 2RIRELERRERE: growth
pr pep hydr o of

el irases” or J%%%%es catal yze the hydrolysis
C QistibeAty, Theprisghdromendd AIBSvasinpanbensdsr piaendetsi Jagagment

i f f ' i bady, . i ' bl
It PRSI e hosh Dby proiagS gl GHO A Sumkd 8¢ very
b%@%}gﬂ&&@é@%&% 1R:5ti S RN AuY A RS- onIeddiRShais0 FeasRanle, GH

sequence Ic. Wile cascades of protease
ackpleedran s roomaHy iveh by daidy stbeitanecs ds-eo Hiedioan {see, for

o o S35 T B Pl 0 FS DR o

di ﬁefcssfsﬁgbf £kt Bhid R AptichtioHs A GHD thvettob frsstability in the
Serine proteases include, but are not limted, to
c hylowd styqasi and undgpstorage conditions.

Hence, improved GH stability (half-life) in serum and in vitro (e.g., during
production, purification and storage conditions) would improve its utility and
efficiency as a drug. Accordingly, provided herein are mutant variants of the GH
protein that display improved stability as assessed by resistance to proteases and/or

increased thermal tolerance, thereby possessing increased protein half-life. The
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t PA and PSA. 30 Chynotrypsin, trypsin and el astase are
synt hesi zed by the pancreatic acinar cells, secreted
in the small intestine and arg responsible for

catal yzing the hydrolysis of WO 2006/ 048777

PCI/ 1 B2002 |08i1R0 RHssessthbrehdti @bty in the
tTARiant V@ﬁ‘?{}ﬁquég?%lagﬁ%pﬁgghisn st E}ct ire. as shown v

1416 61468am Aot udder atoragerconditioes. Each of these
di gesti ve serine prot ease%y&ar ets ﬂihg)fer ent regions

of. t heExmplaep meghodsHar po roSdh hOFROUR, o aci d

resid uﬁ%vﬁl%ﬁ heteflare R diGed SUGIIPRIHIONS pfdi€ingi TRe Rbdified growth
cl eavage. e active site of serine proteases is

Shapedea@lsa réfentétd hastiere vetiatg ks iversasaddn stabdlity gpmpared to
bi nds, _Am no acid residues.are. labeled fr 3
cemnded BB Ry e S TR (B B BIE g Gy of
E}i}mlzfﬂs in vivp) car Tesult in a deckiabe Btfle Fegudncy o€ Efjetiony eeded to

n

ng sub-sites (Si,..., S3, 82, S, Si', S2',
SRaintain a sEfficienThmgdbeehimspaunsthug leeding fe § ghepeeniot tp and

and P 1'. Ch trypsin is.r ' : y [

eras RSSO R RIS B ks e
af) fnfc9s bOHpSablBdidlbgivalaffet € sindUfBasldcdnsedueree, an attenuation of
phenyl al ani ne, tryptophan and tyrosine, which fit into

athsridesetiegensishbiseeondpaycatieets. Trypsin is responsible for

cl eavi ept i.de..po f W it ion of
e SR N AR P Sp e i

hy QRO @Bt réddiies br Squbives andiyn@i) by paiimsredsh éx thegnaldolsrance of
an aspartic acid resjdue at the bark of bthe 0 k%td hil
THicsprolaiv. Mipdificatinnent & o mereasuPpiiletay bersrepapfished while

F el ues AL S i Rethe Eh@dHARE of illiSype GH.
BRI PgRLTL ARy ShPhBECABn S R BASUARE cr vl e

s mak ImdiBsdsiabwarth e atea beased tregeate supdificdsgrawtnhoraione

O e el 1 TR PREKEL o L BRp R oo
" BRI JMthihd nABER&IAGR! @7 Skaible WOTD0BAR274T aRITWIIat ¢

ese s r am no acid residues. Serine proteases
aneo4/o2zpgsy.ous i n prokaryotes and eukaryotes and serve

20 | tant and di bi ol ogi f i O0S:
roroat Bapteren s e e of Sept RTaERs Y B hER s R Elhn
t 5&@?6?&19 851dsORefhe Piodda6dpRtiQbRE RSa rahg® BYfunbttomsdnitiebody,
pro

eases are matrix netall oproteinases, such as
géhattdingblo clatting, inflanmmation aspyadk as Heeseve cpatss i Aol

gel ati nase A. Proteasgs.tQ ' ' i . d
i @5&@5}@@3’ aréﬁ:&lﬁgagteﬁh ggrénet%é\{gh%g ca}tfj:?s%hlﬁ‘%lr@g gﬁeac%%‘zl eW’ hill% cascades
b%@}?Sr &éa{éb dsi@fiens tsi$teeBlood Ytimgsandohtpbanertthather proteases are
incfude, but are not limted to, saliva, blood, .serum

i ivedvédialsignetingrnethway s EaBEDe chivptiqn and degradatiyd fungtiops'in
others., These in af all types. In
pr"{;ﬁ‘c‘ﬁe’ﬁﬁ cg,ﬂu{%ﬁglfr %%:égﬁuslg{/(g}r §| gre%rr%ei al approaches _
descr i begink protedsed icludebut amtred lienitet utoichpmotrypein.crypsin,
is. Any of th I i ' '
nuetla?s?aesg,erfl:lt?ix meta}llllo%rotteingsse% s sgchoagegef)a[tmés% B Qn@,fge’l%tlﬂa‘gé‘ A?ﬁ]%B,
elastase, factor Xa, Granzyme B, thrombin, trypsin, plasmin, urokinase, tPA and PSA.

Chymotrypsin, trypsin and elastase are synthesized by the pancreatic acinar cells,

secreted in the small intestine and are responsible for catalyzing the hydrolysis of
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mut agenesi s, where the amno acids in the starting
protei n sequence are replaced by all (or a group) WO
2006/ 048777 PCT/ 1 B2005/ 003662 51 of the 20 ami no
acids either in single or multiple replacenents at

diffe ' aci osi tiaons are..generated on,th
<A 8 e RSBl e YRR R f WS throun

r @i X eAesinicande nEéENo@@l%@%ﬁiﬁ@stNe&%ﬁﬂ@}d%s@ tbfg@fs cﬁtfférent

of the 20 am no aci ds or bi ased resi dues.

bragionsof paesealypptidp éh%dqmdc@oafthet #rainonsichiesidres andnnde chains

tsge]%?oﬁtdnfg:}ﬁ ?1’[@59&1@4\751 | ’Pheaac%'i/? gl'?@?it defind %)F]oteases is shaped as a

r elefirdicte dle(p’olyﬂépﬁdkéiubﬁteﬁe bﬁ@s Omimﬁé aélﬂ eesidi@b atdllabeled from N
known in ﬁg'ance t o,  be involved in_the bIO|O
F

ata Eeyobiar Rglypertileubstratod +4 lohdl2 1. B Hods" ,of-, Pj) and their
I at | Qun: ncl g arni ng

R A S (4 e SaosL. o S22 r o The plsavaeeis

c ozthiyrat baiwetoP1 enhB1 ™ lidtyrmmdpﬁlnesirdsﬁﬂlsxhie fuimlavmg(})eﬂntlde

1D Scanni n "Rai nal enesi s"
O P O Ot o h B AT A gesiqies o P edigulag egidues
PIRARRHheRHlalafiine d@yﬁ%}b}ﬁﬁ%& ;/rSQn@ %ﬁéﬁ‘ﬁt fﬁltosa snug hydrophobic

appl 1 cation Seri al . 10/ 022 U S. application
Pooikiet at typsinNe r@p@@ltﬂq M@Eﬁvmg)pepmet tadridy flanked Wigh posigvely

ke eeddfpiro R R OAR pe Rt T 8 o B Rtk the
StRfrhdtRehsR, Blc@d Bkids aB QPIRNCRI fYllhe a5thd BhtK SIERE bbtket. This can

NO'1l) isr epl aced by a designated reference am no
athea igteragt with lpaﬁtlﬁ@y ch@gﬁci/realdytm@cb agpigiing andilysige. Elastaseis

égﬂ(%:sgoqe g& cg gg(?r1 g 1§? go I dgwﬁlta sg@ll&f al af-l;lgr?q %Céd residues,

S eehing afdnii, gBjcﬁiéVand &alihe CIher’d)claét th@h@ﬁukﬁiim &d chymotrypsin is
generat ed such that each nolecule differs fromeach o

t Rew liged svith wjine ped Branéneatqudenirei amper deprpgsion, which can
Qdo}éhﬁ&ﬁake g;re . i&bﬁiﬂﬁ)dc Lighded in step 1. 20 Al

am no acl 19 I'ning) are introduced at each
of t he Sttide pmmasesmnesublqmmljsﬁm prokaryosdsepd leukambtbsammehve
i ndi vi dual | ec contains, in principle,
oHRROTERE wsrsagrcgogl% fupctphiuchh éelﬁewsys JOH & F‘éd
w&&gfe&ehhﬁhnkﬁﬁgaﬁ&hé affesidntst dléﬁfy?r@t%in@ N ARAENhESerfR
i mprovement) 1n a protein activity'dre referred to as
L prDsases aith enatex hmdﬂ;lopmterma:s;:s andngy geldtiensd B i(mgisix

d f t dicted 2 f .
L cogiaeg QS eRlEis A lraRao T b s
PLRMASE, @ndl’ﬁdéttﬁbié thét%&ulefd?'eﬁéﬂl BledindRal ! @Rﬁ’dsﬂnﬁ@fsﬁ@s such as

activity conpared to the starting protein. Further,
btwae thet irelndechward ot linfitedhe, salivaydloadegirom, (anmaalaﬁdmach

oSSR ek, Gl OB ERRRAT L e

first st gindiple, BeieQle veml pelenl abpidhetesidBscsibed Edripidtein
and/or function is necessary.
directed evolution based on mutagenesis. Any of these, alone or in combination can

be used to modify a polypeptide such as GH to achieve increased conformational
stability and/or resistance to proteolysis. Such methods include random mutagenesis,

where the amino acids in the starting protein sequence are replaced by all (or a group)
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3D - scanning, as described in co-pending U S

weoubdsiogsred Application No. 2004-0132977-A andCUIB2005/003662
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application Serial No. 10/685, 355 and published PCT
appl i cati ons WD 2004/ 022747 and WD 2004/ 022593, is an
addi tional nethod of 5 rati ongll evol uti on of proteins
based on the identification of potential target sites
f t
gf thg?{dea;ﬁﬁgg g 1ds; ?10 esr' ulfgg l)e Y gﬂ@uﬂ? ?%fagﬁefﬁ%gt% o 8&1%%& Ao acid

sgobsiﬁénsrab bsnergbdbe @hemaﬁie&ndl&;ul& fat &ﬁrsemb itivie. chmdth@ method
under | yj ng_sequences , of the canpared gﬁotelns

t ﬁ@trsq%r@fl@?ra|mlyageélreaﬁ,éatr%dﬂcwoelﬁ)@r dl pbdeidlamaing ﬁ@ds ot DNA-
NP R0 TIPSt LARBA G nd DR B o e
apedisia) is,a stavhakiee @npmdpedhdstic ntaner fe,spmd]yd afithin dedibsted or

for ¢ ructi o and screenin 3. 2D scan
(P@gﬁﬁ?@fﬁr@awpap enrotmkbca\% jadyasggdo b BIEoly lﬂéhe(laPlogwal
r %@tﬁ\ﬁﬁeﬁ% TRbivegal AHMEl@Hﬁ&eﬁﬂeﬁl)od%f‘ ﬁﬁgﬁalfrﬁﬁta ;’Jn9§1§ iR luding

rati o evol ution (see, co-pending U'S. applTcation
Sébrshnog,. 211-6¢a68H 238 dcduniig cahHe sl alehedr in combination to

Lcation 2004-0132977- Al and published
|ﬁ$@?‘?f8‘t‘P8ﬁ‘§Fl\Q§ngva€m Sons WD2004022593 and

W2004922747p Séan AOnECARG gRdeAyyr WO
di nensi ons. The fi lrm%@‘g{l neﬁ5| on |g§ fhegam no acid

posi t i Batigha) myptegeness, @d@u tﬁrmegleldlrecfmmgs i¥ adgesten process and is
t. H T t Th
SR Gt R BB S8 Y 0B S

I epblacikiog No F03LA 1348 ﬁI—A!1§ Bﬂ‘lé_ﬂﬁﬁh E}Q: faet slep) @ulﬂl@é&lgth &ffino acid
An advant age of the 2D-scanni ng net hods provi ded
hepasping i8 p@uﬁmneétwln%gqch apA every of thogsniag |a|=1;ds hibe stprting protein

" ShiheRE2 SO0 O SROTDNOAP | AEbBR ALY £BesAglafbuiRRHEs amino
preid€e.g-, AkakiehnOnbyr €sifgk antimdacid mrrepimaalmlﬁfalcﬂ protein molecule at

repl acenent; and/or fewer than all of i nin
aRithes- abliea ammp-AGhpYsiqns areisieated taas H ﬁTSg. lﬁé € segp Stsg anew

n @Bllé’ %on %ﬂﬂ?}%ﬁﬁfés &i Kich 8t EQh BALaP Idﬁ?e‘i"é"ﬁﬂﬁl each of the

Bised |cu ar protein properties to be
e‘mdieVsebe {hie amino aad !psasattcaeﬂieondlmdualddi]Typosst)qns|1cﬂe;nt1ﬁed in step 1.

b g e iR L0 raiiRe) e e < B e L polflions

n 'fd'gﬁﬁﬁe&’fn §t§5 Qe\tsfh@é)e?'dch'l&ﬁﬁd@él‘?ﬁ’(ﬂe&ﬂ@ccﬁ{tﬁh@'1ﬁ! pERCIHRNER and
are selected, in silico, as "is- HITtarget positions.

Thoinly angrapeno afid |rsp1MemmtarB@tnesﬂy posiratednuitangs thet lead tpea desired

ouEFrL0Rsh b B RS Er S ER Ao ARGRRP dapesBaDs
beiyg %&Ndﬂs}?@ﬁnﬁrﬁnd tH&QHEn%s! ndedifidatitth 8f neW\Ghpredicted

2006/ 048777 PCT/ 1 B2005/ 0036 ) ) )
sequences of amino acids at unpredicted regions along a protein to produce a protein

that exhibits a desired altered activity compared to the starting protein. Further,
because the selection of the target region (HITs and surrounding amino acids) for the
second step is based upon experimental data on activity obtained in the first step no

prior knowledge of protein structure and/or function is necessary.
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positions on the particular protein being optimnzed

can be either all of the remaining 19 am no acids or,
more frequently, a nmore restrisgted group conprising
selected anino acids that are 5 contenplated to have

t he desgired,gf protein activity. In another
enbodi Iréna*nt 3B§C?‘F‘hlnn as a restricted nunber of

r epl acBDPg samining, as Hd&nhedammphnd&igl Ust Pﬁlisie;hadriAlpplimiod No.

P34 %7?;‘%8%@ ‘ggs P bitication Soral Nor 788035 and piblished PCT
" SBURSEARNO MNP Li WIS OG0 PB08 SLERLobllSnctpod of

acement of single amino acid residues at speci
i satlldhéll etvahglpen of pit¢inobased on thecidpntification bfpdtbtive te(rgetgutc;s for

one ch dd bl : h
OB B oTAE e RFQEn GERRELF SR iRt
%&Hg beBiech aflictilallg r&la ¥l HRASIAE SHEspe8F d1QRe uddEB Mg sequences

nol ecul es are desi gned, generated by nutagenesis
anbithe compared pedteinsuQnpy/t e§tru¢twa1élwr¢iateé@dnmscad pesitions are

oo B i Bt e, Eo R DR e B Bl i

aBudhid PREVI dasty sis1daa Be ReH] Sy et @ ideh Bf: caNﬂfd@ﬁtLE)ADE €drtodSruction
nmol ecul es derived fromthe coll ection of nutant DNA

nebiiteaingal so are physically separated from each
ot her, such arrays.
Thus, a' arﬁa cQ%‘nifn%f(p@sh{&l%g rhﬁor?aq%n?tﬁg egﬁs es i's

pr oduc&de 2Easchnrﬁug Gottrequricit @ tationgsinh@hfhesis) Hethglefor Frdiéin
acid repl acerrent at only one of the 1s-H T ta

p%malcﬁﬁg utigg (§og; ¢qypenshiigsY Srapplication ﬁ@fhal YRS W/g&%ﬁﬁ/and USs.
p?Fﬁl%‘hP@S&p? Teﬁ RGN, TH-YdEE 30879181 dhd ed%ﬂtemanonal

ecu OW Ng protein expressio measur enent
ofpplicetiappVOR0040122598 and/W®2004m7éﬂ;mqelbas@i‘ orpsrcanﬂnng ever two
of . this shown .in the Exanples i
nﬁwlonﬁéﬁ%&f%a@?%m&ﬂ%t iUt &d gg?ﬂ%‘”ﬁ glRP% the protein
ISRREALH RULHS '1(!Ib?1t1'f§‘B’IHhe@%e PoHMidRI Bl sdoyRd in’ﬁérﬂélon is
i nproved, target protein activity are referred to as
LMmgThﬂ anmetahdctyp@$a1@$ed)fmr mplacmg g particdaxgs-dH Tfapxino acid

B0t AR et PLF ST TR D B BB G v B b 3 s

aaﬁen @n@@}}pﬁ’caﬂlz %@é&ﬁiﬁ%%&dﬁé&nﬁﬁ%&ﬁ@? ﬁl&@ﬁ!ﬁ&ﬁg @hisd NGd 6an be
anot her enbodi ment, a |imted nunber of amni no

argstiw;ﬁdsauph Bt fexyer ghani ablaming agids e thetprotet;pbaqkb@eajare selected

CIS SRS po PTG OB RF PRSP REeBi B Y @i

( atailabRas tdpladeah okigiglsudicd nitivy, MiinG® haararmsbwa ¥}
30 than or different fromthe starting protein, are

| placPmERld and i sol ated. WD 2006/ 048777

PCT/ | / d

gener 5% g&:\? ar %qgﬁlgﬁ) @%}%@é@%@ﬁ;’?ﬁg %iq(r)] Bl cVftved & rédistance to
proteolysis), ii) sequence of amino acids of the protein, and iii) the known properties

of the individual amino acids, a number of target positions along the protein sequence
are selected, in silico, as "is-HIT target positions." This number of is-HIT target
positions is as large as reasonably possible such that all reasonably possible target

positions for the particular feature being evolved are included. In particular,
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proteol ysis and inproved thermal tolerance. To effect
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using in silico analysis of hGH 5 a. Identifying
in-silico H Ts The 2D scanni ng net hod for directed
evol ution of proteins includessy identifying and
selecting (using in silico analysis) specific amno

a h‘&?c}@&tf@h&% taﬁgérth ? gﬁljrr]x{)érg use-%lgg a?rﬁ t%%sftfén? %%%L;fgctgﬁ for
c @dsljlammeat ekk zhﬁmb&lcﬁ]ls kelettbd tcmrep]ald the@sHIY targ¥osRidnk Bn the
the feature being evolved. As 10 noted, the
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o 98 FaRES ke o] PmbELTIaEDIaF BF SBRIRG T s 8 eb fhgmino acid
t lﬁ@slﬁf)ﬁseﬂt)né)fhe?ﬂ%t@ﬂl BEkBbne 0&S bél k@éct@cpast BT target positions for
property(ies) be altered on the protein, gnp any
Kk atnamo &tid n@dmﬁm&t dMftegeaess thithds mfatfdrmcdl sza rtlsa naplabément r(bf single

sili.co anal s afn fthe

oot i sl et PR Bied oliiSnSoLRE s e hnne (e
OrMoficb@6he,S SEHHORGE 8dBERable hfhy S hukR tha@%acH ifdihdlal mbdaft
silico HITs) In silico HTs are defined as those

agPrRatad inithp sinigld maduct pBeach singla mpBgpnasisie)ctionaMutant DNA
p%(ﬁgculleaszaﬁ éasggen I Q%e erraee% bg{]rgltﬁtgger{egl\é(ép§{:gogxﬁg g}%@Vlg?ﬁIy such as in
t h&alﬁpdablecalﬁpgrma; thiited heGihiy BicalBt $ePhra@fd fidif ehdir othtrbnd that
anmong all the amno acid positions in a protein
s 8aaierneds thesingle pradactaf sa dndspendepbmyingaeresisarertiopputant protein
e i e
ﬂ?&e@g& cgegggd g‘grrn;a/tﬂ% ?5462??‘? gfr' 1{1/’]‘]%{1{ ic\]?{lfrxrlgﬁécﬁfés gﬁf) G ophys1cally
Hbéﬁmrzﬁt‘xh fibin etk other, hitleas byoforméttiny traaddressnble atrhys Thug A

t aII possi bl e am no aci.ds, id positions or
f ity O qiviant @Eoteig meleaies is prog up‘?ﬁ{; ﬁ@m‘fﬁlttpﬁ%tem contains a

e‘éfﬁlg ¥ fGinb %@itdg‘[%@a@én?en'i RSy 61 §fthe NOUBE f9, %Q 8os1t10ns Act1v1ty
retical crimnation anong am no ati ds or amn
aessdsqnosit is thers mdsvmnmiﬂg retfotrhédsors ¢amt) éndividualsprbietomidaiit
e S B g outt ol ol b s actviy
n"gx-gnﬁ‘ﬂ'% @Hx@&ic@%f M8 reRBNAC @b wA indhd EXBnMBs ith®hich mutant
target hGH ‘protein. 30 A variety of paraneters can be
ah@lfymeltcand@tdeumé whet her or not a partl cuI ar

am no
evol vi ?@I PSEFYU%*% a?i}%?ﬁ%? l}saﬂ Bg tﬁrg 1cn11y Miproved, target
PGid1¢iB2RGIPH3 088 rred R A& IIEADE. eThiB ui¥BRYd refies dH dn idbirect search for

prem ses (typically no nore than 2) are used to
d praseiniimprovement 1or 8 ppitisslampotiyity Kechag dngpeased gesistance to

d%?o%ol?mg) {}%@8 o andio écqg ¥e%?asc§mgpt Eitlgc'ilpé% Eﬁ)an%é gps%?gle or, in

another embodiment, a limited number of amino acid positions at a time. As a result,

optimized proteins, which have modified sequences of amino acids at some regions
along the protein that perform better (at a particular target activity or other property)

than or different from the starting protein, are identified and isolated.
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bridges that can 5 participate in stabilization of the
nol ecul e. The second premse is typically related to
the specific position of thosesam no acids al ong the
protein structure During the /fjflrst step of

i dent .
:or g\r:i :jgfg Yier el %8n eacﬁ)_g I%d e?étgrg}lmﬁ]%t% gg%dc}n 3’§?tﬁ1é‘
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posi tion inathe pdﬁttﬁfyimgan-dzliwdlﬁrsn structure if
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apéihy bi?c)lvécEVEﬂns fﬁffdcﬂﬂ ﬁ)@ékarﬁplb Ay isﬁbimg&hbeﬂfm of amino acid
evol ved. The set of r epI acing amno acids to be used

t Epsidupy %@emtepeéty(lgts}rta be aligredh oaéhermt@t% usiggiapp kngwh gtandard

a |
ARS8 Do RS L% SRR BRI oo
r epldizdng am no aci ds takes |nto account the need to

25 preserve, the i cochem, properties such as

hydr opR88s identji lqu ﬁ%ﬁsﬁ AP %ﬁ*tt‘tnﬁ or (el Se@fnrey are referred to

(& Qs-HIE?I @ Ylik& HI'Pé)n?h co Bl Bs dre rd@ﬁhéti%sth@{édaxﬁh& ﬁéld positions
sonme ot her propert the protein (1.e., protein

s(cukbmrgettgo)smo]ih)ethatpmmaﬂy areelpwiwm therl' ol dog Uisatufe, st as
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f the anfino peid typeudt aachmmtfqnaata dition Wohe Gaferoatgizon the protein
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Protein chemists deternmined that certain am no acid
s peisatiallytinvelyed bnihe AY9Lvine deature gre ipresetied r e sirprg theerstical

td h%gre : gﬁ%}s){% Qlt%%{lg %Iﬁlé&s ?ﬁt% i SorREAEAdd Egéltd)ng N AGkE %{‘&ﬁs"!tég%. In
silico HIT positions are spread over the full length of the protein sequence. Single or

a limited number of is-HIT amino acids are replaced at a time on the target hGH

protein.

A variety of parameters can be analyzed to determine whether or not a

particular amino acid on a protein might be involved in the evolving feature, typically
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structure and function. Oten, these substitutions
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types of changes, although relatively rare, also can
occur. Knowi ng the types of changes that are nost and
| east common in a large nunb of proteins can assi st
with predlctlng allgnnents an§ amno acid

subst.i t.ut i f ol [ .

AR gt e oo o BBl B0 By B R0 determine
PYPRSH i coAMITYNPOF expimpI®tas ideesibad Beraiid iablegse the thermal tolerance
detailed presentation of such matrices can be fou
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phylogenetic tree is usually not known. Additionally
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amno acid frequenm es will not change over
e\sPlgesesaRYYVa §itee (Dayhoff et al., Atlas of Protein

Sequence and, Str 978
Seser al exer%pl ar ?ﬁgﬁ‘ﬁénég@%“ﬁégmﬁfﬁ?f’%n rr?a% rices,
i ncl udigee theds-KiKts thngm taaitions aretﬂetmctedsuhbslexuamp lsmdentlfying
matrix (BLQS of f et Nat |
Sahoseamito BOds Hbo Yo Fpls0 tfm%zl}a} sugh SSHHE %lawﬂég%e%f each is-
al t

C%IT n&%ﬁg{ﬁ to laﬁ@tptjh% glaie‘ﬁﬁgbvezl %‘&* thgé%&?%ﬂfg&?l?%%%? SANH&E. The
F| SCof tepladin amfvpicids héEksed ®-tplage b6 Oyiginaksngh amative, amino

2006( 048777 PCT/ | B2005/ 003662 57 (F |
EuASHL ot gt 10 Hostion RO B PR PR PR e BT

6 86
iposﬂ@% T#l/lg ;ﬂ/:%élg@ ik reﬁ%ﬂ\% Elﬁfﬁogagﬁis Qizléieg anzt% %&zoi,lgggr)e) 4d to

unes(eﬂve tRe phym@cbcrewnl Repertieogich 2y By drgphqbiagy; pharge and polarity

Ri s 204: .10
14 ﬁgﬁl&@f&gﬂ é:awlygic gllnthngl et% Fesu%eg‘%ﬁlg al‘f% ggrﬁé%?@eli g}g)pgrty of the
( 1&8@& (i.e2 %t?lﬁ'sfﬁbﬂﬁ?ﬁ epteachmiBer of fepiucingAMinG Beidh of the @émaining

Atlas Protein Seq.
19 non-native (or non-original) amino acids that can be used to replace a particular is-

HIT target position ranges from 1 up to about 19 and anywhere in between depending

on the properties for the particular modification.



Struct. 5: 345-352 (1978)). The outcone of the two
steps set forth above, which is perforned in silico is

wOhede04¢§71Y t he ami no acid positions that are tReTHBIgE103662
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for nmutagenesis are identified (referred to as
is-H Ts); and (2) the replacing am no acids for the
original, such as 10 native, i no acids at the
is-H Ts are identified, to provide a collection of

candi dat e LEAD..nut apt I hat t ;
perfo IB?W%F‘&H{% oF SeAin gégrll%ct%ﬁlé/e ogts S%lg@&t'lﬁ £58 hereln
afs@repbhest diho acide'yiateweld Rhdwih edie arir Protpinmhenhisty determined
altered) biological activity. ¢. Construction of

b criaie aphg peid SHoRsS i CORBIoBY] 4T Bl Prasing fram

i szH Ts are sel ect : in
diribTeefiie SRt Attt e ottt
auBstRiREaneto Bailnge cempntible sulth pfpdtsinsttubbs andafugction. Often,

assessed_in appropriate bjological. assays .for the

e SBEFROIO ) £ HeTaE DTG AR B ATy S ipaqr changes,
aring the nmutant proteins

@t@éﬂ%@%&{}%&%@gggﬁ Egﬁgri gi nal, such as nati ve,

gene uKhowingehhtypss vidhangeschat aiympstengd deast conmpe dha large

RS SR B0 P, S SL T PR hE G EAmP Gy UL a5 upptvations
96 gﬂp@%«ggﬁ %)ﬁ)téiﬁ%e@ieﬁgés? Ahpdweid sebstRagdh siattgbeai@nded for this

i nde mut agenesi s reaction. |ndiyvidual
npiirpgen e nsmberufimasrisesareavedablac vedetailadareateataion gfgich

as I n addressable arrays e t '

SEplitat 6 15 BRTLabRe oo ner igLEy dfBHBich BRKENG 01885355 and
of; NYGhBiHedacH HichRiEINs] 1882004083737 7t AR andpyifishéd/ Baternational
mut ant proteins 25 is pr e%ar ed, each is separ.atel

| mtioctiosdVOrR000358 fid B GpHHIBRAT oV eieR P ipeaTpeigied herein
ct i th . i . S
g{ngtgglg ght?%glo efegl?er%rle%élj’ie%ﬁ.g ?Q&{elggtﬁ% 85‘(? %ﬁgﬁgﬁg@g glﬂeﬂa%le in the

aph Aps exhgsle irete heforhcofistedibdlewc aci d nol ecul es
encoding a_ respective nutant praqtein,is in% rglgucerg 1y and
into cliamineceid sbstitpBonmatices.@mung aads fig tisted hopzonally an
in || of i - 7 ' a8 refledBhow oft
Sl A b A ol s oo o n
P hen 3 6abidhaeb beactared xath thedtheeinf arati nt ef related protein

 haneness b piaRBEn of chepbiae a5 SAP ARG Ainhcta B i
te‘é%g}h%@to b%%@@aﬁé@ﬁ?%@ierfe%ébmﬁffeﬁﬁfgﬁzg “I8infgah N, This

step can orned i n addressable arrays. ..
Thasenpish anmadebaphsey fargup twel sesjuceees; the peggsion agino acid in the

decreased, perf.or ce conpared,to t ]
AP Hee e sl SR agor Bert Ittt e e Red T cement
LEA%a dE];s]éHa‘ dnNRe PRALANFTE: ﬁécpfeﬁ@y o ueessncefof the two amino acids

generating the nutant DNA nol ecul es up through the ..
? andontthainchearicdlysd shysical HEBIHES.{ & PRMHEN TS frodel s that

iy g rar et aT o Qhingt QuAEDEhAbeLy EHARIGRATRNL, dras

an, (Ao BRSANk R b B ucilig 5(3): 345-352, (1978)). Several exemplary amino
acid substitution matrices, including, but not limited to, block substitution matrix
(BLOSUM) (Henikoff et al., Proc. Natl. Acad. Sci. USA, 89: 10915-10919 (1992)),
Jones (Jones et al., Comput. Appl. Biosci., 8: 275-282 (1992)), Gonnet (Gonnet et al.,

Science, 256: 1433-1445 (1992)), Fitch (J. Mol. Evol., 16(1): 9-16 (1966)), Feng
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process is anenable to automation. D. Modified growh
hor none pol ypepti des Provi ded herein is a nmethod of

woneremasi’ng stability and half-life of a 10 pobypapionsan3ece2

by increasing resistance to proteol ysis and/ or by
increasing thermal tolerance. Provided herein are
met hods of nodifying pol ypeptifles, such as growth
hornone, to increase resistance to proteolysis by

. ' i I ; .
EERER AE T A AR D MARERR . ot 1. 405
helaf (4 D’Vfr?ﬁd(}[’anfth{dnﬁ (,%tiea?_d/ 185: 86171-%4/@974339Mim(m$f0émtoz., 12:
B ShacaPainerah Ko ta b 2rbrg T Y B Riser O Mol
Al Vaday 19i9-_t16§3 Br9§§§f"§>%ﬁs Rir&8don e YMVol. Biol, 233: 716738

gasttolntestin . As aresult o
cdA93,tand Poirntheccppley pypaticche(PAMIs@ryhofiletalt dtlas Protein Seq.

pL.ot eql ysi | hits increased half-life in vitro or
i ”6?¢£%aégégkggﬁb)herein are methods of nodifying
pol ypepid sl@sorh® of hetRBIRpS Kt istPaoRe! Whith N S@tored iPsilico is

proteases and contacting proteolytic enzymes with
pibptt (Dahé aninoi acid positidns tldb prextbe tangrt Hott npiggenesisees dantified

tivi f. . .ovi ded. herei n.
ey R I oF SR AT er eRE AL A ol B iRl g oo
Rk 0Rinb a6k At tees-FIDTH Ark edbnfifiedtid prdiada@eslection of candidate

pol Eggtides that display inproved stabilitY as )
aTsEAX wanymplesiles that arcegpecidde paefarn dHEremtly femp dbeseagive

th I r ; [ £ . '
BFleE R, AR RS eyt s TREt SPuRO RGP G Rcd or atered)
| BielogRabatipitgt ein half-life in vitro or in vivo. 25
Provided herein are nodified GH pol ypeptides that .
di spl ay i npt-ovedCenstsuetionof medified pelypgptiges and blolpgical assays
to pro < i ner . :
ol 1 B0 BTy Sant e B, A0 Lol A B0 ke
pagsdsed. Mignetiproteinsty gedlydrppepaied ukial fredonfténant DNA methods
vitro or jn vivo., Prqovided herei.n are nodifjed . ..
(et sieed rgPiiapict RO e psps don Br BrtigHar oL P
aﬁeegﬁi?? Bé/tﬁﬂlz%'l RA % BRBlaARholl B8 brefhSit 8% rhi¥RAP#EEins is by
stability as assessed by resistance to proteases
amdfagendsisarfélasedgindlesuvhlas nativey gereaisir@uobthaduivell EdovaHin the art.

006/ 048777 PCT/ 1 B2005/.003662 .59.po ept i des can

DSt s AR ST Fichas b qArBRRble Sifys St that

déch Rt PIdaUAR LR gene A if tHedin gl pdddct f @he0aNgla AAd independent
vivo. In one enbodinent, the nodified GH polypeptides
pmotsigaentisireasion. Indhidyal awtagenesis icagiisas ats @ngneededpatately, such

St SO RS ARG . e

apSRIARA ¥t deiclatid melbduldyracbdiag did espedtive miutayit proteins
conpared to the unnodified and/or wld type native GH
pisIpyenapad, gech inpenarately icrpdyesd pnepiy-erssings S a TS eslls ffor the

| Br%h&&%nhcho%sﬁ&{di@ﬁﬁtant proteins. This also can be performed, for

example, in addressable arrays where each set of nucleic acid molecules encoding a

respective mutant protein is introduced into cells confined to a discrete location, such
as in a well of a multi-well microtiter plate. Each individual mutant protein is
individually phenotypically characterized and performance is quantitatively assessed

using assays appropriate for the feature being optimized (i.e., feature being evolved).



