;e3el f&b6. T?z;[ aova, m WO 99I :*,,_1 * PCT/ US98/ 25676
Hydr ophobi cal | y-nodi fied Pr ot ' ons and Met hods Bacggr'(mnm f the

I nvention It is known that cer s exhibit greater biologica
activity whegoabhgehed 5 to ot her ‘mgi6@t| es, either by formatipgrn®es25676
mul timeric conpl exes, where the proteins have an opportunlty to act in
concert, or through other alterations in the protein's physicochem cal
properties, such as the protein's absorptlon biodistribution and hal f
l'ife. Thus, ) i e
devel opnent 13 : 7 A‘ llﬁg}{s aﬂ\fPM@ﬁlfotdg
proteins so that they can be admnistered in 10 smal | er anounts, with fewer
side effects, by new routes, and with | ess expense. For exanple, the

bi ndi ng affi ”'%*la‘ﬂi"eﬁoﬁh@%ﬂ"m“ﬁt ein (such as a ligand for its cognate
receptor) may s normal ly express hundreds to thousands
of copies of a partn Y RvnSHA RA%in TR ft@msQﬁhlbﬁ%%af@'ﬁyoléﬁ(?zﬂf%mﬂ}l wi@Dshached

i nteractions take placge, si rIuI t aneous en, many surface | €cul es, becone
i nvol ved i A bitA@HFEMoigiies aithepely orefmea;? méltlgfeﬂcmow Gxgs,gyhezg the profgins hawe

sum of the bi ngidgporliityid 4c@sn eéncteheot ﬂﬁlbughcbmér dnakzﬁlféué ﬁﬁthe%foeﬁhi r Elco-
when |igand protei nﬁaare renoved fromthe

i f
ol at el by T R BPor: ‘DULT ik BEutin g bsarption bictists B Lo nal e ofusy
act as nopnonerscheanttehtcgea bﬁ&:semlc/lam bigechiiologt invglvien t}modnveropmtmt of mamyd:otoher

copies of the ,Rr I 0 o . cel | ..
Thus i sol at ed,rﬁ&ﬁ@ '1%8%/%% ﬁl n| §$ rgés $f§ér¥te? fSSHﬁat g %et d"q'ﬁ%éf‘@e’%%ﬁ’one
a seri ous 18r awbwtlkr arpournts Vefh‘ fewer mémegsctasbyalewrreutaaemd mthtlosstﬂwcrksea

parti cul ar binding lggt hvvay since_it nust conmpete agal nst the high avidity
cell-cell interacti sxampleethei birding effinveral any gingle prptein ésushrs adrgand for its
adm ni strati orbogﬂﬂé %ceﬁdo?h-ngyoﬁ@ﬁ}w %shedéraam%ﬁnmﬂmpras h@M&leds% thb@ﬁﬁdfser

i f a neans coul rovide multinerjc forns of

o orer a5 Qi aoREs Al parinl o s Ranior: B BaNT Gorep e e Seat e ke
properties of ;haaalsuguhaiebyslyacwma m4arot firfase soldchirk betamce inveivedde biraling, dicei n
i s induce to J, A 1. e f
Ll ni ot rg siot gﬁéﬁﬁgﬁ\éﬁg xQIgP&EEg tﬁ:ﬂ} the QHI% clfqg@k)fnﬁkrﬂgafh{\h%g of Bx% lﬁalbf‘dui?l
with, a parti cmolaeul@%r Butcongprthwherm H pmgenssl are rempest fremethe cell surface and

phar maco- di st rjubiffet Ost iSdlated @y PéERbifhnt @Nﬁ@é&ﬁﬁ@hemﬁv BE@% gOfasQﬁé}@ﬁ@th Qhev
coupl ed protelns have been

el.o
specific . %@9“%@&3{19 § U apaBl e gk *esﬁmeﬁn@% R SRR oM e,
site on the prtbt same phstein asssudted chaelyent therarfacouphicel. dbienst solawy. dict laok
funct | onaloos! g8y ol B 6L LABKAGL KRoRLES oL BIRbMO M rROHRL
ur cou e

pI’OteI ns i nactive, pI’O oriente
that the acti\A8 adherareudisinblock apanisulyy Rindiiestatiynay. yince neeebyome%eegqug thehe

products no nuhigh e:f\ﬁdac)tlcieﬁ dehamté:’aandmnonsffe&wgr atahinel mipht F‘e@@n@@%"hfst mtg 0
NAY2002V\U99I283 PCT, 206,/6 -2 a i,tion not 1 v nto fin
new net hods fodrd“b“r“o A A5G %légtdlog?? g'ia a?/hst[h“ hbﬁﬁ Vel dha W%Vfé‘t l(glane
residue are sLm@ielptcplbm@etf@llmiiﬂpd’m\nmrrmltlrmrhefpﬂnh@ffﬁwmlam@rdtﬂ@at| ons t hat
may conprQni se activit hal f fe. Additignally, certain huffers
commonly d#Sed in pr%{’\é%ﬂb ’pﬁrwqql‘éé’ﬁ‘tﬁﬁf%é@én%@p@héh?byséﬁo qheﬂueqltnre%eﬂma@f

can 5 nodify ti#iglobichBy mtmlpr@wﬁl&@b A, foF BiRtanbea ptrheﬁﬁs Mauted o Asciay Qligied,
the N-termn nal ‘s)telnlﬁl r‘{D fied over t “F H’Bﬁ[‘) gueto chem ¢ IS|n
the storage vimFEoERe this Realizng ftah aesikeht AHINSRHAD 208 SANBISIHERRS A0t o
i ncl ude a pr ot'=od toyer atherwise siterdret adthda tphitictfar eirged] Suthochangesamay elgs hffeaiche

nodi fi cation , protective agents have significant
bi ol ogi cal acti vi £co %Etﬁ%&{xé}ﬁ%fv}mh@ﬁﬁgﬁthey may t herefore

30 chcral mecthods of generating coupled proteins have been developed. Many of

these methods are not highly specific, i.e., they do not direct the point of coupling to
any particular site on the protein. As a result, conventional coupling agents may attack
functional sites or sterically block active sites, rendering the coupled proteins inactive.
Furthermore, the coupled products may be oriented so that the active sites cannot act

35  synergistically, thereby rendering the products no more effective than the monomeric
protein alone.
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10 conplicate experinents and adversely affect the therapeutic utility of a
formul ation. Accordingly, there is a need in the art to devel o GniAe 7007
specifi¢c nmeans.to obtain derivatized products or nulti rrerpl (Jsg /g g her eof
so as tYAPYEP4 ne properties of the protein in order to & {5
stability, potency, pharnmacokinetics, and pharmacodynam cs. 1~ Summ ~r-~~
of the Invention 1n one aspect of the i nvention, we have solved the problem
of finding a way to conveniently make nodi fied forms of biologically active
proteins. Methods of the invention can be used to derive multineric forns
of the proteins and/or can be used to 20 change their physico- chem cal
properties. W have found that m)d a protein (i.e, addin

appendi ng a hyAsapm@dlnombm@tyvanonan éle?slﬂfvngle&lwﬁ(foa@miclmmgd a.tiicm,uti ng a
hydr OphObFﬁ)tm Hith Hhe N %semed)esme ate tsqsdeabme%csuammwro@rréaob' c

noi ety on roteln can 1 ncréase the protein i&_lo %é 8Bt|wty and/ or
its stabi thnycamaﬁ THCAIOPS tahat @ﬁyrzpmequ'ﬁeavctw@t% Al-lden Agdingagly, sertain

C ﬁ nve B ie nblaffc}rﬁ aéﬁ&tonl)zﬁsea Gn ptdtad pudifdxiropheoenpaems Yr (rﬁplg'ltles ahdticghd) and
t here nodi

bi actiyve protejns. ternativ hobi ¢
moi ety cafofK ékﬂetﬁ f?] c)étcﬁ‘et F YRnnaen thepe bttesy ate %’Obqeegg hgiﬁt%m&aﬁ) ive
protein, sysdinais xhedi@e&imgemme,qpemhapsduamdlchgmtchle iprthn gbrags Vit ovintthe A
hydrophob e e a L,esi due
to 30 enhg?lcne%) ﬁ§e\éu&ﬂ{}é%ﬁ§ula&rﬁ&8ﬁ9ﬂ g’ru gp ug:'?udd h 15{8 n?é“cg?rlnoﬁh oeg not
af f ect t hditizethrariof ytocﬁre‘temecmmem@dlfepagon angyer pmd@@msHabiewrt 9r0tt¢;9uy¢ nd to a
receptor 9§en€s°h5€é3%F&n@ﬁeanprbld?}f)%@é’lt a&thﬁty%?ttﬁéx? &wx{‘3 a{?n'dmﬁx@g' | thefefdset ur e.
Preferably, the hydrqphobic np ¥ I S aﬁgg 28343 3 0 MAY
2002 HCT/ esoplioatrerapernapts Rt ad yeaselnpfses thed erape%'icw@w ?fa& °F‘§“‘6H°'E ‘he surface
of the protein rotein i,s in its natjve form .The hydrophabic
o {5 cat i on oRCHHEINEIN ARFS b Wt e ik o Belop cnp R pPERIEE MemeiHir by
creating perblagizets pwidhbts adrtreuleichepibyformo tiednenfi wads for alpserthe esopestissasfitheed t o
non- nodi f i e o(iielforrrvs ?FTh{ %ﬁv ntﬂtsonﬁt(gé g#fn%&gnc{y;?$hm§ac§k% verﬁnahat

when we eXpressed Ieng oni'c g pro N sec San

manmal i anp 1Iasodymh@1qmture formof the protein (residues 1-174 in the
mat ur e_ sequence), in addition to having cholesterol at the Ctermnus, is
also Berivatized at its N-termnal end with a fatty acid. Significantly,

this for mqof hedgehg& exhi,bi ted about a 30-fold increase in potency as
conpar ed dified hedgehog in an in vitro assay. One
aspect of e |ueni gD drsnd ASLISY Gk SONEL B pBRELCIARAPL LY TA

Nt er mi nal am no w{) ern is
sel ect ed tewinichdy grnakgpmedifisd §@mmgobfb19109m@tlbuantlw proteins. NMashodsref] they st ei ne