Modi fi ed GH pol ypepti des provi ded herein have been
nodi fi ed conpared to the am no acid sequence set

wobaodcv487117SEQ | D NO 1. The hGH pol ypepti de carCibaBmDs/003662
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any 10 human tissue or cell-type origin. Human GH

pol ypepti des include pol ypepti de sequences such as
set forth in SEQ ID NCS: 1, %2 and 713. Modified (H
pol ypepti des provided herein-also include variants of

e BE RS e R0 GOl o L b tipying o

Iqagitdddh&Based BPUEdREased BErforiraibe &ompdilﬁhm thebiigimhE such as native
horse, porcine, nonkey, baboon, |bboq macaque,

glmlcdulﬁ ar@rdgn@ﬁ.epchqtndedf@lg@hﬁe gfqnéng @_jﬁe process of
pol ypept i des
‘%'/r %Igg%ll; %%ter ent seq ence an%%?&sdg%fsl?/%tm}éstlsl %fthe
@ékfoﬁﬁ&iés A&QRs, CEtE canditiad LEADMGHDS Bpeeomted, irodweed and
the art. The nodifjed GH kéggg&idesﬁg %élde hereiﬁlh
amlyze@pémcﬁa@y,s&uph &3 fpm its Pihpdsiress 1ppn ¢ KifE 1he
(?gesscﬁ%&h%g% 5‘931931 ??gabl lity. The nodifi ed GH 20

ypepti des prov rein include variants that
gnssesﬂodﬂndqpswdlheﬂnsnepdgpqﬂuhproteoIyS|s and/ or

Lgmre@;gwé%?e&gﬁd%rP&&Eh%fﬁpﬂ%ﬂ?t?gﬁﬁla Rl of
;gﬁ@&&&%y IR siHb Rk Rarfd8 66 FrR&R1YsHs dnldforibyaatteasyt Bbrmal

Ions needed”to maintain a sufficient drug |evel
Itolemcm nProvhied hemalanegnethhodsfofimodifysngmady pemtigere puch as growth

onfort d b
RS 1§ MBS LR o HBRERP R S ae s (18 SEomsc o
%gtrﬁhie‘é‘mt dtON veersSoRe ﬁﬁ)ﬂﬁieﬁfﬁogqfepude éﬂ]ﬁbifstmﬂahsed half-life in
difications can be made in GH by ami no

cid
r\elfnb aodoeintva. Provided bersin arp éleél&ﬁ*ﬁ of ﬁ%rtt%%lﬁlgmr%tﬁ%w PRRymes

t‘ﬁléh Bgﬂ% %HE?%:%,; ere%ggrﬁ’ﬁbl 1§§ L]’Tﬁ'flogqga\?\g e tthe e}?ﬁﬁ:‘é@é@?@lood

' &'ﬁﬁﬁVgaB@mﬁfesﬁiﬁdl rétlél? .NABG résuk of ltl&:tztlmmmlctlﬂeg,hh@bcdgpqﬂide
activit ce

; [if ti t t
ocketiblech Divgealsns SEhiPESRIERIc helt Liai Hifo K vivo: Povided
plll 6(%1§\§§edm§tthggé J?f 1{‘1&'11 négﬁzgéﬁﬁhp% E3h&!@RSEndt0 prol;[eolysm by

and ermal tol erance. Suc

neidichics AnGcbiadtinpapbicdysic exhinmstwitnpeptids éthibirs, thereby
2006/ 048777 PCT/ 1 B200 n half-life

/003662 6 :
b iglogieal FHETEAL 7 HUPERSs AP GrOT G et o g gnclited
gﬁcqg#lpﬁﬁé ra't Rg‘%t‘?d ARALAY ChooTe ‘helteﬁf S8 mEERGEHE R

sse Ive to proteolysis, nodification
Ohorhioie rpplypbptuiep dtat Hisplay ompnxyleé atgbﬂl@oa%aswméb}amsistﬁﬁge to

with solvent and ncr easi,n oI 8}
sevieer ot Ptriasd erT B guleonba moBR 3plypgptices exibiing
“Iﬂgé rh%ﬂ}?osbébs Cﬁi'eﬂeﬁ? iHel8ase@ télhllh@lfofe in Hivo ddlin MiDO.e

Cl epl acenent’s at different tBOSItI ons Wt hj

the G—qulstdrhcmlm arelm@il’é@pk@Hm}’Pe@fléQﬁ lydjsiy m@ovecf stability
entire

S BSASSF5¢ yarses1s%§1g% Spera egv(s) rf}ﬁd/gf:"{ﬁc{%%séﬂs‘tﬁgrrﬁa? tdl@i@fl&v fhe modified

resistance to protease
apQy PEptides 6:8ABIEHg tHE8E PRpeitieh poBGEthefody, 1maa$ddqgrotem halflife in

vitro or in vivo.
Provided herein are modified (variant, mutant, etc.) GH (also referred to
herein as modified GH polypeptides) that display improved stability as assessed by

resistance to proteases and/or increased thermal tolerance. Such modified GH



two or nore nodifications in one or nore categories
can be conbi ned, where the 10 categories are sel ected

wonewo480r exanpl e, di sruption of target sequeRCESB2005/003662
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sensitive to proteolysis, nodification of hydrophobic
patches to increase polar interactions with solvent,

i ncreasing pol ar |nteract|onsfgptmeen hel i ces and
|ncreaS|ng i nteractions between hellces In addi ti on,

O g) n‘hl% LP% ?ﬁg ne];&{ngl%al&ﬁgseé Pr(p‘g‘f‘l g' S;?u}gﬁg %oductlon

t )pﬂﬁﬁb@twﬂwfd%aﬁ Pend irae. | In)/oneb'ﬁﬁo@fm@it&ﬂ@hﬁ)dlﬁed GH
nmodij fi cati ons V\,hl ch renove protease sensitive sites in

crolypeptidasgue vifedharein sopfer aﬂyasvz pefRParabls biqlpgicaliagtiyibg Sor

S, 8 SRR OO 6 AR i

mad fsesset] ibg riGH-cpeaific el prolifeadtionactivityndriipdryd® thElunmbdified

one _exanple, the |sa dified pituitary hGH
yhise @ald@mwtvﬁ&ﬂf*alagem lude those with 2, 3, 20

4 5,

1.5 1 Mg OrPpeiorih G e SR BRI EH T v

t Whodifiedrutbpotppiptideaprovived beretrhleave daen mndﬁ‘mdtcympereg 1o the

o AT St LR oA SN, Tr e palsPgstide caf be of any
PHRhRARSue drrbeﬁ«ﬁ%er&[glﬁ npatafeny poltyB@ptfdé@ 1rﬁlud€[ffo€ypegt1de

nodi fi cations includ conbi nat i on$ properties t

eaeqreporstsuch as set lf@ﬂGH SEE@HDIN@SI 1, 762 a@i(Z\hﬁpl dlodafiabGH

dified, CH | ud
iR et A S ViR ot S PLpbhGmag rein. For
ORRardple o ¥ AV H F@@béﬁtﬁ&s thtbe VRIMRKDIA RiMMEBSEGH including,
sensitive site. n one enbodi ment are nodified growh
h@pﬁmﬁerapéﬂlglpb pldencrimato ngsep percire, monkey, 2aAPans. ak%b@ln, macaque,
t .
hﬁé, &E@;\ﬁd zﬂ'ﬁl cﬂﬁngﬁa?ﬁé‘ﬁéﬁli l\l%;)dlgighé %‘EH §8137g§pt1%1 b8 include

r @Dl}@)@pﬁﬂestﬂm afesipibaidi b didfeano G scdubisces afid @ls® byrmksticl GH
30 position 13 is_ replaced, the replacing amno acid
i SequsncspAopptauctd from S sesvencesikgowp dnthedid, t he

repl aci [ '
Fepl acet RGOS SRt SEUIRFhertin MBSk L bt
r écr.ﬁtlaes ofjithariytodirechat costribate tpr(Hﬂ stability.f Thosiotifed (36 i S

aced, the re | acin acid is not aspartate
| Pohpepides preudsherdn ity varina® fasd paderghairng rsegice ©
i) (ft%lysﬁﬁﬁ(ﬂbpﬁﬁbfé@sed'tﬁer%ﬂdlér%be‘i Henge, rtﬁepfn%ﬁﬁﬁd GIJT Bolypeptides
r acing amno acid is not valine or al anine;
p@mmd@ihesﬁmoﬁfer @Msamddadvtahfegctsepﬂadmggt deniense lacthfdfrecalency of

not. l t am ne iti.on 92 I ace

* R 38R 8 ik sy PR v i sty T dgiio: or
12Qarhple, higRéraoattort bhe® aéRplaféd HOsdECRO 1idr dokds ﬂ%@éssary to
arginine, if position 126 is replaced the replacing

ammvemmarsblm biolegigil nffﬁ@s amd atpmgattqrmf smmdaef effects.
repl ac h [ not on|

i f pos %ﬁugﬁlrailé%ocﬂ;ca&lg B a%’ed3 m? 1% Ibiélim r%%o acrhc1 ho ace ’hgnts to
| Sndi@4se thY Eoniféthia€iod] sebitpbNEH. i Sucﬂ%ddiﬁ@ﬁoﬁ§ﬂlchﬁle those that

repl aced, the replacing _amno acid is not
increase the conformational stability of GH while either improving or maintaining the

requisite biological activity (e.g., cell proliferation activity). These modifications can
result in GH variants with improved stability as assessed by resistance to proteases

and/or increased thermal tolerance. Such modified GH polypeptides exhibit increased



10 leucine; and if position 140 is replaced, the
replacing amno acid is not asparagine. GH variants

woaoreyusg7r epl acenents at nore than one i s-H TPETABEN5/003662
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and that display inproved stability, are called
super-LEADs. A GH super-LEAD can for exanple, contain

2, 3, 4, 5 6, 7, 8 9, 10 or gpre than 10 ami no acid
changes conpared to wild- type or unnodified GH 15

Po Yt HARSE Bod s IRANT WeIgelTe)
horﬁpnes.deggﬁi%e35§g§¥gaﬁﬁﬁg$g?ﬁg?ﬁéaﬁa Byorof hese
pasddifientions spluleatdstngctidn oBtarget s&quefices Bf athin®acidDsendifive to
12, .13, .14 , .16,..17, 18, 19, or 20 conpared to '
u ﬁﬁ%ﬁ?%?‘%dh@&gﬁitwnlﬁ%%%@lﬁ Pafshesdpprrapase polar intpractions with
meglivEiteshdhGuesh I AIRRScBEAYD Qedéﬁr@ | g I NO
acid repl acerrenté(?lg at a%)ne oré%ﬁor 0 é‘?ﬁjeﬂéilgﬁd(gfv@ﬁ?g

posi t i Ghyctusd maBficaivns 86GHEGludScortAnin®bne 1, orkdSe amino

1 134,...140, 143, 14 4 147, 183, d
1380 5Pt RO st 51 BoBe O giofinecre indrease the
s erbiing of OF et CHAS LS cHfbinkrsitah Be SEQ %%@g&ge%&ggﬂy as

one enhodi nent, the positions include E5

EB5eSSE By ressianqedo prateases ant(ir in@eased thondel tolePd®8, For example,
4 f . .4 F146, D147,. R183 and ,E186. In

ont? g BB maiediods M pn b el o bedOmpihishers the

r eptbgurien grefseldctddl faoty, fof eRmple, Adhuption GhRE! RGuc@Ssensitive to

Wi th ? or A .replacing Rwith Hor Q replacing L or F

wPtofealy g mpditieation of Rpdirplabigpatelies fio @corasevpolanuhteractions with

 Sh1 At et iont o BERL By i B rsing gypaions
RBetinceRdl (Qes. EBbAIditkGE bpe f16hble b fatiofs M sucﬁ@ﬁféﬁoﬁ_'&% be

E88 .E8}.-£E F921, F92V, R94H, R94Q L101V, L101 '
E‘i%’\‘b,ne E{9gRe oEmgemopisaiipnsyf gpkneyn gpe tpimamse GH stability,

KA By Do vB IR sl Ygpa S
Engdificatkugaiy aay dn&ws Ghe thidiROEHE BbBRAZtolerance.

PCT/ 1 B2005/ 003662 62 1. Increased resistance to . )
pr ot eol VS| agwqg%wmts HPVIB?%E@W ¢ Bodjfied GH pebipgptides with

Rl & hddel ROE fiedtions 6k %g(ti fPhatiBeE W?I%ycmpé: GRf. Gl Rxample, the

such as GH are those ? i ncrease conhtormational
sh@Hiis p mpdifiedpisnannGHo Matified Ghinalysepeitied intlnde dosbevith 2, 3,

bt I h 7 E LR RRe BB aBRiohty T ik range reaghfications
| plinglade ey @ARLRINGTIALRAREAE of B8 sdhd BFpeftfNo NRRERodifications
protein half-life) while maintaining the r%qw site

] ) Dl ny
binat BediSahGHthermal jolersnesrordwa mepslkifications that modifpresistance to
N - ' erapeutic proteins. .a
R A A T
rembizdtiont oppripeicy tha¢ esthtcestriblteRb O dQBIIMET Bhitxafble, a
m)dé.f [ g@tﬁ orls of . GH pol ypepti des that have increased
i Ijodifie polypeptide can include one or more modifications that alters GH
thermal tolerance and one or more modifications that remove a protease sensitive site.
In one embodiment are modified growth hormone polypeptides having one or more
amino acid replacements in the sequence of amino acids of the mature growth
hormone where if position 9 is replaced, the replacing amino acid is not proline; if

position 13 is replaced, the replacing amino acid is not valine; if position 14 is

replaced, the replacing amino acid is not serine; if position 54 is replaced, the



vitro or in vivo stability by increasing the
resistance of the nodified GHto proteolysis. Anpng
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variants nodified to: 1) increase saline (polar)
i nteractions between helices; 2) increase H bond
interactions between helices gnd 3) renove protease
sensitive sites. 15 In one exanple, the nodified GH
pol.ypeptides_t hat

HERARREAE ol B B POHEGh 3Bk Bbed W refling amino
Lb‘éﬁﬂlstn@t Mﬂ)@ﬂé’cbfl‘f pbiition 6Mmplaoaddﬂﬁ:rrapﬂgemg amitrGieid fsatot

lead to an increase in st& ity when .chal.l.enged 5
emethmmnm tfrpoglﬁlgpéég%gep 35pbihe Tep mg]arrpﬂ? acidiis, gt valine or

3%%)1? f’éo%ﬁ%n é@l@&%slﬁedsl%fi b lacln{gcirﬁﬁ%'a@ﬂi is R6O§18tathine or lysine;

0 prote d lysate or serumis
01@ beitipn 90 Rdeplacel, thetroplpcing huino2@idisinoh lpueinenif position 120 is
alf-1jfe for the par

| at
t‘ﬁB@C%i HETEBEFBA TR H4iE ists glees if "Dté@ﬂg@i&?gep"’laced the
{)ﬁgfng ?d 05 15‘3{5&1&?%51%6 it Poiéh mﬁﬁépﬂaceﬁl @k egilsdhg amino

VI nodi f1ed hGHdis assessed in an assay b
nm:a‘.smrnonglrd:dmna; afaosition 158 is teplacad dhe yeplicing angno acid is not

st.imyl ate cell ol i feragtion en .add
ST bt PSR oM R s b vt s o
bﬂeﬁ&ﬁg' Aalif fsstion 140.is RphcaB) (RE tpRRingaiMiRe aedne ﬁ@tdaspzﬁagme
25 serum or intestinal proteases (in vit

aGHapsipnts cpITgOE menlmn@slt& ahatorg than ong -HEL sifes, and th?ﬁ dgplay
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proteolytic mixtures. Biological activity of the modified GH can be compared to an
unmodified GH as a measurement of the effect of the modification on protease
stability and biological activity. In one example, the unmodified GH is a wild-type,
native GH. In another example, the unmodified GH is a variant form of GH that was

used as a starting material to introduce further modifications. Modified GH also can
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b. Generation of growth hormone polypeptides modlfied by
removal of proteolytic sites
In an example of generating variants increased in stability by removal of

30 proteolysis sites, pituitary hGH was modified. The first step in the design of hGH
mutants resistant to proteolysis includes identifying sites vulnerable to proteolysis

along the protein sequence. Based on a list of selected proteases considered (Table 2)
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ProEn P Proline Endopepti dase Staph E Staphyl ococcal
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bl ocked) TrypR RRP Trypsi n(Léyls bl ocked) 10 Table 2
shows the in silico identification of some am no acid
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probability matrices, which reflect an evolutionary distance between amino acids.

“Conservative substitutions” of a residue in a reference sequence are those
substitutions that are physically and functionally similar to the corresponding
reference residues, e.g., that have a similar size, shape, electric charge, chemical
properties, including the ability to form covalent or hydrogen bonds and other such
interactions. Conservative substitutions show the highest scores fitting with the PAM
matrix criteria in the form of “accepted point mutations.” The PAM250 matrix is
used in the frame of 2D-scanning to identify candidate replacing amino acids for the
is-HITs in order to generate conservative mutations without affecting protein
function. At least the two amino acids with the highest values in PAM250 matrix,
corresponding to “conservative substitutions” or “accepted point mutations,” were

chosen for replacement at each is-HIT. The replacement of amino acids by cysteine
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F65N, E66H
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Table 2 shows the in silico identification of some amino acid positions that are

D130N,
F139V,
F1461 ,

targets for proteolysis using a number of selected proteases and chemical treatment.
Is-HITS were identified and LEADS created for higher resistance to
proteolysis of hGH. The native amino acids at each of the is-HIT positions and
replacing amino acids for increased resistance to proteolysis can include, but are not
limited to R with H and/or Q; E with H, Q and/or N; K with Q and/or N; D with N
and/or Q; M with I and/or V; P with A and/or S; Y with I and/or H; F with I and/or V;
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ML70V, D171N, D171Q K172N, K172Q E174Q E174H,
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woh@okgpept i de can be conpared to an unnodi f i edTABZHD003662
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wild- type native GH treated under simlar conditions
to determine if the particular variant retains nore

bi ol ogi cal activity than the gnnodi fied GH Bi ol ogi ca
activity can be 20 assessed by any nethods known in

R L e s N

§iyoe €soK] EB’I(?tE%H? HasN SfBaHg:mal @emamm KAS2Y KtasQ E39Q,
asseds a nodi

3001, FaaNCR4PN) Sdae VS Y bilal o 3 R o PSS
&ﬁiﬁ%ﬁﬁ?ﬂ? &%ﬁggigﬁégaﬁ%ﬁ GBI, PYGA, PIREIPER, PE1S, RG4H,

5 Proteases are
t%eE65HnE6SN|@W66H Eﬁ@\lﬂﬁ%@N,tIé%@Q,oLm;Lm E74Q,
ca

Faank b5 LURYY b26leb e P 1o LG O a8 1 LBV,

{ﬁztﬂ?ﬁ Sv 06 LR ﬁsﬂdLW/E%{sd\ﬁﬁsgrﬁ EB@N@MA@ z8ss, F92I,

T ne protease resistance of

2R €081, deSV, R9dH] RédiQGledF%ﬂﬁépiﬂlOéIbsLlﬁﬂb’deWh‘él(EIn

o b1, RAIER, RGP bATES B o Mot R e 4y

?iy 5N I 188), %Nt Dii%s@sulsmmhuw EJM:@@ Ehmﬂ |Enq8NpIE119Q

are not m ted to, saliva, blood

|E111@§I, EiaN, EtMathMble%ﬁI MaRFV) 1&&%\%&12863 L4280 K128V,

%&%%%ﬁoﬁ% 19@1\‘{5 iﬂ|3gpance \g?ﬁgofg{r%ngﬁﬁ“)’ F1391,

P oA KA 0NN RITMEONY 1 4300t Y BT, K 145N, &l 45Q, Fpé@isFiv6V, D147N,

trypsin, F] notrypsi n, el astase, amno L dﬁg

gbﬂm TSNS IO DS ANCDA QI Phatig Y LS/ L 157V, KISSN,
LSRR R R 0 DR ey e gt

apgsdV, YASTH, R'lQVQHEMSNﬂSIGXQ ﬂDléQNyDIlB%@ M170I, M170V, D171N,
endopept i dase, di peptid

eBﬂ%]r@ﬂébHMd%]&ZQa 56@£ﬁ74fﬂéﬁ74§a§§%6é5%176r\’ RIS S UAL
CRAMG PRI RISEPIRIRQ AT, BASOIAS BN, FOPKLASPELY (soe
anesley aaf S(EQ:IEENSISi 2€22§avhgtefeménca to SIamgnutaatm the fisgt japnino acid
et sbbrevishoRy BP0 TRABHY Fed DI FERRR R dhogypmber

th t dth
I 0 S A S o i

i Boads@iho =4 &hadetterabbrepiatiosoyrssponds b the eging gid selected
0 0 0
e)é%}npelpeace;t la?n?rsfct) g(ééat t% %Qﬂ%bﬁond' /’i"lgog}(?-l ?nﬁlg%%é’ foP odftion can
7 lia® & %%%HG%orﬁiﬁéndmg
ggﬁn%ggf go@rludlmo%g@ie/ﬂ m8rifiali s 5

% nore resistance to (ﬁrot eol ysi s _than
apositiomyiad asscbsé}l-lbpemrpgmte alégnment,vselidepabeduid modified.

pol ypept i des that, are oo difsh sidhth fdnfHePotfittats

are provi ded:
In partlcular embodiments, variant GH molecules also can be generated that

b| oIo

contain one or more amino acids at one or more is-HIT sites that have been replaced

by candidate LEAD amino acids. Those mutant proteins carrying one or more

mutations at one or more is-HITs, and that display improved protease resistance are



Modi fications that render pol ypeptides nore resistant
to cleavage by a gelatinase B than an unnodified GH

woabospept’r de that is cl eaved by gel ati nase B. PCT/IB2005/003662
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Pol ypepti des are cleaved by gelatinase B at or near a
sequence that typically includes Met-Ser-Tyr-Asn or a
correspondi ng sequence. Cea ?ge can occur within this

region or near, such as 20 within 5, 10, 15 or about

20 ' i d : ; l. : .
P@bﬁ%&é}g@% ne g é@ﬁt@ﬁa@&%‘%‘ ﬁsdﬁgal\%@%é%é%\;e%bg rgﬁlgfaﬁons at more

Y g9§_H@Iﬁ)' by gel atinase B can be determ ned
Er%%io?i cally, if needed. Hence, provided he

herei,n a
pol ypépedditenal kmbodimentrpaiufans gnodgcules Hhah glsg[gydglpm]vefilpéotease

sequenc am no_aci - Qer, - Ay i "
SO pa g T S IR B i B Y f additional
PR s Wat BbATRF prlokdis stabilitsg RGch Dy thaseateserited dieriimgF @%xample,

sequence. Modified pol ypeptides can be. nodified. at .
pempwsofrcrigeIt VeI suer LEAPS ca B modiiecio coRBIHaLFHRTS
thereof .. or ar . an he$i iohB btweed hOlibesi Nan&bxing H-
g e S e e
oAl antxsids bytveeh dklicssad B) bthanmpligicationsdhdtilead] to increased
pol ypeptide. The nodified pol ypepti des can be is at
[resi¥encg tegroteadysisos 1004 15%

20% 25% 30% 35% %‘é@sﬂﬁ% 5% AEIABA UGB Ho YN PoyPOFGAE with

% 20,50 9% iyl o0 e

peT/ | dageera BRI 7 Pt Tl e G IR Bate

RRIREIY A6 métRo @G oaiiadhe@bto asies paftéinstbiliy protesse

can be eqagplcally t est ed by .any of, tgg_assa%% 1 ¢

cresgitivitieandresisiance and/asriaH bialosieahantvity J8iane Gxiple, protease

identifi.ed faor S ' [

eSetsa i meps RE e BRI kRS PRSI i ong of more
ieadRh Gnd 1285986 ng Iebidualvéialogical &5ty E6Hpated 6o an ugreated

74, L81, L87, L101, VYi11, D112, D116, E119 , .
2. A 2 HOLASpriE o bespBariag™ Uppediticdpugor wild-
162 . oo Lir @y Tl ot
o120 51 o O B B O B i
afeing rHlemtbidlogidaltdetivite sthan the uimatiBed el Jhiot activity can be
resi stance conpared to u difi heH, 1 nel udi
nassessedby @y mg’%l?loﬁq @OWRT}H%%@, suglggif, gamqaﬂu?*ﬁwi@gﬁscle
L . ) i H, Y421, E56Q E56N,
E@% a é%?g %@%@%ﬁgﬁﬁl\%’l&? {EM L87V, .
LI OLV, Kirkfit sD{E2Nf Potese Ebistges ala vanhowsied i psesymedified GH
R134A, . R134H, K140N, D147 1 . :
nolypeptis SER st & Pt Ol ptifh BIRbutpid i one or more
%@eﬁses%@%@np@@ ZeNakdAlAEEn séied 20infelpdds. Bl é4dk, time point, the
El74H, L1/7Vv,” L1771, R178Q and F1911. 2%5 é l.ncr eg]:ae(f*l .
t hretansds droinactyrted, Andihy semplayge therissied o %&pgﬁ ctivity.
provi ded herein e CH [ qfd t imi
AT RO P RS ABRL g def 0 s
SHeRmRAidhi BRiddems and/or wild-type GH to determine protease resistance of the

modified GH polypeptides.
Modified GH polypeptides provided herein exhibit increased resistance to

proteolysis by proteases, including those that occur, for example, in body fluids and
tissues, such as those that include, but are not limited to, saliva, blood, serum,

intestinal, stomach, blood, cell lysates, cells and others. Modifications can include



can include, for exanple, increased saline (polar)
i nteracti ons between helices and increased H bond

wonomroagt’r ons bet ween helices. 20 a. Properti eBCOfB2005/003662
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thermal tolerant nodified growmh hornone pol ypeptides
In one exanple, the nodified GH pol ypepti des that
exhibit increased thermal t rance are human GH

pol ypeptides. 2D scanni ng nethodol ogy can be used to

dentify th
B

?ﬂi@hﬁ mﬁ‘%l&%@ fdnﬁﬁ&pdwﬂ@sengelh@asam gelatinashid, oiebymairypsin,
g GH the. first condition is.the.nat

Gfarhdxspwndasr, and@sotpmnweﬂrgr% QHEPTRIIASE ASP A ROt Fge Glu-

| ecul e such.as 4t t d
e]aqotebt}q IS dl’ ﬁf?c% &21535%{] lgl‘?tnlag a%ng hﬂlé}jb’vﬂﬁr bRopeptidase,

?Fﬁéﬁtﬂﬁseoéntbf@e}bﬁﬂae@ l]hlyérolﬁh,eN S lasthspriestpsda,j @ranzyme
tylca related to the specbflc mtlon of those
alBg thmmlmndsymnb BlpSTie WERKHRASE T Sy Sever al
structyral, 39, %Jlﬂf%@fe!fé}g‘ﬁ) SR MoRRIIBHeckdhséd@edstdge of a
pol ype%‘fﬁ I Seq nce y replacing amno acids to
| fAEgee asend doid esidfier ofat modified polypeptideypysf proteesegqupared to

| de whi | h H
Pglq%{ggg ;éargu@pé@ﬁeibéggégt{g%‘%%sagne prggeg?e W fegmt ne

prols & A0DRBHEKRIbIt increased resistance to
P t@%oy(gjﬁ%%itgw 7%@?2%}3I%§:y; enbodi msnt é §

pididollyst éxdilsitsy £ ekample, atdetist | %d2%a-5 YotV al ﬁ‘é@f‘eﬁw&/h 9%,
roved stab ass ed [ ncr ed r % 91%
t e andth Sudkirbaiies: e po %’épt’ ot R 10,
R AL a0 P "96%@7%'9‘8@’ 9Py aF £00%an@n resiutamte to pateolysis
gqu/yb?% 91}30@ E)e native GH0 pol ypepti de. These
nﬂmnfanammOdd'sedl(ﬁnHIpOb’@eh@iﬁ fication of 5 hydrophobic

pat che i\/ll%dg@ cﬂéi&ﬂ%g}e%gdeaﬁrthé%f frRfd fe%@tscm{’\ﬁot é%la?i%héée@ bre provided.

and in nteractions between particul ar

hﬁkdcﬁﬁéatlohﬁt}ﬁﬂﬁn&myﬂé@ﬂﬂes hére resdtdntlto tleavage biytargslaginase B
in vivo (serumstabilit

pélgppeprict ot UL pobspenid e i SleKed bt B, BolpgRlides ar
> eLﬁe C%f}%[ %é}g@a%%%at gfﬁ%ar 1Q &%egEe e ?chaﬂ}/‘incﬂide‘s 8&fSer-Tyr-Asn

east east 60% at
| %@%oﬂf@s Bﬁaﬁlgaéqdeﬁ&stcm)%ge abtn bmswmuﬁ/&llsaﬁglloé@wear such as
10

0% at I east 150% at |ea 00% .at 5
| @aﬁgm S04l 508 ab@gg%) agg@@/@c1§§ Czt alﬁé\t/‘te na]l?ot%é’reglton The

4%(r)$é(ﬁ§eae1tném§$§ Hs g’lg?\/ 2d9h &_Iﬁagfﬁptﬂ@l%n ol A28¢ Bdah be dbermined

a na osed to particular thernmn tl
C QpditicARsifhetdude nHét&e@mnnﬂed BerFin 4 pplﬁp@tlég%ﬁaﬁt e modified at

thermal tolerance is sessed a t

( emjno agige iy the seguenge 0 aﬁ%{lﬂ & 1d%§4aeﬁ,§gp ‘ﬂ/ %gi? rgrllra 1?5 ddkfesponding

t Ol 6158 Q?ﬁs btsln]r'ésﬂﬁe%e%ﬁa?t%?e Bifo JranmBthisasaqiady or a corresponding
., about 37C for_ hupans.

e nééqabﬂece nl\/ﬁ)d1ﬁédq>dhﬂieﬁ)tld¢8f<@n iba nyqdifiesl Qirea@hof{}leﬁ}éuf(%%ﬁu net Tym

tability) of th di.f
ﬁeg@:, ﬁlr pgomﬁ@lag%lgglgp I g%g alo ne{%?dsﬁ@%@%ig&@ér Hrtﬁé’ﬂegff%ndenng

| S Erm%ﬁé(f?e?}tlde more res1stant to proteolysis by gelatinase B than the unmodified
polypeptide. The modified polypeptides can be is at least 0.5%, 1%, 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% more resistant to proteolysis by gelatinase




7 tines, 8 tinmes, 9 tines, 10 times, 20 tines, 30
times, 40 tines, 50 tines, 60 tines, 70 tines, 80

wOi20e4800 tines, 100 tines, 200 tines, 300 ti pres/aB2b0£003662
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tinmes, 500 tinmes, 20 600 tinmes, 700 tines, 800 tines,
900 tines, 1000 tines, or nore, when conpared to the
hal f-1ife of native GH expose to particul ar thernal
condltl ons between 20 C and C for exarrpl e,

an dt?ﬁ%?‘iﬂe%ﬁdﬂﬁ@%%ﬁ%ﬂ? ?5 afnucgne egneoo% rnenq Ut baﬁgeq)ogasgtgase can be

erdture

t empéically testal byaloust t&?é%)saysl des@ﬂﬁdlhbﬂiih of
i ntra-nool ecul ar _bonds 25 Mol ecu] ar. bonds, are created
bet weehd EBHFPBpdiggnh gpsitiens identitisd farmedidicalion fotiperegse protease

PEGHEL S RIS ROTY b2 e ST MfE R LBl g5, o

h&l56cB65, Acant73; Ky BSEHRYL Li@kdr 1y, Bil1ad1 16081 bgy 1124, M125,

a8 T a0 BT IR OPLE piSL R A8 2156 R, ke, pes,

Hyl | |
TS T R AL e

j§idiHat t:?ghlbla mcpeasedbproiedss resistance eehgred ounafodified hGH,

TR Y oL ] AR Zaeb VP N gHA Y RAPRAZ3T 123V,

tqﬁz@mmqggﬁmmowm métyﬁﬁsmllym lEGé S L73VeENR] VeIV, 187V,

am no aci at each IOﬂS can

i hdPU¥eY1blt Dat AN dl16Q,H118Q, L.624%6, MI@SI MiI25VL REI3 AR 34A,

(33 R IS O00 i sk s qr 10 Kits TRl

aR1672HNR 067Q, he1683\f H (6300 BI169QNB1 78S, D EPl@ e 2 E174Q E174N,
resi dues increasi ngllzgol ar i nt eraction wth ot

afil itHdel @, Ig77HKR +S, or T. Is-HI TS and
Jnh%

LEADs |
A e naféfgﬁa%?f P one 9o

enbodi mendng the enddéfiidoGH pebipeptidd pievidedigkih iaeaGHQdlypeptides
|ncldggle one or nore. amno acjd difications in a

8 AR APHEY 21 IMBroywe theraid talerapse: (Huch mpdiftgations
ShrdnbRdNFol dxanfIs] théRRRd Sﬁhrer(E&@r) é@@f%ﬁ%é lﬂ:&\%yggnfhfc&r and

exan'pr)]l e, positions 1 to 1
58créiled H-@Rd idiErdacoonGhet8CentlmliBel, 86, 87, 89, 91, 93,

95 to 100, 102 tq 113,.115.to 128, 131, 135

139, 141, 122, 13’1"1’“%‘&%"?@"1@6? toleran{ H“’]i’Béed %’Wég‘amo“e
187 to_191. For &% espltUltary hGHis nodified to

i ncl ud& epfeexsmpe tlee @ﬁdlﬁi@ 58 polirpentides thet ehibit inceaspedgthermal

28GR b B EOVEERARN BL A Aaos) Lh Wik o

7i5ﬂenﬂﬂf the afidno &fd clahge88h GOllpolPipti®ss that rdflt in 1Prdved thermal
113, 115 to 128, 131, 132, 135 to, 139, 141, 142, 144,

1ipderapce; @@r ex@pPlecasipsoribeg hersiny ta Berease thy theymabialyrpnse of
NRJ the. ggcﬁ%%gf ﬂ%ﬂ{rg@gﬁﬁ Sﬁ,\@ %g{ﬁﬂedqgfﬁeﬁal Jolerance of
V\/thehntpied:ule tachyashifsipotenii@) pactidifation)in cherdicaligridpies that ean participate
1n stgbfzatlon o(% et rlng{écule The second premise is typically related to the
specific position of those amino acids along the protein structure. Several structural
modifications can be made in the GH polypeptide sequence by replacing amino acids
to increase the conformational stability of the GH polypeptide while either improving

or maintaining the requisite biological activity (e.g., cell proliferation activity). In
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20 are chosen frompositions 1 to 12, 14 to 26, 29 to
53, 57, 58, 60 to 63, 67 to 78, 80 to 84, 86, 87, 89,

wO2p069387795 to 100, 102 to 113, 115 to 128, 13BCTABRN5/003662

135 to 139, 141, 142, 144, 148 to 160, 162 to 182,
185 and 187 to 191 of pituitary hGHd Alignnents and
sel ection of positions can be ?erformsd with any GH
pol ypeptide by aligning it h pituitary hGH and

S R S T R AR S s i
pirhprioyed s»talhl:ﬂ;} R BsSSIEW BOrehied thdtnhBolaactea HuoR nAfiftkd GH
repl acenents _are nmade (LEADs) to increased thernal

t 69@9%@65 exhibij ingzgased protgin btttk epammareddigiandmandified and/or

| SROETRRAS G R PR AR, IR en iR s R BB G g1

Lﬁﬁiropl’uﬁﬂ'q pdiéiies td HoreakOfolat DRradtiOhl witd @lveMtaindlifldreasing polar
{fg Be Al3K, Alggh 30 A13N, A13Q Al3S, Al3T,

L %aCtLOIIS tepB Rarticilaphelicpsn | 15Q 1155, L15T, AL7E,

A17D, Al 20D

L0k, Lo0k sty sl e e (L1 D sk R SpatiBlops e
Lm@,ﬁed.mSpolypem;des PBEdddABRin (ABéeaded DR anlaABNnt £2@M2d from at
A53% 1074 dtleast 20t 1ci0nC. ¢ st at 55 0% o6 st 6096, at st

A10% st 185080%, Mﬁeé‘s@&@%valc]l% 106% 129 PfeasM 5 d‘mt 1%kt 2(@% at least
Vll(I)_, Vi 1OS V1l 10T D, L1 13K, L1