}\:‘?t i's aﬂ%ﬂﬁtﬁﬂcdﬁ Echus%B 1d 8&%le ﬁﬂ{ﬁlﬂﬁ\‘i@“@ﬁh@@f the rﬁ?@)t@ﬁﬁ an@/oPEé}{ Sé GSCW iph an

er I Na Q no a el p

AR A S A LA M A e Al T W
the N-ter (menazlddarg rm goicodind he Hyydophphiob nwietpi ©t yn cexistivg anhycdraoph@im C
pept i de OB ANluhiPh dnlio BRSO iEE R m I ki) LDkl & INSRBDRLC.  The

proteln at 1ts N-ferm nal m Nno acl refera tile

Nt er i nal é?wa@r@%m'q% OBlo\ RIPESIH gatpincEeass e trRRig s B‘@ﬁlw‘éf POV HALEF . The
protein may stabilizy) Hodexaatpl@taniN-terfilinad cysteiak carbe aseticdsch evnvaieldtdrgéte

am no2hor ¢P Trichrn B dpftie ke ER T Rl B i oy Mo Bl BREETS

C-t er mi nalpra¢ifhio aci ds, or various conbinations of these configurations.
The protein can be an extracel | ul ar si gnaling protein and in preferred

enbodi nent's, t Kdteprasvelyna hxdrephobirgapisly sandeaittachsditaiafatarming) msidae €At ebr at e
sour ce, 2&&@@&1%&&% @FﬂtMnoﬁkﬁlaB%lahgthB %t@mhttﬂﬁibdﬁ?dhé ﬁfdzeiﬁl’@s:cﬁﬂw
I ndi an, r}kh se hed ehogd lno her enf S ?n i.sol atded dBr otein of
the form %{3; p @Fﬁ ety can a e appende to an mtema amino acid residue to
30  enhance the protein’s activity, provided the modification does not affect the activity of
the protein, e.g., the proteins ability to bind to a receptor or co-receptor, or affect the

protein’s 3-dimensional structure. Preferably, the hydrophobic moiety is appended to



wherein A is a hydrophobic nmoiety; 30 Cys is a cysteine or functional

equi val ent thereof; [Sp] is an optional spacer peptide sequencg; &)MAY
2002 WO 991 28343 PCTI US98I Zz5676 B is a protein conprising a pl tﬂam%

am no aci ds, wangdasadang at | east one optional spacer peptide seqoesgsasemnd X
is optionally another hydrophobic noiety linked to the protein. The
isolated protein can be an extracellular signaling protein, preferably a
hedgehog protein. This protein can be nodified at at | east one other am no
acid with at |east one hydrophobic noiety. In other enbodi nents, the
protein is in contact wth a vesicle in selected fromthe group consisting
of a cell nenbrane, mcelle and |iposor®. Another aspect of the invention
is anlsolated r

t hi aproline gr onume%ﬂe E@X& q?dﬁjglﬁaﬁog%ﬁl?{c Sﬁmé&bﬁﬁégrrogggﬁggk\%ﬁ {ad{]ﬁ
with an N-ter mtmml\@yfgrma H@eéwdtqwbolpﬁ anadificatianfof thehmverisgreproviges menerlca

invention is i §5Qhﬂt ﬁﬁ'iho@r %tfeéreatnﬁv'pﬂgexﬂs thﬁrﬁ'ﬁé?@d pHysie-cREmaRNfoftMies as

N-term nal am de gr ‘ij& g\gl group formed by reacting a fatty acid
thi oester w t hCARPAE "rﬂ“h‘&P 7S t¥Mie of t he prot ein. Yet another aspect of

the invention is an.jsol at rote erm nal am no i d .and an
N Corm ol ol e m oLhE Shbios ABEREEN et YscBver M MraR S e gDy
reacting a nal gonit dedgehogpprodeirh in fiesedt sred in neEimmaignecalls, die mamrprfomeiof.the

Yet anot her asgr%&:g esxé@e% 1. Wfﬂtthg%ahﬁ ucﬁ é%%‘dduﬂ%?iﬂ%ﬂnggl\(élE'sQer%lgfthe

term nal am noacid erm na
t he i nvention Cdemrinisas alsedicripaizedian lthéwq@x@l @nd ewrh nafatt)amfldo Salgm&cemb an

N-term nal thi QOfRRObS Hé‘dg@l‘id?;upxhﬂ%@-d' z{bohh‘é‘sﬁ) RN RIBINS poleh&y &5 E&hgare@ho
am no acid of the proteldg%ecg g be nodified with an hydroBhoblc nol e

i sol ated ptbt efH RS HHO ¢hog| 1N an &7 VEORSEAY ng protein, nost pr ef erably

hedgeh t | vt ct hods . .of. th nt t hod of .
CnegET00 BT oL OSSP A, SRR, TR R e o
i n the prcsc; neenohl aminesicad &d aChyurioghoiing a@id, whemin the pagteil- iseseleciedlfrom

cystclnc of a ﬁlﬁ%zgdrﬁ]con%fstxﬁ%gpQcptrétﬁirﬂa\!vnﬁ?gwl\y?érﬁm:x Q st%j;ng tﬂéltgsegpwﬁﬂaéﬁ with at

cysteine. The % ude T1.nk
sel ect ed from sastumst drcmhablan@%e@m at erptmath}h %M@nﬁm ﬁ@lrtse@%éfﬁn 2s aﬁ'dﬂ 24

carbon atops. il éﬁp@hdihdc\ﬁxlfh R @Bplﬂjﬁié AoRY;khak p$<bt61lﬂ6\bnltmg h?d:@bl@jbﬂc monety
preferably a he ehoeg grotel r\&)% aied from.yth rgvg 8 Si stln%oof Sg

| ndi an and Des K ¢ nSRREr 2Rt 1 fORROBIR, MRICYY, Fan by 4
met hod for rmdh:fqrppig)bap ijtpyldc coaryHignd oadnypetbgredheyicat meiqty dweishydopihpbicsi ng

introducing at |east one hydrophobic¢c npiety to an N-terminal cysteine of
the protein or to alh@petsidmay béqm%%ﬁtm@ﬂ terAunalapingrRgid pnd pigfsralaly dleshis

terminal amino acid is a cysteinc or a functional derivative thereof. The protein may be
20  modifed at its C-terminal amino acid or at both the N-terminal amino acid and the C-
terminal amino acid, or at at [east one amino acid internal to (i.c., intermediate between)
the N-terminal and C-terminal amino acids, or various combinations of these
configurations. The protein can be an cxtracellular signaling protein and in preferred
embodiments, the protein is a hedgehog protein obtainable from a vertebrate source,
25  most preferably obtainable from a human and includes Sonic, Indian, and Desert

hedgehog.
Another embodiment is an isolated, protein of the form: A-Cys-[Sp]-B- X,
wherein
A is a hydrophobic moiety;
30 Cys is a cysteine or functional equivalent thereof;,

[Sp] is an optional spacer peptide sequence;



3 0 MAY 2002 PCT/ US98/ 25676 -5cysteine. The hydrophobic noiety can be a
l'ipid noiety selected fromsaturated and unsaturated fatty3 cmi{s Vi ng
between 2 and 24 carbon atons. It can also be a hydrophobéé;réﬁ ﬁ}éﬁ The

pr ot ei n WBAT*PP&Y usi ng this method can be an extracell ul %ﬂ

protein, preferably a hedgehog protein selected fromthe group consisting
of 5 Soni c, Indian and Desert hedgehog. A protein conplex, produced by

t hese net hods are al so enconpassed by the present invention. O her
extracel lul ar signaling proteins besides hedgehog include gelsolin; an
interferon, an interleukin, tumor necrosis factor, nonocyte col ony

stinul ating factor, granul ocyte col ony stinmul ating factor, granul ocyte

macr ophage col ony stB iiparetap aconprisingor plusality 1of puine mFids. lppla@l@gélﬁ lepst i ved
growth factor, gr om&et@(lmgp@ggpéﬂggIsb?‘q_,en&:gmer met hod is a nmethod for
nodi fying a prot ein (such as an extracellular signaling protein) that has
an N-term nal cysteiXges opfibslifahbhdr B@ipstiobRomoraclinked té e prbteiar m nal
cysteine with a fatty acid thiocster to forman am de, wherein such

nmodi fi cati on erffensehtdedhergeiot @nnbs abi oltmgelbddr sighalingt protéih, Meferaniptaher

met hod si s h%dg%tog%?othﬁr Tﬂﬁdﬁr&ékf&n%e%&ﬁlﬁw at(a?Ll&l&t S‘r?m%é‘m’ﬂﬁ%&a{n%%id' Widhe
S|gnaI|ng avi n onprising reacting
t he Nterm:qqapnws@r@ph%brwrweta %P@waﬂbo‘éﬁ’éﬁtﬁ thenrspieim issiacdPnigdMth it i on
enhances tRgcRIIRkEE:S fdhPihegrdp consibiing dfa celShahbRR® olicBBdng 1pbsdrhé.s

met hod i nvol ve reacting the N-term nal cysteine with either an al dehyde
group, aﬂ Scft amcdlamrmspem afrthe igkntibh dgran péuddtedie ;gdsteimphavlmtgfm(:hhﬂmnabt hod
is a methaod.for i fyin r N, (su t

pr ot ei n) CSHB? 2] nagngaérbe%]df%ﬁlg gl H’qac?rf&"}?o mggpi’ét#%é 1%61% EH%“ (%F’%finbygThe
hydr opRobireaating en;aledbwnaptpé*h@mmnmab cmstelacrpﬁmeanouxrof/\ fll‘lf@lcp@&pt‘élorﬁ theel ect ed
from the gﬁmoﬁ@mbmdngg irf R ,{\g&gr@}mhl B ARG grl W FerfridF o 2!

anm no aci an am no I nt ernedi at e bet ween termpal amno acid
and the C-&reyhvithaRrmids a@uacpanedah)d reasHig Raiithsidothiqesier MitegibNnigminal one

enbodi menteystefie &Tméeﬁrbtdunvemla%maf @y;sdaeaf Itied anRAGoP memzu@@sprwalrph are

nodi fi ed th I| h|l| noi et i, rtain enbodi,nments h hed

pr ot ei ns g: tg Wéon?‘ilgr?“ﬁ Tﬁﬁﬁ?‘?‘i’@d‘“ﬁ&?"‘a‘dlﬂ%‘c}%ﬁf‘? EJ C

noi et i1és analomed@gromprfenmdlsynxahctmgtmal@fmxtlbgroupt\umlethemwesmédvsxﬂne of
extraceil [ n YT L:

| i pophi li (L:{Lé?rél ng n‘g%taﬂﬁtﬂzﬁl)éoﬁy Eﬁf‘%’l}emﬁ{%%rﬁﬁp gél ulg(ggllg FO%&Q hmlﬁga c-

pol ypept i dérmlrlﬂ yniner acidbind Ariv-sermindl geslappdpirenp. 4 fepher pwgctael thee

C- ter m naliny@gibdue aW' @blaaedhmﬁam&birrg AO-iMinal RRfind A& #hdSAeNolerming] stil |
ot her enboghmenhl L&fypcptldc is nodified at the N-term nal WO

941 28343 PLICRMANG @cgro esidue with a cyclic (preferabl y pol ycyclic)

| i pop I|c gro ated. A
thor aadut | o et AP e AT NG A n ot adR BE e iclh B 1S SRR 0 L.
di sorder iwittaapawidesphobisnpeieti. ng hadsalated peettingcancbe e epmaqeélnkar aignaling

hydr ophobi gaic| lyn{md,l,,(_r&q,lprlq),t_gaum(,gfm(;llag invention. 5 Brief Description of
the Figures Fig. |I. Characterization of a~almtoylated formof Shh. A
tethered form d¥lcihodnof Sithinvwasioh rineloged hictiddyo (uintfatiag of rhoiivileg préteie T

i nsect cel loﬁ d&%&ﬂw&f%% 9? fofN ,mﬁc gat,? _OM@% bl rLom,c

Coonmssi e Lb Life echn res al'ne
nol eciar ‘Wé%@hto i ctsraungl gyacme ofop mmt‘ensahd(fé;nenqs@ cqqua#entcof éthﬁered

Shh (0.6 peminall eyeifle. NMThd WARIn fstaplmhbgll fcRIdeslitighhrar ﬁsldsmme(ﬁ \ﬁmﬂg nﬁaché)
C acl

noe 20k ny cieRled 30 AErpd b ug@%?%mdd?@gxﬁc@édﬂfavwgéamr&zan@é P For s

of hedgehomgoms.oTle prof@nean| eampkrracetinlar isipaalirgs erbtéiny prefdrably tahhedgthdg ver
m cr osone I nal yzed for

pal m f oyl rf)%an &%gg% %ﬁ@e i’%ﬁ]g CjonS'Stf &s&%omkq%ﬁ ég{r%leDgsgq htegéer 89VI sﬁgl ized -
by f1 ugy ogr aphy}flét ?x{bneﬁl mgﬂgd Jfatﬂg éwegﬁﬁ? it 191e§m3 for arﬂ@dlg' %@%T%srtcg Ser

Shh; lane h I s-tag l"'anes massi e
st ai ni ng (qhé;ﬁg,cq progﬁﬁy of a,péotgmdggng_usqug IgHRY ucmg at least one ydrophobic moiety

to an N-terminal cysteine of the protein or to a funcuonal equivalent of the N-terminal



Fig. 2. Analysis of purified Shh by ESI-Ms. Sol uble human Shh (A) and 20
tet hered human Shh (B) were anal yzed by ESI-MS on a M cromas attro 11
triple quadrupol e mass spectroneter, equi pped with an el ectrggﬁﬁ)ﬂmon
source. All WP&8BREMEpray mass spectral data were acquired and@EV¥YI8@E7H
profile node and were processed using the Mcromass MassLynx data system
Mol ecul ar mass spectra are shown (mass assignnents were generated by the
data systen). 2~ Fig. 3. Analysis of tethered Shh by reverse phase HPLC
Sol ubl e human Shh (A), tethered human Shh from H gh Five' "' insect cells
(B), tethered human Shh from EBNA-293 cells (C), and cell-associated rat
Shh (D) were subjected to reverse phas‘é‘l 11'LC on a narrow bore VWdac Ca

colum (2.1 maydeiher Tid hetrapfibRy meietpQanBl a 1€ nisibyMclenred ¢Rvebamactdwndh a
30 min, 0-80% acetonitrile 3€I ent .in 0.1 3 g&lfl oroaceti ¢ acid,at, 0.2~
1L/ i’ and ¢ R oiSTUSo e, DE SR % ARY O SRS ARTD™ cdt 2% GHDF Pofh
200- 300 nm ( daydrophebin padgteidld hargroteifemisdiffied atsingnthisvwaethod alah detandexaradel lular
charact erl 2ed bl hooteln, TTe s ARfhelb: bR, Hoffdpd ProlfUofisisifhe b
and 5). 3 0SRVIGGS D BEFIRYs Bsglygetrght 1 :
Char act er i Zat iSonicoindSimrandyDaset higehieg harmdteinermplShprediced hy thess mistheds atean
Shh (B) were Lat. e i a Wi hdipe (1 L/100 ~L sanple in 6 M
guani di ne >-i %IS%%?%HFR}?“@%FA@ t%ék%ﬁt@br{\fégﬂhﬁél pH 8.0), ethanol precipitated,
and dif;csted w th®pdopliRkainNEs Sight fofkiR0 bedlickr hegbhdg MdludeOgelshliM, Wnea
at an enzyne 5 : protei ntr tio of gl ?rggpgsldescri('bed §FEVI ous| / e27) The
di gests were AHSISFPByamNtPHIskms dUmAR BEFTPsIS HICEOT; MONPRYE \GoloRy Shmulang, {3eigF.ay
M cromass Qualgtdnldcltet olphe sftiadkitingofaetorpgmnapegter maeiophageScalosy Wwetmilating
acquired royghout t.he r.un rocessed i t Lyn~:
data syst i&h (? St P, hﬁo}% “!rj{bnr‘rgpaged?tarrc@%?(?%rr%“ﬁglg)urh r%é\%ﬂl:ﬁssrﬁg@%)s‘m%? fé')r{'i sks

i ndicate the positi f ! i 1 Vel df.l

i ther by MALDI PSbIRr AR I ﬁEﬂ‘ﬁEﬁ‘%@%ﬁéﬁk@?@*@%’g%&? R
the N-term naligsptingpistgindhyhagpp Bi-tesmmalcysieingnd Ris methpd coppraseroagling the
endopr ot ci nas N-leymiral tned&ithr @nfattet:RQr eklobieAn $oim Waks afmithy, eeh@dint Qucl
MiLDI PSD rreasurdein;nt dgﬁgaaeVoé/z; er-.D%'IE)MIST.ROlti e, of zlilli ghtk mass m
spectroneter. "ﬁ%é‘%’#‘&&ﬁ& BEY 158[’%?‘??& |'%ﬂ’=’5%1tatce'r1n>‘and nonencl ature for the
15 det ect fragnment,, i r t t : n PA | nd t,Qyl
aci d; 4vp?g4pyri dylr{}é'tlhy, %c?oﬁlﬁglm%eqr glal{r(r:gl?%r?dgé1r géof{‘ﬁgn@%gg’lr“gé@ hé&mgﬁt ‘rr’?e, #
mol ecul ar nas$¥SpEHulnHERba dEetcsy having i, NRarERN L CYsliiRe AYRch ¢rpnEging
usi ng t he nonearliag WheNdefrhingdcysieihd&ithchabdimdc galig.uvhérenh sEarsdi(iBajonf or

rospect vel y. Ry bt iy Bl Sndp” el o qimiiy by s R jole

408. 2, 564. 3, regungthe7y-germinad gyistging with eitbemarcalighyidg groppear agetamnide gepumes 9

for ~ .~ b 73 othoRsholit@groRpser ved mass for b8 contains an additional 18 Da
due to an added water. Frg. 6. Increased activity of tethered Shh in the
031-1 | OTl /2 assay furitee nicthda isVEe netHodNfor @soddflyirpOpratdi (ARl ds einh@tde] uldran

Shh alone (A or in the .pfesence of the.2S anpti-h ehog. neutralizin b
SEL () ver o agoalifh angiBLERER RS pesiisie,uh BYOroRA S PR dte B SpRR LR
i nduct i on. Théydwphebis npriety eat bel appdedt to arhammeercaigefsthe prafeiplseieated from the
determ nation dal e2-fQl i Ut i ons, J : d,tethe (8)
Shh were incu a?@géc\)mé? F{h?r?(g%%{aﬁl tgnﬁ%l%l éhglgyasc?c{éctﬁ% t (l;rg lrnégé ﬁ% n‘glg&@e%\}e{“gqlgf
al kal i ne Phos ik mesmgdiaie batyyeansths I¥-termanal 2080, acid sAnd fhe Keteanioal pmeno acid,
phosphat ase thh@@@&%ﬂiaﬁox%%f&h@ﬁiré@ﬁ@.Pirﬂbﬂéé?mwkntﬁﬂx@ h@nvdrRbn $e6Vidds
di | uti ons of %%B El were i cuba[’ii dwith CEEI bI.elkﬁh . Et %/.m_: bk}?ck bar s)
or tethered SHY“¢VCE8SPUYRIANESS gY ?/ehtfé‘is'?o 'C‘Se‘ﬁ‘it | 'POPBIVEr BP'SHCEhotft “SHA™
added (white arbodiment§Othei lredgelbgt peneissiyf etht eptesent dnednyion sare nmbdidied by a
3117101/ 2 ass‘lﬁ)‘(’)philic?}ngew gl%@e%ies at one or more intenal sites of the mature, processed

30  extracellular domain, and may or may not be also derivatized with lipophilic moieties at
the N or C-terminal residues of the mature polypeptide. In other embodiments, the
polypeptide is modificd at the C-terminal residue with a hydrophobic moicty other than
a sterol. In still other embodiments, the polypeptide is modificd at the N-terminal



WO 991 28343 1' CT/ US98/ 2567G _g_ Fig. 7. Analysis of Shh in a receptor

bi ndi ng assay The rel ative potency of soluble (6) and tethered ($) Shh for
bi ndi ng ¢ ed was assessed on patchedtransfected EB %8%% by
FACS anal® 3@& ‘gerial dilutions of the test sanples mereNéﬁ qgﬂ?ﬁ%tk\the
EBNA- 293 cel | s, washed, and then the percent binding 5 neasured by the
ability of the sanples to conpete with Shh-1g for binding to the cells.
Bound Shh-1g was quantified by nean fluorescence using a FI TC | abel ed
anti-lg anti body probe as the readout. The data were fitted to a hyperbolic
curve by non-linear regression. Fig, 8 Alignment of N-term nal fragnent of
hunan hed~ehog_proteins. The 20 10 iDa human hedgehog proteins (Sonic

"Shh", Desmsitue Phitha epetic (prafczably poibicycliar Bpephilihargum g’hrip@%m&ina@n@ o€ r
N-terni | Naghe %Mé\yeeét@%ls{o%fe%ﬁlﬂe& l&ethgﬁ.thé{ftﬁ MEHEBE k- mJ—éHtl%nCié’ 8 trrf'e'tl{b%hfo?

normal ly Cys-24 in recursor praotein t

presence ofcHIRg %&"E‘H?’&S‘C? ‘éfﬁ%fp”s’é’q‘héﬁ‘é"é“ tcﬂ’é‘P”?‘gg l"‘QEWé‘H“H&Ir"? F RAEPRR i on.
The act ual hyalespHobivall9fmddifedydicin ofthowyvendsry sl i ghtly due to species
differences. 15 Fig 9. Consensus Sequence of the N-term nal fragnment of
human tedgehog roP teins. Fig. 10. effect of lipid chain length on activity
of human Sonic _hed ~, ~, ehog..A series of fatty acid-nodified hedgehog
prot ei ns wBeeEDesarintionaof the Kigugeshg to t he present invention and the effect
of the fatty acj.d cha| Ienth on hedgehog, actj vit as 20 h‘gsted usi.ng the
C31-11 0TI/ 2 al k&g e S pamitoxlate fedifArm phe
results arlaupdmsmedzaasnmum:fﬁxgrmmﬁda fgom High Ew&TM insdct CFlls 4ridd malayd bf

harmn Son; 35 ﬁea‘m‘ﬁog BT ot Y R pRERE B o PR AERRIL" o
oct anold at led. hestaineSdniic nmedesy ogelglurmmkamseémerb solubienSh (9.6Q12); hBepH 5. 5,