L25008at lgast 31(@@6 aLiea1133§0°/5 ameasrsmovm leasE A50%, avzu@astMO% or

14K 4R L1 L1.14 L1 1 L 7E

LD et #ippinq 16 e Hadi ot p hoverdiH cpiosed Y pidiptibrthermat
1dchtitiohd B¢ ctA 20RC and 43 3@ I i ﬂ@rm&ﬂ{%ﬂeﬁincl 12dstessed at
L 124E, L 124D, L 124K, 124R, L 24N 4Q,

| opaemperatre (mzs@u‘t @i‘i@o Tn prgthec exmzmhenrmalgmerance is

;%SI%%SQ? e%tljagrge e S égt-gmge}a%g ne eﬁg)?)tqgk ’?)C o %ﬁ%ans]sgb other

1élnbdiahﬁsl@1t1 ths &elf- Tﬁ@ Frevifro@nth \Sﬁﬂsbﬂnh\@mh%fz)‘bf thed@ddified GH
Increa3|n olar interactions between helices
Jarom%sg SRS IhEeased Ry ap amguiet sfectedyyom at least 6 times,

ltﬂﬁ%@@ élq S 9atLrﬁesD [ 0%iskk & tihE0TH ‘ﬁﬁ{%g SA*U t‘?mgf 59 UE"b0 times,

ese ‘hydrophobi ¢’ regions are éreate
[ Tﬂ Emas:,t8|0(jm1eso90 Hieles.cl® tBnan200Cimeg 3P0 diynea, 4(lﬂ tBmed) 50 eémes,

I ] hili t he h t t 15 Ch
0 s, 700 Bnes ot B S0 Biendiopl biek of pabres Whetgrired o
bﬁe ﬁﬁeﬁﬁlfé or ﬁeﬁm IGIRekpdsed kb LHARL tﬁ&?la%(t)ﬁhlﬁ&?s b%%é’e%r’zto °C and

ereystal |Z|ng he proteln con rmati on
e‘ﬂvdt%‘d iforexxampleh énc@batsmeat moany tqmmrass (Bgr, aboutt% <a) and/or

evoI uth on I (i}”léﬁg,gra rgﬁ%gg:h&ﬂ%{ CE'thI%p%hg-P‘éé Ogﬁgfﬁ:&

t°| er ance The ijpcr ea€?edt{bntd”f%ﬁ§1mél@1:1ﬁ5ﬁ%ﬁd§an be
mani fested as increased protein 20 half-life in vitro

and/ or Mokestleabertisprocrshied hetween p«ﬁrérqnﬁed/he&mes tasincrease stability
doefstﬁé \pergll htle‘uc%.lre 'and to improve thermal tolerance of the hGH polypeptide. In a

particular embodiment, helices A and C were stabilized by either adding charges or
increasing polar interactions between these helices. The amino acids and amino acid
positions selected as is-HITs are oriented in the region where the helices face each

other. Solvent accessibility can be considered for selection of is-HITs.



met hods for designing and generating highly stable,
| onger lasting proteins, or proteins having a |onger

wbabde/usf7e i ncl ude, for exanple i) identifyi ngPEDMB2005/003662
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all possible target sites on the protein sequence
that can participate in the interaction and creation
of the hydrophobi c regi on of lices A and C (these
sites are referred to 25 herein as is-H Ts); ii)

L AR PSS LA AT PGk o

meodiftdd HGE pelyipgipidels. The ahkivsaniiab avid} at cath BOthRGH-UET ?bsitions
that specific is-H T, e repl acenents can be expected

th
t 620 nchdadut argenot figuigd-fo &6k Bt 13, Ly Sl 1.4-281 L2heA 240 05,
. . S : . ; Uit . ‘ .
VTR, TSP B EAASTAZY gty s
( etoeudh déithe it-BEADppsitibhs asSRphigsd Byradsidued ingreasing polae indéraction

the, specifi.c replacin i g aci ds (candi dat e LEADs)
atvith imgﬁ%@v&rghié%$@g5€£$3%9r osition to generate

alibragr i Ai . .
ACT! | EACULPOMELBAD b oo AL EARAL &t particular regjons that

| eendribie ée tHeenal shabilityi dol o@-pbddiment, ildasgianeselected for

enetat ed an roduced. The nodj fi GH pol ypepti des i
R afon S I00E S s 1 modK i e e sh i Godign daressponding
| o BEAlS $Rpit@tAY ha¥s(SEQ IHRIO: BRGHsMdha i theR! RE16hE ir}clude, for

contains initially an amno acid replacenent at only
ofreanipe.HoFitions & to 12 Idaet26c2® tr 5% 5enffodl tehd. 7 tm78adh to 84, 86,

CRL QR T B O 3 R AV Blacl S TAE 142, 144,
r e48 RCES, D52 AIBY, 088 end ER0AIYI NForetAiple, piuRaR RS hodified
In additional enbodi nents, these candidate LEADs can

bt inghude ene proapie aseino apid imedifications i amine acidmesitionat

c . . 1 escrib
CEORSoRAL R B YD 11108 SR 0 s 7o
no8li §0i te @41 86,i8Ac8Yde, 93,05 texaogloa, to i1 0B,r1dd36 128, 131, 132, 135 to

i gér ctjaons between helices and/or renoving fplr ot ease

sBT AT B2 11448 ko 168 J63dndsd. 186 2nhdF hin 1 IMETEQ D NO:1. In

Tt AU, AN n ROl RER L adehl BB (SEQ 1D v0:712)
bis adigyied wih mittitarg $.GEH (SEQ ID NOxd), and choonmerssnins atidipositions
stability, therpal denaturat] and/ o i ol ogj_cal

SER P o DO Eirle 14 T h 201t 1 S8 61 ReASmA to 78,80 t
t 9k WsARE R 61 MBASHELHPY 02 Y& 513, 295 arflghsy @b, 13510139, 141,

particular tenperatures, e.g., between 20C and
o2, 1d4.ak8I te 160 Nh2rtall 82 0l Sdramd d8 7 its 1 Ak ssisaEriah GB7 @lignments

e R L L
t wﬁpﬁxqim?mm arDsASHAE Sofr@poAdiak pbiabRdof Alodatdatidi.t ¥

conpared to an untreated control. Assessnent can
i ncl udl orfemhodimentepositiang icprrgsponding tapitwiarnkGHyaré salected (is-

qq'l”f@)te{n ia%ﬁo ércq Ere%altce}n%ht%rﬁen&gdei (iEADs) to increased thermal
tolerance. In a particular embodiment, amino acid replacements leading to increased
thermal tolerance include, for example, to L6E, L6D, L6K, L6R, L6N, L6Q, L6S,
L6T, LO9E, L.9D, L9K, LI9R, LON, L9Q, L9S, L9T, A13E, A13D, A13K, A13R,
AI3N, A13Q, A13S, A13T, L15E, L15D, L15K, L15R, L15N, L15Q, L15S, L15T,
Al7E, A17D, A17K, A17R, A17N, A17Q, A17S, A17T, L20E, L20D, L20K, L20R,
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assessed based on the ability of a nodified CGH

pol ypeptide to naintain biological activity over tine
wakom/ogea7ri cul ar tenperature conpared to the aBCriB3009603662

an unnodified GHto maintain activity in simlar

treatments. 25 3. Super-LEADs and additional growth

hor none nodi ficati ons GH nodi %cati on al so can include

corrbi ning two or nore nodifications. For exanple, two

C i Sj |
R PIEARS BB ARTEL ST 49K Safrot S A T3S, 123,
rAQ4EtM1@D, A2HK 4R ii4ane dxzwq, IAZ@ISDAMT ISR, 2a05DNA105K,
gg erein or known art to i ncrease

AP ARSOL 47088 i g Phey i Hrb CHAK. RrdpBaYaION,
I
el e o, BB L
| ht¥38a$4d 14 R gD, L.l éK alntletR, LVD4INS L ClatiQ, 611348 ak 14T, 1.117E,

BT a7 B LT oo Eba 4. B BEDBs Iboaeisimrgio1x

PrioyYrRdgd 1Rer @i, e 1snpwi T DIMEGLQQ&DtEliéﬂ@ rL%ﬁR L124N, L124Q,

proteol ysi 5 resistante. Nbdifidations
tIhle24|$aL1%T eIrmEeLam drl2§KoLé%8ih 151123N LllB&QaILlQ@Smﬂ L128T.
b@o o1 F il ?tlonsto hat alter ther
FUEE| 5?{3}’ ©p P aIHH?:? Eﬁi ‘iﬁegﬁeﬂﬁlaﬁeamagecﬁ § pifuitary BGH (SEQ
MECNRE Dised MaBle &Cdnd WED Immibsf ixoatixng that affect

post - transl ation protein nodifications 5 and any ot her
known nodi fi catibns |Incrmlmmolawmmapn@bemmhehpess

g T ——

Mindra gepeitSto(seBidht. CRliesd ﬁydi:&plﬁbb‘i@regm Qrereat N fr8msth® Ht&action
mut a protein nultiple nutations present on

t he
i q?éxeuﬁfzﬁu%pn d Crang phayt a0l imghe gyerald stablhg@tm@fttbe hGH structure.

Z%ll%ﬁ%c ation %@9%1%%%?3@ B gﬁf‘e ‘% A %’(gﬁ n%nkg gﬁng 19 faypr polar

NoterddBoR20@#th BHSREA, thdrelgnslaliilitihy slteqﬁotBﬁF c@ﬁ@kﬂa@@hi ons

WO 2004/ 022747 .and 2004/ 022593) . IS

r epet i 1i0P& cRpedinat.dpe sPscaming praress £?r Eake %‘toélﬁloc’@fl’é gsed to
t i)
R i AT A0
prtaice The iceaseinsthened silerensupe be inAifestad anincreased protein

TR DR BL SR pSE 3 b B,

HétBEds fﬁph@ﬁ%%ﬁgs anPgIRREhahedly LESE elgn%ﬁ‘ qasting proteins, or
phenot plcal y Characterize one-b

ami@ﬁe@@ bing adengey balf-i?tﬁ@mplmm ercanaple 1)mlleatfyllr@soatea)r all

uI es ., contai.ni n vari ab n ers..and t
RS et SREOR i B i iy PR REiPeinad HenpRostion and
fordation Sf frhydhsphpBictrb&ivh of hdlRas Ara@d@gﬂ&e U M8 %f&&@d to
referred to as 20 super-LEADs. Su EADs can
dsran at isdildy);db identifng @moQO agingsiao @tids smciﬂic foneach

ﬁp ?Ié?{]stuciﬁ_@k?at E)lﬁ(‘?ll% gegleag.g élFf:oIf Ehg ore éigtﬁé’ origina (h ucql as native)

amino acids at that specific is-HIT, the replacements can be expected to increase the

is-HIT's stability while at the same time, maintaining or improving the requisite
biological activity and specificity of the protein (candidate LEADs); iii)
systematically introducing the specific replacing amino acids (candidate LEADs) at

every specific is-HIT target position to generate a library containing the



a super-LEAD typically has activity with respect to
the function or biological activity of interest that

woi20demusg77ir om t he i nproved activity of a LEAD BYTAB2005/003662
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desired anount, such as at |east 10% 20% 30% 40%
50% 60% 70% 80% 90% 100% 150% > > > > > > > > >
> 25 200% or nore from at Ieaat4 one of the LEAD
mutants fromwhich it is derl d In yet other

S UpORBERLR S oEHARAR 1R e Kb REBS o

8 gbhd¥®8d aftl piodBSed. 1ﬂ1etrh&ﬁﬁed @@1 ﬁdlmud&%ahltﬁ&ﬁbe ﬁi{énotyplcauy
times, 50 tines, 60 times, 70 tines, 80 tines,

t ichavacterizpd anerhysonezip@dgiepable agmps 3q ﬂwseach onrtant |nml chle contains
28%551 }J@Famﬁx%%c}d id B Rcri O of brﬂg Bne R il Sy %Q%uf mes,

rea an a east one

ofembb@mieﬁtkpmmdrﬁ edd]€sildsraly® cahiibe @endratbdi irdeibsatfRent W8nds that
with LEADs, the change in the activity fqor super-LEADs

i sonfainapginle Hottes ﬂ@t WWBF@A@P@'W pendidase béizyl) eEwacids

7 that is being "evolved." The desired
%tugga%%g%%%)v\hi ch can be either an increase or a

r educt Imadditiorsd tinbotiynentie flesdleandplate TADE oacbé fimther modified

ro er i nteres ot her rre od that can
M@ﬁlopal rguigEpat e B O A SR PR A gescnbed herein.
”‘Fbﬁé)lai%ﬂﬁe Itfe SsHdREAtOL EAPRGH 6OkodBedRY LRI, for example,
mut agenesi's referred to as "multi- 5 overl appeg pr?msr
extcegesingnsteractiens bwpanitlings Adr rappving atdatease Nensitive sites.

10/ 658, 355, . U. S. , Publ
US- 2004- 013%977- ,&fs‘%ﬁ@'eﬁw ﬁhé\ﬁﬁaf *ﬁ%faﬁg‘amtf% gAwth hpymone
2004/ 022747 and Bk 8?2593) This method can be

used f dhenpal tolgtepemal modifiad GEhpolypentirleneandin aspasagosbt &y

Thi
Hfﬁ:%fl {)\g}rg wgsagv@ rag?eg?n‘{ﬁ %n%ﬁ T o%grhacl)ulf- ﬁ%ﬁ%ﬁﬁf%&@m

p ibmicmwal actiyityotlaione tRamplgi, dm kiﬁetk:@ of\theﬂﬁalliel’emce is measured by
Over,l ag pi ng ol %&;onucl eoti-des of, %pl cal Ié nd 70
b 45688 GV G PRFTICKIaR leEnneE g, el -4 a9 | %a&p ong
[ o

e e B oy e TR ARy peptides
owssnbld;atanh at theebiotent thmperatura@andeginplesaie tajpn ow&rltyne-pomts to
around 2 ses.. Although, typically, about, 70
ety Sintacied REpiuppafh o WreaBi Gereds iegsent can
t BR1ddRNE: Bxshplta 8&ohiolifARlonéesy BPEH M tivity. Thermal tolerance is
ol i gonucl eotides for use can r gé{ge from about 30 bases

u pSSBSSGd bb@dtonﬁb@ abidityeef a mpdibed S& pelypipsidgto mamtain biological

PR B den Buuial Shadile bR 0 s abiiy of ppunmodified

| enpichmSihta mfvng\aﬁrsinﬁmmguﬂeﬁw ons for use herein
can range from about 5 bases up to about 40 bases.

These 8ver| SpppnbEARDS yhaddidonalarewih h@rmqnhgwdpﬁcatlons

o B T L A RBLe Mage.

P ekanhEle a$®, oréndre LHADS aﬁﬁbe palbyediase, siigle A8W In(iblecule
unexpected nutations) to, create snmall amounts of

f dqdificatighthapmgeeaserproteolyisisrpesiangs cga Re combmed vith athem
t B atAidafbnd FBvided hBRh SESGh!iY RleVarBi@RhirtiR Droteolysis resistance.

Modifications that increase thermal tolerance can be combined with other
modifications provided herein or known in the art to increase thermal tolerance.

Modifications that increase thermal tolerance can be combined with modifications



in a second step of PCR using flanking priners, each
one tagged with a restriction site in order to

woacidlusAar e subsequent cloning. One mnul ti - over P@pEBIZH05/003662
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extension process 25 yields a full-length
(rmulti-nutated) nucleic acid nolecule encoding a
candi date super- LEAD proteins@aving mltiple

nmut ati ons therein derived fron1LEAD mutant proteins.

P [ h ept,i.d
1 progicfé‘rag%{éélug nr lgl{OVI{‘BO % tﬁégrq I_‘g{n%}l\'talgs_f)rg{ n%les 6?81&%@ ep &\ﬁ(o%icauons
p el ummisé)meaﬁaa tmefdneel and{oOpOtehse Mlﬁhtgrrallsofdah beRbMbRIeH with
production, including the introduction of nucleic acid

wH}OéefmaEgnSetﬁ&éIa' it alpgy bgrdpactionatiigsdnglvndpg bmlegicd @etivity,

7

s B a 050 oy 6808 B 0G0 Y0 SR Cions
Expd ergsother lhms«msnodlﬁbaxdmsﬁhthemm yeast, plants,

i nsect cells, IIs { ncl udi

cel | | Arigunbergf fercg’iﬁ%%%ﬁfe fscoméie]élil%%@ﬁg%a‘flﬂl&slp@ne
CabypiftiaRr Fbpem@m&ﬁ@éﬂyﬁwﬂﬂaﬂ PUBLSnAR (A geﬁlﬁehﬁsed to

typés of post-translational 5 nodifications present on
t hesemblerasssuglp mottaitpsoteifimpultiblsi mmachnseprpneascm the indisidual

base on these f act.or such
BB AT molERfRs 236 o Betist R ERAS iiiine PR RY Toge Bo-Bnding
COss. Sapen@htfohwmmsa@@sn@@ odslished AppLiédioaatd. 495-2004-0132977-
Expression in eukaryotic hosts can include expression

|A1;ﬂ@dwbhsmd IRCéFsapp @tmarwm@é/oaémmamamomz@ﬁw ADM
Past o

N oy aRaierCBer s SR R SRR GRrich ot e
t QEA@@Luta@lopmem | Cifew BE@@Emattioh @atided bhoahy plevious ©IHAD
for expression also include manmalian cells [ines such

aBgtanh P ihelivaiespoassuYS SypeHBRAdbmutant pigkeiRy/ ot i ¢
EXpresal n&c@)uﬁ?ﬁh %F‘ é‘été ?f ﬁ&%ug 981:1 npd'l@c%{i%t ég&ilﬁ% %llectlon of new

transgemi ction

| Bupet-ILEEAIN fhumlg ﬂmlé‘@t@s 1£g¢1feeﬁ6d odstedentl phendysically characterized
avai | abl e, f expr ession of hGH The chqgice 15 of

e ze,rgpeﬁl ‘? I IS&E?FcIe%AQymEtH@ polsewles ye mplequles

I
PLBFAT N FE ol RSN ML g
efpthes snmuved/@imesrior therpaitivolan deatdre doing relvpllvedJ 153 referred to as

St & Fpp bRl 5R 3retsan by altef B o to those of
U QG MR el 2Nl t8AG] By t h@h‘i’g}?ﬁﬁ&%ﬁpﬂﬁﬁ&ﬁé&s hebdiA! F@f furg&%g herein

for stable transformation typically have a sel ec
mastgzer-LidAlR It1y1:a¢dllorms 201 vity| veitt tespecttodherdiinetiom anbielagfical activity

the. tran In so se in .of
- S PR OB BEm B imma Rl ST RARRy Hifhutie agpount
t E\&h\é@‘a{ Rhst 18%, POPK30YQU0%, So%R! P31 T0% 09K IR 199%, 150%,
eC| ally E. coli, provi de a syst em for pr oduc:| ndg
@96 on nmg(nfrgm at least one of the LEAD mutants from which it is derived. In yet
other embodiments, the change in activity is at least about 2 times, 3 times, 4 times, 5
times, 6 times, 7 times, 8§ times, 9 times, 10 times, 20 times, 30 times, 40 times, 50
times, 60 times, 70 times, 80 times, 90 times, 100 times, 200 times, 300 times, 400
times, 500 times, 600 times, 700 times, 800 times, 900 times, 1000 times, or more
times greater than at least one of the LEAD molecules from which it is derived. As

with LEADs, the change in the activity for super-LEADs is dependent upon the
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of hGH (see for exanple, Platis et al. Protein Exp.
Purif. 31(2):222-30 (2003); 25 Khalizzadeh et al. J.

wonoe/MTrobi ol . Bi otechnol. 31(2): 63-69 (2002L)/1B2005/003662

Transformation of E. coli is a sinple and rapid

techni que well known to those of skill in the art.
Expression vectors for E. colisgcan contain inducible
pronoters that are useful for inducing high |Ievels of

p j d in | r i roteins, that
R b E R ERE IR, 186 AR BRI R e gy an
i imboezisbbea prdootdreinsactivicy, deperids @pd0 tHedaniodrR hedperty BE interest.
trp prqonmoter, the Hybri tac pronoter, the T7 and SP6
RNA p%&ﬁﬁ%eé methadfhatican be speloyed fesmerie earebinatiqus of two or

i / . (. .
P O,2008 GUBAL L SOT RN s Jhy AT
Eovabipped fitimer extersidna’ (et so-pending T Sigpphisstioa NeE10/638355, U.S.

oPULRBET appLesiipois U BuP Db R andrphgaat L apicasons
diwd nobd/op 2Rt daNE Z@QWS%PWFStIH%HQ& cgg‘gecused for the rational

denaturants (e.g., guani di ne-HCl and ure an be use

t eoBbinatien ebniianeLEADs po firei super-IRABISt dihiamithed allows the

a h is th xpressi on of .h in the erjplasmc .
SRR Tt el RR R 5 laud tPlgkph o gl Brofein o proten-
efegl o R0 tvnaBguenh aNQE P bphirg dligBnadebtidies vt fd{ﬁ@auy, ound 70

i sonerases and can |l ead to the production o solugie
pbPaseeimlength d5iges lopgerpligenerdrotidetyicad teincreasadsecdr) are dhdgned

i i i ' t { tei.n to,t
S0 ) S oy e
peyriag adtseach silie od @ rédien pLIybREAE Bould 230BhES. %ﬁthﬁlégh, typically,

per i m c-targeting | eader sequences include t
p%? Pg@@%&?é @rerussﬁm ¢eatp dhe qlicdapriag eligrawelegtidest the length of

| LRGeS ' o M gl0® ' S .In
R Bl M e b e Bk 06, BB B ARt o 0
t dwut é@dbb&? eHikpw@eélmorllgh ﬂletdver_l%]iilﬁg%egicﬁﬂﬁﬁ_ itllmmve'flapping
secretion.of .proteins a qui and sinple i )
SufscprelaptdRs it oniralivesant B Pasts P natiueiot ronedamping regions
t foRliseheidQan S48k TR 2150 5 Bsed %p%’ LARAE thiRM NS overlapping
periplasm by osnmotic lysis. Sinflar to cytoplasmc
exdgonyeleotidesi(inclugligoreasleding potnt msativas) de aotenplates and

TR P R b e Gt e ot g P DNA
iﬁﬁﬁ&g&ﬁb@ 6 aeid ufEipetied !ihul%i’cﬁ)ngf ﬂavz!ﬂfate ﬁ%lsﬁpatﬁéﬁhts of full-length

ence expression |evels and solubility. Typica
tgmpedhe Girlblengdy gone nesultBg feoma IR AEsERER issthen selkdtivelyomsplified

| SO to increase .solubility of 20, C e
S350 A, 455 L ST Ry AR ik e G resictonsic
agloyd sy FRilagke RuBeqds clohitgs Ol mulbit RleflapSed &Eikiof process
gl.ycosyl ati on for function, glycosylation can be aé’ded

1 AClds 8 fg ey (mytmmtated) nusteid sodmisbeulecenicpding b candidate super-
!ﬁg%?fz)gosrgﬂggﬂlaa?@ Cﬁﬁilﬂ?erﬁl%%éé’}r?ssthgr%{ne&@rﬁfgg from LEAD mutant

€s " pol

proteins.
E. Production of modified growth hormone polypeptides
1. Expression systems
Human GH polypeptides can be produced by any methods known in the art for

protein production, including the introduction of nucleic acid molecules encoding



25 Yarrow a lipolytica, Kluyveronyces |actis and
Pi chi apastoris are useful expression hosts for hCGH

woO2ew/kg177exanpl e, Skoko et al. Biotechnol. AppCT/IB2005/003662
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Bi ochen2. 38(Pt3): 257-265 (2003)). Yeast can be
transformed with epi somal replicating vectors or by
stabl e chronbsomal integrati 01977by honol ogous
reconbi nation. Typically, inducible pronoters are

u ] I [ iLon, .Ex I f_such

LR, LR LR S SERT BARE S PRl 248 et

metcldingt HEI e vitr oo rnppéssion hows inoksde AR/, youst; pRGitsOhsect cells,
ors often include a sel ectable marker such as

\ﬁ%%%{n ian pplts inghedinghumaneell Amyes god fremsgeniy animals. Expression
P 0 . : : .
ﬁ:ﬂté F%xrcﬁé‘/gp%@g%g} %I%dﬁﬁioﬁ%%%s:vgegl %Eﬁ[hg éﬁ%? Hgﬁ%s?-ftraﬁﬁﬁlonal

trans teins expres
ofrtodificatibnspresenCon ehepaxpressadpruteins. Thepksionofiexpsessidnddst can be

Bi p,and protein disu]fide isoperase, can inprove
o RBFE Batel 90 BS78) DCHEerdaT s R 55 FoRIINATY GRARHLY considerations,
PpRIdGER co%&%@%ﬁ@geéd%ﬂﬁ%%ﬁocﬁgﬁﬁ} ;Qﬁiﬂéhtg&‘ft ed for

secretion using secretion signal ‘peptide fusions 5
such aExpiessigreastukagiotinosty pan iatlpaetmedsom ingeass sueh as

L TR BRI FBhE 5 R Bl
agiERpRDpIPHERAR! plahts bhE pRAXH1R sARILRI tBhaLes aldsn, rice, a;lgae and

gl ucoa%iase.' A %fot ease cl eavage site such as fo
t legure Eukagyptie eelsselor exmessonaitgi indodetammaliamoolds kiws such as

f t tid t h i
¢ BRSECRINE0 A (0D L8, BRRAPEE CRasPRipashes guac
gpivde&idndh it@Rs@nicAEimts SRF £XdMiploahélhSing ProdudE6s tsmAREnd eggs.

insect_cells Insects and insect cells, particularly ]
usi ng NEBYICERICPURN BxqH01E 91 Ayhilatle ©r faeepressioprof hGH.  The choice

YRR SR RO pRATRPES e REGHRY R PSS vl sy

( 20a3ipn i wek etithirethedeahdf skilt of thelskilledartisanC T dendall Expression

expr essi on in t he haenol ynph, express high | evels of
pVSEUF RAhiNg ude drapsgspbipaal promefsts andoptipgally enhancers, translational

pggﬁaﬁ,raﬁﬁ‘%ﬂaﬁécir Bhal R i) Qé’twngﬂ%nﬂﬁﬁgoyyi’gﬂélg.hﬁﬁ ression vectors
e I ve ho range

ukaryotes. Baculovirus have a restrict
wihiatdre iungt fov steblehmnsbmbtjoraygicalidhaesa sebagtibid manker which allows

VRGPS S0 Ml R P FBPIATR 0icl Vkr et FBATEUAR

agplifiioRQhd BE Ui toRMPIE Bfe Bby RARHEVtheiFectdommDnl y
used 20 bacul ovirus systens 1nclude the bacul oviruses

such as Autagr apRuokmypfioexpiressionucl ear pol yhedrosi s

[ AcCNPV) , d.t boi, nbyx. [ ear .
bol yhebtPbaetes; SEitRERN, P kisE Rt Biaghping grge amouns
SHHGE$se3r SRMPIEPIATQMSPRsient BipaPiFiK 81 29128830 (2003);
Pseudal etia uni puncta (A7S) and Danauspl exi ppus
(Belizzadabat shigtnd &detobiokiolegeiobs] (DR 63 HALEND). de

“TRUERSEAP 40 ARSI BUBRE B feor s

ciadbeaof Ekpession UsctoVigiEllcoBARan contain inducible promoters that are
useful for inducing high levels of protein expression and for expressing proteins that
exhibit some toxicity to the host cells. Examples of inducible promoters include the
lac promoter, the trp promoter, the hybrid tac promoter, the T7 and SP6 RNA

promoters and the temperature regulated AP, promoter.



secretion signals are accurately processed in insect
cells and can be used to secrete the expressed

wonoeisadsr7int o t he cul ture medium | n addition, PCin@BIesH03662
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i nes Pseudal etia wunipuncta (A7S) and Danaus

pl exi ppus (DpNl) produce proteins wth glycosylation
patterns simlar to manmalian-gell systens. 30 An
alternative expression systemin insect cells is the

use of | . I boLd S ;.

t he Schni ed'e(?Hfglé g%%i@%%ﬁ%%%@é Icﬁ@p%lbcs%nﬁl #:Sﬁ%‘%%%f coli. The
20N0p48 15 7 rddaTing BACDGANARG6E, foBSbniEmhakodas ik caf RBulET the
c IlsééAe es agf)opi ct,usi0 an be used for expression.

THEmapPR ehimspluglefaelusirn digh SRefusingmgents sechrasshithiadthgeotol and
f o . h Lon

RS BAPah eSSl PSRRI HOY G B5ARSBed
Exgsobiize thegoteinss Aralterbatpie@pplogciniaiting @ipnesdiolnyo i in the

use.qf sel ectahle markers such as neqnmycin and 5
DGR A5 O DEGHGR 1 EIBEY e P cBYpERSH g
S ¥iedpe i ARe BRI USAAIE DoRePsESshdddn PAIINE Rt ﬂn‘agéctionl qlf g(r)]luble

Expressi on constructs can be transferred to mamma
ceratgnpyypically, ajleddst saquanasiis fused to the prageinrofisnterestoyhich directs

dj,r fransfer as |Liposones al ciu . .
ol st R Son o5t BB R o B me g nsice
atheqledplakiap @xambm_o@pgriﬂhﬁﬁféitélﬂg_@ﬁﬁ% RAder sEe?ﬂéh@ésSlhémde the pelB
vectors for mammalian cells typically include an nmRNA

c epdeifraan the peatpre lypisxgeng and thedeagier dertved ifrpn thatalkedine

S ( a nce nd
O
t exgnessed pilokedim aito eombiugy medibmn e Secrb@én & ©bteh@Valows quick and

expressi on, for. exanple the SV40 pronoter-enhancer,
t ﬁ%?%}mﬁﬂ‘ff%% {ioBNBE SHSYE suReTRatN) Prrteirthat argmet seeeeted can be

I : ' f r Vi I S S
Pk EHRE pbpaSh o3 osBHE 3R 53R ol Py xpression, in
t sqescasdd eteinsarad beedthe ingplablepnd dehananindd esdiRingeigents can be
regi,on [ so can. be.used far expression. Exenplary

pv%ﬂﬁ? R éﬂ@‘gill%até@f? Bptkrelgiginga d empgretis et fagbctiqrndegowth

t Q5o EMOBAUELRIKHRBESn RYEIR 288 solEbiBAL af\i}ﬁ)i(!ally', ﬁfrﬂJekeﬁlures between

i mmunogl obul i n,” nobuse manmmary tunor Virus, albumn,

al PRand (G 7f@ trsprsed.e Mutatiing abso Tamb¢ iisedytp snangase solubility of

St el s DY st o g e BRfol s, i

SplotGisaard By ey hitie A ToRn st gyt OsyERio8 Chn b hd@lin vitro after
mai ntain cells wth the expression construct. Exanples

opurifisatien Eemeboshegliser genes include, but are not

limted to,bhygr %in B phosphotransf erase, adenosi ne
deani nase, Xant hifi S-guanine phosphori bosyl

t r ansf geattsuch 8t SaGINENBIcBECerdTsdRNOTRAREABESBI RS fombe,

di hydrof ol ate reductase and thym di ne ki nase. Fusion
w ariowig) lipobgiges Blegves prgeasilaniis wb Eéaliepaseréharg ysafaiexpression

6 nG (¥eecf%P e)gaixﬁﬁg,t SKokB'eF ﬁ?%%?ec%ﬁzof Qgpl. Biochem. 38(Pt3):

257-265 (2003)). Yeast can be transformed with episomal replicating vectors or by

stable chromosomal integration by homologous recombination. Typically, inducible
promoters are used to regulate gene expression. Example of such promoters include
GALI, GAL7 and GALS5 and metallothionein promoters such as CUP1. Expression
vectors often include a selectable marker such as LEU2, TRP1, HIS3 and URA3 for



proteins in an active state on the cell surface. Mny

cell lines are avail able for manmal i an expression
wonedendsr1g nouse, rat human, nonkey, chicken &0W1B2005/003662

hanster cells. Exenplary cell lines include but are

not 30 limted to CHO, Bal b/3T3, HeLa, M2, nouse NSO

(non-secreting) and ot her nyelgm cell |ines,
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Cefttn bolnbls. Calegpresvien withich@et@igrkaioh ad Biakgsrdteid die@fide
media which facilitates purificatiaon of secreted

prOMSIEE CAR BRPTONE Cxupysian [pYelt andmwodibility ofdditinmallpxaratsins

i i t . ) .

o reasas) Yl e dighttaiabtlisnod s SRR penide fusions
Trenhsayehé peast matingwipt alphadagpdrantisticasighs frimeSadcpbrdbees
expression, of. hGH, Expressi gn constructs are i

L GBPRaR % fisiost withaGed seIbifiee PEsing St ke prgdp mating

U b@sioRecepitsior 3% %ﬁ!@&b@iﬁ%&ﬁ@@%@%gﬁ%%ﬁ{éﬁse cleavage

PEG nedi ated transfer into protoplasts,” and

agitotebias fonthe Kewi2airetdase; eansecmgatee®d.to Boopoeshe fised sequences
vectors can include 10 pronoter. and. enhapcer .

< Bqtnhe et oepes s fsy el e eurtiphBREAY oNERbAIse isprpable of

t pB06dyRdtioanAlA SEONREPThieheieNt s. Expression vectors and
transformati on techni ques are wusually divided between

di cot host s¢ suchnseetsmmdonsespsélls and t obacco, and

nonoco s_carn .and rice.. Exanpl es .of

o ant _ soiS B oo B BB T USink SRt TR are useful
cfulekplessiy grvaR hornydrebSndtAABhEH (sbéFor@RMPId) Muneta et al. J.
Sénthase pronoter, the ribose 15 blifhosphate

c

eheg) S OKRLbP 2R (A0RB)t rseettselurd imseeh iruQiicluding
S %ﬁ)‘hsin thé%e%%kg eQHegsgﬂiglé ge#%giogi)r(ﬂgig "B Bipable of most

omannose 1S se a

poibihp postrteanskativzs encli fcatibhetsed $§ thigher talgiry dteat Baculovirus have a
sel ect.iop and mai_nt.enance oL transfornmed cells.