150 mM Na : " S
hedgehog, Q]'cegmrcﬂr%dofétﬁpéoyé ﬂ{;)uﬁm%'ddﬁm xtgréoFMLmTJ l §'ﬂéihé¥¥d KAk Wk%tgeéﬁgﬂr?ygﬂ? O?’T/ (23

Wer, e
cells rreas%h‘]i‘WQOfg}‘z‘aﬂ“idHBh ﬁﬁﬁBéﬁSﬁa& é%éemﬂsi 484 \‘mh Péﬂﬂgum % asELUERE ¢t he
mean of duplceitdice sstear deseabed s Exbmpleal. 3Sélabld fdirhsitof dredgeHogpprbéid ¢Y | at ed

(o), rryrlstp d eca Iae (D,
and 30 unn%ﬂg nqé:lgﬁjrgf}e m&&% %ﬁurrm}ﬁh é‘gl@rmﬂ %&ﬁ%&%hecg ‘g‘)rntu &fzga% tEl 9t he
cel | s ¥or H-palmitiaadid hed thes inalyaed |f@vml@xtgﬂaawkéy|% BhéEphdhasempleasur ed
S;I ;Ofoglrna%!@éﬁglntlﬁxﬁ‘essfélf ?%%Maﬁgﬁ@?hh%grdbw fah@@hﬂWHar&hp%ng{Ing&h&er .
assayed i nl*Bhé: ér%ﬁelr ioreRtE St lang H‘E%L lang 10%‘%9&;3%@&’2 £ J-k

PCT/ US98/ 266&ﬁas_si;e_stammgdlaﬁeﬁ$hnrkahekrdie§ naorskds. (1), while the oct anoyl at ed

protein was assayed in another experinment with the unnodified protein shown
as (x). The arrbig. @n tArelwsisaodi surifestoSleis by STk gSolmblit hwuad Sbih (4) kad i ne

h ; .
B uetat oot ulfed ARG OrcARIRDRdBRIRIAS Bl Stidtomds] Clrun @fﬂlf“pztty
ani de der i quadrupsleiagse meelrcanmrdrwmménwcthaam elfctrasgiray tipn aSﬂUd-‘e (B)A1
t hi azol i di ggctel@ptayainh¥espb@iieddm we@e Y&l ReadHI0R6rel Gh ;ﬁamom%eé @nd were

substitution where R = a §>Edroh am no acid side chla D) mal ei m de
deri vat i vePWREPE Bsing the MiFromast, ss’emx datp syteae MeleGhiap mase Skt it
cystci ne othomr @dsypssigmactgshoge gémoratad b the dogsrehgm de derivative where R

- a hydrocarbon and R = elther I -1 or a hydrocarbon and (G
t hi onophol i nyl Figesi \Aatal wsi ereR g PIEor Selublshwmen Shles, HH

o of ML t@qrﬁwﬁuﬁ&%ﬁéﬁofﬂi@“% AR5 Y RO St | o0

wild type 293 cells (C), and cell- assocxated rat Shh (D) were subjected to reverse phase

HPLC on a narrow bore Vydac C, column (2.1 mm intcrnal diameter x 250 mm). The
column was developed with a 30 min, 0-80% acetonitrile gradient in 0.1%
30  trifluoroacetic acid at 0.25 mL/min and the effluent monitored using a photodiode array
detector from 200-300 nm (data shown at 214 nm). Pcak fractions were collected and
characterized further by SDS-PAGE and MS (data summarized in Tables 3,4, and 5).



15 Soni c hedgehog is designated as 1 x. The potency of the other proteins
is expressed as the ratio of the ECso of wild type protein d|n¥ &zﬂﬁ&tthe
ECSO of the nodified protein. Mdifications are at the N-ter Iq

protei n unl esgodesgignat ed ot herwi se. Fig. 14. Rel ati ve~ot encv pefruish®25676
unnodi fied, mvristovliated, and C 1 11 nutant of human Sonic he ~~ehot; in a
mal onat e-i nduced rat striatal |esion assay. The figure 20 shows the
reduction in nal onate-induced | esion volunme which results fromthe

adm ni station of either unnodified, nyristoylated, or the C1 Il nutant of
human Soni ¢ hedegehog to the rat striatum Fig. 15. illustrates the
specific activities of naleimdc nodifigd and unnodi fied hedgehog

pol ypeptides. 25 Detail gd Scr ti.on he Th| |nve
based, in part, on g s@@ﬁ%@%ﬂiﬂ@n—ﬁm gtéhée@)

full-1length corselmblcdiumam St (Brwera sbylatead with 4nanyrhpb'ndnne cﬁélpLsél,OOhds sample in 6

cystene. hi o MUl IR0 1 FRRCEOTA, 180 e e ICTBLCA.0f Mhellod SelipiREca, and
of an extracel Idwca&edsv@mdpn@tqmsc éwsr%@u Yomibfiris H&d pHn7.8ud M wremahanegnzymdd,

in contraststo. tﬂ?bt@in }a'nﬁlﬁﬂdl pal 5d 3és€nl§€d revm%slg OB %@Q?dl&@tsg&éée’ﬁﬂ@zed b}
PCT/ US98 25676 %p t; ti 051 whose attac rrent i.s readi a(-%‘f rev
shi HBYE Hoiiae

this novel NI |"|"1‘K"é~°(? B yWitk an; gleplpospray, Migrompass ¢ {agrg, aﬁ%{Pbgy
with nyristic aaadtupsldinfdsssidcobmedt Scany werk acquiriqtirompheutfthd hinsand préddesded
di scovery, the 4 e t re
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In particul ar, atg ﬁl@\’iﬂﬁvehﬁtsrlg\%hlad@alfco‘qush@ﬂb &b pha dN-rrgman: lﬂgwy’dp‘@bhwbicb were

noi ety to agsi gRafitd&HRE 8Y MALDFHSD RAN- &rﬂ%ﬂﬁhﬂﬁn@éd@kﬁéxﬂé can enhance the
protein's activity. The inventors have found that the N-term nal cysteine

of biologically actifig psot eSaymemditg aifl yhepMNowintiaml aSidomeptidetly SMABDI OPSD

appendi ng a hyqraphahi.c n’Pﬁ"L ltslylbrn?mq té)t]&; SRY 0 E\/f ¥ ;ﬁlﬁu&f\lﬁgmﬁmﬁﬁhﬁf‘ﬁﬁ‘&ﬁaﬁ'

properties of cations to

can al so i ncrea¥e Stuhl§cﬁ§fc‘d? é\ﬂﬁl@l JtSEhmepsuyrempitdint PM?HPL‘V DEHHSFRO‘N“@)N&“Q‘“
hyd[ 0|oh0blt C nDinglsy sb@cu%ﬂxold?'; erngl p x?ﬂ]cﬂﬂ ﬂr@;,rﬁuﬂﬁﬁindy:ﬂlcﬁﬂ ahd&oniehtlatee qxfr thge
protern str nces he ein' s, activ e an, ex

et i Soovaset SR IBRRER IS R SloSrhmndn o I ol 55 ooty S By -
modi fi cati ons @fridgdtehegup). oTkd n:mainc@r Ofi ¢healSiparetshotvs lﬂlmempkeeslenmass spectrum
application is %dlﬁ%&ﬁ S%&%Bhekéié\%%?}é%%ré mtoled'l.gugd(ﬂé %%11 fk i e&* d‘ &Qt S

seen by chol estero racel
of the protei n schamatisaskalewpicdimassss ¢ BT &1-oyi AaI4443s i0f5i 641 6f 65&1 8145 ~

~_ ~ ,~ gene mnodwmsx @raadurmexleefetsﬁa:lnyelgotmtyl,ay %ehﬁaﬁ@s"ﬂy@tdré'&l'l oraozrfl

L1 Br ot el o 13y by RAPRILGHS, BBLEU 58, Al RET SR o RIS S B RELOE
directed to pr éﬁ&ﬂaDﬂo%edbeMd@MQ fcprobsypepmndes additonalat & Daodiief foeah added

sites other thapylftermnal or Ctefnminal residues of the natural processed
formof the protein, and/or which are nodified at such termnal residues

Wi th |ipophilic noi qilg €%, Ot fiRfeabdP ARG & Rihetld SRR ifh& TTNYT 12T ads@f. T Yhe
acid at the N trglrzmvc: potencies of soluble and tethered human Shh alone (A) or in the presence of the
25  anti-hedgehog neutralizing Mab 5E1 (B) were assessed on C3H10T1/2 cells measuring

alkaline phosphatase induction. The numbers presented reflect the averages of

duplicate determinations. (A) Serial 2-fold dilutions of soluble (6) and tethered (8)

Shh were incubated with the cells for 5 days and the resulting levels of alkaline

phosphatase activity measured at 405 nm using the alkaline phosphatase chromogenic

30  substrate p-nitrophenyl phosphate. (B) Serial dilutions of Mab 5E1 were incubated
with soluble Shh (5 pg/mL: black bars) or tethered Shh (0.25 pg/mL: gray bars) or
vehicle control without Shh added (white bar) for 30 min and then subjected to analysis
in the C3IIT101/2 assay.



2~ As described in PCT publications WO 95/18856 and WO 96I$69ﬁ§%&all of
which arc expressly incorporated by reference herein), hcd

pol ypcpt general are useful in the in vitro and in, iring
and/ or r%rgﬁé%g%g the functional perfornmance of a w de raﬁzhﬁg?bggﬁls

ti ssues and organs, and have therapeutic uses ragning from ncuroprotcction,
ncur or cgcner ati on, enhancenent of neural function, 30 regul ation of bone
and cartilage formati on and repair, regul ation of spernatogenesis,

regul ation of lung, liver and other organs arising fromthe prinmative gut,
regul ation of henatopoietic function, etc. Accordingly, the methods and
conposi tions of thﬁ present ﬁ entlon |ncLu e the us of the derivatj. zed
hedgehog pol ypeiéi defnakysis eceplorDinding €75 ?VVEP§§W28
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vitro), or on 1571 n pr esent
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| i vest ock, - rralss%d either as pets or for commercial purposes. Exanples arc
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proteins :ire %3‘3“ Ali Hllnentcc?‘f{ {2 lilat raEmeh b h%'E %:goéﬂgt’meeﬁ}” ate

vari ous aspects

i nver tlébr alt[é?s hpmep hedgehags prosaing (Sgnic TREN wddesertePhithandidndipn 78" héayehog
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formati on of an apical
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ventr aI ce;brk:schyqoes thennzttimal mgnﬂaﬂeqamcd thdviinetmicnied damidgfsecretioni The el Wil e

t he rrechanl f e erstood fully, the
most recent® Efoﬂ J:C)QR ggﬂg g"@é@”ﬁéﬁ%ﬁé@t %re#&:ghe recept or 1¥or Shh
i s thesproduct Iflfétd h@g%%@%ﬂ%ﬁ@éﬁpﬁhegﬁqgmuﬂﬁt er(t oflﬁ)mﬁﬁﬁeég@ﬁ&, ot her

protelns 20 sno CuprtTus T nte U Z, 13), and
j ~sed ( 14I)T—°-Eal§-e invol ved in the hedgehog si gnal i ng pat hway Human Shh is
i d .aut oc

talytlcally
al

2C

synt hesi zed as 4?
to yield: (I)fﬁo% D
known hedgﬂcheg of Ifgnﬁlacr@lmdtﬁew hngéﬁ@prd&thvaslsﬁﬁhesmad z(dcbl)dmg 25 thdDa
C term nal Pf )f'n%gﬁfi?cfht antdnﬂé eﬁQ{]to?'ﬂ%Sfa n?%cﬁ%?ﬁﬁ?ﬁﬁ ? gb}tolgéﬁa\)ll j%ﬁ 17).

The N-ter n? ragnent
full - |?éhgttlﬁslp¢ HENES\HE %%&&UEH«% alkpfige mh@@mﬁaﬁmnndmﬁammayrwlw herein.

nmenbr ane- apgoehais@ek ploteaisha batgrgddi tion of a cholesterol at its Ctermnus
( 18,19). This cholesterol is critical for restricting the tissue

| ocal i zation ofFighe thedg8HOOT 5P amahy ofhpalaitdiviatein @bristRelatdoliesbelated, i S
catal yzed g’eQa ] pae %t&r oV Iteddﬁu hf! Sng I}Q%% Elﬂ) pf’glln? o IlaQ%%n?nglafAe‘l

r ef er ences

sti pul at eddecnrrybipdraad etaneylaicd hyymandearceindgchog faamoicaigin4smM Na,HPO,
25 pH 5.5, 150 mM NaCl, 1% octylglucoside, 0.5 mM DTT, and myristoylated human

Sonic hedgehog, formulated in 150 mM NaCl, 0.5 mM DTT, were assayed on
C3H10T1/2 cells measuring alkaline phosphatase induction. The numbers represent the

mean of duplicate determinations. Serial 3-fold dilutions of palmitoylated (0),
myristoylated (@), lauroylated (O), decanoylated (M), octanoylated (A)., and
30  unmodified (A and x) human Sonic hedgehog were incubated with the cells for 5 days
and the resulting levels of alkalinc phosphatase measured at 405 nm using the
chromogenic substrate p-nitrophenyl phosphate. The palmitoylated, myristoylated,
lauroylated, and decanoylated proteins were assayed in one experiment with the



|. Definitions 3 o May 200z PCT/ US98/ 2567G The invention will now be
described with reference to the foll ovm ng detail ed description afy Miyi pfp t he
followi ng definitions are included: S “'anm no acid"- "a nononeric unit of a
pepti de, pol woegrasss, or protein. There are twenty am no aci dBCTHSIBRSETS
naturally occurring peptides, polypeptides and proteins, all of which are
L-isonmers. The term al so includes anal ogs of the am no acids and D isoners
of the protein am no acids and their anal ogs. "protein"- any pol yner
consisting essentially of any of the 20 am no acids. 10 Although
"polypeptide" is often used in reference to relatively |arge pol ypepti des,
and "peptide" is often used in referenc® to small pol ypepti des, usage of
these terns i nuﬁrﬂ@dxﬁ%& J%géfd SRswRRd (49, wl'eeﬁ,e J&l@n&ﬁzﬁ@a profeft %@ asﬁZed’%ﬁd
herein refers to pept roterns and des, unI ess ot herw

noted. "N-ter nammer@ﬁaenmwfvéﬂsths anpRe! reﬁrpgete@rﬁhﬁwnaé.(a) (b HEPVReR theniavier
1) of the 1 ~4dmkdinRe bakBrdind3eR] 6f fkdline ﬂH‘oE;ﬂ{ast@ﬂJth@)é%E@ic@@fadde@%@dg&hbG
the ami no acid resld e (nunber 1 ) as shown in SEQID NCS. 1-4. It also
refers to any BXP&Rine at position 1 of any ot her prot ein, or functional
equi val ents_ of this_cys |eSeeSct|o : . ) fers 0
a short sequence thggy g'n Strugfires, ST varlays R0 . %
i nsert ed bet webnlgahomni{ApFati ahmide deVdWV@r\BlFﬂIIOBI faIHyylromchOﬁn @dm(qfwcfattasacnd‘ or
exampl e, tile M) fidlollaine AFHEIRE whkre! Y0 qgg'roc%%anvqb«;%am@a@,dt Q8 stitution

remai nder of the protern gacer I's royi de separati.on
bet ween t he- hy¥hersHbFiachydsenhopieaniag agid ngle Chf"r'i‘e(%@P\ei@@eﬂcf‘é?‘meﬁwem R=a

cysteine) and hytﬁoézﬂs@n QE) SHe= peotRbInnSN-tagnihd dpseinentf wikityme AeddeBagd; (BN an
fromlnterL rlngg1 KéEII’I funcltllon?\and or, keblt eacfhf:r for th?l

modi | i cat i amtﬂfw TP Iy sfeind) WEOCHORR B Hea ™) Fithd, H or a
vesicle, or ot h;edrod:wtimrurﬁmdb(n(b thionetrpholifligerivativa wireot & 7 a BydrodirbancdFat all t s

N-term nal cystgi c@%@theagcl%gj no 9ci d at another site, there may be two,
or nore, spacer scducnccs et Rered" protein- refers to a

hydr ophobi cal | y- nodefd egs pref.aivd @f&RydbNdvakidud hﬂ'dhﬂ%%mchm'hndamed forms of

“nul tival ent protejn conpl fers ral,l ro
o mor &), A 1| BrEe BUARCIY TS Thetcey el el es e b Fgal
of the plutali Syniofhcdgehod iOdddigrnardGE 1WO BRY 12888 of the other proteins is expressed as
the ratio of the EC,, of wild type protcin divided by the EC,, of the modified protcin.

Maodifications are at the N-terminus of the protein unless designated otherwise.

Fig. 14. Relative potency of the unmodified, myristovlated. and C11II mutant of

human Sonic_hedgehog_in_a malonate-induced rat striatal lesion assay. The figure

20 shows the reduction in malonate-induced lesion volume which results from the
administation of either unmodified, myristoylated, or the C1II mutant of human Sonic
hedegehog to the rat striatum.

Fig. 15. illustrates the specific activities of maleimide modified and unmodified
hedgehog polypeptides.

25

Detailed Description of the Invention

This invention is based, in part, on the discovery that human Sonic hedgehog.

expressed as a full-length construct in either insect or in mammalian cells, has a
hydrophobic palmitoy] group appended to the a-amine of the N-terminal cysteine. This

30 is the first example, of which the inventors arc aware, of an extracellular signaling
protein being modified in such a manner, and, in contrast to thiol-linked palmitic acid



PCT/ US98/ 25676 -13proteins. The lipid or other hydrophobic nqupmxygmy
optionally be in contact wwth a vesicle. If a protein lacks a |ipid or

ot her hydvopfredsss noiety, then that protein nmay be cross-|rciushsass6oi nd to
a protein that does have a lipid or other hydrophobic noiety. Each protein
may be the sane or different and each lipid or other hydrophobic noiety 5
may be the sane or different. "'vesicle"- refers to any aggregate of

| i pophilic nolecules. The vesicle play be obtained froma biol ogic source
(e.g., alipid bilayer such as a cell menbrane or a cholic acid-derived
det ergent preparation) or from a nehé-biol ogic source (e.g., a nonbiologic

det er gent %‘?c?dxﬁ#ﬁ: ﬂ§ WIRRE %ngaf}nénn @ee&a.ngnﬁvg)s,mé MR, WEN -lih¥Re axm@h

conflguratlon (6] e vesicle Is not €. Scope of

i nventi on. MaieR|is fikely 4q be yary stablg Ryzanalogy with F‘Y"i‘ﬂ"‘i“ﬁ megifiepen. i crd 1 |
Sldill" (C~;. TV-t1:]1' 1111

having silnil.r ’} %é’tri"i}é"ﬁ?"(@f')’?ﬁctqrr'@)* 'EX{ %‘émvcm |"?’1 "V&'&tf’ '?"é’glf?‘mdl '11""& hat

w, h rcpl acanqtcmmmchydfmmmmm;e of aegjgnalimigeproieir( |car) izdréasatthe pootaii’d of a
ligand @i 1>ﬁ,1§§Lxlpqp+\lqc ofmt[b@uuweggtommm?s O Yoifd dlhatea\ébaﬂlnﬁ: M| ar

hydrol | huhi ¢ npi ef ul o%[]tl es as the am no aci d
resi due thaw m@c’\msm%ie‘édowlannbng BEOLIR osﬁalll a%abF R Protein; Gan eghash Weni n
acid nol eCtﬂr@emaslldagvm m T hydmmmfalv@ foang. tha{ nm: ) -temphiadly cbstadt: ngf
propertlesbs1 oact qt hat . was 'ﬁ egq fo Ny i onal
equi val ent . Goﬁlgﬁ«g a& spr%ﬁm '?Oéf%r}§ RrgVides @ cPRieRient sy énzt‘ppf’? nRade of
two or nor éypgraphebinsmogity, rang nbereby trhvedifyifg \tlmpb}*mor-cllendcahmmmp&epf ithte

backbongs, rp&&@ﬂx”'buhxﬂﬁ'i‘ﬁéa'nﬁnsei‘ooﬂﬁsﬁ'th'?mBBI Zﬁzan@em shw&a&w@&m@

encodlng, hose protein neri.c rotel n USIOH IS a
fusi on of astarbrlrtgt A&mtwaalévc.@dstwu@ﬂmaélyémﬂbePngal%ag@ﬁdgt% VI5&IAP 4dk wi t h

a second arﬂ:sn&ma@m dleSﬁﬁffdedﬂﬁﬁtthﬁétBin@ru@uﬁ@B’ﬂidihcémelp&ﬂelh& awmdn;aotWe use
substantlally gous.W t h éﬂ N%ng hi ! ro%c?g gg rrerlcEroteln
may present® 3“#6?'8?% °‘t5‘o%‘i°ﬁ°%ﬁ raphelig e AP iy AtpPheLIg ARG g

prot ei n) i madificatpanbfhedgehagprateso expr esses t he f| rst protein, or it may
be an "interspecies", "intergenic", etc. fusion of protein structures
expresd4éd by di fOmer asgeckiofidBe qiresemgap;islmon lin dienedatb, tha dissovery pitant & n can

be repr eser}fd?ﬁmﬁ%otl%eg gt:é]@é @{]g%'lé%t &a zﬁ‘&? t@t{x&%en EE gif%(tmelhular

represents a oade
i ndependentfragmesgs @fs@mprawram RSk edTHRiG of) l!lltﬂn @éogml @htivities ﬁf)ﬁh@,o matural |y

found as a jpgé y;nsmatsd%mcm%xbibeeemyl SH@Hﬁat&! tﬂg UBSvARS AR Q9 tﬁ@%&%{&ﬁewm is an
|nteger greate than.or equal to 1, eac OCCUFFEQfe 0 1S

i ndependent Wpﬁéwomogﬁveﬁ nile §Fr g%ts%u@r ﬂeqqamotsm @8ar ®o ﬂimwsa??be& thatar ¢
pr ef er 20l y dholegteest &Tert}ﬁlrﬂﬂ’spEct@ of 1) inventdnlard/re0d 2o Wap%llaﬁs?éﬁhedgehog