TSRS hed rpesivhichimrovesihe eaferyiand sedvees regulatory geuserns of
a8ukaRldiie . ERRURE J

into \Mj[]oleéplglg%gl?g%) fl'c?}';\é geéﬁ#% %F%nt cg I r%ﬂlggggﬁfgé@g\ﬁel

i expiresd®naugaes tha golybedradpiomoperad beail printseiCusnrise ufar

| Mayfield et al.. 2003) PNAS 100: 438-442) .
s PRt g e BRI et oot G fpiea muclear
t Bt Phe FHBSTIrhAA KBV Sand tE BomBPk b hHEBAS IR dFIQ \Fiﬁlg

to produce h in these hosts.” 2. Purification Metho
f GmYEV) fnd an insect ofll Gre pashyas §P deteediframShedipraelftugiperda,

SRRt SRR G s NG e

gexpessaiohythp bbbtk defi@ifick BEtHeWhdlbhRe fRIH Skpdste is fused
renmoving the cells. For intracellular expression,

ciammedigigly desvnsirean ohhe nobdegrinindtiationmedp pEthefvirgsn Magnmalian
eLefiGh 'sig\ll\gﬁ Ure accurately processed in insect cells and can be used to secrete the
expressed protein into the culture medium. In addition, the cell lines Pseudaletia
unipuncta (A7S) and Danaus plexippus (DpN1) produce proteins with glycosylation
patterns similar to mammalian cell systems.
An alternative expression system in insect cells is the use of stably

transformed cells. Cell lines such as the Schnieder 2 (S2) and Kc cells (Drosophila



transgeni c organi snms such as transgenic plants and
animal s are used for expression, tissues or organs

woamemesuzed as starting material to nake a | yeetw/iB®0$/003662
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extract. 30 Additionally, transgenic ani mal production
can include the production of pol ypeptides WO

2006/ 048777 PCT/ 1 B2005/ 003662 o,82 in m |k or eggs,

whi ch can be collected, and if necessary further the
pr, ' I and_further rified usin
oA A (AL SRR o o R eestian. B
pulrp$dpbila usitailptisibasiad prangendaaibe wsed iof ihg@ddel 9gh levels p{f expression

techni ques known in the art including but not limte

t o H@lﬁ%eslgﬁ‘é%’fo}ﬁa% mefa) giqughion with germiupbotseppers | wpression vectors
CRrOFBI-a8Y AR A | o] ion and.

i oni C” exc angem(r:l rongﬂteg{g% gg%]eg&&%fl{lﬁlﬁﬁ{egg %%féla P%’é’?}fcg}]and

t dpgwomyess al so can be utilized to inprove the

efficiency d pyrit f the preparations. For

exampl e, an 'bodﬁ@@?ﬁnﬁﬁﬁéﬁﬁ%rs and ot her nol ecul es

that bivn@HiaAekpRGsionastids Bl i b ds G -
Expressi on ccl)nst rpgistss a Sso ?:an @%%é(?%éjééggﬁggg/gap%\dﬁ&
afKRPigstign eengtmuets gap botrensfersadah nidnrasliam awils be pirhbipéection such as

fusj.on. Qr ..Hi affinit rified with C
ey 0 il BB it et fofigomegcaltium phsphate, DEAE-
r d&ﬂm_tain\zleﬂﬁr)phyaldﬁl! thdang BcHOR e@e%ﬁﬁ]a&ﬁﬁoxbxn@mcr&%}e'aﬁgm
known in the art including gel electrophoresis” an

sEEPISFSioR Yerdors faicnappabemenils tymcallydotindeae mRNA cRusiton TATA

p i 100, tel ontaining a targetin

058k bR AR SR KON Bl LT L
ppalyadbagiatibh afcmenes Vecrls sfennadidd @ascaMidml plorthtsttalancers
ffﬂ? OB proteins  fornulated for admnistration by a

s

level supressipe 1pr exantpleithe SY40dnomptstr-ehhancar, ghe human

f L1 ' KFfied and an }
ag%lgl?’ggilﬁ\ghdsg@l\gg ) g{]btn‘?(@%r C@ﬁ g}rﬁl loiﬁg g%%gnn re%pﬁ%tr@g#qus sarcoma virus
gRWh Theest promatecarhhncers dre getivd iamchngtdaR ty i C TisgGead cell-type
for di rect(’igl%w}ghe 20 nutant protein to a targeted cell

oPTOfrolers an Sgjdesigns Hee eanrhedisediforiexprepsign. o xemplary

o ! I o Cal
PRSBSOS A
| ¢laktasgd, inswirh imsunoglohelig mudvisé mantnay almagenissalbimin, alpha-

thiol . link ) ot.her such |inkages, The fusion )
RS e ML ST T AR S U R,
B2, 468 lgondttilopiarelRhs %H_Qmﬂfn@tg%h@c&ﬁi%@ Sélg‘%ﬁbl@h‘fjarké} can be used
upt ake of the 25 protein by cells (see, for exarrpfe,

| ttseleptafior ardimaiptain gpily With thesrpiissioMEB iR Axbinpleshf selectable

P ' ification. i fi.ed GH pol tid

CRUKBE PSR RE, LSl B L R S AR,
calndsiie ddadlingeandilpé-otaiinptosphdribed tRAsABRE I ARhsal side
prepare nodified GHin a "naked" form w t hout

pRhosphatiansierase.cily drefiolase reductasesmd dhyimidingi Kinasat Fosien with cell
Nakeee signaling molecules such as TCR-( and Fc RI-y can direct expression of the

proteins in an active state on the cell surface.

Many cell lines are available for mammalian expression including mouse, rat
human, monkey, chicken and hamster cells. Exemplary cell lines include but are not
limited to CHO, Balb/3T3, HeLa, MT2, mouse NSO (non-secreting) and other

myeloma cell lines, hybridoma and heterohybridoma cell lines, lymphocytes,



30 pol ypeptide chains can be prepared in suitable
hosts that do not post-translationally nodify CH

woabospapt’rdes al so can be prepared in in vitroPEYSBENE003662
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and using chem cal WO 2006/ 048777 PCT/1B2005/ 003662
83 pol ypepti de synthesis. For other applications,
particul ar nodifications can desired including
pegyl ati on, al bum nation, glycosyl ation,

p Y ka4 ORI irficcat | C :
PHSRRIBE 0N NRES JOCHP, oFRHC T AR o ey e
peldum avgilailbedapoet] foi seelimfstet sediasvhitia Blcaithes putifiedtion of
produced such_nodjfications. 5 5. Nucl eoti de sequences

NS e Piotsips Homdhe rebcueomedia. Mpgisrehoeragle is the serum free
p Pt Lded b j . t Syl tein
OEDKOFR ckilfne U LR, SAEEANDL Bidthe: 4 3230 Q0PF

i nduci bl e peonot ®lant§or expression in manmalian cells

al so are provi u %gnotegs i ncl ude, but are

ed. ch.p .
not | i MASEPHGPIaRNPIaAad Bigats R Brbtcshier thedansysipn of hGH.
p .
PSR U6l 4% P ST P P ot
s s ag snittoproj@@ie p&abpdment and REGHnedatedspnisiine pratoplasts, and

o iAo B S i G RO Lopean Vtiorsera inctade
PplorRRR!dnd @Ehacey sda6hd38  tRinforiphbisl tednRtfondabh¥as &eh t

cells in gene transfer vectors. The transfer vectors
afraeslatignalesontakelamditsi Hrplessiorevests riid trarisforageion (&hniques are

f . t .of a.grqowth hornone-nedi at e i sease ,or

c Bt PRBORL e PSRl b AR il bebES Ahg Monocor

| RS buciias cabdal AE. SEda@iplddifpihnt pRBIsHs ik&Pfor Skbression include
adm ni stered. Transfer vectors encoding nodified GH

pBreypdilavrs eesicoerusgBemotsy, dacrAnaking synthase arangter, dreitipse

t i ' ' . . th

¢ PSRt CarBlflade B BlRb e bRl IR O3 ol imgiers
afeloayble usrkees suh. as Ve gtontyrirg phophotiakidsa itnezibe@ad nb&mycin
i ncorﬁor atfed into stem gel | s..and adm nistering the

sPlaFpheirangierase aresefnaised By facilifainaghrciinniang mpintenance of
e - her :
e O PR R b % ok e o cell,
aaggregates(caBis tiGkhch ontapgnarated atd whbleyplassn Densgmdssent cells also
in vitr nd/or .in vjvo. For exa e, . GHvariants can
perfadde S0 Fhegmehied t Teohh PRUGRT o6t Gmoeinp ce B Reldar o

wWilods | ¥Rgs 186 48kla48 ]?@ah@ﬁl%t@haﬁ%_cﬁﬁ&eﬁ@gl%?&?%&oh Batterns than

vivo to ascertain biological activity, sta

(wagmalipm c€lls, ifieyanaintluetve tlagpehvidedo pfddace hGHninvthase hosts.
assays, i ncl dequ.assays in animal nodels as well as
adni ni &t rat F BAOE M nans. 1. In vitro assays In vitro

assay sMeffoldUBep@sicayion BPGPP%&*ﬁtpﬂdé%tf?&h'th%eﬁQ fepend on the
apdl |1

bi ol ogi cal activity. 30 St y assays can include
deltasemhesh e¢llprandfexpregsien Systenes i Er spseted nindeawdds, proteins are

S é%%.{alllgftp&i%@g from the culture media after removing the cells. For intracellular

expression, cells can be lysed and the proteins purified from the extract. When

transgenic organisms such as transgenic plants and animals are used for expression,
tissues or organs can be used as starting material to make a lysed cell extract.

Additionally, transgenic animal production can include the production of polypeptides



ot her protein structure and conformational assays
known in the art. Assays for WO 2006/ 048777
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measurenent of GH interaction with its receptor or
cell -based assays to determne the effect of CGH
variants on GH cellular path s. One exanple of a
bi ol ogi cal assay is a cell-based proliferation assay.

Brj ef. i .
L
ceklradted@sl Huthér msifia erihg@tamdhﬂdSnc(th@ds ihytpdiama cel |

line). Cells are treated gith an unnodi fied GH or, a
modi f i &Howh hympape sen bepurriedaising iard yaten purification
Pk f <@ .
PURBLIGESEAR, B md B jndihe bh o FRATA R ST P ARHE TP Fraction
v iand kige emtlhsaox( ehrgmatagsaphy, ammbainhesudfate precipitRatneand\idnic

c enes Srpipfaegy! TSR pirayoR R PR a AR FRS e to
C BRI dhd &ﬁ&ﬁﬁcﬂﬁld }?ﬂﬁ? BEde p?élgoaﬁdﬂloﬁé‘ NP dxh i aﬁitli&fdles

wild-type GH polypep human ani nmal "nodel s
Neecehtonnandaetheraholaoled @afdmed Qﬁb«ﬁaml betused & affiniyg pukfcation.

%fxpﬁ%%é R Ao bR rrilr oL MY ek A gein sueh

f Ak a @y pRv ?ﬁ GBT SR dr'H«lEl; anHQBﬁﬁiW"‘iﬁmfﬁﬂlvﬁﬁ{ f1y6 aftikely,

ected w di sease and/or 15 phenotype-induci ng
methmle gesithand Iﬂerf:sgls taapertivelyndiveityean kerassessed by any method
adni ni st ere Nl d|s ase
p%sg‘?ésféﬁlo 78 EaTRel Bl Phafitls 35 Sl WRE BRrompotometrc
StdiniyBed)i Ce can be generated which minic a disease or
condi tion by the overexpreSS|on under expr essi on or
knock- dut offusied RIOteHBY e genes. Such animals can be
gener a .
ol |- kst AR A e ARt RR k4 A B pepide
oalsonetpedidetit thtm&t:aalca]sconﬁxamhe 80mﬁ1nu@$(uulh fusion proteins
non- hyman . ani nal rm | s of djseases assg(iafraaged W th
‘E)W ate fof Adaynigtial Yu?d'”‘é‘“ OYF areypvided. [ psien prgteins are
e B g s At & Bnbody or
d\ﬂagfnen‘ahel(est,)lg)qw@rfwwn révoptopiizanké indtotbert sudhvagdnt fmnimetmg the
(I|t/||tor ittt war f .nmo Pro
oy s yPingnirefige SeT ot ke aa F Sttt uppy o
1ﬁd1regﬁ‘? 'i/faeéjlnﬂief aTH§ fitfonRir8Rins QQIQQJ: pRodaed @E&ﬁﬂﬁlﬁ‘nﬂy or

cattle; gr owm h hornone receptor knockout m ce

( Chmmically hymhglslmgﬂnszwsam heterobduadtionalsagents or thiol

ani mal s straihs .resistant to rowt ne

o i Bikes O it el n e SR b B cHp B o™
Them@ohdis, BhdFPdd R b/TRhal B Binding Photbin (WEBR) th@t di@lﬁ &pwke of the
bi ol ogi cal activity of 30 growth _hornone vari an

c @miaméoor qus (get.dox Spsennie. dnicrnationalditd. apphieatiamdio cWﬁ%QM327 11).
type of ? XP& g)h?"élﬁo%fggﬂoW activity is body weight
Y

gain |n hyp om zed rat
Modified GH polypeptides can be prepared as naked polypeptide chains or as

a complex. For some applications, it can be desirable to prepare modified GHin a
“naked” form without post-translational or other chemical modifications. Naked
polypeptide chains can be prepared in suitable hosts that do not post-translationally

modify GH. Polypeptides also can be prepared in in vitro systems and using chemical
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Endocri nol ogy 120: 2582-2590 (1987)) or in dwarf
“little" mce (Bellini et al. Endocrinology 132:
2051-2055(1993)). Briefly, dwasaf mce can be treated
wi t h continuous subcutaneous adm nistration of nutant

AR SRR 8 AR B R B FRLAG 1 be asive
biirelhaling pégydaticny albymination oy cogylition, hosihokylafidest dthsr known
body.. wei .ght gai n, ,ﬁhanges i n body caonposition (water, )
f Hodififagpas. nSych Redileations cen oaydsisdyo of fr.exargple, by producing

| o td QB . recept or
R A et bS8 G ALy AR G
l'ipid profi Naeledtidecequeneesnse and insulin | evel s can

be 10 ~ Anot h _ fin vi ' _
bi 02 MPCRC TS LTS Py BOEN F rpepldeS.agvided herein,
hyp@RMYSEE gﬂﬂ%(% gg faftbially ArkES RADpPIndir, steRdQGh iRl AW promoter

45: 455-463 sea)). Briefly, hypophySectony is
c &nrexpressign in mapwmeslign beldcastt areptayideslt Suckhpramdtsrs indiade, but are

N e (.
aponidted, @hidM ik hespondet ol tREIHBH E)Dbﬂ{dbgfm%iﬁ?a BN GhrBindfe buch as the
. Foo

under the subcutis of the abdonen and wat er

i RBe8aprometar thas ipsagonsive ghthedPeE2 peetsin aufl gherpromoters that
gﬁ% &%ﬁ§ét9@b¥}t1%el{ﬂgg} B bRldgaR.pr otocol . Animal s are

aor punct ure ané-sar um anal yzed by RI A or

ELI SA ModfiskSH sadypuptideyaevitedhdroinsaled callbs d@efed to cells in
Epi physeal wdth _is determ ned by anal ysis_ of )
s BenrdFanstes jvagars: i ke d@nsftectoss glso sapenson addidennb thezapgutic

EEAE TR e p R B BRI G NE, ERBUN LN BES RN PPor

t trbatmestaf growsh duficiencied KV infeglion, ddduaheas é@ndech the modified

m. croscopy. Oh suyi tabl e non-.human_anj nal nodel s

u§§ fiedpRtisked, demsiv esorgRoNEe T 13drfgtlgrolyggptidescan be used
skl a&lﬁﬁi&érﬁ@tg@ H\%GSISIE f}@ﬁi :?@ b s@hiS&2F0F e le, the transfer

Y,
di'sorders g}fwaracterlze alterations in
r gepiidratandoe aanch] siedtory suoh dspolademyirbsivecdore Viartork endodang GH also

to, SI.V (sim ' nodef i ci ency. vi.ru - infected ..
PR Bt e P g e i lfaaisubiect by
cmséprantihg P ehgraftiB thdstém cBlls RANES{oY ilersfguse model s of
Crohn' s i sease; and nephrectom zed nouse or rat

nmBdel sAssessingamodifikd grwythdiosvwae polyypieptide potivty(ieshn
furthe . used, tq.monitor stability, half-life and

cl ear aﬁéggm T a‘é%%ﬁ“ ﬁ% ARsHsd %Y’?/rgr?flg).or %@Haaﬁ%ra%mple’
C & RRiavu&Iat be fabiessedP vb M c@hputtsbn tiHIBdIEied ahd/aNkHd-type
and for cal cul ating doses and dose reginmens for

f G HeH viapants alsasampe bstyd/in 43y Iyasoertiin BrgdoscdeeBey, stability
(e.g., half-life) and therapeutic effect. In vivo assays include GH assays in animal
models as well as administration to humans.

1. In vitro assays
In vitro assays include assays for protein stability and biological activity.
Stability assays can include determination of protease resistance, thermal stability and

other protein structure and conformational assays known in the art. Assays for



86 animal and human trials. For exanple, a nodified
grow h hornone can be injected into the tail vein of
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after injection (such as mnutes, hours and days
afterwards) and then the |evel of the growth hornone
variant in bodily sanples inclyding, but not limted
to serumor plasma can 5 be nonitored at specific

ti e- point.s,. for .ex I I . o1 -

- P ik S FERE R tugth SECPtsypoton it s rogpgor or
avalllbakldaséay s & d@eanint Meadfeepdf G tvanrarity o0 IGH cellMldr pathways.
hormone for clinical use. Such assays.include .
as¥esxamnte ofia hielogirabessyy i dicsl-basedguplifsratioa@ssay: iBsiefly,

pr A - SR P < .
DS G AN SNSRIl Sy L) KR OERRIRL ion
| iceil liaek duoh ab INb2H HIOceBs! (fat hagshaym csllilinapl @ellsaare treated with an

e ungodtticg Cidor f mach e PR R PeRiie s f T Cdbpsb o eraion of the
( 1RH{3)k meafida 167 Bkatple bydell Db, :béft%g%%griéé%léﬁ%]ﬁnber of

receptor nodul ation assays (Rosenteld .
Envitdde callsl(e.glatiap a bihle 82inB9“Rot@8§Y an bmehladated by measuring

( FanssebeGon s O SR aEHED I proNalEh oyl compared tothe
1038reA8FDr b vnkR3 od anﬂ?d?%ildttﬁﬁ@(}imp@ piidei ncl ude

using a nouse pro-B ce | ynphoma cel 1™ I'i ne
expressing then-hemangudmabmodesest abl i sh a bi oassay

S O ROy b S g o
MGGl oo BS (drdants. Mot 4x4Bi18, Ao20Rhan arfheR@hy Pk @sed as models

assays and assays to assess the therapeutic effect of

GHor & diseave At coEbtiom INoRrbUER ARMFRANGE IHFEed Wikwditegscomnd/or
gﬁh&ﬁgﬁg?lnﬁggﬁg rsﬁl;rs%htce? cfinc?tﬁgry ogfin ﬂ%&%on@%ﬁgﬁg hdministered to

nes prior 0 admnistration

t | @i it Ffdetdl drodikdage pRgrassibs.t Gatdtiensodetchlpslamgiseful. Animals
after the first adm nistration, inmmediately after |ast
adHfinpsmics R Re capraated mliGhanimIE aidiseass YieoRditiop by dhg i ng

I g{véf‘gﬁrepﬁ?ﬁﬁetﬁtﬁ&%ﬁgﬁgﬁ& OI(@MHF'})U’[ ONERYr i€ ERIPRRSE %nimals

rea ing anelioration of synptons 2
owat bt gemeratodpg tiadsgenicsminhaqireductieatestinigiehwellknown in the art or
unnpdi fied and/or. wild. type or . placebo. For
eseREITE - By g iy PhpieS o ESRes a5y nggrpuman
' %&rﬁ&i%&feﬁ’é"@ﬂfiséa@éseasgmé{f RITE Biowth 38k dAB &S HicRIMBNbut @fe not
serum levels of 1G--1, I'GFBP-3, and GHRH. _ Fastin
| ilphitedoo afiwarEmimglsisdsding e growth hommane deficienttslavart rat of the

asur ed .by. r adi oi noassay. 6/ 048777 .
P58 DU B50 D POBIG: (P SO BRI A Epg1 Jefgiont dvart
Phas e ¢autt &aditkORRes), ndRYUwatithausei(R@pY af'), Bayer dwarf mouse,
produced herein, includi n% . . .

Snell’s dwarf mouse (Pit1®"); dwarfed strains of pigs, poodles and Brahmin cattle;

growth hormone receptor knockout mice (GHR~/-); hypophysectomized animals such

as rats; animal species and strains resistant to growth hormone effects including

Guinea pigs and the Laron mouse.

These non-human animal models can be used to monitor biological activity of
growth hormone variants compared to wild type growth hormone. The most common

type of in vivo bioassay of GH activity is body weight gain in hypophysectomized rats
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hGH vari ant pol ypeptides, hGH fusion proteins or
encodi ng nucleic acid nolecules, can be fornulated in

wanyospaswent i onal manner by mi xi ng a sel ected a0DAB1009603662

the 5 polypeptide with one or nore physiologically
acceptable carriers or excipients. Selection of the
carrier or excipient is withigythe skill of the
adm ni stering profession and can depend upon a nunber

ar ters, . T i, 1 . , : . 1-1
Sp BRI ey lERf, 88 402 (LY ITERIR AR EAdb A6 30: 1-10
AUOAD NN Greeshzak et 4l0Bhduayinofogan20:a1382+2590GtY7))pordn dwarf
di sorder treated. The pharmacguti cal Ltions
e Ao e Ba o 58l PTPRANL 80 gyt
(i E?&ﬁ b ﬁgﬂécmiyﬁth Bkt ABUS SubcBfanbdsdh@Mis@atid di8hutant or wild
Ao i cat | on. e concentrations of the conmpounds in
tthpe GBI vin bahbiomispengkf Fotlowing thotreatmkntmotpcol, vanmbles

O GORUT LA B 8 oD EH Tiy sin
;églrﬁfni%e%s% 88y QSmSdRBRWARS2HE préteiflif kS AdcH to®ddy Buss), IGF-I or

ate da conposition, the weight fraction of a
GHBRB grasiuctidh, hévetsinfgrowidrhosmonsredepenR) (as measured, for

R RSP CR B Lo, Do el elis fholpdfinifoan be

theaued condition is relieved or aneliorated.
Pharmaceutical carriers or vehicles suitable for
adni ni Avether eommon type of Fovippbinassay PGHRSHVHR issthp tibial plate

i ncl ude, any,such _carsier ' [
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Animal models can further be used to monitor stability, half-life and clearance
of growth hormone variants. Such assays can be useful for comparing growth

hormone variants and for calculating doses and dose regimens for further non-human
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can be adm ni stered by any appropriate route, for
exanple, orally, nasally, 5 pulnonarily, parenterally,
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topically, inliquid, sem-liquid or solid form and
are fornmulated in a manner suitable for each route of
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rate measurements, and measurement of serum levels of IGF-I, IGFBP-3, and GHRH.
Fasting lipid profiles, glucose and insulin also can be measured by

radioimmunoassay.
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i nfusion. Fornulations for injection can be presented
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mul ti-dose containers) wth an added preservative.

The conpositions can take such forns as suspensions,

sol utions or enulsions in oil %70r aqueous vehi cl es and

can contain formulatory agents such as suspendi ng,
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The active compound is included in the pharmaceutically acceptable carrier in

an amount sufficient to exert a therapeutically useful effect in the absence of



delivery can include adm nistration to the nouth
and/ or gastrointestinal tract. Such nodifications can
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| east 6 tines,

conditions such as exposure to saliva, exposure to
proteases in the gastrointestinal tract, and exposure
to particular pH conditions; % ch as the | ow pH of the
stomach and/or pH 10 conditions in the intestine.
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pass metabolism, and relatively low metabolic activity.

The modified hGH polypeptides can be formulated as a depot preparation.
Such long-acting formulations can be administered by implantation (for example,

subcutaneously or intramuscularly) or by intramuscular injection. Thus, for example,



when conpared to the half-life of native GH exposed to
one or nore conditions for oral delivery. In one
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increased half-life 10 in the presence of one or nore

prot eases. The nodified GH can be m xed with one or

more proteases and then assessggl for biologica

activity and/or protein structure after a suitable
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compared to the unmodified and/or native hGH.

The pharmaceutical compositions, if desired, can be presented in a package, in
a kit or dispenser device, that can contain one or more unit dosage forms containing
the active ingredient. The package, for example, contains metal or plastic foil, such as

a blister pack. The pack or dispenser device can be accompanied by instructions for
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vivo, such as by renoval of cells, including
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reci pient. Human CH polypepti s can be delivered to

SRRl btk aY s BN B s it Ghfeoatiiongfor oal
aaelme;l' ElnCotRéH ethbollim &M, SR h A5l RMHagifB & Hd or in vzvo (serum
| p,tagﬁe ptides, including ex vivo techniques and direct

i3 of gheynedisied SHa\previdpe hereinds insseastsbbylen amenmdelected

CBbl 8, BN ARED A TPUR 90 HREES) Bheso mes,

c af tires, Gicnen Wettmﬂas! 80 tmey, O0t@Aes, {0 tithey, R0Gkimes, 300 times, 400
nanlpulatlon used herein vector or plasmd

r BfEP; 35096111&985@(&1@62(70@|th$@ tipes: 98 Bmgs.eld0P gimes, or more,
RO PRSP TP EELE e I g o
obrabdelivemehi cl es are well wt h| n the skill of the

R, T L B U P2 R
agimal b?ets&ﬁie'o? Bn@br fn%?@;?ﬁﬁfe@?e@t THE frfo‘eﬁﬁe d_ﬁeca% BE hike R one or

25 be designed to renm epl sona suc
i mokasiotrasasfand thaprdsgispedofor biefrgiia aétdrityamd @rdian structure after

b O T T RN

gﬁﬁféa@élﬁéﬁﬁéﬂaﬁﬂe tSRER APhe BOEP @nlpRAmYE bRk SUBEED EfposEt%rto gastric
exanple, cells can be engineered to express a

pivises @pd/pu@muéaj@hgwlwlqeme@gemep t@gaaatmxl}m pHp g(bryimcptmadé/or a

e acid 0 a om c | ocation eith
PRSI Th ok ol b fichsh PER B cffih ke i

t @iditidns] ok RAEELHIRE hal/oy &ds¥sshieAKEGH Gtrheatd @hWeisMBo assess
2006/ 048777 PCT/ | B2005/ 003662 94 sequences in a

g@ﬁélﬁl dife ot deingefli lsh@ﬁl iBepmpatispario ¢naPPrEPEAisicanseldi.e dan

& Ié&@e?&nd/éﬁ’\gﬁ&;{}b? %!o{e? )@ Subj ect, such as a

Viral vectors i ncl ude,

f o[j ex*ﬁhminealﬁ‘d:drm}fz p?llgp@tldhebaaﬁﬁ fetrmulatg, fgf efar ﬂllﬂnﬁmisﬁaﬁon
an ot her esl| gne or gene t hera y can e enpl o
W@h@é b3 ﬁketse spSplesdionids & gibsy ﬁarabﬁer vehigle f‘?’FtOé@lraéffémStTatlon

oy a PP Ahicll Wi SEb R SHBARE b m B RET B for ora
adhiivnf}sdaanmdud&)foarrmlahpg otodifredr(@d dvitif oral foeatilmEohs kndwiLia the art

ect rs..s |table or gene.therapy j|nc de adenovi r.ys,
iRl erig. oG ForfieeTiant 5o PRtulae 85 Getbgnia Addtiion of

aﬂ@teﬁ§§‘1ﬁhﬁ>1t69§ £/ RRAVS ingF &ﬁerﬁé(ﬁﬂpzlu% necRASRP Y srtécb?h (jltlon of

expression technology is well-known in the art
aden@ﬁe@mbwddhmma GH upon ssxgosudervipreteasdsj pil anébt’m:d sonditions

aQ/ts qriala%flgery Folr< Q)ga\l\rgple Aé%%‘}? ggrlrllgcys?tlosn% r@%l%ﬁ s%abahty in the absence of

compounds such as actinonin or epiactinonin and derivatives thereof; Bowman-Birk

inhibitor and conjugates thereof; aprotinin and camostat.
Additionally, because modified GH provide herein exhibit increased protein
stability, there is more flexibility in the administration of pharmaceutical

compositions than their unmodified counterparts. Typically, orally ingested GH are



10

15

20

25

30

for exanple, fromthe American Type Culture Collection
(ATCC, Rockville, MD). Adenovirus can be used ex

wWoivw/0480r exanpl e, cells are isolated froma pariBn5/003662

in need of treatnment, and transduced with a hGH
pol ypepti de- expressi ng adenovirus vector. After a
suitable culturing period, thestransduced cells are
adm nistered to a subject 15 I'ocally and/or

< .
AR BB e M BLI RS eling e bt diestig capanes are
| acthatedgl Thelmbodified! GH &ereimexhibit protease resistance to digestive enzymes

pE‘éﬁ{ ITHCG%HI cal I -acceptable carrier for delivery of
b 4?9 tyfte éé@f\}%erd?b@uﬂ%ceﬂﬁ% ﬁ@mémltlonsrc@atalmng a

aﬂﬁdiﬂérd%ﬁ ect
Typi cal ly, agglglhlzﬁégﬁg dgg?%: I Cl eg ag@lelg él%lol\%elfé Whendigestive
deszymes aregpragent aﬁracﬂnvpartl cle to 1014 particles per

ki | ogr?m supj ect . wej. eneral |y 20 between 106 or
108 pat i ¥P lalsifeti Eq?a@Pé%GUB@ad RPPBEHEM enplecthe form of,

WRjr @RAm rovide
AR aRhmpl bRy b prbifed by o RN PRt iR
Cp]uarglac@m@hll)a@capta‘alntexhpwyltssqudm ad bmdmg ragent@ 6.¢., prepélagmzed
ragglgro eln or tar t cell g@ ﬂand for a

r ecgﬁts ROV Iny; 98‘?? IFEOXYREqPY ’éle 1§liHioses tilles (e.g.,
CRiBtoB& nhiBfdc té@l‘ﬁ% de[lhR)s@!'nt ?ng)ﬁﬁt%

ot her non- vﬁgal vectors. A?%?g??bgﬁﬁkﬁﬁﬁ son%qgggﬁé (e,
a@amn’( stearate] iafrerrsblaaan Cbimtegltantsm el, potatdstadh oResdium starch

b T R T i R ) 75 T G0 b coutea

cly meﬂﬁ)dmll (kivb¥ss Jin teQt. dRibRtI®ANS thiQn ds @ﬁfi}ﬂ%@ﬁs kMBfease
pay ads of genetic information into the cell in an

OB | iquiddpenasaions &or andedminisigationicag til@rth@form of, for

tellit
4 P 5 O L e o
biler cexptiadioni viitly waener ethedsuitdisle Relveleibaf@e ke, | Surasigald

dlfferent species and readily purified fromthe host
CREFPEALGRE Cot B PISRAFE PYSERY 0 sp@os Bath phggnaceutically

CRCORSO B SitivEWukh h@&sggfﬂﬁ%é%ﬁtﬁ@g ai s&%ﬂo{ Qﬁ{eﬁ? lc% [lulose.

re-introduced 1 nto i pien

wiesivetivdsey hymgemchbla ifaty); emizlaifingederito (c. € X leeitlgia br acamaj
periods in | ective pressure usi ng an

e S riehiGEis 6 6 ARG BHE R ekl Feoo GeReignaRd
Osfége@bletd{‘@? ABA BrdsSh AT (D8S nREsA of“?xﬂ)ggy ? Hy&r@x%at%s or

CHO ce 5 I'n yet "anodthe sTat
gs@ﬁféc ﬁ@é) aB@rmnparam rlsquen contyiadsiffer satsaflavanimgyédlbrigg and/or

C 1€ adenqvi r us nome (Ad2; Ketner et al. Proc.
ﬁ%ﬁ en&@af‘ ené@fapprﬁﬁ%%l 6186- 6190 (1994)) cloned in

a YeaStreprhtidrs Gordral inIARERIE da¥Me)fofRdlaRd tPLRR 'Ebl?trolled or

cont al ni nlg adenovi rus sequences to tar get a speC|
rS@@tmﬁd iTalepseeor¥maeldasmalier passageibraugbitbnstonsstedt @ thosmall

BB B SRy A oS SR RSB i e e
rthﬂfa‘rmeﬂ' t4Btetp.adapfeey, ligeids,darenpes /IICARS Yh@hLdiitable for oral

administration. Formulations suitable for oral administration include lozenges and

other formulations that deliver the pharmaceutical composition to the mucosa of the
mouth, throat and/or gastrointestinal tract. Lozenges can be formulated with suitable

ingredients including excipients for example, anhydrous crystalline maltose and



in a vehicle, such as a liposone, or introduced into a
cell, such as a bacterial cell, particularly an

watb@dst7ed bacterium or introduced i nto a Vvir &CT/IB2005/003662
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vector. For exanple, when |liposones are enpl oyed,
proteins that bind to a cell surface nenbrane protein
15 associated with endocytosi§3can be used for
targeting and/or to facilitate uptake, e.g., capsid

pr.ot ej r fragnments, thereaof - tropic for.a particular
o o Heard RO, P G PR i ol tldod or
| nitestinal pro@akddhnt Rag B fori@lataWithn R bedifidndl hRbteiR A8 bitors or
intracellular ||ocalization and enhance intracellul ar

hather profectivegpmpqungdsy Srepatrtipns {or vl administeationadsoaiag include a
i oh: ' : : tides.
ol O bR G Bl orlre SR B BORM R R

oingréBerssitijae aliso tonfebgrotenanresistanésadr stability Gn ihef orditions, such as
nucl ei c id ¢an be i ntroduced for purposes of therapy
i Rtigyar PHsondiigR| e, any desired, available cell type

appr oprl ' it . be.
P Dot ot} frop R WRGURSARRR? bom bAHibS Bl d motecutes

c ehdodingethd bGhEpolgpeptided ad exhression netytsescodindthehl thatse

nmus ells, hepatgcytes:; Qhlood cells such as T 25

I ?fﬂf?:'?gedéf 8nC ] ﬁpﬁ@%’?’i @%ﬂ Qﬁ‘b‘% theragtein, guclgicagidaaolecules can

NBshdARMNERd i PHh K@Qbﬁﬁs%mica[r@gﬁ‘lb?rdﬂ%%lﬁésg, or ex vivo, such as by
gr anul OC%:: es; various stemor progenitor cells, in

pramavelibbeells oot ingdympheryts gintrodugtioo gé tiet miclaiethesejn, and

e.g. uch a temcells obt.ai ned from bone marrow,
u%‘?tif?d@‘ﬁﬁo%%}f‘%aﬁ ST apcé’mpﬁhgtﬁé?mme@od, fetal Iiver,

and ot FRimaa@H §BB/peheles @hn b&@dliveedtb \tollS AR IBR by expression of
cells froma donor conpatible with the subject to be

3oudleie agidaneleculere BubprecH nadynsptidescande adalinisteredes nucleic acid
: i id.is. introduced . i.nto these. .
| EISRLHLS hARRAGE ERDeh s ik b 5 el PEE ey n vivo

t exprésionubj ect. WO 2006/ 048777 PCT/ | B2005/ 003662 96
Treatment | ncludes direct admnistration, such as, for

exanpl Buckifcasisinenbe delivared te coforrrdissien®r arensthafkeewn to
Vs SR IORYE B, T OSyRER Db EEenfBas 3 Rinffborard o

f wgctdrk éort fuethafreanipdlatiorc | &s gsed Geskin, Vector (Gapldhiidyrefesd foSliscrete
[ it include t f |jposones and cationic

: aﬁli\lllla]gtrs ?lg{t 3_?6’ lhjsg‘c?[ Q}‘p%@g’ 3(%@%@@]@501@@%50 cells for either expression
CoehHORRA TR SR MPREPSnctERhciddel 4RI wHiHiEme skill of
dextran, and cal ci um phosphate precipitation nethods.
Mbehdtenof DNA delivery can be used to express hGH

ol ypepti.d in vi.vo, .Su t.hods. .i ncl ude || posone _,
el | o PUAES forciobiit iae Pl S CE e R e DA BB ehcoding
| Medis1€ b nhSl6Rlles3RS Sy sdiind @ratitgr?bf ﬁé@éﬂbﬁﬂ&r\re@ﬁ)rétt' STH%vector can