PCT/ US98/ 25 %eﬂxdeﬁ I AP moﬁlf%mat %ﬂ&n G trplfuti ﬁk?te%%ﬂu% ”?E—ﬁfnaﬂes%g%sa tion,

or gani sm im ICU ar an etion,

or al ter at iadrihe pajurgl mopgssec%//fwnpzfltw;er@lee@tamd@rswiunjieeﬁeeﬂcxﬂrﬁ edray suehatsaineh a

w ld type pealigdsivith Mpdphilldimsieties §1h& (RAT H5@Ed1 ¥ir Bi6 CUfekrh il BP Fatiyueleaithde
sequence of an exon of a protein, or a portion thereof, or protein

sequence, OV 'PBERYon thereof, respectively, as it Ilnrillallv Cxl $LS 117

Vi, 25 As described in PCT publications WO 95/18856 and WO 96/17924 (all of
which are expressly incorporated by reference hercin), hedgehog polypeptides in
general are uscful in the in vitro and in vivo repairing and/or regulating the functional
performance of a wide range of cells, tissues and organs, and have therapeutic uses
ragning from ncuroprotection, ncurorcgeneration, enhancement of ncural function,

30 regulation of bone and cartilage formation and repair, regulation of spermatogenesis,
regulation of lung, liver and other organs arising from the primative gut, regulation of
hematopoietic function, etc. Accordingly, the methods and compositions of the present
invention include the use of the derivatized hedgehog polypeptides for all such v .es as



"standard hybridization conditions"- salt and tenperature conditions
substantially equivalent to 0.5 X SSC to about 5 X SSC and 6567
hybri di zati on and wash. The terns "standard hybridi zati on condltlog
used herein ™o eg283geer ati onal definition 10 and enconpasses apcangnwnkn
hybridi zati on conditions. See also Current Protocols in 11-1ol ecul ar
Bi ol oy, John ~1%Iley & Sons, Inc. New York, Sections 6.3. | -6.3.6, (1989).
"expression control sequence"- a sequence of pol ynucleotides that controls
and regul ates expressi on of genes when operatively Linked to those genes.
"operatively linked"- a polynucleotide sequence (DNA, RNA) is operatively
linked 1 ~ to an expression control segllence when the expression control

sequence cont r glgcAP P aﬁﬁé bhs IhARSRAl pw}eo@ﬂdtﬁer g}ﬁ}ﬁéﬁtmpo@g‘ calh%tc

pol ynucl eoti de seguence. rm"oper, atl vely I'inked eavin
appropri ate st BeHorERegnen celés gvhwhpare)prpw ¢4 amculiaret (re vy RUEN S de 2 W ol
sequence to beaﬁ%ﬁl?ﬁ&% and nmai ntaining the correct reading frame to
permt expression of the pol ynucl eoti de sequence under the control of the

expression 20 CO“t roh GHRALGREE. th@fﬁe&hpqwérin@ﬂ ﬂ%vfd@@ ﬂﬁﬁhéd’e%&ﬂ"ﬁf@ﬁﬁ&t’i&ﬁ
encoded by the /nucl eoti de sequence. "expr esp?)b, ctor

pol ynucl eot{ de® 'EH ﬂn%fsasanomwﬁp&@ 4t 8r - phage eotiel‘f%ﬂrd"tfb’m by one or
exanpl es) whi choat lipyphiléxmoizsiss archeb dedcribeditéreimne gene when the expression
vector is introduc i Jhost cel | C y t abl.e
to 2~ replicate i n%ge ultb%C? 50l at e!ﬁcat?’grs“gdarlgnéfgeicclﬁndneg)bfh”%"}a and’Gnfhi
"subst anti al | ysgueas. )Anigabsubagspd oeahich tlmmwemtwnaclagphcable e\mdymbomednm@oc

sequences that aﬂﬂﬁ@sdﬁ)domééf&ﬁt !aijs% ’euH&adlspé%i‘oxR}% cBhntdNa PRk 544s] BOINS& arc
portion of genogmc g)t %n c eot i de, or, s%/tnt hetic pol ynucl eoti de "whi ch,

by virtue &f ifeE%F PraRY eatl?%ﬁa“@ﬂ? Fs not associated with 3U all
of a pol ynucl eoti de. S _associate ek 1S

present in a host cem h"élv\/rl“’beg)gb’g“é%sf“o“n“\)élcl,‘t&‘)1 rt b‘q“‘éa‘ik‘br‘ F%“‘E%P%‘r‘)‘% thyp
(i i) is linkedraglade nueions cispedtd ofr cobhenic kgrdlepiteobety ot eecbiatpanancha
to which it i Su{v'cﬂgﬁ'gtc's RERFEUERS s&r 10).1 hcdRES Mtctﬁ%anL@ hedé@@o@%’r@lgﬁ S

PCTI US981~2 67g 3 re. ﬁ}/ ted i.t 1s further nea

pol ynucl eot i de>8Ri§ %ﬁ%@losﬂé % g’vok"i‘:? i, AETIPT-RRFIGTIOF PYIGTRIHEY m%?“ efhien!
poi ymer aselEhakctodeant ridge., (ARL mebdderray siha soleth, dinseatilimat, b dévelopjnent, and
produced reco”’lﬁjhn’?vad%kl;%agx{nc' ﬁ&‘ﬁr[‘ﬁldu (Je}{t)ralpc‘éh t%e%qa ;ﬁé S&Malcéo‘?f‘h%%rﬁﬂgnge'

separ ation E nucl el c | C acCl
which 15 Ilot fomed@in®@ed)y Whils ihgum anipm 19f gereonarl lxség«rhoafprcptn@s¢mnlmgderstood

sequences Wit hf\Yl’(}‘ @ r'nbsl'r§ce‘ﬂ95i’?5@l|1érﬁﬁc§l%ti' ;?!H@t‘l’esddt@ sﬁ@@stﬂﬁiﬂ«lﬁ@ké&pl@??d%rSTﬂlrig
gcnonme of the qrgani sm%rg&P e nuclrir ac

[
Substant i al 1y Hiir B8R U aneRres ekt (RO i otpet, progging
hybrid gen20 encmdothg?edd(d()tlllmnﬁhbzhedgehogtme(qaam‘.emxd JSuséd (149 araimsalveduinetiic
i nt er changeabl Iy pure”)- when applied to pol ypeptides
means a pol ype)é%d%w%?@gap a&?’{&%}t her eof which, by virtue of its origin or

mani pul ation: (i) i $up{aSSM it %yﬁthl@ﬁ%&d ‘é?'a! 4 Sk[Bzhi@ RoPSptbRih RERGYC anfeda
portion of an e ressm vect 2\,\#} inked to a protein or,_ ot
cheni cal ni et 9uf§f=%le/“f lyorrele @b aiN-tqrguna éﬂlePhthﬁ'a{SJP%PO“EP e(for a*}
does nlot occur khownaedgeog fstghalmdgamﬂvﬁy (lsEQrm BIOS. 143 hﬂitﬁ(lé)@’)slkm%dnynarl]
meni pul at eg ing at |east on i G oiety.to t
pr ot 61 st naf ARREncBserlin g 5orhocs 8 ac PR, PSCTAPCRE: &Ryl mdgindnl
"i sol at ed" |t cendigis ereémnﬁr@aldtresadxpsaﬂelﬁﬁ aof et fulldengtlf plecurpon mgm:ed
chemcally; or (ii) ex&iessed n a host cell and purified away fro

associ ated and cont dff hatesrmyap fragreedemams nt“@ﬁtﬁénegﬁﬁ%“r‘ﬁw%rﬁb%ﬁh@eé‘ddmon of

pol épept It ﬁe WL ha}1 cﬁ?aza?em ieQasratifgh (fmgm) ?tmrs' cl%l@i{tﬁ*oniis éfiftah ﬂﬁlrestﬁc&% the
aci ds wi i it natura ocec re e

separated fr om?l %@téons?ﬁ/ﬁl?e isé"%@f’ﬁ Eﬁ&"’\é@é’lonr?g ﬁ‘? g}gogg herdfis cata?yzeg
(pol yacryl 36 dby thﬁhCﬁtmanad dosech duwinguhe procedsing'skdpt er ol ogous pronoter”- as

used herein is a pronoter which is not naturally
All references cited in the detailed description are, unless otherwise stipulated,

incorporated herein by reference.