.S
el ectroporation, ultrasound and cal ci um phosphate
dleg destangd ta Cen@tih episeredhsiichae by inndisicteofancorigimpEreplicaion or can

cel k fusion, chromasone-nedi at ed gen ranster, .
ot el B ATE PRl 87 AT SR Bty pepties alo
f &bl H2rsed fh ¥ Mo BXIRIRBRkHON Herapy WSHTlgRPLKRRPYEMGs CBE: HQmple,
linked to expression of )
cells can be engineered to express a hGH polypeptide, such as by integrating a hGH
polypeptide encoding-nucleic acid into a genomic location, either operatively linked

to regulatory sequences or such that it is placed operatively linked to regulatory



addi ti onal nol ecul es. For exanple, expression of a hGH
pol ypepti de can be linked wth expression of a

woybtmtoaxi’e product such as in an engi neered vi PA%/1B2005/003662
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expressed in 15 a cytotoxic virus. Such viruses can be
targeted to a particular cell type that is a target
for a therapeutic effect. Th 4expressed hGH

pol ypepti de can be used to erfhance the cytotoxicity

f the virus. i - £ a hGH. :
capnenssaplar By EE AT o AR Rgbu

%g&emaagy ARG k@hiGctaice aBRpaGaH: i hdedfechitent.r egul at ory
séquences 20 such as a cell-specific or

ti ssueVisgleertois inshelepfosexarpplaadenoMIpeIsy REPeS Hageh FafEpviruses
d f t t b i

S e R Fr s TheFS A p e PloyRR° Thk yPabtslah ReBhh

L%?_%‘éﬁiabbﬁca&fiﬁ 188 it6 dtoResdise dfchsrtaeat subjdcy. Addill at e

pol ypepti de expression. Nuclei¢ acid nolecul.es.in
tiiodyfeptide erin bredeeesaerchied Kirdse Ptchds e (g2 Subjest in fieed of

rtificial chro j ' .
it Sirk Ve EPSaITSe fpr 208 BERR ACluA ARnoviet, Gl
%d@,mdm; vidhd, @étrovﬁﬂ\%@és@ Rhiivineeaindottiersmbtad about. eBorgikample,
adm ni stration. en systemc and in vivo, the . :
rAfEneVIBISFEPEFSHEN Einelogy s E1e g e ARG adqigvirus production
nagﬁll QSR T BERSH 8621 WA LRHGE AR nboirds £fithpes are available,
A nlnls?ra Ion also can be direct, such as b _
afdednsle afroranhoAnerivactyre @lﬂt@@COHNt@nt(MlC({ RsickeillpyMD).
targets a cell or tissue. For example, .t |
Rufen ey o e bE Ty B0t SR B s GEGl Puhnne
CXRLERH LG NaRf ! e lypeplidSetiadidzerendvind®vector.
Q@%%%§§%@7%ﬁ%§%PI é%gggpgg%%ggﬁsggpgivgquptgssfonlof Zzor
hSHeposuipblet quiteriag seriod Sretrasdused selln are pogsugcred t ;gubject

patient..  These.cells .can be r v f i )
nlesall andies; systepyca Xﬁl&g&tlgglybl%egg ;ﬁ)&ﬁeﬁ%@%é} ec%%l:ngréaenowrus
| 062501204 ah d RiimAtHE dih Sitppeethdeaticllyaiccgdbls vatienfor

by 1njection or engraftnent. 5 Polynucl eotides_a

d .
edgivessoior lthw@cuii@llw egosttie AMeEREo Preveat, E@ah‘ﬁd@m&v?ﬁ?ﬁ disease
i tahl t hod. h i i ;
\S;gxlcqoa gﬁ)@ rsl%gl eﬁg Uw clﬁeall?/ pe{cf%}ﬂ)\gﬁg r%f'tf‘cl&%é 8LiSveR&d A a dose

t acl ecul es as
desETrghiRen aavesle 10 igirtigesperkilogiam aubjatt weight gegerally
conprising a gsequence ofunucjeotidﬁ t hat gncodegﬁtgg
pbetyseni e 145 padiclesde 9~ Partigley Pt Kilgezsm SUOIRESYCIS1tg 41t SOME

75, 76, 85-10 , : 120 454
Bt ARGy i Ao Ol Oy TR apd it e
f pABTRRh dshanaabodyFapetitie forpr eili suefdccamembrank prajeiacr ¢ target cell,

vectors conprising nucleic ﬁcid nol ecul es as descri bed
abbe liganddfos 8 FeesPob AR & HERLC !t hese vectors. H

Ther apgyt i 6. MRERid molecules can be introduced into artificial chromosomes and
other non-viral vectors. Artificial chromosomes, such as ACES (see, Lindenbaum et
al. Nucleic Acids Res. 32(21): €172 (2004)) can be engineered to encode and express
the isoform. Briefly, mammalian artificial chromosomes (MACs) provide a means to
introduce large payloads of genetic information into the cell in an autonomously
replicating, non-integrating format. Unique among MACs, the mammalian satellite
DNA-based Artificial Chromosome Expression (ACE) can be reproducibly generated

de novo in cell lines of different species and readily purified from the host cells'



The nodified GH pol ypepti des and nucl eic acid
nol ecul es provided herein 15 can be used for

wonewmtoagrt of any condition for which unnodi fi edT@L005003662
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enpl oyed. This section provides exenplary uses of
nodi fi ed GH pol ypeptides and adm nistration nethods.
These descri bed therapies ag&sexerrpl ary and do not
limt the applications of The nodified CGH

tide i ded are i nt,ended
B Rmess PR mafimalih S R MR FR oot ifip aariety of
'r@m}ﬂ%hﬁ&ll%e‘s %vlféﬁeetﬂe}t HﬁvetHe@ﬁbtﬁBll?tmalﬁﬂaﬁﬁd foldhetdiRd periods in the
i nc but are not limted to, methods of treatnent

abserieg F slengive presawrd usinganALE Spviemt iUsing Bisspprosel saaeific

B B 0 A B SACEL PR s

| mpr ovVigR@Andtier infeh@Dis e s p S gefe rdphaceinent tadtmq'uet ingsast,
and therapeutic effects. 25 In partjcul ar,

rasRIting é@thewogmlvg efrnoyEys genome ARk ginebet %LsPeFOF nVatl. Acad. Sci.
L8 8Py 3460619 Sfclb{? cf’ﬁﬂ aof‘earspﬁrtﬁﬁiaﬂ tg]koﬂf)ﬁg?ésﬁ( A€fand a

been used for reatnment o I sor can
@dnhid%onﬂahﬁn@ﬁchnﬁﬂtusi defriidneek todarggt osptebifidatgion emthy: YAC clone,
i sorders (|nclug% g but pot limted to Turner'
SHFRRPBRSBION PP R108 Ao 06 HHoT SR A @aFifigh an la*faﬁﬂg? pelgotable
}F% stature, Prader WIIli syndrone, Thal assaem a),
wasting, aging, inpaired 30 i mmune function of
HI V- i nTl&cmebhleadniemcsd1ngaheamodlrfmd |GH[ pelypenides nan bri¢negpsulated

arenisls SRt o e e e R SR AgbaRta cel
éaI{n T AN 5 ARABH2] bRBersah gemouﬁceaaﬁ@ DYQRBEBY,, Fdriex@ple,

splantatlon |'iver regeneration after
hehett lutsomyps aretengpioxeds protdingthat hindto  eghlaurface membrane protein

g%%%ﬁ%g% tﬁgxﬁ?c‘ﬁf@ S8 e ! OSI c? g g-tagge r*geqngéog Ito gacﬂlt?te ui‘ptake e.g.,

C&Hb@i’d'}ﬁotbiﬂlfs Ioaﬁﬁgh@mz th'&eofmgfd for @pa{ucdnaswu@ps a(nﬁb@ches for
Crohn' s di sease), shor owel syndrone, juven

clbnotsamsovlapln bndarge interpalization JYsENS, anggraicis (g fqrg?ttlwaceﬂulaf

ts, Down's syndrone,
SSrHLEEY Rt TR AT BTG 2 ™ Pl e
nuscl eForsdxhv@mgind ianthofmdhatsy mhddie acid meoleaudisfaneadifithe hGH
pol ypepti des and nucleic acid no| ecul es codi n

BRIy Pariidescie TopivEs! T eell 188 aealioT @ SHEAIRPERE A dhs syblect o
g?%?ée[?&{ ! @alsgﬁfgnhvalinﬁﬁ Q%Fcﬂeir&%(tfmfaﬁ%e e el by :fﬁ:.gﬁ)%es of therapy

0gi ¢s an ecul e conpounds. 10 T
Ofncliids efas esangilel acnga rdsitddoamilable hekmq:efaippd)pfﬂe for the d1sease or
polypeptl es ca

ffect bl
a@ﬂﬁdﬁi(g]ttp it@ﬁteasynﬁlgl g’@l b(%gﬁg 1@%@2{8 Bﬁﬁ %}E hella cells,
%Qﬁﬁ&ﬁgs heSrEbBsts | REdcHAlNS, Kék!&to@y%s |bldBdtc%ﬁs kgoh as T

cut a GOUS I nj eCtI on, or al nasal pu m)nary and
t iyandoeyten B lytiphneyes, adnopyted, nacepbegess yeutiophis, epsnorhils,

SRR A A N
hematopoietic stem or progenitor cells, e.g., such as stem cells obtained from bone
marrow, umbilical cord blood, peripheral blood, fetal liver, and other sources thereof.

For ex vivo treatment, cells from a donor compatible with the subject to be
treated or the subject to be treated cells are removed, the nucleic acid is introduced

into these isolated cells and the modified cells are administered to the subject.



15 exanpl e, exenpl ary doses of reconbi nant and native
CH pol ypeptides can be used as a starting point to

wdebt@rmasrie appropri ate dosages. Mdified GH  PCT/IB2005/003662
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pol ypepti des that are nore stable and have an
increased half-life in vivo can be effective at
reduced dosage anounts and olky.frequenci es. Dosages
provi ded herein for treatnments and therapies wth GH
rec nbln Qr e y : e
3‘ n%}gci &5 éié%ect a%m &%t\f&élr g@(%lga% fo‘fj %iﬁggl% en%%y_g{'ﬂated within

S bl%% hfé&lbﬁ@fds Nghick gtepldnddd itd thaﬁ)aasﬁﬁ feseeSt £¢Y.S.thae Nos.
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by et ot b Pl PR
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GPe e S R AoraatSt e SRt R B ponats detiyery.
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treati ng physician. The anount of active I ngr edi ent
t transfemmitrecdbmediatddrasde Wandier dnd spheroplest fusiperi al s to

e g
agadifbsl s bdtles. \Wor 3008)10 Ak proksiBRbE b B@@Dﬁd@@@ﬁ@@ cardBe linked

Upon i nprovenent of a subject's condition,
e T expzassion @b 8 eyotoxic Proengcushiasn a@@ﬁg@w@d igus or expressed in
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t BSYLO g%)(l lg'lrlse t ﬂ%)% 1ru§§s d%ﬁrye % ﬁ&@ﬁ? 8%1@18@519%?15@53 thaffid, target

osag orm ~or

adog ﬂh&iab&ﬁtﬁd&ffecﬂ rTlee @@l’é@s&lﬂi@ﬁ olyipeptid can beaised® enhance the
varied. In sonme cases, the subject can require
i Gy @fonieityerftthe Vsus nent on a | ong 5 term basis upon any

recurr

0 oty TR g e

a hGHpblgperpide eﬁecﬁi1mg1m1mc agd anoiemﬂxeio spedifig eemiatmmequences
hor mones, as nutrition diet, exe

U G S Spehig b e et RO i, KB HELAYY popidesalso can
d %¥ %h@@%ﬁtﬁm@ogﬂb@ it %&Eﬁ&% E’lﬂjectrhﬁim RN SR Bird cell types

in an I ndivi hor none defi ci ency
i anda/od tissmas elndfitible promstes dap be use tibﬂeéfmwﬁm regvdate hGH

pituyitar and or the hypothalamus in the brain.
aﬁﬁp?é%$¥8ﬁ§“85f|0|ency can result either when GH

' S not Na{RSeRdid 'rr[blédﬂl%sﬁ'htﬂé' foAh Yof AhledtublRicaedbuatie vectors,

amounts or when GH is present in adequate anpunts_but

t hmﬁmatlrmmnmsews,rlmsomes &ldecibe wehlcle@ CAIRPR adminigerd Hythe
%ﬁ% el gﬁ;}d at | oc}g Zrﬁﬁ?lgftgé] ¢l lo&]ﬂ 8It1%? rétﬂesw Sthihi¥ation.
S Wﬁ&?ﬂast&ﬂs ah®@irdyvifl HechRIEy adif nidieuly GI\Mehlcle contammg the

nucleic acid molecule can be targeted to a cell.

==

Administration also can be direct, such as by administration of a vector or
cells that typically targets a cell or tissue. For example, tumor cells and proliferating

can be targeted cells for in vivo expression of hGH polypeptides. Cells used for in



hornmone (GH) system There are two different types of
CGH deficiencies in children: congenital and acquired.

waangaast’al growt h hornone deficiencies arise PCDMB2005/003662
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problenms with the 20 pituitary gland or hypot hal anus
while the fetus is growing in the wonb, whereas

acqui red grow h hornone defi ci 9n0| es occur when the
ar ea around the pituitary and” hypot hal anus i s danaged

adivp erenen s ot ShORORHARLALHES telaR bl O o the pacient

("TheleRat BArLhd demoSee rohs b ARGE wtleR detis foxpé@(ﬂ@ﬁron\élf kIhiGH
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g fect that is manifested only in girls and
c%@gré%%e?tlezed by short stature), chronic renal

i nsuf f Pelydnclofiddsding gxprassiomnedctoasprovideid dleretmoaroid ade by any
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Shanbhd 68Nbr a Eﬁﬁﬁbﬂ‘fﬁa?heﬁtq}ié&& HarhdehilovidRaGYe hutleic acid
adults is a specific clinical syndrome with nunerous

ptvyetoxsl cogipciaingooniicprduelscuicn as described dhove and céllsreoniaining
@é@cha ges in body conposition, including central
olfESF ¥§<'8i pids in the bl ood;: nuscle strength: bone 5

CRIPOSifHePApeiicaises S€ capacity and energy;
cardi ovascul ar risk; and psychol ogi cal . well -being

(e. g Theenedified GFbralvpeptes ad puelsis; asit) molkgules pmldegi herein
t
 SEbE Roc1Sh EREeh! Py TRYAGH By Nilich IHRGRES Wit RichMByea

C amhil RvaGCploaides 61(61@1&15@ usB:O@ErhbdhﬁediGH piyipeptides sl
their GH deficiency. i ciency in adult

can ..

r adwinistratiommethodsy ﬂfhﬁﬁfi/d%f;ﬂ??élrtherﬁp’% Pﬁeawmpf% pnd g nojdimit the
t of the 10 surgery/radiation used to

mﬁglg%%%ﬂgeggégondl tions. Less commonly, GH deficiency

i n  addthesnadifis@6H pcﬂﬁp@tldﬁ‘prowdmb heramgure ingehded for use in various

chi | dhood. Regombi nant s .t i C

t tRespneuHE 25 gv,eﬁgp gmgﬁoqj@fmq;p%cﬁdg; w%éqjlpgﬁéﬁ.ﬁm ogﬂaqtl&ent Such

r %@tmqn&?é Gt Q@%t ARG B, Hﬁﬂﬂﬁ% by tr@itﬁﬁﬁ?@f phys1ologlca1 and

Treat nents adul ts and ¢hildren can incl

s ynsddéernl comtitions deserétted and dGisteGhelofo rB e xiatnp € the&mrmmved Stbility,

? gnqu ﬂ%{{&iﬁt Eequed @ggﬁpg{de ergll%bnb gﬁé@%\\é@n%eﬁt‘ gf trhe correspondmg

t fzﬁ%bf&%ﬁ%mrfd thMlagaﬁlc%fffea@m ni stration include, but

are not limted ection. The nodified GH

pol ypegt |pdr§£cubm,dh¢1 mg)ld;ﬂed d@ ipakypepiidsd ,awgmtended for use in therapeutic

methods in which the natural protein has been used for treatment. Treatment of

disorders can include, but are not limited to, growth deficiency disorders (including
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associated with respiratory failure and burn injuries), recovery from surgery,
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The New E | and Jour nal of Medi ci ne 341(6): 1206-1216
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YO e BB AORRIE i e

3adniRat&itioh, ra@&fiefcretion, drug combination, the severity and course of the
disease or condition, and the subject’s disposition to the disease/condition and the
judgment of the treating physician. The amount of active ingredient that can be
combined with the carrier materials to produce a single dosage form with vary

depending upon the subject treated and the particular mode of administration.
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20 typically 0.18 ng/kg/wk and 0.09 ngy/ kg/ wk for ol der
subjects. In various treatnent studies on growth

wboaoosmagrr epl acenent, the dose of unnodi fied grPowWIB2005/003662

hor none has ranged from about 0.04 to about 0.18
ng/ kg/ wk (see, Vance et al. The New Engl and Journal
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Soc! et Yo d SRATIRANAL LRSIy SLORALBE £ARRihndAs: P20

re ar ess

CongRnad sr @Hh itiqu&offldéd hdsremdiaﬁ@l adintnistared, if lne@dsmyl,t and the
of adults with growh hor m)r%e def.i ci ency: Sunmma
Sdoseeamiodosteer Em, @ ERAIRINH AR REAL Oy S %ﬂ&bléﬂon thereof,

LR 5 Ry s

AtRSbudsipoagingrecurtdnee of diseuse sfmptamsexi a refer to
nmet abol i ¢ disorders, {hat cause the body to consune
vi t al lfmsclgr% dfpEnciesssue (1 ean body mass) for

ener gyl“ﬁé% ? hfaht ed bh m/aqgﬁféﬁ% pr@&%s i8Rl number
r yr e Vi

of prim ng on the body's fat supplies.
Rﬁcgcehe; anidthorAbRS, amwell agnuttlypm,cb@tl gxeeotm pi@rese Growdskormone

S cBTE 14 o gL Sy eloratknt 20 i TR Priny P anORe BSeluipg heieht

1'11Léh(;§d1vfdﬁals @&%@ﬁoﬁﬁ&e@i@ﬁbmn@eﬂs aQNdehsd oftdhaddid, by a problem
whi ch extends the |ives of people with HV, Al DS

viaghé nlgntaesn’aluan@ osth@ rberp@ﬂlalah@s it thedrgin) Greavik dermagnejdeficiency

e

' \Wﬁ&PGHQS pfb@éﬁtllﬂl H@écﬁilatef‘ahwﬂlhfs%ut VR rien®Rglired Rdrcldag it

Al DS wasting, when left untreated, is directly
C@H%Hmsé@pkmg HGravsh eeridatjon is; armedieal eanditien tra‘fvh@héh%wormal
wast i,n I b C

dgrggzgh & (%ﬂﬁre%_ 1? @f’oW?:g doovn ?8&%%% Q{gg %a% gef?cteugﬁkerﬁ ghe o%rowth
ﬁlﬁtdiﬁoheqk}m-lsyswr@w ded her ein can be enpirically

det er mi_ ned. Dosa es for u d GH can used
gui dan&lere aie tyet ?ﬁeﬁ‘i Byges Q%ggé ClPWe%&Pﬁﬁ?féa le}gemtal and

F%gh%&; such as the level of activity and half-life of
nodi fied GH in conparison to the unnodified GH
can beCuosgedithlnzrowki ngmene HefidertodasrrrisafrioongroblEms with the
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which can often cause growth retardation in children), and Thalassaemia (an inherited
condition characterized by imbalance in the synthesis of hemoglobin causing severe
anemia and malformed red blood cells that can cause reduced GH secretion and short

stature).
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exenpl ary dosages can be used as gui dance in

determ nation of dosing reginmes for nodified GH

pol ypepti des, along with addi g nal determ nations of
properties and activities of nodi fied GH conpared
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20 4. Renal osteodystrophy Renal osteodystrophy, which

i ncl uddesages,andiregipnens ofmeidied Gl provided Seresmginrhg empirically

determined. For example, because of the improvement in properties, such as serum
stability, dosages can be lower than comparable amounts of unmodified GH. Dosages
for unmodified GH can be used as guidance for determining dosages for modified
GH. Factors such as the level of activity and half-life of a modified GH in

comparison to an unmodified GH can be used in making such determinations.
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chronic renal failure. dinical trials have shown
positive effects of recombi nant human GH t herapy 25 as
a treatnent for inproving boniamtur nover and bone

m neral density in growh hornone-deficient subjects
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2, Cachexia

AIDS wasting and other forms of cachexia refer to metabolic disorders that

cause the body to consume vital muscle and organ tissue (lean body mass) for energy
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unnodi fied GH can be used in the determ nation.

Exenpl ary dosing of pediatric subjects with cystic
fibrosis includes, but is nothjmted to, daily
subcut aneous GH injections anounti ng to 0.3 no/ kg/ wk
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1998
( hormgn)e and pituitary function; often termed “somatopause.” Thus, as a pituitary

hormone, GH also has been reported to decline with age beginning in the third decade
(see, for example Corpas et al. Endocr Rev 14: 20-39 (1993)). Pathologically

decreased GH is associated with many of the changes seen with aging including
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material, a nodified GH polypeptide, a nucleic acid
nol ecul e encoding a nodified GH or a derivative or

bi ol ogically active portion reof provided herein,
which is effective for treating a growth hornone
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R HES61518 GF0 TG HRAS e SRS nesct! dbroopmomsaded intal
NAGuIPddsald hfifoddd foPlhAb&Fie® 8fdtwih hBRASSHd tflé‘fpt?@ag%% according to

i nhal ers,” punps, 8ags, Vla?g, contal ners, Syril
b#htetigsoved Wderapeptip atfeetgesitinpfremithd medifted G316, Erémplary
qﬁfcfed f oy nul at.i on

ad ded f
S SR Be e lobte st riltns hEH RERPY B Sty mefe subjects aged 61 10
f 81 B B¢ 0.08 kg bH6odyCRSTRRY RS LN Hr e WRQS &é&qg ttl;/e morning; the

provided herein are contenplated as are a vari
t Féervatdhetweengpjeaiignsciaing eidas encoor twiosiey o6 [ petinillifiasdof

[ | ei [ I I I e,
TSR REL 7 ebe Riomiet B e N bt Py Meicine
ap23 @ pm-6 Olr99_6})mE3t:bﬁlﬁfa@§’ bubutah@usaHiR o€ réont¥ihint h&H fapy in
can be supplied with a device for adm ni stration, for

eSldaily Eempale gybjeggecan ber). 93mede body weiehwiday (Bertellp et aihé Am.
Ki, . canci &1 RSN Nolg! r pligatian.incl ydi ng
RS RSk (150 5 e dp et BRLSADpHoHEE of
achmpirisbnedf operties of tht 8odifed ah8 unpelifitd GH Felipbpiedts @
and an item fo]g@ cueagno_si s. For exanple such kits can

i fripryae dosaers Wrilredrodiisd GH- nigprieramplsnthe madifiedh@Hs provided
a Nt . 1 Vi . .
o Ot i asctpréich bRt b RERAR KAl oL b, gotiver
eloappl legtingr moranthhlel eati-bging ithdrapeutiatffses. pur poses only

and are not_ intended to |limt the scope of the

i nvent fon. BG“Q.OSBQEWE@‘Ban‘pI e 1 doning cDNA

encodi RenA obdbdyR B Thich MRITTE 4 %}ieg)i? nfg sk%ﬁ?e[l Aredbd¥s ranging

plasm d Nuclei'c aci d nol ecul es enco protern
(Bem higEQrdyeND [0y twaevel losiens, bbihtleadingremediidedbone mineral

SR S ol e 0ot BE SR AL A Sl Ao rena
tReR! @linidH & ShARIhERE PolEReEM A FUEIMBiAM: RARA GH therapy

as a treatment for improving bone turnover and bone mineral density in growth

hormone-deficient subjects as well as subjects with chronic renal disease on
hemodialysis (see, for example, Kotzmann et al. Journal of Nephrology 17(1): 87-94
(2004)). GH, as well as IGF-1, have marked effects on bone metabolism and bone
mineral density. GH can stimulate chondrocyte growth and function as well as
increase, directly or indirectly, bone turnover by stimulating osteoblasts and

osteoclasts and inducing collagen synthesis, thereby enhancing long bone growth.



i ndi vi dual nutant was created and processed
i ndividually, physically separated from each other

wandemsAddr essabl e arrays. The hGH cDNA was oBC@IBEAS/003662
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by synthesis in vitro fromhuman pituitary gland nmRNA

(G ontech) using SMART kit (O ontech). First,

hGH encodi ng cDNA 30 was cl onS{j by PCR anplification

using the prinmers: forward GHi SEQ I D NG 702) and

reverse, Gl R SEQ 1 D NGO 703) 4T CR anmplified

br oduo P Taee T (ST aE S0 Ao EHRTRRE] bosEasn be
1QApiréadlyatetdrminedl The esitigirthégddto-dbéy of Modified GIE piciied herein

pl asm d desjignated pTOPO-hGH¥4 (SEQ I D NO, 717). The
s 681 bp detegnined asingthesgiidrncn f bonpeomzBendse ﬂmflnlze@uwwage

S b RQG. . C : i4f | [ .

¢ REbERed R whllinaraRRRcRtu A o 3Rl s fdl e b improved
( FhptiberféOaksultidy tomgkamvdifed G .ndkéhplanddoshad of adult
restriction sites on either end of the clone. After

r sybjepts iBychipain reqahiilnre eppmasiialysis eaneberoie s Rifliaddt 5 nerke)

RO B FEGRE20AE: SRR IR SR QR Ll duin i
p Pﬂ%ﬁb{f W@its(ofﬁlﬁ@?ﬂl@nk\@af 0.85 1U/kg (F@/E%ﬁg&&gtgg ﬁ%ﬁg Méaigth and

encodi n cDNA fragnent was a 1Tl e usi n

t Kesagciod&H tna@qm@geﬁwa(smor%lpm Wfa'yct'\éﬂaraﬁ@ﬁevﬁemr?wm et al.

gy YR A S0 B g et
s iof esodiMike]l GHnuebnipandd to funmedifedaEid carebensd to dsteanine altbmpate

The forwa .prinmer also was designed to change
Pﬁ@?qﬁéa@égﬂﬁgﬁe&m% 5 codons fromhuman to E. coli

(CCA t & CCG @p\dicHHroti9 CCG) and the reverse to. change
the STOP codon 15 (TAG to TAA) in order to optimze
t he E. Ssibjdctsp mophuGeularchilideingwitiiepstirGRrosiabanergroblems with poor

SAReh el MR BET: ] B T80 ERop B AR sl nave
addifon SRAbd FRABISBhAEH AndBResh th SMRIrGHIkSQOWERCRL. Other studies
Cycles of nmutagenesis were used to change Arg 8 and

Arbgve shayodhes GHrtoratthertaesults itbigrureyedaforced gitakbrapheity, improved

priners: HGHARGBFEOR ((SEQ [.D. NO nd_h

PRI BTy e ac e P LB PP i eatment
h GrpREES REMc4ISER1Y 48 m&dSured bl )det@aqedtiobpiedli¢atioli@nd courses of
resulting construct was verified by sequenci

ng. The
f iipEIvenpRLatibiptita (sefe frgramalg. HE&@EP&utEﬂﬁ@E(gﬂé@féi@éQ
I , ) Design of GH variants by
28@@5@@%85?@&9&%@4ﬁm ng technol ogy, descri bed
her ei n Dowdged 8d ddemgredimdns of thel blodiieedldGHApividedtherstin can be

No, US:2004-0132977-A1 and U. | cation Serial No.
1(§lp@5@§r§§§}npirically. For example, guﬁianée?g} dosages and dosing from

unmodified GH and comparison of properties and activities of modified GH with
unmodified GH can be used in the determination. Exemplary dosing of pediatric
subjects with cystic fibrosis includes, but is not limited to, daily subcutaneous GH
injections amounting to 0.3 mg/kg/wk (see Hardin D.S., Eur. J. Endocrinol.
151(Suppl 1): S81-85 (2004)). The initial therapeutic dose of modified GH provided
herein can be the recommended initial adult dose for treatments using unmodified
growth hormone and thereafter titrated according to the longer lasting and improved

therapeutic effects of the modified GH provided herein. The modified GHs provided



was used to design and obtain hGH nmutants with
i nproved resistance to proteolysis and/or inproved

woheromag77v ol erance. Is-H Ts were identified baget/Bmos003662
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(1) protein property to be evolved (i.e., resistance
to proteolysis or thermal tolerance); (2) - amno 30

aci d sequence; and (3) properthes of individual am no
aci ds. WD 2006/ 048777 PCT/IBZ&B%/OOSGGZ 108 a. LEADS

R iAo R S AT Ao LSyl bttt cn

s eleedrachder fastihd Shoestabf theiab@itie dffett 0 Frrédombid dsubjects with
wer e, (nunberi ng corresponds to am no acid positions

i rmtrFef bfﬁ%la pd ganallgqwnior lewer dosing pad lesg freqmeent dosagesi 0,

1311, , L23, 5 F25 D26, Y28, E30,
F31, E2, E3 ,eﬁ'(gé‘?d‘ﬂl?gg K38, E39, K41, Y42, F44, L45,

P4g A6 Rumb&rdyf oﬂgeﬁ,ph?ﬁel.ogisegﬂor pgf%lo@ﬁ& corﬁﬁﬁonslﬁ?@potentml
L73, E74, L76, R77, L 1 87,
Eé@getﬁé@f Gﬁégeramgs”fh%g@hyw?gw@ Path?%al m@rﬂonﬁ inglyde, but

e T

Kiﬂl&sse‘s’ 1d3udikg Aoy exbd@e, thdstAssoolis] with BebpirhtbBbfailkiesRd burn

Y160,. 10 L162 6 16 F1
VRBtie D910 RBP e ot Hr gt Sk 2o TE S H D ipayery from
angroEdYlee f_f)‘i‘%xi}ﬁf)ﬂeV?e@B@ NOGREVS RérnEaGH 1. ms) I3§1J7lbboos))

positions |isted above and shown in Figure 1
r sphgestive tydioawiogaidy (sheffonedmyple, Aldemapelohs ¢ttanhtEwnHearrJ

AT SR s rosgllfiRG ok S Giog aftgr hepatectomy

t géealforodx V86 eedll Boflt Ja3n ek erACIRY )Rl 29h-6 Fes4 TR bhid
4Qand0 15 SEQ | D _NCS: 02 223. Table BWno ac?%@{)a?)?1 nic

nﬂqnnnat@m eIchugtienal dwow@rwch R shortchawelisyrgrome, @ro@n s Nisease
no a@%ﬁ g le lorggﬁt.?s ( e E 31428’%5) 1}%’3‘ / @)00\/\}? e’?“ gemle
r ehioﬁmﬁcdﬂﬁii_)ﬁsiﬁe&’@f eshmple, Saha et al J Rheumal‘ol 1(7): 1413-7 (2004)), male
fertility disorders (see for example Ovesen et al. Fertil Steril. 66(2): 292-8 (1996)),
and other disorders such as impaired immune function of HIV-infected subjects,
osteoporosis, achondroplasia/ hypochondroplasia, skeletal dysplasia, X-linked
hypophosphatemic rickets (see for example, Seikaly et al. Pediatrics. 100(5): 879-84
(1997)), Noonan Syndrome (see for example, Noordam et al. Acta Paediatr. 90(8):
889-94 (2001)), obesity, Down’s syndrome, Spina bifida, and fibromyalgia (see for
example, Bennet et al. Am. J. Med. 104(3): 227-31 (1998)).
L Articles of manufacture and kits
Modified growth hormone polypeptides and nucleic acids can be packaged as
articles of manufacture containing packaging material, a modified GH polypeptide, a
nucleic acid molecule encoding a modified GH or a derivative or biologically active
portion thereof provided herein, which is effective for treating a growth hormone
disease or disorder, and a label that indicates that modified GH polypeptide or nucleic

acid molecule is used for treating a growth hormone disease or disorder.



replacing amno acids (right colum of Table 3) to
produce GH variants with 20 increased resistance to

wonois@agysi s. Table 4 List of hGH variants for PCT/IB2005/003662
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i ncreased resistance to proteolysis F1lI/P2A Fl1/P2S
F1V/ P2A F1V/ P2S P5A P5S L61 L6V R8H R8Q L91 L9V F10I
F10Ov D11N D11Q WD 2006/ 0487771 / 1 B2005/ 003662 109
ML4l ML4V L151 L15V R16H R16Q R19H R19Q L20I L20V

L231 Lé%})/ E25I N D26 d&SH éég EBOI% E30H
E30N F % & IR Py, finpagpetagmaterials.
Y%bkdgﬁizg%nia: 41?1215 f&&%@l 11|1< §c§2a %@hm&tﬁﬁﬁi\b%ﬂﬁ@ﬂs Mll known to

Y42H F44V L4 PABA P48S © L52]
Falagse pb gl s 8o %@e%sm%@mtenm@s 06 55@52654581 and

e L A B ”%v iy e re et

L $iHiteld3O)\b1ikteB phcksBBAHIES &lbeb,&ﬁhélé‘i@ L&Zﬂs béhfMners,
E88Q E88H ES88N P89A P89S F92I V L9 93V R94H

Rgmygcgaﬂoﬁﬂ@?%nch_rcymaclweg_matml@éww&l@jpr m@qqtpctfpmcgauon and

it BRI Bl Al g e

18Nnﬁdﬂrﬁ@aﬁd tipodifidibrbtiddd hérdidive ddi2&hplEday aRl2viriety of
R1270 @ BY E1290. El OH EL29N DI130N D130Q P133A
F%@GHFEBHW SR IM.T YV K140N K140Q Y143H Y143

K145N KidhRSd&tthol % MO MNIAALA Bl)g%%e?%%g gﬁl \P(% géb?ided as

D154Q L1561 L15 L157V K158N K1
Lk82l Kitg 6avincids b nh.d(ﬁﬁ&ﬂ YHetd avligdlfor edG6listFatioaV PRI &Arhple a

KEPARISEIH GRS A epEes Ay EGoHaRg L Hainlipgom. 197 Spanply g ringe,
Rid &inaRE (G @nREREA ol HAR Qb G4 1 Fde BB - deliBRN IF h3pcakidR Iéluding

dosages, dosing regimens and instructions for modes of administration. Kits also can

L/

include a modified GH and an item for diagnosis. For example such kits can include
an item for measuring the concentration, amount or activity of growth hormone or a
growth hormone regulated system of a subject.

The following examples are included for illustrative purposes only and are not
intended to limit the scope of the invention.
J..  EXAMPLES

Example 1
Cloning cDNA encoding a GH in pNAUT, a mammalian cell expression plasmid

Nucleic acid molecules encoding GH protein (see, SEQ ID NO:1) was cloned
into a mammalian expression vector, prior to the generation of the selected mutations.
A collection of pre-designed, targeted mutants was then generated such that each
individual mutant was created and processed individually, physically separated from
each other and in addressable arrays.

The hGH-cDNA was obtained by synthesis iz vitro from human pituitary
gland mRNA (Clontech) using SMART kit (Clontech). First, hGH-encoding cDNA
was cloned by PCR amplification using the primers: forward GH1 (SEQ ID NO:702)
and reverse GHI REV (SEQ ID NO:703). The PCR amplified product was cloned
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b. LEADS created for higher thermal tol erance of hCH
Table 5 shows the list of is-H Ts for increased

woOheoremag77v ol er ance i dentified on hGH using PCT/IB2005/003662

2D-scanning. 16 positions (is-H Ts) were identified
whose nunbering 5 corresponds to that in the mature
protein. Once the is-HT targeg; positions were

sel ected, replacing anm no acids for each is-H T target

i |
258 0B ASPORD. T « JORLOSDL LS BLRGENopo s
t(JSE@rﬂDrN@lmmr i mprove the requi site biol ogi cal

i Vi otein (i.e., GHactivit and

act|V|§_ of the pfr P/

i ncrea g‘ ¢ SrBreassOidha bt ?nf"dlilé PN/ gens é@n ymgddy sequencing. The
|

DRuAETRLTINGA SR LAFNER SHRE R RIS RErFORBINBIRR D No:704

rrﬁllthhHGH;}blﬁ% (SEQIDSS: '7tOl5¢ Vdudgg@leramfd) @iedIIlaidabal restriction sites

B pthadfy USRS q‘iéti&?%mgf ikl ged el e POR

f BAgheRTonththiSEHRHGIRRC
200%&048797 Fl’ﬁ/ | BZOF(I)SI}%OOS 4525%1’%2%&5?.% tYi?COI‘feSpondmg

editss in PUE-CNYSGHDPSNto mnduu:@ IdﬁAHITsh(E)Ht(SEQtIDoNOﬂH%D i ces

T [ h of t
'S b T eI K b inR i f G B e esmpiged by PR
r esheltterinmas ﬁeslanmﬂmr @EQ nb mm)%d\mﬁmvg@r égﬁbfl?)

acids: E, D Q S A total

v%lﬁ %Q?t)susmg H@qulm &I@éﬁeg@a BINA-pslyencTasl dh6 peintirSfeQerate the

- H| t f
PPHOT R L g DARE Bt pPRR e heecilly 1 ot
[ pmnetaaiﬁ) Whedie@éneﬂ @d €liaape rding 2ldd PeSlineSlebdohd ﬁvomﬂﬁiﬂnan to E.
V110, L113, L114, L117, 1121,

A24, Al10
L lddtf %C%%@dw%%fcéo £Y°G)2pd he iexerapiomhangs the STOP codon
(e E)., aspa
S oy Sy 3 oRir G Gledt 200 r g Stige TRE R Tzpement
a\s’ambnbnad: inds pE?B—Me(hham:@dnh SEQIDNY0ar18)s Iabrdeat optimize the
Igll s tlglna‘%f? s i ntroduce additional
% 110 «W@e? wgieonadsrinftes heHgequanne €ycles of
(rﬁﬁt@ Ta@i%'v&‘e Bhised t6B f
t her %%n t ol é r a?lec géo%&hg%ﬂyg%t aéﬂl:%ljgi\lf '@oﬁ?gg ﬂ‘kf'}l%g% Eg¢§er1a
Azing the psmetst BGHARGSFARASEQ ID NO:708) and hGHARGSREV (SEQ ID
NO:709) and hGHARG16FOR (SEQ ID NO:710) and hGHARG16REV (SEQ ID
NO:711) respectively. The resulting construct was verified by sequencing. The final
plasmid was designated pET-24Naut-hGH (see SEQ ID No. 718).

Example 2
Design of GH variants by 2D-scanning

2D-scanning technology, described herein and also described in published
Application No. US-2004-0132977-A1 and U.S. Application Serial No. 10/658,355)
was used to design and obtain hGH mutants with improved resistance to proteolysis
and/or improved thermal tolerance. Is-HITs were identified based upon (1) protein
property to be evolved (i.e., resistance to proteolysis or thermal tolerance); (2) amino

acid sequence; and (3) propetties of individual amino acids.



L117 1121 L124 L128 15 Table 6 List of hGH nutants

for increased thermal tol erance L6E L6D L6K L6R L6N
w0BWed& 76T LI9E L9D L9K L9R LO9N L9Q L9S LO9T PE&LBE2005/003662

A13D A13K A13R A13N A13Q A13S A13T L15E L15D L15K

L15R L15N L15Q L15S L15T Al7E A17D Al17K Al7R Al7N

Al7Q A17S AL7T L20E L20D L20]I,§8L20R L20N L20Q L20S

L20T L23E L23D L23K L23R L23N L23Q L23S L23T A24E

A05R Ki0sNRTIS IRIGRCK e Yerspnle g phine Oé‘éR

VI1ON V&ﬁﬁ@ Vieddesight 0 Bsing 2 D3cahnlidd PP bstlaHS selbdBR (s
L113Q L113S L113T L114E L114D L114K L114R L114N L114
Laiugry hGRH(SHQ I NQ: 1 ) weye (numbering oprespondntq aning actrppsitions

B BoBEIBEBRBE FRIGHLIOB ) ! PG R 1 E3b s,

5 LEZ2A4BA6] Y2R, EAQAS1| B2 @3B1Y3S R3T2K3FS, 3D &R 1| YA3[F44] 28K P48,

RS a0 1R DL, Bttt KB E Tt ghi 18, K77, L30, L8,

g@@frws@ meE@@myopp@t@g Eg@ ™7 PE61 [V 3y ePFL, D112,

describ | 'ow. ~ Mut ageneél S reactl ons
V\bHe3 méﬁﬂétrfewlmhlm‘ﬁ&k&rfdngemm M 125( RA2T, I 18§e8) 29, D130,

R LR RIARS R g onisdis, Faipn 2 1405, BERE gy ss. w10,

10 0L16ML§6§”YP64 M 66ER 67( K868, By MVarTol DENE & 17105ER74, 176, 1177,
For each reaction, 10 pi conpl es of

01).
eEll:'r’l8 sFelr$§ eEhﬁﬁ, an@ il 1. pFhawativaaeing scidiatsach oftheriggHIT positions

PR ah? e s R BB D) R R AR By e
( ddﬁldﬂlﬁm@ﬂ Satrix 'F"AMQSOC(‘F& oy rﬂfh%@btu@gnesi'a@@smsﬁbﬁﬁny\@é&ormed
I ncubated at 95C for 30 seconds. El ongation

and
| grgdistedan Tablets ok fotalet @23 yarantnofihGld yedre gensrated See dable 4 and
15 38BQ ID NOS: 2-223.

Table 3
Amino acid at is-HIT | Replacing amino acids

R H, Q
E H,Q,N
K Q,N
D N, Q
M LV

P A, S
Y LH

F LV
\W H, S
L LV

Amino acids at is-HITs (left column of Table 3) where replaced by selected
replacing amino acids (right column of Table 3) to produce GH variants with
20  increased resistance to proteolysis.

Table 4
List of hGH variants for increased resistance to proteolysis

F1I/P2A | F1I/P2S | F1V/P2A | F1V/P2S | P5A P58 L6l L6V

R8H R8Q LIl LoV F101 F10V | DIIN | DI11Q
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seconds,

50C for

1 m nute and 68C f or

el imnate the parental
wo 20d6/08p117  ( Bi oLabs) was performed. Transfor naPCoOABIING/003662

15 conpetent cells was acconplished by 20 |
conpetent cells (HT-96, Novagen) and

pl asm d,

DNA. Plasm d DNA isol ati on wa

8 m nut es.

To

arestriction with 5

of

erfornmed by

ing of plasmd

Nucl eobond(r) 96 turbo M ni preps Kit

Wi A NI V3 Wk L L G
3o U200 £i 18331 elii FllediaSoh o D26Q
g i Y2 £ br E3PRkat y&BOH ek g3 lonFallashi BTV | E32Q
Eadi322D nuiE3PNon| t k38Quwas IE3BHodudE3N o p¥dlice ¥RPk | P37A
¢ol PIEASt i onKBBNcandiKd8e | EABOQGH EAYEhANt HA%En d&4IN | K41Q
encepiNg | pred Al np vl conf ipgagd Pyl ssquencdsw. | Leagh | P48S
MUTEEHTS Of Lﬁigﬂ—l Mes4i1 T 5T FgeVer Pt N (RSP NaUES P5OA
I B30T | MPEII | PeT ST ST IREAIET TRA4D [PTRUSY YPTESSH | BN
Tiﬁ@i' f% o | nEebNa b RIoR° IO L 7P TP P | E74Q
1 BN | WET4 t Jetplhy| sddadnct nky760 :Eﬂ’-fﬁ\é 7 RT7TH | R77Q
ML BSAIs GeRdPN: el HISVIP2A EBSV vi. BSMIOOIARMN ETVESH | W86S
K14BE8VIK168M87W11 | PESSQ25)V ¥43H L7 ASSND3I HSDPSN KREED | F92I
K1aG8QV Fi VIIEA D2 W93W44| RO3M LOIR4ELL QD ALABIFIM6INL1011
r1IViEPy D26(0I44V §i4Q RO4Aph d7N 9HD167446Y¥1PIEOQ VPAT | D112N
[CPTIegoT EARH RO BV L P MEAsty TRI1SKEL Ki13G | DI16N
GO T SO TR 0 | B
: b L12gh o AU ol WIS PN 7o Vel RIZ7H | Bz | L128I
1@é€i‘6171@15§@ FROH 5p1E12A | bd3ONNg P01 AN33A | P133S
KIR2BEHRBAREBHD | 53976 WiI9AH REAFOND1BA40R1 7 YP43H9| Y1431
F3KV4RS41 RYZ5Q YLOFN461L2V F146561 | P177AQ | DA¥7@3RD1E5MV D153Q
HR?EQSDIO'VN)IP% L1368 El /BH6W1DILIE3RH E6Q/LBRIISEN | K158Q
Ul“f{@)li{lﬁf“f'lﬁéé/ E1oaN '111%‘2\F3Z"11%9PF SR YLV RBUH | Y164l
Ly dAsoE D INI06Y, T RYGAT KRR R SRR BHEON | D169Q
Ryt -y 1208 R IoL 2 bb DL o RIAaN, |50 b EiphQ | Bl7ad

“E174N | F1761 | Fi76V L1771 7 L177V | R178H | R178Q | R183H

R183Q | E186Q | E186H | E186N | FI1911 | F191V

b. LEADS created for higher thermal tolerance of hGH

Table 5 shows the list of is-HITs for increased thermal tolerance identified on

hGH using 2D-scanning. 16 positions (is-HITs) were identified whose numbering

corresponds to that in the mature protein. Once the is-HIT target positions were

selected, replacing amino acids for each is-HIT target position were identified.

Appropriate replacement amino acids, specific for each is-HIT, were generated to

maintain or improve the requisite biological activity of the protein (i.e., GH activity)

and increase protein stability.

Mutagenesis was performed by replacing single amino acid residues at

specific is-HIT target positions one-by-one. Each mutant generated was the single

product of an individual mutagenesis reaction. Substituted amino acids were

compatible with protein structure and function. To select the candidate replacement
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ML4V Y35H P61A L82V L1 131 D130Q Y160l R178H L15I
Y351 P61S WB6H L113V P133A L1621 R178Q L15V P37A R64H

WOR6m/udr4l P133S L162V R183H R16H P37S R64Q P8TIB2005/003662

L114V R134H L1631 R183Q R16Q K38N E65Q L87V K115N
R134Q L163V E186Q RI9H K38Q E65H E88Q K115Q F139I
Y164H E186H R19Q E39Q E65N E$gH D116N F139V Y164l
E186N L20I E39H E66Q E88N D116Q K140N F1661 F191l

20 .

2Bae pRESTT H ST T, A a re rlip™
Yﬂlﬂﬁihtﬂ?é 6o doidaach 4f e adHET positiafs shawnve Tabld 5 was replaced
I
2&]&1% ) (l)JtXf 0%8 varidhts thGPpwgr@ gerafed 368 TabRY% add $LQED

becco’ d utamax| sodi um pyruvate
rNd'Sumésaﬁpj.errent ed with 10% SVF and geneticin. Cells

wer e I o) t 37Cin a sphere o

pr oducticoi 1. RestiBs ldr‘?H{}fl?/i e ‘gﬁ{’(fi Chﬁlﬁ%gSEQ IDNO:1) in

p&a&% eel% tﬁéiﬁaﬁﬂoﬁe%nc%ra@e’@é qot A0, L3 lA 19, neo . msadedAl0s,
plates at 5 105 cel I's/wel T in’ DVEM

s\zi pm éﬁéBuLMMt h11P4I021, sw24 Ta¥28epec/DrbipR) sSpeeificanyipp acids

S ARELSS St DB AT B T S g

h@yewRrd199adn anGas heias to eplatd e Riniswraddhtfeach is-HIT position
determ nati on of biological activi tl;l/ After_ 24 hours
%

t4ndl thupiarduceradditioaplinteanholix beadls intadhe segianeef helices A and C (see
aJFbﬁ §)tred in 96-well plates and stored at -20C for

WYSr di zati on by ELI SA (hGH ELISA, Roche) or for
Scr eeni ng 15 WO 2006/ 0487 MABXE/5 B2005/ 003662 113

Exanmpl e 5 f\igloy &LHTP fdrifoRhddoiefinhl @ldrhitd of WGHL he
nodi fied hGH nutant polypeptides For a primry

screeni ng, each mnut anf t est edLOndi Vi dual Iy for at
least two criteria in paldllel: L1 hCGH biol ogi cal
activity (in a cell-basedldgssdy iWwitfo, see 5
below); (ii) resistange 93pr gt eoAysi s (iii) thermal
tol erance. For all tests rarydpluti on curves were
produced and ' EC50" fi u‘&éf.iu ldlléig for each

i ndi vidual nmutant. Nat FBINO 1) was
produced and treated | bt ocol s as for
L 24 1128

Table 6
List of hGH mutants for increased thermal tolerance

L6E L6D L6K L6R L6N L6Q L6S L6T
L9E L9D L9K LO9R LON L9Q L9S L9T
A13E | A13D | A13K | AI3R | AI3N | Al3Q Al138 Al13T
L15E L15D L15K | L15R | LI5SN L15Q L158 L15T
A17E | A17D | A17K | Al7R | Al7N | Al7Q Al7S Al7T
L20E L20D L20K L20R | L20N 1L.20Q L20S L20T
L23E L23D L23K | L23R | L23N | L23Q L23S L23T
A24E | A24D | A24K | A24R | A24N | A24Q A248 A24T
A105E | A105D | A105K | A105R | A105N | A105Q | A105S | AI05T
VI10E | V110D | V110K | VI110R | VII1ON | V110Q | VI10S | V110T
L113E | L113D | L113K | L113R | L113N | L113Q | L113S | LI113T
L114E | L114D | L114K | L114R | L114N | L114Q | L114S | L114T
LI17E | L117D | L117K | L117R | L117N | L117Q | L117S | L117T
T121E | 1121D | I121K | 1121R | I12IN | I121Q | T121S | M21T
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hGH nmut ants was used throughout the entire process as
a reference standard. An international hGH standard

wohb@ioagd7f rom Nl BSC, UK was al so used as a seeomaB05/003662

reference standard. All treatnents and testing were
done in triplicate. a. Cell proliferation assay

St andard CGH bi ol ogi cal acti V|1{1y in vitro was neasured
for each nut ant and corrpared with native hGH (SEQ I D

LBLZ%%}%LJZ@ TR T BUROT YR ‘I%lﬂz‘ékb :I?Emlsll: L124T
rledpadiel (dasby| dyysks M@Mﬁ? L8 | LE28S™[71128T
prollferatl on act|V|ty al | owed for the calcul ation of

the "potency"” of biol _oglcl@%ngﬁllwty, or EC50 for
each nmutant. Cell prollfe tivity in the sane

system was measured after ST on. wi th teol .
sanpl &% SFifsIof FItagsalc Rrjngers E’Ff?t 5’@8%51 %W@E °8pP bbhife ste-

}Eé&ﬁ& ﬁﬂltaﬁfo% ?@a%%GPb HIDRIA S&leSérbRE belota ”Mlatdg@ﬁ’esw reactions were

sessnent ctivity follow ng incubation wt

petfornéd tith Qiacmlhmeg IKitdmedtragsn) vsieg pYaetch Gl ﬁEQtID&ﬂO 716)

f th lif t

e dieriie b e fuoyf iy el A% Ekntiha BREof Aftagenic
gﬁf?ﬁé‘r §%ﬁse AienBHsONSEd) IRNDSY B5Y - 7@NRiFor sgrhatadtion, 10
Xposur e roteases was neasured b a prollfe[ at |18n

qutdmeles afjeagh isense RBRAgeRicqBiNg WAsFRIXPY MR ResEyPlate,

Nb2- 1 I
Sgndasit abRe gl i S 356 of AR, polymerase
AnvifESden) 240 ABWDNATARElINBEPOR Pldtésewat |1mnmbatsd ay95%Chier 30

cells were centrifuged and, washed vvltg E % So
vieeendshBlengation anddigationrreasidons wsae donesipfi RER P §5 %
CSSF?%d/Sn? 0/‘90%0{ &) @ﬁte%gg ;%gs%g& SQ%erlte% To%h%nﬁaté% parental

ture the cel vier e
ssleshed, & FesB@tior Withed BtefDpal (Biokabi)4vas epletfstmﬂl | Trangformation of

?.éo%%eifm Cell s BraompusheRy oD Mt ShmEe tt'grgt&gﬁg frPRs P i8Yagen) and
p%&']g 08 A0 p gﬁ@{ﬂ”'a DINA ISBIath G E@rfo N@teotaad® 96

sanlntern control for eac roliferation
amistyMiMBrepe RE/(DLBTEIFy-Nagé]). mwvo@@@@watedmlmsmeSé’vaSzpsrformed

h f .t t t t t

R R T
fod. Adch

Wi P

hmwutatiah tmaz ®as Tmteocmsecht;o produss this solleedior gk wdédaéﬁhLE

f,\glfurga%};zg i e&c 13;%8{,0 i oxlzvusbcogl %W ?&m VI d ggutants of

408H Rdke firk geRératcdgh #ii pNAueBGH lﬂaﬂﬁldaMWntEwdr@m-g@erated in
determ nation by ELISA of the anpunt of hGH (ﬂroduced

( pokaryntit evpressionplpsmigpETrh(ER N the Aerrerepydng prigrs (SEQ ID
1?1%§: 395—7%111)0 eﬁ?ea;t)r%sethcg Ofthg !trﬂité’tg)n]\?as%nﬁed by sequencing.

Table 7
Mutants generated

F1I/P2A | F23I Y42H | K70Q | F92V | E118H | K145N | K168N
F1I/P2S | F25V Y421 L731 L1931 | E118N | K145Q | K168Q
FIV/P2A | D26N F441 L73V | L93V | E119Q | Fl146I | D169N
F1V/P2S | D26Q | F44V | E74Q | R94H | E119H | F146V | D169Q
P5A Y28H | L4351 E74H | R94Q | E119N | D147N | M1701
P5S 7281 L45V | E74N F971 L1241 | D147Q | M170V
L6l E30Q | P48A L751 F97V | L124V | D153N | D17IN
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10 proteins in the
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protein in | % of

of proteases at

serumis 600 g/ m,
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| % w w of total

and not only in the anmount of

treated with proteases in
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amount of proteins
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m ki bPaY coﬁ‘iﬂlél d DR deE YA RIGT)

cockt ai | (Roche one tabl et d| ssol ved in 10 m of

DVEM and then diluted 1/50 dded to each wel |
order. WD 2006/.048777 PCT/ ﬁ) 15 to s
pr ot 85pdugtionof pafive aud “B?

in

alsprusids tn Suinaliap el
then pefdionos Eﬁe r A% cdRs (‘d’vhﬂPﬁo‘I’e foR bx ARG, ﬁ@fﬂ'ﬂi&h& Tse@Bl6 Kruyt et

to determne t esid activit at” each tIITE-
pal. Waod90: BARS-HANS (]c9|9é))amemalgsqymﬁl)uibem@MEM-ﬁiéutamwd-

S'ﬁé G e PP ST RGO e A NS St Bk ere

gﬁﬁﬁ{ Ataree ih Bs YbAddpREe 06“/@@09 ep R tiat dfthetativk bSAutant
t he anount of proteins produced (for each

| h&}bwdmmrfm@ad\bartraaﬁmn@msfepmn r{gﬁll(s\)@erﬁ gq)ded n & VWQ igtes at 5

"3 M P A P AR S B o R

C pGkdfadtbd DRidE PEE (ZSTTKDIa $iphA-Aldrich) in 2 wells per protem, 2 Wells were
mock transfected to have a negative control for the ELISA and for determination of
biological activity. After 24 hours, the supernatants were harvested, the samples
aliquoted in 96-well plates and stored at —20°C for standardization by ELISA (hGH
ELISA, Roche) or for screening.



10 free, Roche) and incubated at 37C in a deep-wel |
plate. At increasing tinme-points (0, 2, 4, 6, 8, 12,

wa40063887748 hours), 3801 of DVEM nedi um suppl ecemBEUS/003662
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with 5% SVF is added to 20 | aliquots (final

concentration 12000pg/mM of hGH). Sanples are

i mredi ately frozen and stored;@at -20C. For each

nol ecul e (whet her native hGH or nmutant hGHs), the

resi dual 15 biol ogi cal activit légel | proliferation
N0

. LX .
por Aabpisal ot Bialegieatactvy pLiranedifen it axsfpf polgpeptides
Eval uaphofp@halGick@hingnbsh YakthR Uvasésed O8HRAdually for at least two
activities, including protease resistance and potency

ofritesie in pazallsln@d) MoHadlogigelastivifet in aerdl-yasediasssy frgvitro, see

t.hemat.i cal . nodel and,al ger{thm ut Scap. .. .
PRHERE 1 i Peg e dRoL AR sty R el Ertp asril
P@lutailuréaatv 8 prddacedMad0 EUs #4130 Ees bt daar E4eh ilividual mutant.
PCT/ FROQ 03503; and descri bed above). Data was
pNetieskGH (SEQP WO ) wassgaduded andieaed Hyiag thersame pueteeols as for
k i.ndi
“FRFLR i SRR P DAY SR BBl oo
maftérasidnaC ARG Hsktelbrd dtadineeiramaSIBSG O mae also abédar ofecend
drug (i.e., test conpound qor substance) toQ the
r EdpEPRsestandant ral tregiments anpfesting plere donerig Sgipligpte. st he
vari ablLe ne red : response, signal, ymax is
t he rra>L}'| mal E?gg)gglﬁgezhlﬁg&éﬁfsggabl e, [D] is the nolar
concenfStaatardriGldbidogicalgetieitygin, vitr b waGhcasured flir fehettm@dnt and

WD 2006/ 048777 P 0] 3662 116 0].. 1 .h
c BoTRRHES B @ﬁﬂ%ﬁ&lﬁé&ﬁiﬁ%ﬁ%m %&R#ﬁf@%@%&ﬁ@ pip Nb2-
thec qgl 5 a%twlinﬁh&ﬁ& celPliRDE TRAE ?dg%&&ﬁvatiw —%sﬂoﬁsé—%aﬂcﬁyiw)e

drug bi o asingle site and with no cooperativit

b expeeierenty foaod hprobiferatson attivity hllgwest for thel calybfation of ithe “potency”
ragj.o, of |igand-o pi.ed receptor.t .Lee. receptor

Vet bipisgabp Ay SR Pl PR GiCpre PR TR n the same
JERME kvab hitAsuked NfeERcBBation WiRORBTeaLyi¢ishpREBAE as specific
bi'nding sites, and a slope of less than 1 can indicate

hetosgagese maktugesoff seleeiad pepteares, Bumasarvor: hagmapdlepd. Assessment

| oyed . et h f ' [ ' j
R o BB a Bas QL M PRI RIS 4R
S detbtmination &the a&idubDédImBliferdtionctiviey et thaesspedtivetkinetics of

bi ol ogi cal agent acting on the assay (cell-based) 10
sia@hf@%qupc@wowet%mﬁa&‘m of resistance of the assay

systempQ b%lég%efl a@ti\;iﬁlsl%%ﬁﬁné £ exposure to proteases was measured by
a proliferation cell assay using Nb2-11 cells (rat lymphoblast). Nb2-11 cells were

]
s o

cultured in Fisher medium supplemented with 10% of SVF and 10% of equine serum
(ES). 24 hours before the proliferation assay, the cells were centrifuged and washed
with PBS. The cells were then cultured in Fisher medium supplemented only with
10% of ES at a density 0of 0.5 - 0.8 x 10 cells/ml. After 24 hours of culture the cells
were seeded in 96 well plates at 4 x 10* cells/well and treated with three fold serial
dilution (12 points) of pre-ireated native hGH or mutants between 6000 pg/ml and 0.3
pg/ml in triplicates. NIBSC hGH was used as an internal control for each

proliferation assay.
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bi ol ogi cal agent; e is the slope at the inflexion
point of the H Il curve (or, in general, of any other

weixgosniugi|al or | i near approxi mation), to assessPCAB2005/003662

efficiency of the global 15 reaction (the biol ogical

agent and the assay systemtaken together) to elicit

the bi ol ogi cal or pharmacol ogj Q]_a| response. T is used

to measure the limting dil utlon or the apparent tlter

of the ent use Ld O Teas .
absol uf&ﬁ%{ % ggur k ngfq Ptovﬁ’&?)F er tng o Hté‘nt (pre—treated with

bproteagdsy de ;ﬁgmtatlohbf N2t lflecel‘lgmﬁ @&@ﬁﬁbd y2®@ful (Bﬂ'@ell Titer 96 AQ
bi ol ogi cal process or_ reaction. nmeasur es

e@r@mé&@@ebweﬂ VS @ﬁ@qdrﬁa@ﬁllbmg@e%f% Adoupat 3;7| @b dihe assay
g&é&% nche g@v%gbﬁﬂ)ﬁ'tﬁé lte%%% ﬂm&’m §‘ﬂ1té‘9 E&Q&le%&ﬁa%ggnsamples

coe |C|en e cons

oﬁvexreaeacsmermctramaﬂ refadaotl\ﬁibqlﬂﬂrylmzﬁnel) d’6499()/\1ﬁ’f1.e ranked
based on the val ues of their 25 individual
per f or RancePrefgolysis sedganenAsEa50. The bi ol ogi cal

speci f FGucﬁﬁnngb{erﬁa!au&} %EEIS’A Qﬁﬂié%o% bhGM p?gd CE% ;l:ﬁ)r

of protein uni t protein Eleterm
enattve anmtediras forsdacly nerarit AIGH); hputq Osplaff supmnzrfanta:nhtalmngllS ng

TR HEPLBY Genfares RRWET MR AuaEhne af pi et AAzhv/w of ota

dhrotéihOR tHESupeAmERY B0 kétuld, hp{h%ah@entrhﬁwsftbm FALia | in 1% of
fromthe seri aI di [ution assays, the concentraPl on

nessduds 6Q pehilethe 15004 protenses was bem)thmalmmmheﬁpmtems

t d
AR ERG R sp anatn? b RDFR, LR g R Bl elehes in
VEdgOREAEATY febidtial B/ Q88 @&we]réﬁstaﬁ@l dfahd mueit hOer
at nuplot.info) integrated to the NEMO (New y evol ved

ulea gmpaged fapative wes deseipiipednyxnesuedi 2omin, 25°C) toa
T d o
TSR PR 5,8 AR 4 HALDE oo,
kgigaR): dcliiesteypIls Carbpxieptiduge, Gﬁﬁdolklﬁmwmg—@a Eﬁd@h&éﬁase

for each curve as follows: base = Pr;,mx =

=Aspd endppreteinasy %hldcfﬁr@epw&éwss Iaﬁrél and @@)pvﬁtthe BAd of the
ﬁl@ﬂ@iﬂ% tfcnﬁ%, tlb g@ oﬁ oltéEEé‘ céiﬂlgﬂ'ﬂ!e dhéduflﬁlr&g tahh? B%tEDTA free
curve t t

peri men him zin

t ﬂableﬂst{tﬁoohe)tdﬂateslolm m&@sn a0 mhlHeMEM was aéddnletb\memreaa:ﬁm 1n order to
r.imental pojnt_and, the 10 theoreti aI 0| nt on,

i OlSgra ATV R SRR Were bR sef & deramipiRs

| stivRlai ned, the correspondi ng EC50 and specific

activity are calculated fromthe curves. Exenplary

cur vesThe persérdwfirdsitubl I ecvity over time of exposure to proteases was

evaluated by a kinetic study using 1.5 pg of protease mixture. The mixture of
proteases was freshly prepared for each new assay from stock solutions of
endoproteinase Glu-C (SIGMA) 200 pg/ml; trypsin (SIGMA) 400pg/m1 and o~
chymotrypsin (SIGMA) 400 pg/ml. Incubation times were (in hours): 0, 0.08, 0.25,
0.5,0.75, 1,2, 4, 6 and 8. Briefly, 20 ul of each proteolytic sample (proteases, serum,
blood) was added to 100 pl of hGH at 400 pg/ml and 800 pg/ml and incubated for
variable times, as indicated. At the appropriate time-points, 10 pl of anti-proteases
mixture, complete mini EDTA-free protease inhibitor cocktail (Roche; one tablet

dissolved in 10 ml of DMEM and then diluted 1/500) was added to each well in order



Those on the top of the ranking Iist were selected as
LEADs. Table 8 provides biological activity (EC50)

wandosi7st ance to proteolysis (indicated as = RQT/IB2005/003662
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change', 15 "increase' or "decrease') data conpared to
native hGH (SEQ ID NO 1 and the NIBSC GH standard
descri bed herein) for all cangidate LEAD nutants
descri bed. EC50 cal cul ations Were based on the

ayverage of .two det ermynati.ons. ..The EC5Q of .t he

G ol Ereabeoe EARbe B B er R et ket estopmp o
t @esetibélt foy REcHampldR oBEND deREMine thehi@bidgaltcvViey adRcPfime-
3 determ nati ons Average of 3 determ nations Mitation

EPYiResi st ance to Mitati on EC50 Resistance to so

pr ot eol ysi sqr ' 2A 90. 56 increase F92V
97. 72 %’fo Chgﬁgg@gpﬁfpfﬁ&@# .67 no changes L931 76. 97

no chaimgassesdth¥/kitdAicy bf B8rnmd talbxanes sndiGidial MG H Qaants are tested
changes F1V/P2S 60.39 no changes R94H 88.74 nq L.
cWaR deEePsE)g tgnePeintooldneasyed tareppentyre ingubsgonh Adigedetermination

CLEERSR BEURAERADE of rbfeintbrdhcl (ERERASTgvidiAl ROHAAAR an

L fdd batiethGH), (b4 opafigasve iRiHoBmodified hGH areglided talZ80M1l of DMEM
134. 99. i ncr ease 80 108. 3 changes Y103H 83. 33 no ,
cHAgdiceys %@Peapls%mei&r% D aSP0L98s 2ockia ok 4gieni EDTA
Ofred Ki)%h@)r dRINALILARY Y EI@E &Hep&véi?ﬁl@fem nations

Mut at i on_EC50 Re_s,l stance to Mitation ECso Resi st ance
to prétesksasing timopeintsy(8i 2 4.6.18,93, 24, 36048 hawrgk § 881l DMEM

csnsSorp RS S S VR SlsRS AR 68l @halonfifution
Fl@éO%@@ﬂl‘kﬁ' hU e Iﬁﬂ%ﬁ@s a¥d il diBtehOfroenGRARERE] atDIGR.
100.47 1 ncrease Y111l 56.19 increase D11Q 72.23 no

changeEorzeeh motgrube(whethes agfeve il or gt §Gis).dharrgisyal
gglﬁ_ogc%%az %ctgxgt#g@%lf B&ﬁ‘@eergtiori\éns@{/ SinBs-1 CedefgSRe Ia%c}\?’e% at each time-

no ¢
point of incubation at 37°C is determined.

Example 6
Evaluation of GH variants
Various biological activities, including protease resistance and potency of each

individual mutant were analyzed using a mathematical model and algorithm
(NautScan; Fr. Patent No. 9915884; see, also published International PCT application
No. WO 01/44809 based on PCT No. PCT/FR00/03503; and described above).

Data was processed using a Hill equation-based model that uses key feature
indicators of the performance of each individual mutant. Briefly, the Hill equation is
a mathematical model that relates the concentration of a drug (i.e., test compound or

substance) to the response measured.

VYmax [D]x
Y7 [DI'+ [Dso]"

y is the variable measured, such as a response, signal, Ymax is the maximal response

achievable, [D] is the molar concentration of a drug (e.g., the GH or modified GH),



L151 76.31 no changes L113V 82.49 no changes L15V
2,701.08 no changes L1141 60.48 no changes R16H 96.75

wonolcmase7L114V 81. 81 no changes R16Q 104. 24 RQT/1B2005/003662
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changes K115N 97.38 no changes R19H 59.89 no changes
K115Q 89. 44 no changes R19Q 129.68 no changes D116N
75.90 no changes L201 91.80 pg changes D116Q 99. 39

i ncrease L20V 105.58 no changes L1171 126.24 no

DGR s RE S s Rl A 0018 L0y s e
nslopbpmgmsteE hliith 0Mif9He drag dhrisges singRSYe @hd 26t cooperativity

cgatg}]es E118N 83. 6 Q cha_ngi;es D26N 77. 15 increase
E?3HEPA 9bAmeng Hicseaseill plobe e sbiha satiorfligsgd-oecupded receptor to
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8Os AP et A PR B s
C heopgesivitE300nE birgngisitesrdgesorlekit4d4s 1. [1dani indicars e
ST WAL O A T
c hadaafonRl2ddisiRx Biblhaca Egg%ﬁ% {hgga}ééné@%-, #3106, G AN GRSas

R127Q 72. 34 no changes no changes’ 1281
18tloas: no changes E32H 50.23 no changes L128V 86.77

no chapges .E32N 70.15. no,changes E1290 96. 71 no
change® E3 ?@9 OB Of t@ﬁ B%?E%%g%%ﬁait . %&ﬁ G5 &erligkased)
ES3ln3. 78 no changes E129N 77.15 no changes WO

2006/ 048777_PCT/ | B2005/ 003662 119 Average of 3
det er ninat i ¥riBe penstangef wrisRnereldherssay Fystem toplicit 2 sponse to a

: tion EC50 Resistance to so proteolysis
Eﬁg?oég‘%yl/s S@’E33N 75.98 no changes D130N 107.61 no

changes Y3Bbihd fldpd & the irdlRaaenidbs e HillGub¥e (0, in general, of

CQr%lnogtggr sigrgc?i:c[lalgo%'liln%earne?pp%cpx?glgt?gn),Fit%)%gféssl t%ze'e%?i’ciierrl]c%fr c?fa%ﬁee global
reaction (the biological agent and the assay system taken together) to elicit the
biological or pharmacological response.

T is used to measure the limiting dilution or the apparent titer of the
biological agent.

0 is used to measure the absolute limiting dilution or titer of the
biological agent.

u is the heterogeneity of the biological process or reaction. 1 measures
the existence of discontinuous phases along the global reaction, which is reflected by
an abrupt change in the value of the Hill coefficient or in the constant of resistance.