associated wwth a gene or a purified nucleic acid. 2~ "Honol ogous"- as used
herein is synonynous with the term"identity" and refers todt MASqience
simlari tyo fefgipen two pol ypeptides, nolecules, or betweepchyRofhkshei C

aci ds. en a position in both of the two conpared sequences IS occupied by
t he sane base or am no acid nonomer subunit (for instance, if a position in
each of the two DNA nol ecules is occupied by adenine, or a position in each
of two polypeptidcs is occupied 30 by a lysine), then the respective

nol ecul es are honol ogous at that position. The percentage honol ogy between
two sequences is a function of the.rmnber of matching or honol ogous
positions shared by the two sequences divided by the nunber of positions
conpared x 100. For instance, if 6 of 10 of the positions in two sequences
arc WO 991 28343 aRidthnVAY 2002 PCTI US98/ 15676 - 16mat ched or are honol ogous,
then the two sequences are 60% honol ogous. By way of exanple, the DNA

o Tt ched) . G B o e dol g IRl onS
al i gned togﬁCVBI‘%QEWhWﬁ%?? lgtyire ‘%%@H‘%F ?{frfﬁ%l\l{\l?e‘gan_ be provided using, for
5 instapce, t‘.he.me\t(tll d of Needl.eman[ ef al 't"c;e‘?' %pl tﬁie?ldr 4§1: : 441%‘-%5%
(1970), i npl e B4 Qn@é’?ﬁ'@meﬂ? lﬂv goﬁﬁﬁf)é p?ro d’FB Sl_JcFH g ¢ R AR gn

pr ogr am ( DNAgttaaminoasids. fohudol mgaraBy seyoénrreptidta pelypepivies oad porteisd, aill ar
amno aclt dor WichS’x%zL-mﬁ{e?s.s_’IﬂE'téﬁn ?E&'if?&lﬁ’ées%ﬁlo%?%?%é’ _%Hi?{c?aéigé)ﬁﬁd it 1 ons
for, or "allowed point nutations® of~, corresponding am no acid residues in
an al i gned iSPBTEY ¥ribe PRt amewe aqlcﬂﬁ‘tﬁﬁ‘itée‘?@&éﬂﬁ’d; al (1 "conservative

substitution" @f a.residue in a reference sea?’uen e ag)& bh e substitutions
ially phany of ribe pih

that are ph)' SRR - AWt RRIYMShACPYSWEHEISeN amHY PEfEr ence

resi dués, dltough hadlypepude’aissiftenlsed & méfsresieapeclagvedy large polyaemeies,cnémi cal
propertiess,i o] t ild e d or
Phe 11 ke. - PREREL PO SR riclohol & SR boONARE! \Bheq ¥EHERRnE I e 2

ful fillingatiexedanstaad isvatistli g téror “naeteing @8 vpaddierginirefersrio paptidss,'protgings
Dayhof f et 4ad polypeptiied, am1edf ofReRLiSE Aoregquence and Structure, 5: Suppl. 3,
chapter 22: 3~4- 55[)2 Nat. Bi onmed. Res. Foundation, Washington, D.C. (1978).

A "hedgehog praiteiniinaloénd"hesfesheateofi¥pemindacil @midd1acileiimbar g oSed
i nter changeal?‘%% of fthe |[nvent| on is defined in terns of having at |east a
port i on” t hAPHEAYPLPL? BP'9e consensus amino aci d sequence of SEQ ID NO 4.

The term al saq\RaR hedg (o] I de, aa | ' ant of a
hedgehog pol ypept é?gﬁgelﬁgdmﬁg%%o& g%%grggeggl& %(E)lfié%é%{}ﬁ%éeroﬂg%s S;‘{ﬁ%’l(rzlﬁlgonal
variant, wWSFEhIIhAOSilofodfi dlea refers ity pry cystengalr pastienal of emeother paptein. or
enconpasseg,RiigRAlghivaRAs Y tis cysteiRé MeBisB&igadHpept i dyl fragments thereof,
bot h agoni st and antagoni st forns as the specific context wll make

cl fear . As Used‘sb?feﬁi ﬁqhé}&etreﬁefﬁ:c t"oH Q?ﬁtdeé(\%nﬁé &ﬁxlﬂﬁﬁﬁ b®hs mﬂedgghmlmﬂm_@i n" ]
refers,to a. ragnent o ul | -1 engt ! ol ypept i de... rein the
fragmed? s pel et BT nsBlachel oo artilyg afdd SR IR h BoBbL RPuiR R Eb o by
wi | d-type khedgeersnpbe, otheiNgermitag chacpebofpnbiiaed eqwvdlemtyamhthepembiaderifly i s a
sol ubl e ex Ul ar is i Yo [ bty 1S

W th rof or ahodranny SPArh P Aeflendl 16 J9GIRD SBESHEA beltREh nd RINEEE i ve
fragments ERaEien(hedthemetified dhiermianl gisingpandthy resi of theprateWzaEs 127924,

I n preferr egeventindniification fremigagRiag widl preei full@fordndidiendkeaseiier for

i nventi,en bind to.the patched, protein. .WO 99] 28343 3.0 MAr.?-0? .
bt Usad) 2By iotifichlifh PEL T IRONRL BN B erancint? O T R i Siele o0 cul a
pol ypept i déwvdiophelir aladetscilusdbueryenismedidist al ds Nagrmimabcysteine aeatswquence

of interestniigo j\@@ﬁf‘;in@)ﬂ{crgﬁc,*ﬂﬂ@lrﬁ?@kﬁ%&,%r%%crs%f:&fr@&ﬁfén%qucnce to which
it is said to correspond. The tcnns "pcplide(s)", "protcin(s)" and

" pol ypept i de(‘agthered? prassiad récisnioed Ghaogieaidyyhaodiiicd pldi6int £cBRling to the
"pol ynucl eq;“i,e%or?equence" and "nucl eoti de

30 “multivalent protein complex™- refers to a plurality of proteins (i.e., one or more).
A lipid or other hydrophobic moiety is attached to at least one of the plurality of



sequence" are also used interchangeably herein. The ternms "Hedgehog
fragnent” and "Hedgehog N-term nal fragnent"” are used interchaﬁ%béﬂb?ﬂﬂlwith
"Hedgehog". A hedgehog nol ecul e has "biol ogical activity" if it has at

| east one of MhY2¥3| owi ng properties: (i) the nol ecul e meet sPERESHESHEhog
consensus criteria as defined herein 10 (SEQ ID NO 4) and has the ability
to bind to its receptor, palclzed or it encodes, upon expression, a

pol ypeptide that has this characteristic; (ii) the nolecule neets the
hedgehog consensus criteria as defined herein or it encodes, upon
expression, a polypeptide that has thi ﬁqchar acteristic; and (iii) it may

i nduce al kal i ne phosphatase activity in°C3HL0T1/2 cells. Generally, any
protei n has "bprotetrgi cBhe Hpidi ari dtirér hyfdrépghebic moietyotmay mphiasallynbe irt cantaet watt s,
properties, or LSLICS i ] i j

art woul d reco\ée%@%qgéssﬁéﬁh lgc?%%? @Esdeﬁféﬁ %dﬁﬁoggqﬁggﬁ%ﬁ%}{rﬁﬁﬁp L?hﬁe
reasonabl y pr eetpsstlinkedair bindéo proseteinnthat does\hHaye adiffid or otheTHydraphabic moiety.
"hydrophobi ¢ gghefrstelPmb{ e tRNSFRCYr BitfefrREMCch TRIEb! 8§1e%§&0?§%ﬁl‘)h@f€ty
atons to interact wth each other rather than water or other” polar atons.
Material s that™Hbaihe samedr dpkasitc” are, for the nost part, insoluble in

wat er. Natural product,s with hydrophobic properties jnclude.lipid f at

aci ds, phosphol i pY‘H‘éc?e §ﬁ\é\$eﬁ‘°e6‘? %?ﬁ Gggreﬁ?}?l(& lifg’@ﬁ@’lcs’:“olﬁé&ll&', ee?‘ifl‘cj‘? may b
st eroi ds, terpanaged firoasbhagblapidi semrcet fergond dipah bdayer esublotas iaccels membrane or a

i soprenoids, r 1.gS Lot - { 1 0. AC] S i

t rypt ophan, ph‘g?tr?%Pg’%gnqeﬁg{egitdse%f%ggErr?g%ﬁq{lg@r;bsaﬂéoﬁn \%arqo?ﬁélgfaﬁe%ts%oﬁlg%ﬁﬁg a non

al ani ne, prol i bielogigndlemrganyr wesiolee. asadesseibed ain Sertearny V3. aihso shapgr opprobprd
oz' has hygy opbsigGrabR BE tHeiv@Siclefis hbtSnRHYS 16 3miPHRRESId FShRMfveRBbEr M ned by
t he presence of nonpolar atons. The termincludes |ipophilic groups. The
term:|ipophili c“gmougaia) cquivilaa” oomi exdinoakidoesidge @t achedemana cpabipprpt (ide,
refers to a gr V] all avdr ocarban, content. ther.ahy, QY- ihg.,9Lup
hi gh 30 affini %R‘t“gﬁﬁ %‘%E‘?é‘_mp’)‘%gs‘“@éﬂ“‘ﬁ%‘%g@‘ﬁ?ﬁ%f‘“gP‘Bﬁtﬁ é‘gﬁxbg"xf%@‘%@%{‘g} a
relatively | ongPkrgl By Hiekpnctgmalspunsignky(h) ppafioragf of » liggnd oha pplersptifadl ng
approxi mat el y thetifvealiof.athb@isino Zkia Hal kgl sigiiaupydrayhobey (8.natifidWinidicta by oxy
or primry,am further. 91 2834 Y .200 .
peT! Usos S5 7choge: 1y the BRI sy 8 Behiithe by (RGN couivatens i
nat ur al | y- occud mon@manal agifinmhistitle avongasimilanhydiophobie demgt.i lepietb metdte dirling
as fatty aci dsgtjroﬁérli@é' & tﬁQQm%d:&lfﬂ)}éi’dluFm}@Waé foBLa%(cjﬂirgif RULRS orR QR ddCt Ur es

such as adamant ane and buckm nsterful | erenes, aronmat 1 ¢ hydrocar bons
such as benzene, ‘pehsticesionPefeNiod enfinead ddVaRACHFkagB P VDB Ir @icte pRILEIRN S5

e T a popt IERCHEROE ViR GE T 1 g B e oK sprins SPH Seraoimopl |
t he C-tern2(al a aolynecleidd malbmiqpdncadiag tisase pasenani no aci d" Aeans any am no

acid that is exposed to solvent when a protein is folded in its native
form 10 The phraseA’ "shwher&e @rdteiharorslfgsien ipngeipl dt ed filsioreafisa &y gouiod eicid

that is either t a I t e S]
cell, and uponsﬁﬁ%&?n&%tog{ngﬂhé }F e Lé)f)a oﬁgpggpt{a%a?&%r gtgee?%ﬁd;ﬁa_ng}{{) adrcggtséugﬁfe
triggers a respefiure 2 fompm forgigreto and) not supstangipily bemeloganpwith angfdomaingef) il |
~ _ ! .~ _  protein. A chirfferic proteir nidy-present/d fdteipfioftin WhidthR ouki @ffeit in a
nmet hods of,)Iregl menli refers to an aglggrht' of pol gseﬁtl ein a prepara}%ﬁon
15 whi ch, whenTHISHH BIPIER) 1A organism yauct glsp emogg% & JirsRTotsi: 954 Mok an
e.g., a change"inrriphaes"at"mtaperde], | etqr fusioh esfapiotsin ardétarest dvgprassed by odifferent
differentiatiop: | df.o e survi.yal . of r di
clinically acc%ﬁégﬁgqus&% é%gﬁ%?&lt ﬁgtﬁrl&g A Fg ek rﬁi,g%nafl
cosmetic purpoSEUA “pat Ypr Where &by 'ep‘teée%?ea_ r¥af e #OHIPY AE gesefos
met hod can nmeaprowdih,eand Y26hchUndpedenilO RegtbkeRNa AR acidl SiRuelded WHichSira et
of a cell fers tq t.he rate(&t Br.gllferatl_on of Ihel C;?fl‘)?ﬁmd the state of
di fferentiafi oRAYRIY fQudeAs2 Polynepiifc ghadh camiguasauith thej g9 ANCF BTy |
unl ess i ndi cat edegot geeater siean @asuaintoi onad chdcdueugoes «ffn elitdeperalentdy., 0 eedd
culture, nol ecmt@z!cr B}cmcpgﬁ(m o%c?ura?Pol Pknoﬁ}ér m arc preferably no greater than 5 or 10).