Modified GH polypeptides were ranked based on the values of their
individual performance, as assessed by ECsg. The biological specific activity (i.e.,
biological activity per unit of protein mass; units/mg protein) was determined for each
mutant using serial dilutions of the mutant in a cell-based proliferation assay (see
Example 5). Twelve dilutions were made for each curve and each dilution was
assayed in triplicate. Using the data from the serial dilution assays, the concentration
needed to achieve 50% activity. (ECsp) was obtained. Experimental points were

fitted to a sigmoidal curve using Gnuplot 5.0 (software for drawing data curves;



10

15

P37A 113.48 no changes P133S 123.01 no changes P37S

71.11 no changes R134H 93. 22 increase K38N 121.66
wonolic@asey7R134Q 76. 53 no changes K38Q 127. 34 RQT/IB2005/003662

changes F1391 89.02 no changes E39Q 78.13 no changes

F139V 95. 71 no changes E39H 73.37 no changes K140N

92. 18 increase E39N 94. 38 nollc7hanges K140Q 69. 56 no

changes K41N 177.74 no changes Y143H 68.,24 no

R 8 AP TSR ARSI S
24pftviite (NautdasBiokbAPE HBwE2 Tho e@lnting @sed foft ik sliReiddl curve

nﬁ changes F1461 90. 18 no changes F44V 221.00 no
cHURg&SE146V 105. 26 no changes L451 110.10 no

changes D147 3. [ . n hanges

D1470 61. 81 Sl ke +3ﬁ%§9ﬁ8fﬂlﬁ%%%ﬁaﬁée‘g 8P 3N

62.48 increase P48S 90.70 no changes D153Q 101. 35 no

changes L521 78. no changes D154N 89. 30 no _changes

| WBGR PR RS BB P BAS R aPOelrs T aElh e 8 fqlioas” base = 0.1,
A= 283880 k63 : L A€ 507 i i

c angeg’q{La%QGVgs?l%. 93 %3%&3%&%%6Q 39" 3l il biting

L6 tim@3untid it fivels deesteest @56¢-tha00ts6he expedhenté dath 10l minimizing

79. 94 nq changes 56N 70. 11 incregse K158N 186. 86

(e Sl LR o R o eRa Saer RGN sbPABL and the

cthanggéal gBﬁ@Sﬂ U 2EnpQusBANERS thEkfARE ddile 6 d36h FRARIES

P61A 99. 87 no changes Y1601 111.35 no changes P61S

184aiged, ke ediepspening BO 280 sperifinactivity are RbAkteB 68 the curves.
C 4 changes R64Q 116.96 no changes
AR I

changes 61. 83 increase L163V
75. 72 Tiose bangenp\WPt0E6kiA4 &t terBcdietiB g@ﬁE@@ﬁﬁ G2blelPBovides

ﬁég]&g?ﬁih%ﬁvgﬁ 2]%&5%5 ertnnc{] 1§etsiis‘?a2§e vaer(r)t%g@sig f(indicated as ‘no change’,
‘increase’ or ‘decrease’) data compared to native hGH (SEQ ID NO: 1 and the NIBSC
GH standard described herein) for all candidate LEAD mutants described. ECsg
calculations were based on the average of two determinations. The EC50 of the
modified hGH proteins was decreased, overall, compared to wild-type hGH

polypeptides.

20 Table 8

Average of 3 determinations Average of 3 determinations

Resistance to Resistance to

Mutation ECso proteolysis Mutation ECs proteolysis

F1I/P2A 90.56 increase Fo2v 97.72 no changes

F11/P2S 120.67 no changes 1931 76.97 no changes

F1V/P2A 75.28 no changes L93V 96.40 no changes

F1V/P2S 60.39 no changes R94H 88.74 no changes

PSA 83.66 no changes R94Q 94.03 no changes

P58 99.51 increase Fo71 93.38 no changes

Leél 92.29 no changes FO7V 68.32 no changes

L6V 111.32 no changes L1011 94,59 no changes

R8H 85.11 no changes L101v 134.99 increase

R8Q 108.30 no changes Y103H 83.33 no changes




Mut ati on ECso Resi stance to Mutati on ECso Resi st ance

to
wesb497%7 71

95. 73 no changes

i Nncrease
E66N 142. 65

no changes

no changes R167H

107. 42 no changes R167Q 283.5

I NCr ease

proteol ysis proteolysis E65H 106. 92 no changes
E65N 142. 94 no change®CYiB2hds5/003662
E66Q 81. 38 increase F1661 105.21
‘E66H 72. 06 no changes F166V 72.90 no changes
.52 increase

K70N
K70Q 94. 00

no

clranmges KI68N"13982 i ncrease L£731 8051y no—changes
K168Q 126. 42 Avskazeakidetqrmingtiano| 40 i ncr eas AVEREON 3 determinations
i4h J@g&{h ?%Ef%g@fég npmﬁ;@gg eg %hlgggﬁ% (1)(1)91191%;»l o b%rs:)stg;;;:o
P51 1035 no Sednges BIOTRCR0L 78 1oy cape IRy ] mochnges
114. 23%%0 chandé®7D171Q B4R | hcr PAYY L761 8923 75 |nono changes
changeni K1 j"THQiAf&:M NOn&ElMaddLS| Lol lsl 45 789 no changes
changesK1720-127 A7 | nerease —RZ7H 1 2 ng_changes — |
E1740 8%. 40]i ncPEdse "% 86 nd! @%gn_ées e§foy | nochanges
_7w5- 14D1INc rJe (E’S\e 120;99[' ﬂ.lOint&Stﬂ ocC E?_I’?QEH ) ?}74‘1[15389 32 increase
L L ARG L ST e A
chang¥¥ Lglv 189283 | nerdaees L177R11P06. 12 | Aéfdase no changes
L821 Mk¥. T4 no mﬁange 3 gliﬁga‘% 8&1 13nCr eaf2 EEF S?ZV o changes
31553%§Y§37 Q1 ?%3T*'Uln%”mm§“ bngﬂ%gb 31 nd>changes™ chanes
R183H-15%4. 48 nb70dRBngesno dh@s 2P6. 301460 changeéd8 R183Q@o changes
825QR1@A Changesg 75187V 8@ I NCT ERp@y E180Q §§5P%4 M0 16 changes
c E8BQ 61.89 np changes E186H 88 28 no ¢ es
quﬁﬁﬁég 37| no Bhihgel 1B 10. 781HY chlang@%38 EggN no changes
100. 28900 chang®s89F19[| ndchngd? | ncKedge [P89A9.443. 76 no changes
np- ﬁﬁﬁéﬁs F19 ?f,\’2/9é8"'15 ?Bnd“'c‘ﬁan‘é'e'sm' ©Spiten 75.90 no changes
L1201 91.80 no changes DI116Q 99.39 increase
L20v 105.58 no changes L1171 126.24 no changes
L1231 95.68 increase L117v 111.76 no changes
L23V 95.33 increase E118Q 93.67 no changes
F251 75.71 no changes E118H 101.91 no changes
F25v 61.20 no changes E118N 83.61 no changes
D26N 77.15 increase E119Q 110.30 increase
D26Q 84.56 no changes El19H 79.50 no changes
Y28H 125.40 no changes E119N 73.04 no changes
Y281 100.63 no changes L1241 99.38 no changes
E30Q 67.36 no changes L124v 103.17 increase
E30H 64.49 no changes M1251 97.04 increase
E30N 61.53 no changes MI125V 112.09 increase
F311 146.71 no changes R127H 88.81 no changes
F31v 103.13 no changes R127Q 72.34 no changes
E32Q 71.39 no changes L1281 13741 . no changes
E32H 50.23 no changes L1238V 86.77 no changes
E32N 70.15 no changes E129Q 96.71 no changes
E33Q 77.59 no changes E129H 114.09 no changes
E33H 83.78 no changes E129N 77.15 no changes




P89S 89. 65 no changes hGH WI 125. 69 F921 101.81 no
changes hGH NI BSC 135.20 WD 2006/ 048777
wWOCHclB0OO5/ 003662 121 Exanple 7 Human gr owm hrPODABIN®003662
phar macoki netic study in rats

pol ypeptides 5 a.!

Ce

a.

Preparation of hCH
Cul ture Escherichia coli

strain BLRis a recA" deri vatlil\ée of BL21 that inproves
pl asm d nmononer yields and can“hel p stabilize target

Fasm-ds—cognt-aining—repetitive—seguences—(Novagen)—
d. 2 Vector:| Wodigdeofd dgeimigatigns] ) The pET- 244(erjgewE deserminations
([Novagen) carries an [N el m Qai T7-Tag(T) Sequence .

. . . I Resistance to
an tational| C- tB€kai nal  Hlontag(r Magigtierenge al@st he :
saliuff abl-e- nar%m * e?mtgol;g@g 'F?‘.ﬂ R OH c;)!\l/‘f%?ﬂ;ijcnz,ﬂpmtemym
was Pt oddced 11 t he SPERERdal / BARA . | The " no changes
Hi s-Yag{r) | an4tlhe F Inorkpbdscati dH3@Ri giin h&¢.68 begn no changes
rENOWEE T TOM 53 31 VEGU Qlychdrges COT T B 8IAT M| BER o373 increase
(INovagen) vas transfarnmed withl|the pET24Naut - hGH
viect 8774 SEQ | DIRAS 719)mo8kmeets [culBldied iin 496PB br ofpchanges
([CB-Bems h Rowder.j1 G Hcap cringe37C WIRIBAEBO pg/ nb3.22 increase
kn_nn_znu\i n (< ) LQJM avinyr acetl-an—Hoaduaet b an

GI]GIK%SN LILI '(UI' 1%6. e ) Cg < P'l LI LAY ] ~ITT
Aft eroverri ght culture.lﬁ-c’f!eﬁee bact ert il were diluted |t 40 e
AD60B38N 07 |andi2FBéwn |t oo @RGS0 (0. 6FIGRt i mat e8P-@. 7 x  no changes
1 €3 ST TIL) - 787FT - §XHokRmkddN [OF H#1gWNGH | CDNGS 70 no changes
S j ddi-ng— 0O, S5M I PTG (Anersham)
flor 53%burs (t e bst | EHoubl iHEN | me wadt $5 i n) increase
The E8mal OQD6004.8as hetnsekanget. § t K120Q ( $OP- &R 00| no changes
L AD) -l v Aot o~ s A b ~l 4 1o el +
LK4 Nlu IOu I.7hUII VV% 1 g et UGylhg.H e jal g I'! OU. l-&i h
Q mg/l. 4 Cell r mn(c fgss.ej aration and disrupt an e
he K&Q prdtei B7WAs flousreass i ncl u%i8h bodi edl-Hue { ono changes
the vl - exXpregsison I[N igkads. ¢OI IK1A5N The Nglir € OF no changes
t he—prot-eiA{arge—hydrophobicrarea)—The inl"' gsi-of
bodi €42 verle sed f PSifEThe ceWéS%i bact P Al no changes
llysi 448 t h || ysBi@yhe (|Boekhangeger Mohidblei m ReT.18 no changes
STUgZy » JU T oLl 4 (ne@hdnbdd T LT B ANE [Hr Ny[@5 3§ € no changes
Sigma Utra) and 1 UWlm sell (DNasel | RNase free,
10" U5t Rodhe) 110%Ae i|ncPG2 &8 BodiNéNer ¢ hafdébteq inerease
y cemdv 1T Ugatic@nsal [IChoQRMgy flor mid7@i n [foréemsistep increase
yi el?ﬁ 96—% ﬁ%ﬁlaﬁ esﬂ%ﬁ:nﬁ?‘l%esd. 3GDT‘SI§LI\EI\E ‘yﬁﬁ'i cr.‘ 8n/U . increase
Rurity was lestimated by a conbilnati on_of bl ue coomassi e
st ai ®éF SDS- PAGE and hrGlehaEpds SA KiRIS3QGH | El i1943Ki t | no changes
RoCTe,53r LTIPT 075931t ant MIFGhAREs O Di54N 89.30 no changes
L52v 78.87 no changes D154Q 74.20 no changes
F541 93.14 no changes L1561 116.04 increase
F54v 87.81 no changes Li5s6V 116.93 no changes
E56Q 8§7.23 increase L1571 83.02 increase
E56H 100.61 no changes L157v 79.94 no changes
E56N 70.11 increase K158N 186.86 increase
P59A 101.11 no changes K158Q 100.86 no changes
P59S 94.22 no changes Y160H 111.76 no changes
P61A 99.87 no changes Y160L 111.35 no changes
P61S 134.30 no changes 11621 80.80 increase
R64H 98.68 no changes L162v 94.70 no changes
R64Q 116.96 no changes L1631 96.11 no changes
E65Q 61.83 increase L163V 75.72 no changes




i ncl usi on bodi es was addressed using standard
procedures of washing twice with WO 2006/ 048777
WOCH6IB005/ 003662 122 Triton X-100 0.5 % ( CapCo/IBE2008)03662

and fol |l owed by washing twice with glycerol

(Sigma Ref,

of approximately >70 %

G 5150) .

5 %

Step yield was 90 %with a purity

a51

Eéoduct Sol ubi li zati on

and Refol ding The denaturation process was conducted

wi-th—aS5-irvotune—wth—6M-S—guanidiniumchioride for
30 mn foll o@s@dagbyf-’r@ft@rnmaﬁgmb/ di | uti on| tAyesge qf 3 determinations
yoi ume equival ent W't Si bJ MV pH 8, T EDTA 10 MVR cictance fo
- AMgtaGQDZ M (SEGsm) an / CEM‘UMiOHTh = gum“’ di um  proteolysis
¢hlerjde-—exeess S ICIIUVCTU a—ftst—-d cu_y s—trrthe
dame byt f ér gg%ﬁl ght 7 Charégeio X vo? ume rati o ol | pwat e
by aE®eIcond dild?2-9%i s |n0 ghafige s | pH 364110 M B3fBer | nngehanges
80X E& O UgiEsgl T € eaﬁl@lgasEW' CE) - F1ddI€ S ep Wﬁl Al 0 WaSincrease
30% wi t 0_an estimated purity of 95%
¢hr oB%Fogr aphy”28r omat BYFERHY has Fe¥lduc ed 783?°an no changes
[ 0366Exchange4£6ﬁ unm @b E@;igeQ semhmbse FF 12052 increase
Arpmr cham fa AL T £ 1
NIe II{U cu. €m I”n bH él J.l. C,R JU IIIV g . OD Lprr
8) equilibration/load conditieons a%Q 4 lf’zo ?OV\E bl)lllcmse
el utKeiR i n|50 $MOTri s (lﬁ)Fllla%eS hd ¥B6%00 M N@F2 The increase
§UEpLyirel d [Wasge]7o Wi T Ho afan®$T | MAKEERQPUI | TY 108.42>90V0  increase
ffinity Pak Det oxv4 Gel Endotoxi-n DonrD\v Ag Cal
pi eFBY Plod #090324) WEESGsed t $¥hach| a B er ap B changes
endoEB n I evdll2.5b. | nnvbhnmgest idi &369The 105.62 increase
pharppgokinetig, pyofit ‘ﬁ(?cliéhgek' Rt aid TR Ve TG changes
roteins were 20 tegt In male Sprague:Dawl ey rats
(6 rEHY nollecurzf? The Eléréﬁfé t st re| PBPPpoA| Py changes
N, WV, 6H1482351, InaaMngeK4 Q DY#RH, Y42180.7881V| increase
LiOl\/7 Dl R(? El- 1 n’n ugul ."v‘lﬁ,‘y’l KIAON; 84%1574"\! :
1774 VR1780 and®F1911 ™ EBMSar éd o'\ | dl t ype: nerease
Adm ardt r atli on92&s nmadeo blymgslbcut F&BUs (SCY13.3 ect i pnchanges
gt 2170 eI EE KT 'n Eﬁané% e IJIWQ Bl 00q 224 TPT €S increase
were takenlfromthe ta increasing tine poinpts.
het WBEHE 15 |mi ndP-¢% (i ﬁ)’ Clé?ﬁ%fsge hddfQ (hf's),%%dfd increase
qol Treied ¢n  Wihwt nman hxbchaﬂgepaper HImHdot | bl otssi4 increase
But 9 ° ot Tthe 15"%_I POt etiR.1as N T PBS el 0m b crcase
mi Iﬂg paper during a A8 Hhour {ime period at 4% The
gnouhoVof hGH &-1it ed \nashad&e@‘ ef mi n&@délby a cdhti ci al no changes
BCTSAgHPECTTTC75 9% m n&ﬁ%ﬁ&@) I WHIgEV YPE€ NGiD.75 no changes
F v 3 _hours-post | nl acti oh _
viher 88 30 t Wa2hbddi 1| eél*c‘f?é% ol yp@ﬁﬂl des wef&'% ouhg inerease
iin ses2m at| 24i1and 3( thUltaﬁgeﬁ)O‘;t WD7730064 048778 increase
[m sl slsYa¥YaY il iNaVaXo Yalals]
STTLEARPYYTIVYCRE)S8 no changes R178H 77.96 no changes
W86H 70.90 no changes R178Q 119.45 increase
W86S 100.31 no changes RI183H 134.43 no changes
L871 226.80 no changes RI183Q 82.50 no changes
L87V 89.48 increase E186Q 76.54 no changes
E88Q 61.89 no changes E186H 88.28 no changes
E88H 401.37 no changes E186N 110.73 no changes
E88N 100.23 no changes F1911 125.72 increase
P89A 113.76 no changes F191V 115.73 no changes
P89S 89.65 no changes hGH WT 125.69
F921 101.81 no changes hGH NIBSC 135.20
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123 injection. Thus, nodified hGH pol ypepti des
provi ded herein are nore proteolytically stable in

woivw/usEn w | d-type hGH pol ypeptide. Since PCT/IB2005/003662

nodi fications will be apparent to those of skill in
this art, it is intended that this invention be
limted only by the scope of Hhe appended clains. 5 WO
2006/ 048777 PCT/1B2005/ 003662 ~ 124 WHAT IS CLAI MED

IS 1. Anodified growh hornone pol ypepti de,
conprising: one to five amno acid replacenents at
positions corresponding toRawmplé7 am no acid

t B
05: 100, 103, 135" Py s mnt phupnddanghl Sy vy,

18- 18fl'ell&mtlon85115&8139_'8?611@16801‘ mat ure human growt h
hor nona.Ipol mdrﬁulaa*ecorrpar ed to an unnodified growth

h [ t hu w h
hor monEs R RaRb e 535%’20%“&%@%%{@2 Dikehigmproves
aplagiaidSiRbnbBed yleldd akE&dnl HelNhbifize ARt JRsHIE cgﬁghflhigiﬁetitive

grow h hornone pol ypeptide exhi bits increase
s seayPRgesy(Nay red to the unnodified growth hor none

pol ype I deyof SEﬁ? r 712. 2. A nodified

gr owt h or rmvo‘étoﬁ ggﬁw)%%% 29‘8n’pri sing: one or nore

si ngl eThepB0-246(H]J veept UBRAREA]) Saies BAN-fekfiRI T7-Tag® sequence,
corresponding to any of amno acid positions %

1@1 oRpfionabCeerminal H158T ag@sequence and the sgigcighle rsaketa Fanaggcin.

g e bbbl Al e

1%*:119 Flaéplivation erigiuiane tedvtiiohal fBmehid 9enpEPE.i @8 strain BLR
growt h _hor mone,

i rage mfﬁragﬁﬁwﬁﬁ WO BN RO eck (B PRIBING: 719) and
s&f 0 SER

and 20 the r%o%l?ﬂl %@;?g%tl Egﬁg%rhg}?}%ok)gﬁ ypep‘)){ﬂ%d}’p H g/ilm kanamycin
eésmgma)ts | ncreased protein stability conpared to the

unrmdlf ture human, gr owt h hornone pol ypepti de of
SEQ | [5' @aﬁlf'e’?ﬁrf“‘%n “%"ﬁﬂﬂ?f i ed growth hornone
poly pe&ﬁbﬁ%enﬁ@l’i%lﬁfenﬂxe vabEeri® 'Gvefg)([lﬁlt%l 1%9%]960@ Bl %n& %%cg)vn to
r egﬂgcenent s conpared ' to an unnodif

ed (solimppled i e 10 mﬁs/allr) Qwe:eexmpd;saumfdrethGH cDNA
pSo§ %r{cg nﬁwzas glrél%aﬁggﬁby 3.831 O%H Il];'fJ t(A%n%;s E?ord3 hours (the estimated
doubling time was 45 min). The final ODgo was between 1.8 to 2.2 (SOP-PRD-
001/02) and production was estimated to be around 30 to 40 mg/L.

a4  Cell removal, separation and disruption

The hGH protein was found in inclusion bodies due to the over-expression in
E. coli and the nature of the protein (large hydrophobic area). The inclusion bodies
were released from the cells by bacterial lysis with lysozyme (Boehringer Mannheim,
Ref. 837059) , 10 mM CaCl, (Calcium Chloride Dihydrate Sigma Ultra) and 1 U/ml
DNase I (DNasel, RNase free, 10 U/ul, Roche). The inclusion bodies were harvested
by centrifugation at 10,000 g for 15 min for a step yield of 90 % and an estimated
purity of >60 %. Purity was estimated by a combination of blue coomassie stained

SDS-PAGE and hGH ELISA kit (hGH Elisa kit, Roche,). Lipid contamination of

inclusion bodies was addressed using standard procedures of washing twice with



64- 66, 88, 92, 94, 101, 129, 130, 133, 134, 140, 143,
145-147, 183 and 186 of nmature human growt h hor none

woabospegt’rde conpri sing a sequence of am no acPd¥/IBED5/003662
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30

forth in SEQID NO 1; and 30 the nodified growth

hor none pol ypepti de exhibits increased protein
stability conpared to the ugg%dified growt h hor none.
WO 2006/ 048777 PCT/ | B2005/ 00 2 125 4. A nodified

W d i Sina: : .
Sfitgn oL 13 V5P B pEfronBEeR B e e e i Grot 5%
Rt Rifed-5 Boystephasiamas 9peb wiaipt futiey ofispretiniatel;he70 %.
amno acid replacenment or replacenents correspond to

posi t imhs srtodaceBolgbilizatiopand Refplding 55 57 58

60- 63,.67; 87, 89- ) ] .
135- 135, de?itfa%fﬂ3’%°°f§5?1‘?va%5f’é‘a%§‘,i W@i‘,@% glutlewiiteM )
Huafifdito® dhlt?‘&fé is) gL ! gﬂlbm? efy éffoldjlpgaby Hﬂmim%ﬂills(rorhlgne

a n am no acl ds_se | . WL,

oS elant Wit isos) BVERL: D T Bobd AT 8 2 MgSiggingid 5%
?@3?%828?9? %%nﬁkg\%ﬁn%wrid@ Cxcess Wal fegﬂﬁ?ﬂ%%rﬁéﬂdlhﬁlsm in the same

acl ng am no acl t seri ne; | f'
pasier boemight ar a 20 xivelunepiatic éallowadéyraegsicand diglyaisiime Tris pH 8

bl e bRl v

p. é kg s of €%aced, the replacing amno acid is
negltS Sklgn(r%osiqﬂlg;tysiof p(gsiti on 55, 79, 85 or 184 is

repl ace@, t6@hremptogeaply anmino acid is not 15 al anine;

i f position 90 i.s repl ace t he repl agj ] j

< hotCheBRRRIE. VeopaEed b ATR TR REMERTES o

t &gh&{é% P DO en 12 (A MersBth Fati 120 RAYhMARSW kA8 NS0 mMNTid (bH 8)
position 120 or 126 is replaced, the replacing am ng
aexjudlitirtiongload conditions; atthtC, followeskbyhelutien Bwd q;m&mﬁs (pH 8) and

h Y t.ide. i bd is r.ot.ei % .
RN RGELYBRELSSi FINR WG RIRA AR fr-oure Aty
PRAYDERkY-dR] ERdotbkin RenebvingGelgiPisntd) Phat #00344) was used to reach a
pol ypeptide of claim1l1l or 4, wherein: the am no acid

ropiralde grdatoxip l¢vepl acenent s correspond to positions
selectegd f,r ng positions 1, 2, 5, 6, 8, 9,

10, 110 14, Phebo TRRSY 5> 3 s 26 28, 30, 31, 25
32, 33ThSPpharmbcoldfeticdRofikdd of HAH mutant4md n4Bye BAH [Bdteins were
61, 70, 73, 74, 75 6

oL oSt Syt it B ey e e

it giain g, 0 en e e gt
D116Q, E119Q, M125I, M125V, K140N, E174N, L1771, R178Q and F191I
compared to wild-type. Administration was made by subcutaneous (SC) injection at 2
mg hGH per kg weight of the rat. Blood samples were taken from the tail at
increasing time points between 15 minutes (min) and 96 hours (hrs), and collected on
Whatman No. 2 paper in dot blots. Elution of the hGH proteins was made in PBS
from 5 mm? of paper during a 48 hour time period at 4°C. The amount of hGH eluted
was determined by a commercial ELISA specific for hGH (Roche).

Wild-type hGH polypeptide was degraded by 3 hours post-injection, whereas

the modified hGH polypeptides were found in serum at 24 and 30 hours post-



171, 172, 174, 176, 177, 178, and 191 of mature human
grow h hornone. 6. The nodified growth hornone
woabospept’r de of claim5, wherein: 30 the am nopPatiiB2005/003662
repl acenent or replacenents correspond to positions
selected fromanong positions Fl, P2, P5, L6, RS,
F10, D11, M4, L15, R16, R19, {420, WO 2006/ 048777
PCT/ 1 B2005/ 003662 126 L23, F25, D26, Y28, E30, F31,

E32: 3, 1K4 1. s 4. .14 .

P ectil Tl moifd b0 polpridfsofigg nensifore e progiytically

L 8tabld BdjvouBén wil8typdBGH polypeptide.

L93, F97,.Y103, D107, Yl I i %12 L113, 1114,

118, E1190ce padilicatigns svill Re spparnt 3¢, thosq 96

L8 ’thlkgtﬁléntl&i@@hm}@@gnly 1?1@ Séﬂ%@%f the a %@fded@a@ﬁs

R167, K168, D169, ML70, K172, E1 F176, L177,
5 R178, and F 191 of rrature hurran growt h hor none

pol ypeptide. 7. The nodified growth hornone

pol ypepti de of any of clains 1-6, wherein: the am no

L9,

Jkllgirg }56 @k é&gz intended

acid repl acenent or

fromanong 10 replacing R by Hor Q

Qor N, replacing K
replacing Mby | or
replacing Y by | or
repl acing Wby H or
The nodified growth

replacenents is (are) sel ected
repl acing E by H,
replacing D by Nor Q
V, replacing P by A or S,

H replacing F by | or V,

S, and replacing L by I or V. 8.
hor none pol ypepti de of any of

by Q orN,

claims 5-7, wherein: 15 the am no acid repl acenent or
replacenents is (are) selected fromanong F 11, F1V,
P2A, P2S, P5A, P5S, L61, L6V, R8H, R8Q L91, L9V,
F101, F1 OV, D1 IN, D11Q M41, M4V, L151, L15V,
R16H, R16Q R19H, R19Q L201, L20V, L231, L23V, F251,
F25Vv, D26N, D26Q Y28H, Y281, E30Q E30H, E30N, F3 11,
F3 1V, E32Q E32H, E32N, E33Q E33H, E33N, Y35H,
Y351, P37A, P37S, K38N, K38Q 20 E39Q E39H, E39N,
K41N, K41Q, Y42H, Y421, F441, F44V, L451, L45V, P48A,
P48S, L521, L52V, F541, F54V, P61A, P61S, K70N, K70Q
L731, L73V, E74Q E74H, E74N, L751, L75V, L761, L76V,
R77H, R77Q, L80l, L80V, L81l, L8 IV, L821, L82V,
WB6H, WB6S, L871, L87V, P89A, P89S,, L931, L93V, F971,
FO7V, Y103H, Y1031, D107N, D107Q Y111H, YI | 1|1,
D112N, D112Q L1 13I, L113V, 25 L1 141, L1114V, KI115N,
K115Q D116N, D116Q, L1 171, LI 17V, E 18Q El 18H,
E118N, E119Q E119H, E119N, L1241, L1224V, ML25I,

ML25V, R127H, R127Q,  L128I, L128V, F139l, F139V,
D153N, D153Q D154N, D154Q L1561, L156V, L1571,
L157V, K158N, K158Q, Y160H, Y160l, L1621, L1162V,

L1631, L163V,
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Y164H, Y1641, F166l1, F166V, R167H R167Q KI168N,
K168Q D169N, D169Q 30 mML701, ML70V, D171N, D171Q

weliNasKL72Q E174Q EL174H, E174N, F1761, F1P6Y/IB2005/003662

L1771, L177V, R178H, R178Q, F191l and F191V. WO
2006/ 048777 PCT/1B2005/ 003662 127 9. The nodifi ed
grow h hornone pol ypepti de of1 ny of clains 1-4,
wherein: the am no acid repl acenment or replacenents

C t Ltions selected fromanong positions
1%35%21%11&“2%1& 16, 23, 26, 38, 41, 42, 73, 74,

81, 871, 111A modikidd gﬂo%ﬁhh&ﬁﬂonép%ype%ﬁée, comrisihgb, 157,

158, 162, 166, 167, 168, 169, 171, 172, 174, 177, 178

and 19enefo feetaniao heidaeplegeswonts dippsbnes qooteypangingle any of

10, . The. ymodi.f i I 3 y i de y; 5af

crp B RL2 37 8 O REs TP E R Sl R 1312,

r e38-28% MeN} 542 044, 6IRAIRd, 184, N85 bid D85 1SELEGhREE hviBarf §roMih
anong positions F1, P2, P5, L9, D11, M4, R16, L23, .

Do maug golywentidevomparqdAg anppimodifipd growth hoymonq polppapside,
ngégrei 119, L124, ML25, D153, L156, L157, K158, L162,
F166, 67, K168, D169, D171, D171, K172, E174, L177,
R178 andtur&hid@dn gfowthhomeodepolypegtidantdindrisesmveguence of amino

pol. ypept.i de, . The .nodj fi ed growt h hornone
pgﬂliﬁ@g%qra@n&‘?]@%ﬂ\ﬂ?ioand%er ein: 15 the amno acid

repl ac i [ : ot
e R G Vi
Lashpar@PeNhe KBBNifikd pQwtidRHponeviastipeptid8 of SEQARN, NQ8I1&f, 712,

125, 2o155R mRAEe] SMB mace iy peptds FompiE

R167H, o/R1&Abreks in@a@ﬁ@egl@é&géﬁts Q%Monpégﬁé?gonding to any
K172Q E174Q E174N, E174H, L1177V, L1771, 20 R178Q

apicarmno Bpid pogitioh &- 120 tH-26.649- 5, &Vt 58,1600 0&-78f 8¢-B4i §6, 87, 89,

8 ool RETS, Dt 13100, a0 G RERT P Hrhco. 162-
angmagpand 1 8081 6£ mBurd Bumabgrowth h&%on%?mly%@ptidep&mpared to
110, 113, 114, 117, 121, 124 and 128 of nature human

gwenediling erenvib howngusephipgd: 25 13. The nodified growt h

1o AR AR ARyl il MR i

cavidesep furth inSRPHD Nhsandsel ect ed from anong positions
L6, L9, Al13, L15, Al7, LZ20, i_23,,A24 JA1Q5, VléO, . .
1113, themodified sroyityhqrmane pelypsptiderexiiils ingreased phatein stability

g&ﬂﬁ‘ﬁzﬁe@ﬁrtﬁ? fmB@IREE SR fuman growth hormone polypeptide of SEQ ID

NO:1 or 712. ,

3. A modified growth hormone polypeptide, comprising:

one or more single amino acid replacements compared to an unmodified
growth hormone polypeptide, wherein:

the replacement positions are not positions that correspond to positions 56, 59,
64-66, 88,92, 94, 101, 129, 130, 133, 134, 140, 143, 145-147, 183 and 186 of mature
human growth hormone polypeptide comprising a sequence of amino acids set forth
in SEQ ID NO:1; and

the modified growth hormone polypeptide exhibits increased protein stability

compared to the unmodified growth hormone.
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WD 2006/ 048777 PCT/ 1 B2005/ 003662 128 14. The nodified
growt h hornone pol ypeptide of claim 13, wherein the

wonewsrsTTor € singl e amino acid repl acements or PCT/IB2005/003662

repl acenents is (are) selected from anong E, D, K R
N, Q S and T. 15. The nodified growth hornone

pol ypeptide of claim 14, V\,her? n: 5 the single am no
acid replacenent is selected fromanong L6E, L6D, L6K,

os, Cor. AtqedfperRitdrglong bigbeltle conilfiggityy o'
A13T, dnt®Emdrd &Bgletahﬁffo atid pépladeifeiis colnbafdd Willbthe vk dified

AL7E. AL7D, AL7K, R AL7N, A17Q AL7S, AL7T, L20E,
12505 hosmrne polypeptidsonheremn  L20S, L20T, L23E, L23D,

’l&gji t%%glnok—%mepkg A%grﬁ% 5@%&%‘2@%%%8%%5%%%“ selected

Allcl KosidioR5 5 A7) 58, 60463)5@87/9\89}95, 937 96s[D0, WI2-128;,13V1132, 135-

(%l 1§, et 81 nsSrena 1901 O g hingn gy hibgrone

FRgrebiad o Eaist &Ei‘*f'%ﬁé‘fs?f#&%“iﬁ'f?%hﬁﬁ%

Mhl??@l L117T 1121E, 15 1121D, 1121K, 1121R, |121N,

1121 1S, ,1121T, L 124 L 124D, L.,124K 124R
L124(N? Sﬁ%& 9 Lfﬁﬂﬂé a%&%l@m%f% nof

L128R,if bdsZt&Q 14—&38;5‘1'&106st113 8@1&511‘1& Arh 13 aci dli8 nof'; Mlne

nDdlfled growt h hornone polypeptide of any of clains
1- 11, if pesptionel3 etohpisirenlangd, the replasing amimoacii ingbevadineno

acid r e n oS} cted
from a énsgt‘f(gg%q{s% oﬁ%eg ﬁig%b?%: rgg_l%n 11%7'101% enﬁ&?amne
105, 1fifositicki354 ik Yéplackll/the rdpldoingl@binandidlid &o@?rd’é&ﬁeur e

human rowm h hornmone pol ypeptide, wherein: if position

13 i s RSP, 7Pn® 9ré;ﬁ4a§re@§aca%th%re@&cwg amippgcid is not
f and if position 114 is replaced, the

rep ating amino acid is not nethionine. 25 17. The

nmodi f |1ﬁpbsg[(mlﬂ(hs hepladethp oetp)m:ar.g alﬂmocaf:ldczls abnisdléucine;

wher ei, the one or_nore. sSi no acid

repl ad rqrel%é“h@l’{aﬁe‘g%? 1gplagigg dmiRo agid &5 Rqt gethionine;

sgyect ed from anong positions L6, L9, Al3, L15, Al7,

L20, L23, A24,

A105, VAA®Bjtldn120Lor 126 i ltbi],atdsﬂﬂld.ltﬁl&amglaﬂrﬁﬁo adi8 is ﬂiharginine and

m)dl \/\llﬁlze? @gﬂ%\éﬁg %r«{]\ﬁty%ne (ﬁ,ﬁ?e%% Ig%]gyﬂg %ﬂng}egssed proteln stability
R UsEBE S RIS D, . °

5. The modified growth hormone polypeptide of claim 1 or 4, wherein:

the amino acid replacement or replacements correspond to positions selected
from among positions 1,2, 5, 6, 8,9, 10, 11, 14, 15, 16, 19, 20, 23, 25, 26, 28, 30, 31,
32,33, 35,37, 38, 39, 41, 42, 44, 45, 48, 52, 54, 61, 70, 73, 74, 75, 76, 77, 80, 81, 82,
86, 87, 89, 93, 97, 103, 107, 111, 112, 113, 114, 115, 116, 117, 118, 119, 124, 125,
127,128, 139, 153, 154, 156, 157, 158, 160, 162, 163, 164, 166, 167, 168, 169, 170,
171,172,174, 176, 177, 178, and 191 of mature human growth hormone.

6. The modified growth hormone polypeptide of claim 5, wherein:

the amino acid replacement or replacements correspond to positions selected
from among positions F1, P2, P5, L6, R8, L9, F10, D11, M14, L.15, R16, R19, L.20,
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129 19. The nodified growt h hornone pol ypeptide of any
of clains 16-18, wherein: the one or nore single

wamosw4gor d repl acenments are sel ected from anoRgTABIH)5/003662

L6D, L6K, L6R, L6N, L6Q L6S, L6T, L9E, L9D, L9K, L9R
LON, L9Q L9S, L9T, 5 Al3E, A13D, Al3K, Al13R, A1l13N,

Al3Q A13S, A13T, L15E, L15D,12§i5K, L15R, L15Q L15N,
L15S, L15T, Al7E, Al7D, Al7K, 7R, Al7N, Al17Q Al7S,

e P P s P (R w AL e

ARELSATIHD, PALAKG0, A23RE7T4HLAB|, L7 RQ7, B3.3.81AR4T W86, 1.87, P89,
ALOSE, ALOSLL, AIGSK AIQSR ALOSN ALOSO, (ALOSS
AL TOT\N 1089 B 10V, Y 1 bla P1IZ0L IS, Lo, KAl 51 BR16: 1 1pR1 18/E119,

PP HEE 1P AR i, 5% 1 R s eb T2, e

Y I64HRF 164, RAN7, K148 169, M178D 1111, KIAZ, ELM, F1#6, L1771 RD78, and
1% 17I§ L1 17R, L1 17N, L1 17(?, L1.17S, L1 17T,
121 f mpfurg hyman gpowie hojnpongpolpepifle- 1121Q 1121 S,
1121T,, L 1 , ; b el @
7.L 124F mbdidéd brovkth héftone %}g&%ﬁﬁha&&%ﬁg@qg

L124S, L124T, L128E, "L128D, 1,1 128R,
Lei8din: L128S and L128T. 20. The nodified growth

R RN = .
Geplfeing R byl .or L2 replabind B by ¥D.Q odN,; replacinkd b%g} %1(1N , r%ﬁlgcing D

T
conpared to the unnoditied grow h’ hor none.

rydY ot QdreplasingMnizsr hem'é, 1pplegipe Bibiydd oo, replactiz X bal esH,

1-20.. h i Siyng. .Singl ]
Teacipe BItRdS oo Rabs SL B KPRy %o RO B <8 "
anong gosi tTiNsodibied pfbwth horiéne Pbipephide @fgan_}r%,clalﬁé 5-7,
129, 130, 133, 134, 140, 143, 145, 146, 147, 183, and

PR a mature human growt h hornone pol ypepti de

conpri.ging: 25 ' . aci f.ar i
Se0 | kRS g epREBHENE Bl fcRR 1R chbted e lnbil 1L,
g pept Pds, REA,d5S, ok L6 VMRSER RBQ, AT, 10V, KI0BEH1GV, DI 1N,

| acenents correspond to qne or nore of paositiaons

régﬂ&tl\éh“k MihVakdnh Llgds Rl PnR 1 ¢ 1R 1966 4206420V, L23,
30y, BT AT e R0 i PRS0 FRH R Es gy rav,
THseQyiEdRH] BB EIE(Q, BioHinbRaNpUBFHeps SIi3BA, B3 78, K33N, KB8Q,
R IR A e T U TN
(Fy88) 1.58! £S3€drd410M4V,P61A, P61S, K70N, K70Q, L731, L73V, E74Q,
E74H, E74N, L751, L75V, L761, L76V, R77H, R77Q, L80L L80V, L81L, L81V,
1821, L82V, WSGH, W86S, L871, L87V, P89A, P89S,, L93I, L93V, F97I, FI7V,
Y103H, Y1031, D107N, D107Q, Y111H, Y1111, D112N, D112Q, L1131, L113V,
L1141, L114V, K115N, K115Q, D116N, D116Q, L1171, L117V,E118Q, E118H,
E118N, E119Q, E119H, E119N, L1241, 1124V, M1251, M125V, R127H, R127Q,
11281, L128V, F1391, F139V, D153N, D153Q, D154N, D154Q, L1561, L156V,
L1571, L157V, K158N, K158Q, Y160H, Y1601, L1621, L162V, L1631, L163V,
Y164H, Y1641, F166L, F166V, R167H, R167Q, K168N, K168Q, D169N, D169Q,
M1701, M170V, D171N, D171Q, K172N, K172Q, E174Q, E174H, E174N, F176l,
F176V, L1771, L177V, R178H, R178Q, F191I and F191V.
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anong replacing Ewith any of Q N and H, replacing P
wth Sor A replacing Rwith Hor Q replacing L or

we 20i6toas177or V, replacing Kor Dwith Q or N, R0w1B2005/003662

replacing Y with Hor I. 5 24. The nodified growh
hor none pol ypepti de of any of clainms 21-23, wherein:
the one or nore single am nojgcid replacenent or

repl acenents is (are) selected fromanong E56Q E56N,

coon. OeccrheRBan R on bt s gl
Wheleth: 10 L1011, E129Q E129N, E129H, D130Q, D130N,

P133S, P133A, R134H, R134Q . K140Q KI140N, . Y143H,
Y1431 thearaigyacig rampeentent grreplegargats paraesppndyopagitions selected
34 86Q oF E366 41edi §7, @4,
R e oy bt o 0, A T e
132,81 1l6y B9y 104,00MISh 1 5Ryr166NES 7 hES:) 6R01 66p&HT,i 168, 169 126,172, 174,

Th dified h.h I ' . f
7% 8 a8 o bSO R RS RGP S HCEmnt s ar e

made 11§ a AyhIR,diddblodiy e holipe f apploy BRBHS U4,
or hur%g'n pr[:alljlcentdzj\’{1 g‘%ovvth hor rm%gty%o ypeptige. 27. The

widrdin:ed gr owt h hor none pol ypepti de of any of clains

1-24, that., is.a non-human owt h _hor non i

L2 i B TR S R el SR ELMOGR e
FHont hAbAB pdsiidhs HID@D, P3,3.92DTRL M &, RITQWB, D6 HBE K41, Y42,
pol ypeptTde. 29. The modified gr oWt h hornone

Aoy BeptlisdeL 8T, B, b1 12) 1A ifs E119 4 12434125, R133, L156, L157,

u [ i . L i1
B G R F Rt b BIBRIIS 82 MR POA 139, BIPE 1IR9 kg
29 9 3% nftdre RGiAn fowkB hork&® pol@@ptid®4, 195, 196, 197,
198, 199, 200, 201, 202, 203, 204 203,@2%6, ﬁogﬁ’ .
208, Jdo Jhg modified gropvth hermons pelypspiide ofjgfaimpkl; wherein:
510 0 _ : : _ £
1o PR SR T Ry AShla 9y e il tdons 1
VDY @iSK; LYVD, DONS/ 048V R 1S TL2B2DDEY 00386 XK 3818 K4 16d o4,

SHHOL TRCVAR, Lain g%gﬁﬁﬁﬂ@mﬂmfgégﬁggt [ Mizst,
S DN RSB TR e E“Eﬁ’o“?%.?%?‘%?;p‘gﬁ?% &0
E174H, L177V, L1771,

ay68), 6D 1718 1DI AHY, K172Q, E174Q, E174N,
R178Q and F1911.

12.  The modified growth hormone of claim 1 or claim 4, wherein:

the amino acid replacement or replacements correspond to positions selected
from among positions 6, 9, 13, 15, 17, 20, 23, 24, 105, 110,113,114, 117,121, 124
and 128 of mature human growth hormone polypeptide.

13.  The modified growth hormone polypeptide of claim 1 or claim 4,
wherein the single amino acid replacement or replacements correspond to positions
selected from among positions L6, L9, A13,L15, A17, L20, L23, A24, A105, V110,
L113,1.114,1L117,1121, L124 and L128 of mature human growth hormone

polypeptide.
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5 is a naked pol ypeptide chain. 33. The nodified
grow h hornone pol ypeptide of any of clains 1-3 1,

wohers@dsr7 he growt h hornone i s pegyl ated, al burCmaB®d35/003662

or glycosylated. 34. The nodified growth hornone

pol ypepti de of any of clainms 1-33, further conprising
one or nore pseudo-wld type ations. 10 35. The
nodi fied grow h hornone pol yp i de of claim 34,

wher ei t seudo-wi | d-type nmutation re.sel ec

from arleng gﬁg %Eﬂ% %OXY& h‘%/rﬁjé’é‘? Ppgﬁgptldgé}%gfaﬂladé %grem the
r epd SCOORI Hise1® hmiddeacail 1

| oRe QeRoRA ﬁgﬁeow‘ rao ﬁg%géiﬁ% fs bf}%heaﬁr'égxglé%tfe afe?@elecﬁced from

hamaBsE: PoKyBePh (8 aof Tany of claims 1- 35, 15 wher ei n
d i f
o180 Sl AP Sl S
ook o O o,
nce (0] o
sggﬁvfa&“d%%s% S, &6, LDBLYP, 9K, WARANAAOR. éﬁﬁds%ﬁ ABE,
PRISBARESK A% TK%ND&#Q gloﬁl Wl EP%ﬁ"iﬁgpoiﬁgZEﬁ%ﬁeLwN

cl a|n1 6 erein't ncrease
pri@,dLyfeﬂ £15%, AXTE,DATER] ANTK, kel 700 A 117Ng A 1g QoW S, A17T L20E,

e d2oR, L2bR I Tl SO ndade LaSh Lisk IO Los,
hDD SO I YREPALAE TATRNOAK ADARi TB Ak i%zt%))&ﬁ&é eASUT, A10SE

the increased resistance to Prot eé ysi$ Cco
i ACPHAsATeAKBRIAE 06N, Ah@SQ,0k 1 S é\lpﬁ*ﬁ,t‘éaﬂﬁ Vas0D, V110K,

o) TS B R oAb o i PR TR A e i, k1o

(H@@Imqbsdnmﬂr YRSAT) K1L1)49 Eh@ﬁte@l)MRCm%&N'lg Q &1143
end r ot ei nase nDtr S n cyanogen

i bb EéﬂaZEdﬂeWDyE@léHécLﬁ 7RPL1175NnLll7ﬂ ild,178 4o 1741, 1121E,
AT LR el POAGETACRER, AR Lo 1oen

amm4N; 4l124QNBSPANL 134T 4028 FEhe 1 7810l f 108K, 9N 98% *LIQQUTE‘TQSN
%epude of any of clainms 1- 35, wheérein the

2add- 1283 b|||ty is mani fested as increased thernal

toI era PCT/ | BZ 5/

The: ol 11 el gt SR AL bR TNt GReEe By o ity 111
tfosthedmsnprisingr eased thermal tol erance at a tenperature
from about 20C o, about 45C. = 42. The nodified growth
hor morfPBI%RIE singlfengipo arigdireplaggmentsgorigspondingrte positons

t I ogy (ke abAr upj.e
o On o Re ot vise s ddSor e kb7
421, ihanchE28 of mature human growth hormone polypep’ude, wherein:

2

if position 13 is replaced, the replacing amino acid is not valine; and

if position 114 is replaced, the replacing amino acid is not methionine.

17.  The modified growth hormone polypeptide of claim 16, wherein:

the one or more single amino acid replacements correspond to one or more of
positions selected from among positions L6, L9, A13, 15, A17, 120, 1.23, A24,
A105,V110,L113,L114,L117,1121, L124 and L.128.

18.  The modified growth hormone polypeptide of claims 16 or 17, wherein
the one or more amino acid replacements is (are) selected from among E, D, K, R, N,
Q,Sand T.
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i ncreased thermal tolerance at a tenperature of about
37C. 44. The nodified growth hornone pol ypepti de of

wanyospksTlai s 1-43, wherein the increased st a0iriB1095/003662

is mani fested as an increased half-life in vivo or in
vitro. 10 45. The nodified growth hornone pol ypepti de
of any of clains 1-44, mherq%§the i ncr eased

stability is manifested as an‘i'ncreased hal f-1ife when

o monk pot 3 B iR Sl noffons Briveptic st engpEstishs 16-15,
teddml:f-1ife of the nodified growh hornone is

i ncreased by an ampunt 15 sel ected from anong at
| east thegne ar masasingleeyaingaciq seplacem@ots ags selestest frad%mong L6E,

5 I t 9 I 9
oD BN, DALY L GG RET. DN gt o (R LoNo D801 95, Lo,
| Ad3E, ADBDHA K | RER, LB0A13Q, Aa3SI ABYD% 158, 1)16BSL. 15K, L15R,
gﬁ?%% at_| east 400% at |east 450% and at | east 500%
T DA eH 1o A HE. RATD, SLTB. S TRAAANS ABIQ GBIk W17T,
h ) i i
DErOIRIo0DIR20K; LIDE TRAY 1200, BROLTHOIDE FRERAn, 123K, LasR,

hB23N,| L73Q, 623823 A T4E A 24 DoACHK hARARNA2HN, ADAD CABAS] A24T,

OB BB Atk R e, ARG TR g 085 h 0 a0 Mt 1op,

491101831 1080 W110RS V1960t VRS, VAt IMESE, ij 8%b{‘lfﬁge3§‘i1 13R,

times, 100 tinmes, 200 ‘times, 300 tTnes,
5001 3N, ddd 3Q6D 0138, ddd 3 T,7001 4, Fnb 54D, 9010 4Ki, e $4R 9001 4N, i $4Q,

25y AR OB R P G RPN g s 71

48218 ve2 mdithi BAr@nRrWMIR 1RONIRQSIIRIEYReRT! Oe 4 13B¥DOf 124K
clains _1-47, that has increased biological activity

clohidRe 4241, L hAQAA245s L B Tg L8 1HE8Pohé28Kd.12BRe L128Q,
r@%th ?ﬁzgg g@%ﬁégﬁ none pol ypepti de of any of clains
1-47, ’tha

as ‘decreased biological activity

conpar®y t oTldwodiiia Gidwit thotthond ﬁblﬂﬁbgﬂﬂ@ 6f at¥idf claims 2-20,
2006/ 048777 PCT/1B2005/ 003662 133 50. The nodified

gVRRREIR: hor mone pol ypeptide of claim 48 or 49, wherein

bi of oai BITE b . |
or of 1 1o¢ BpmBEE dfHcsiohS rEREERRA 3L BTN, o B 12,1314, 15,
hidk, B8, (18] otpddnttereaf tothaunmBodiBedgroddh hvdgsrei N t he

ST N T L
BRI Sut h hor mone. pol ypepti de exhi bi ts

i ncr eamedr mege singlecamino acid replacements corresponding to selected from
among positions 56, 59, 64, 65, 66, 88, 92, 94, 101, 129, 130, 133, 134, 140, 143, 145,
146, 147, 183, and 186 of a mature human growth hormone polypeptide comprising
the sequence of amino acids set forth in SEQ ID NO:1.

22.  The modified growth hormone polypeptide of claim 21, wherein the
amino acid replacements correspond to one or more of positions selected from among
positions E56, P59, R64, E65, E66, E88, F92, R94, 1.101, E129, D130, P133, R134,
K140, Y143, K145, F146, D147, R183 and E186.

23.  The modified growth hormone polypeptide of claim 21 or 22, wherein:
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woabospagt7rrde. 10 53. The nodified growth hor nDRET/IB2005/003662
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pol ypepti de of any of clainms 1-35 or 40-51, wherein:
the nodified grow h hornone pol ypeptide exhibits

i ncreased thermal tol erance exhi bits decreased
resi stance to proteolysis conpared to the unnodified
growththe r.none

conpri §i nog‘!e ST &orﬁg}nﬁ%ﬁ%ﬁ %f)@&%lﬁ;%%ir ﬁep[%qzﬂlgﬂé 18 (are) selected from
pamyne pipladat ©vitnwy of (& NdftEH LreplBeing - with BUg | Rirepl&Gh R with

nol ecul e, co r|S|n% a sequence of nucl eotides

eHchd? ﬁ@plam% i i Fevithy g @Whrmﬁcmié opb \ylyﬂe@mrd\& aofl replgeing Y
ogﬂ F 1-53. 56. Alibrary of nucleic acid

['ecul'es conprising a plurality of the 20 nolecules

of cl ak4n 55Th&ihodHiedagbath haxmwne pslypeptidef abe betlginiclidh3,
nol ecul e of claim55. 58. A eukaryotic cel

cHpI8i ng the vector of claimb57. 59. A prokaryotlc

cel I, gRMAE LS A% §1H§1e ih&k 19?(31%0?&1{%@31‘ e@?em&n@ is (are)

I|brary, conpri si ng a ura
cha¢atedifom 2506 ESAQmEtSBNdEﬁﬁE R598¢ ES%A,rig64H Rali@,IB58Q, E65N,

Ry R area oot ERke sy TRRRL hSLE P Virgp mpqiony,

cLapm B¥290),/H1Q98, EEDITI. 19[*31)(%1'013@}@ P%SS‘Q’IB'}‘& R?M%, R134Q,

under condi’tions in which e encoded

gKa0®, I AN el 4361, W&, iKdliet S5 K4 HIN ek e, FMBV D147Q, D147N,

KRR B e 24, 2, e et oo

The nmetfod The glodiffedGtoRth rﬁazmoﬁbfél?péptﬁe of %dbif dlﬁ?‘ns 1-24, that

growt h hornone pol ypeptide is ycosyl at ed.
nisdi e giewih hormen bl ﬁde conpri si ng any of

y
NCS: fiq“e?ﬁeeﬁvﬁfﬁeég 8o 1R n R idid ol Bty 125,
1®Bereih2tﬁe dndho dofidtrepldebmerts redhide i 2dwdhh pimiutary growth hormone
bi ol ogically active portlon t hereof . 65.

pPRly Prpéige oF Bunan lasedaligrewth hosmpne mlﬁ@eptuﬁ@ nodi fi ed

gzr?Wt hy7 hor ?R@ﬁoﬁﬁieﬁ%@%h%mﬁgn@ﬁéiy&fpu% 3k QBSy f And I’ig24, that

is a non-human growth hormone polypeptide.

28.  The modified growth hormone polypeptide of any of claims 1-27, that
is a mature growth hormone polypeptide.

29.  The modified growth hormone polypeptide of any of claims 1-27, that
is a precursor growth hormone polypeptide.

30.  The modified growth hormone polypeptide of any of claims 1-29 that
has a length of 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204,
205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221,
or 222 amino acids.

31.  The modified growth hormone polypeptide of any of claims 1-30,

wherein:
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10 66. The pharmaceutical conposition of claim 65,
further conprising a pharnaceutically acceptable

woexeisp4ert. 67. The pharmaceuti cal conpositi onpPaf/iB1085/m03662

65, wherein the pharmaceutical conposition is

formul ated for oral, nasal, or pul nonary

adm ni stration. 15 68. The ph 1rmceuti cal conposition
of claim65, wherein the phar rraceuti cal corrposi tion

pnar neai e Rt abbiacRETb B Shod} wBaecs shar mppnania
naxdirfol e lls, mmumhrahmmmlcsmha RicbmbiaEibe 36 8stubidhhd héd-Batural
under co ditions selected from anong exposure to

sHPRpAct xposure to proteases in the gastrointestinal
tract d ex | ar e

o unmagi 1 S i8EheBroieh HofMof bOR gk O S SRR 21 tha
cxsrapmkcdpoimpqﬁldelchmm 65 wherein the m)dl fication

al d
ey eating THemHifbeoyharihes pelyorra bt ehaies 131,
7‘3»7hery?19ch@ EMH%@%&&% pﬁ%giﬁ? 'a&ﬂﬁ?g&éﬁﬂ%}%ﬁ@h@&m

5-70, wherein the
poI ypepti deTlascmoifted glrmﬂldmadnqapcdypaprmdb af fnyl off ainis 1-33,

bi o Val|abll.lt in the testinal tract. 72. The
%’g% @ﬁﬁ&rf’??‘%ﬁ CEWB? YOG her e n

t h I
pr ot ei 35.ha Thé beifictl groMAMHRARGKE I!Ecn%e{%la%fﬂ Obin® 84 ‘%glﬁ)egﬁl

from anDng at | east I0% at |ea at [ east
at | ealbe paosip-veild-type sputEos aaﬁsdl®mfrcﬁﬁ%noag oheasmore of

8 ea 30 at, | east. 100% at
(138 800 TR hos BN o e dinidp Bidsfidico) LS uithoditied
360%gh kdrndoaast WO 2006/ 048777 PCT/ | B2005/ 003662 135

350% at | east 400% at | east 450% and at | east 500%
conpiraadifigd grféwthélpfmomei p@ymtld@myqu@@ms 1-35,

MIH#E{I%@ gfablzlrﬁy 9% g?&fﬂ{cée%g?d re§1ﬁ OSI tgéoggtfeﬁlysw

an andint S’Hleaﬁb@ﬁed gﬂmfthmibfiﬁor&ipdlﬁ%‘phd@oﬂ d18MS36, vherein the
8 times, 9 5 tines, 10 tines, 20 ti nes 30

HfFESSed 265158 0 DIy SoRoutsGn e blore, salivaslie@gve fuids or n

t\;lpg%hen%gpgsbmmgeg stimes, 200 tinmes, 300 tines, 400
tinmes tinmes times, 700tirres, 800tirres,

900 t i3r$es denadiﬁed piavek hormcrnerpe)l)tpepﬁ&e efolgar 6] iterein the

t.he hal,f - di f h . 74. Th
e e o iiscpEf By themaod BpCerenih homone when

bi Rlaamifistered BalBLE iV bfe‘éerﬁfm E@%l%g’v% . growth hornone
is increased conpared to the un gr ow h

hor nor®:  The modified growth hormone polypeptlde of any of claims 1-38,

wherein the increased resistance to proteolysis comprises increased resistance to one
or more proteases as compared to the unmodified growth hormone and the protease is
selected from among trypsin, trypsin (Arg blocked), trypsin (Lys blocked),
clostripain, endoproteinase Asp-N, chymotrypsin, cyanogen bromide,
iodozobenzoate, Myxobacter P., Armillaria, luminal pepsin, microvillar
endopeptidase, dipeptidyl peptidase, enteropeptidase, hydrolase, gelatinase B and
gelatinase A.

40.  The modified growth hormone polypeptide of any of claims 1-35,

wherein the increased stability is manifested as increased thermal tolerance.
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75. The pharmaceutical conposition of any of clains
71-74, wherein protein half-life is increased after

woxpmadsE7t 0 one or nore conditions sel ected fPOWIB2005/003662

anong exposure to saliva, exposure to proteases in the
gastrointestinal tract and 15 exposure to | ow pH
conditions. 76. The pharnaceutgcal conposi tion of
claim67, wherein the pharnaceutlcal conmposition is

pr epar Wi t ease | h

The phi?nacgggﬁggﬁﬂgé%p03| on 80? PRI ECkﬂﬂgpépﬂims
t inerepsedtthasen] tolbiahid ar teBpaeuect:es dbbeiM AT dbdut 45°C.
Bowman- Bi rkyﬁnhl bitor, a_conjugated Bowran- 20 Birk

i nhi bi tor ¢ BorHicd %whdwm@m pelypepgide phelaim 40, that has
PHELARRAGHELER Lol GATROR AHoAD teqaliapeﬂtafefuf%% wherein the

exciprent I's select e a binaing agent, a

filler43.a | The modified gaowlihdionhen: pmyp@mde af vRirh B0Gthat has
ent har maceuti cal co 2@05|t|on of cl ai m 68,

8’?@?‘?4 t{?ﬂ@lﬂg Eolynge # Adeppraiire.GrAdess 31°6n
forml gf ed fgs nﬁqmeﬁ'%ﬁmtﬂo he,np(ﬁ%%éfﬂl'& %?é@%te&%ig{s‘%%

anmong a liquid, a pil ata eta
waerpmmhmmmwtaablhmm osintfesed asfamhalememalfvﬁfe Eebibo or in
thg pill or tablet is chewable. 81. The

Paceuti cal conposi tion of cl ai m 79, wherein the

30 phasyacevhd galifed tHonﬁoﬂl a%fﬂ 61501:!1 -
liquid form WD 2006/048777 dond R rPABSELE oftldifhs 1:44,

Trikerpindherinsraasedcrabibityrip ownifessed asfancherieased @,almife mem

[ ected from anong a solution, a syrup
a%lgsggegsdjtoasu e%J[ 83. The pharnmaceuti cal conposition

of cl agn 67’1‘he\/\11ﬁedleieﬂ ghdVeth HohRas s idptiad of?ﬂ{mﬁsdlatdng"l 45,
is fornmul ated for controll ed- release of the nodif

sieihe WdHHtme! the mpgfisdicentheiormoneisgnereansd @M@n@mwnt
G ﬁ'ﬂ%dn?gmgpgﬁ 1?5{?16% g b‘% Eﬂ%as?gg%?% SQQO%, at least

int ormo or a ozén e

(046, rah beasit 6084, at benstoTish tdt doast§0%6,| a‘ﬁlldaﬂstg)@%,vdﬂ &da8i TO0LA) &t least
yers t he nodi f.i ed

| gzenge del | T rowt h hornone
SO0 ablentic0D. ehisastistbnaideast A feotilenst 1, atdeartiQfh, ot
Qfast 00k hasRl: 10kt $09, BASEIALGMERK b bR offfirmHifed growth

phar maceut i cal composition o
llhozenge is fornulated with an excipient. 87. The

gggr pi Ut : ael mog rttl'gg zrc}vslltﬁ Tlor%or?el p%l}ggelsa‘gde 0 a%ryeolf rélagrtllse 1-45,
wherein the half-life of the modified growth hormone is increased by an amount
selected from among at least 6 times, 7 times, 8 times, 9 times, 10 times, 20 times, 30
times, 40 times, 50 times, 60 times, 70 times, 80 times, 90 times, 100 times, 200
times, 300 times, 400 times, 500 times, 600 times, 700 times, 800 times, 900 times,
and 1000 times or more times compared to the half-life of unmodified growth
hormone polypeptide.

48.  The modified growth hormone polypeptide of any of claims 1-47, that
has increased biological activity compared to the unmodified growth hormone.

49.  The modified growth hormone polypeptide of any of claims 1-47, that

has decreased biological activity compared to the unmodified growth hormone.
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sel ected from anhydrous crystalline nmaltose and
magnesi um stearate. 15 88. The pharnmaceuti cal

woaopoestsron of any of clainms 65-87, wherein tReT/IB2005/003662

phar maceuti cal composition is fornul ated w thout
protective conpounds. 89. The pharnmaceuti cal

conposi tion of claim88, wherghn the nodified growh
hor none exhi bits resistance to gastrointestinal

prote S. [ i.cal i 0N a .
oyt eaie: B0l SAERSHbL b R oLl 86 oY i
phialogivakbadtivitglis yssaseé by albdasurigdell ipydlife@lion #Wrro.
phar maceut i cal cggcposi tion of claim90, wherein the

t

addi ti vl i sThemodticdgrovbrioanenyrelyrapside Rériagnadieer 49, wherein
e ls : 0
oA 108, 56 e B PORECUERS NS frmfEpion

conpri$l.ng Ehemwobiied gacwih hophenspaypdptide of ayadfivl&imsdr37 or

a, v ftvgl{ af claim57. 93. An article of manufacture
c%‘hg P8R Y packagi ng material and a pharmaceuti cal

COMPOSiE o ; ' ol LI
comosst el QO oA ERTE NS AEEA s
nemtebbsisind eshibits decre@8d themalgoleranee compiarkd éaithgimwiodified

30 %{]gone 1S g;‘fetc ive for treatnment of a growth

WP ohe B0 R8e’PBPU Ut sor der, and the WO 2006/ 048777

PCT/ | B2)05/ @%ﬁﬁaiﬁea%?om%ﬁﬁbﬁ&pdl?ée%ﬁﬁ@bf hiyCodudsmhsa-35 or
no

| abel that indicates that the nodifiéd growm'h hornone
i 40-5L,sder¢inr treatnent of a growth hornone di sease or

di sor : ' onpri sing .a, pharmaceuti c
compostt A b pORERE Lol BB RTREG A EF lperma tlerance
adhidl exhidit dbéremsediredifigndenl bfdtelly sidtop@daydie@tthé en@bdified growth

opt i onal I]é 5 instructions and reagents for
deprmene pelyperdide. 96. Use of a phar naceuti cal

COonmpostti on Yy . 3] - .
o aparsti on draiyedin gl 5 o ifodifb Hifun porgpone
spdiyptidésnfiang of chimeds$8. or condition that is treated

by the_ adm nistyation oI rowt h hornmone. 97. Use of a
gr owt P hor nBAECSH 3rbpoisqRleofompping a sqaneRas of nygleafides

6 . i 8 i e
ey kit BoE LG PRy pRp R AR AL LA on
that 3.t r eAtlibdarpf nhdeimdmdmaltodts cmpisingr opltitality of the

hor]golge.%t?éi.. Tg?e use of claim96 or 97, wherein the
dPSEELE® Jr®Lbhetition is selected fromanong a growth
defi cigncy ﬁlv%%ﬂ%mﬁlﬁkiag MBSl aci@ A dIcbuld SRAARESS.

i mmune_  function of V-Infected subjects, a catabolic
i1l ness. subgikalyotieesdl eomprising thegestor veclam 57.

o 0 0Pt s GHRRH B S5 57
60. A library, comprising a plurality of the vectors of claim 57.
61. A method for expressing a modified growth hormone polypeptide,
comprising:
1) introducing a nucleic acid of claim 55 or a vector of claim 57
into a cell, and
it) culturing the cell under conditions in which the encoded

modified growth hormone polypeptide is expressed.
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Crohn's disease, short bowel syndrone, juvenile
chronic arthritis, cystic fibrosis, male infertility,
X-11inked hypophosphatemc ric s, Down's syndrone,
Spi na bifida, 20 Noonan Syndromne, obesity, inpaired

nmuscl e stre h and, fd br.omyal gi a,. 99. The use of. claim

98, vvhgé'ei nqg% & eg?oov&fhc adlé]fr%ﬁc F’g‘ﬁléeip tgn]eggll et © Skfrysoéllcé%ﬁ'ed
from agpng Tue arthdl GMdmGTEor G2Nivharéiretht R difi @B wth hormone
retardation, idiopathic short stature, Prader [

shplypentide angyeopylatedaeni a.
64. A modified growth hormone polypeptide comprising any of the

sequences of amino acids set forth in SEQ ID NOS: 2-69, 75, 76, 85-107, 111, 112,
115,116, 119, 120, 123-154, 164, 165, 176-216, 222-351 or a biologically active
portion thereof.

65. A pharmaceutical composition, comprising the modified growth
hormone polypeptide of any of claims 1-53 and 64.

66.  The pharmaceutical composition of claim 65, further comprising a
pharmaceutically acceptable excipient.

67.  The pharmaceutical composition of claim 65, wherein the
pharmaceutical composition is formulated for oral, nasal, or pulmonary
administration.

68.  The pharmaceutical composition of claim 65, wherein the
pharmaceutical composition is formulated for oral administration.

69.  The pharmaceutical composition of claim 68, wherein the modified
growth hormone exhibits increased half-life under conditions selected from among
exposure to saliva, exposure to proteases in the gastrointestinal tract and exposure to
low pH conditions compared to unmodified growth hormone.

70.  The pharmaceutical composition of claim 65, wherein the modification
comprises removal of proteolytic digestion sites or increasing the stability of the
protein structure.

71.  The pharmaceutical composition of any of claims 65-70, wherein the
modified growth hormone polypeptide exhibits increased protein half-life or
bioavailability in the gastrointestinal tract.

72.  The pharmaceutical composition of claim 71, wherein protein half-life
is increased in an amount selected from among at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%,
at least 100%, at least 150%, at least 200%, at least 250%, at least 300%, at least



WO 2006/048777 PCT/IB2005/003662

10

15

20

25

30

135

350%, at least 400%, at least 450%, and at least 500% or more compared to the half-
life of unmodified growth hormone.

73.  The pharmaceutical composition of claim 71, wherein protein half-life
is increased in an amount selected from among at least 6 times, 7 times, 8 times, 9
times, 10 times, 20 times, 30 times, 40 times, 50 times, 60 times, 70 times, 80 times,
90 times, 100 times, 200 times, 300 times, 400 times, 500 times, 600 times, 700 times,
800 times, 900 times, and 1000 times or more times compared to the half-life of
unmodified growth hormone.

74.  The pharmaceutical composition of claim 71, wherein biological
activity of the modified growth hormone is increased compared to the unmodified
growth hormone.

75.  The pharmaceutical composition of any of claims 71-74, wherein
protein half-life is increased after exposure to one or more conditions selected from
among exposure to saliva, exposure to proteases in the gastrointestinal tract and
exposure to low pH conditions.

76.  The pharmaceutical composition of claim 67, wherein the
pharmaceutical composition is prepared without the use of protease inhibitors.

77.  The pharmaceutical composition of claim 76, wherein the protease
inhibitor is selected from among a Bowman-Birk inhibitor, a conjugated Bowman-
Birk inhibitor, aprotinin and camostat.

78.  The pharmaceutical composition of claim 66, wherein the excipient is
selected from among a binding agent, a filler, a lubricant, a disintegrant and a wetting
agent.

79.  The pharmaceutical composition of claim 68, wherein the
pharmaceutical composition is formulated for administration in a form selected from
among a liquid, a pill, a tablet and a capsule.

80.  The pharmaceutical composition of claim 79, wherein the pill or tablet
is chewable.

81.  The pharmaceutical composition of claim 79, wherein the

pharmaceutical composition in the capsule is in liquid form.
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82.  The pharmaceutical composition of claim 79, wherein the liquid is
selected from among a solution, a syrup and a suspension.

83.  The pharmaceutical composition of claim 67, wherein the
pharmaceutical composition is formulated for controlled-release of the modified
growth hormone polypeptide.

84.  The pharmaceutical composition of claim 83, wherein the composition
is in the form of a tablet or a lozenge.

85.  The pharmaceutical composition of claim 84, wherein the lozenge
delivers the modified growth hormone polypeptide to the mucosa of the mouth, the
mucosa of the throat or the gastrointestinal tract.

86.  The pharmaceutical composition of claim 84, wherein the lozenge is
formulated with an excipient.

87.  The pharmaceutical composition of claim 83, wherein the excipient is
selected from anhydrous crystalline maltose and magnesium stearate.

88. The pharmaceutical composition of any of claims 65-87, wherein the
pharmaceutical composition is formulated without protective compounds.

89.  The pharmaceutical composition of claim 88, wherein the modified
growth hormone exhibits resistance to gastrointestinal proteases.

90. The pharmaceutical composition of any of claims 65-89, further
comprising a pharmaceutically-acceptable additive.

91.  The pharmaceutical composition of claim 90, wherein the additive is
selected from among a suspending agent, an emulsifying agent, a non-aqueous vehicle
and a preservative.

92. A pharmaceutical composition, comprising a nucleic acid molecule of
claim 55 or a vector of claim 57.

93.  An article of manufacture comprising packaging material and a
pharmaceutical composition of any of claims 65-92 contained within the packaging
material.

94.  The article of manufacture of claim 93, wherein the modified growth

hormone is effective for treatment of a growth hormone disease or disorder, and the
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packaging material includes a label that indicates that the modified growth hormone is
used for treatment of a growth hormone disease or disorder.

95.  AKkit, comprising a pharmaceutical composition of any of claims 65-
92, a device for administration of the modified GH polypeptide and optionally
instructions and reagents for administration.

96.  Use of a pharmaceutical composition of any of claims 65-92 for the
preparation of a medicament for the treatment of a subject having a disease or
condition that is treated by the administration of growth hormone.

97.  Use of a growth hormone polypeptide of any of claims 1-53 and 64 for
the preparation of a medicament for the treatment of a subject having a disease or
condition that is treated by the administration of growth hormone.

98. The use of claim 96 or 97, wherein the disease or condition is selected
from among a growth deficiency disorder, AIDS wasting, aging, impaired immune
function of HIV-infected subjects, a catabolic illness, surgical recovery, a congestive
cardiomyopathy, liver transplantation, liver regeneration after hepatectomy, chronic
renal failure, renal osteodystrophy, osteoporosis, achondroplasia/hypochondroplasia,
skeletal dysplasia, a chronic inflammatory or nutritional disorder such as Crohn's
disease, short bowel syndrome, juvenile chronic arthritis, cystic fibrosis, male
infertility, X-linked hypophosphatemic rickets, Down’s syndrome, Spina bifida,
Noonan Syndrome, obesity, impaired muscle strength and fibromyalgia.

99.  The use of claim 98, wherein the growth deficiency disorder is selected
from among Turner’s syndrome, intrauterine growth retardation, idiopathic short

stature, Prader Willi syndrome and thalassaemia.