?5 reconbi nant DNA, protein chem stry, and inmunol ogy, whi CB&?H?{ Ymt hin the
skill of the art. Such techniques are described in the lite e

Gener al ,£s of |sol ated Hedgehog Proteins 3 0 MAY 3363 91 28343
PCT/ U898?g g%gaueiQThe pol ypepti de portion of the ~-, , ~ f corr?)%!saﬂgl ons of
t he subject nmethod can be generated by any of a variety of techniques,

i ncluding purification of naturally occurring proteins, reconbinantly
produced proteins and synthetic chem stry. Polypcptidc forns of ihc hcdt;
chog therapeutics arc preferably derived froth vcrtobratc S hedgehog
proteins, e.g., have sequences corcpgponding to naturally occurring
hede~choc~ pr,ot ei ns ments ther.eof, fromvertebrate organisms

e oncver . | 5y S BREE Thi ETIRLE HE e LSBTy g JRT eI Y
corres pondclhzmga (hedddtiam. pubstieition( addificrg greltratidrgrie efWilddype holyaceledtiden any
met azoan og&ﬁ)@}]&n&r%@QE%qngqq%e&ﬁpp%ghel ns used in tho nmethods of this

i i arc naturafl rr

i nvention occu g or reconbi nant proteins of the
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"expression vector'- a polynucleotide, such as a DNA plasmid or phage (among
other common examples) which allows expression of at least one gene when the

expression vector is introduced into a host cell. The vector may, or may not, be able to

I
D

replicate in a cell.

"Isolated" (used interchangeably with “substantially pure”)- when applied to

nucleic acid i.e., polynucleotide sequences that encode polypeptides, means an RNA or

DNA polynucleotide, portion of genomic polynucleotidec, ¢cDNA or synthetic
polynucleotide which, by virtue of its origin or manipulation: (i) is not associated with

30  all of a polynucleotide with which it is associated in nature (e.g., is present in a host cell
as an expression vector, or a portion thereof); or (ii) is linked to a nucleic acid or other
chemical moiety other than that to which it is linked in nature; or (iii) does not occur in



PCT/ US98/ 25676 -2p_ | sol ated hedgehog pol ypepti des used in the method of
the invention have biological activity. The pol ypeptides include an am no
aci d sequence at |east 60% 80% 90% 95% 98% or 99% honol oglHAY Wian

am no acid sé¥@éHeB43rom SEQ | D NOS; 1-4. The pol ypepti dc can PAITESIBAIude
an am no acid sequence essentially the s sane as an am no acid sequence in
SEQ ID NOS: 1-4. The polypeptide is at least 5, 10, 20, 50, 100, or 150
amno acids in length and includes at |east 5) preferably at |east 10, nore
preferably at |east 20, nost preferably at |east 50, 100, or 150 conti guous
amno acids from SEQ ID NOS: 1-4. The preferred pol ypeptides of the

i nvention include a hedgehog pol ypepti de-10 sequence as wel|l as ot her
N-term nal andhgtrCRerigbinal" AR ﬂﬁth@pmémﬁea%@ﬂﬁ@;c@ﬁdé SeqiBcel A& 54D AhpliRE @
fragment of a hed_?eg)og am no acid sequence. e |z€¢lﬁt§d hec{%ehog _ .
pol ypepti dc cafll YrePYbErEXrBRIEnBPINAIFASE GR41B RedsHaR YRR A ftiested ghemically:
hedgehog porti ¢fi) pldditea masasidanbl ppadsdiag, poliv) purifiedgas by clesvagd and gel
pol ypcpti de por t iap,rgiogavi ng an am no acid seduencc unrel ated to hedgehog.
The second polyﬂkp Idc portion can bc, e.g., 1 ~ histidine tag, naltose

bi ndi ng profein, gt %39&1%%11?351{r@ﬂ§$]%%%" 8 alNRIdE Bl ﬂﬂmié@i@bcﬂ,ig%cdﬁmcly

pol ynerase activating donain. eptides of the invention_ |nc|lude those

! ) oly ) :
whi ch arise ascentieaeps (wiky OP%é)reW‘Et%fn@\;‘ eRding, |SEAYANECSy ¥ils Whight B 1§aperyally
transcription eseiudus &l the maairiiKeoddNAIfPEdndhitgo falie bk gnisal mawhghnhd hivdcic
transl ational and.posttr | atj.gnal e Sy..Th | ypept.i.de 20.he. made
entirely by syfﬁ1 & ?ec"vr?%gﬁu}&%?b%gynmgébgfﬁ)?Iésgé%c uc?:(rg] asrg%d'?ﬁebﬁg?m gﬁg/\ “ Q](':Cﬁ] tited
cell's, which rebahybridhgenglssecdimg addijyonahbedgaher gpguenacansi at i onal
nodi fications present when the protein is expressed, in a native cell, or in

systems whi®h resiolaedy (wied oiterchamgeadly puidh ¢ sHPS gLy nBwre o avhe APPHsd to
pr elsent d\/\ﬂeg explypeiids irr]rn:aﬁs apblypeptieldr.a gortion eedof witich, dybadiarenits orri]gin or
i sol ate edge ] e i tj de w e or t he
fol | owi ng char Qﬂ%ﬁ&u[?as"{%m@?%(ff%?!’?%é@%%tdeﬂeﬂa% Sepesiit pgaudrpfonib S ap
90 or 95% sequexmsessiafeyrciaryoniid ks lmkeddo a@relsinodr oD chgmiabmoietyl other thanithat
e Enchontal pP AR OMIaNS 1 aplotesdiasl vl i
an overal | 1%eq§@he§ Peite wnwp@@tefie@stapmngpr%f@{% #t iqa’sti eas thygtaphobipr e
preferably at heéay tothe p3élein30,tharthOpieimis i asfofraingp fphd denaifireSERy ['[Soled" 14
3 0 MAY 200z . : 768 .y LV L (s~ al: ~[LR.
natural sc~ur X\gslg%{ljﬁ%iﬁﬁgﬁg?ﬁ%%ﬁﬁ% l|§|-|(1_5| sfyrl}'f‘ekl%ecf:?ﬂen“?%}})f qrgllgg’fﬁrgésﬁ@ "of
interact with pestciftidancanurified pyvay tfrans dsgasiaseshobd cantapinasiaef preteirsi The, term
has at |east oBendAr QAR SolpRipeiltY itk has hagh deParhlt@ Rh YRRPbEAGs a’d nucleic
20 acids with which it naturally occurs. Preferably, the polypeptide is also separated from
substances such as antibodies or gel matrices (polyacrylamide) which are used to purify
it
“Heterologous promoter”- as used herein is a promoter which is not naturally
associated with a gene or a purified nucleic acid.

[ 3]
W

“Homologous™- as used herein is synonymous with the term "identity" and refers to
the sequence similarity between two polypeptides, molecules, or between two nucleic
acids. When a position in both of the two compared sequences is occupied by the same
base or amino acid monomer subunit (for instance, if a position in each of the two DNA
molecules is occupied by adenine, or a position in cach of two polypeptides is occupied
30 by a lysine), then the respective molecules are homologous at that position. The
percentage homology between two sequences is a function of the number of matching
or homologous positions shared by the two sequences divided by the number of
positions compared x 100. For instance, if 6 of 10 of the positions in two sequences arc



I'1l. Qher Proteins Since techniques exist for engineering a cysteine
residue (or its rrnctlonal eqU|vaIenL) into a pglypeptlde 3Upmmqmmy
sequenc A y any protein can be converted into a
hydrophggpggﬁﬁﬁ§nndlfled form usi ng the nethods descrlbedp'gygﬁﬁééfo Vi ral
receptors, cell receptors, and cell l|ligands are useful because they bind
typically to cells or tissues exhibiting nmany copies of the receptor.
Useful viral-cell protein receptors that can be conpl exed together using
the nethods of this invention include 1CAM 1, a rhinovirus receptor; CD2,
the Epstein-Barr virus receptor; apg. CD4, the receptor for hunman

i mmunodeficiency virus (HV). Oher proteins include 1 ~ nenbers of the
cel | adhegnapheduiraee hemplogpisy thesibp twe sequanses ash 0% damolosans Beaveyiob and
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way of they %rth&%g? 'b@ﬁ? agro?hs'i BRd Antpdrd ThRRd asemg spcifid BoEALG IMmEKe

anot her sur ace m%g} protein, Wherein the dcrivatired protein
e

i ncl udes dtearAgdised heredy ths 'Gfm ¢bigagtive frggre%mis%#dgpw& REMEIB’ FRfGrs 1812 may

not bes a ﬂngdmh@g i@t -Rinfth Asd;,%sgmwépﬁmuxmemhethe%@ﬁm OdpedificalBpacer
is to prOVI e._Sse

{ bet d t th t of th
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li bi d | t
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are pryf eng21Re56 aRAWO DG 1E70bYy. PX ﬁée%rfe%%%aﬁﬁémﬁQ%Jﬁémf“gehégsp&cl;egp\ﬁa@s bt om
am._no acl sequence:

Soni ¢ hed%ﬁhog 20.and co Si St

Pr oduct i ontNoPTeREE JRisPHGH bt né&?éﬁéﬁ? 8B i sol at ed pol ypepti des descrlbed
herei n can be produced by any suitable nmethod known in the art. Such

nmet hods range fromdirect protein synthetic nethods to 2~ constructing a
DNA sequence encodi ng i sol ated pol ypepti de sequences and expressing those
sequences in a suitable transforned host. In one enbodi nent of a

reconbi nant nmet hod, a DNA sequence is constructed by isolating or

synt hesi zing a DNA sequence encoding a wild type protein of interest.
Optionally, the sequence may be nutageni zed by site-specif ¢ mutagenesis to
~provi de -



30 functional analogs thereof. See, e.g., (40} and United States Patent
4,588, 585. Anot her nmethod of constructing a DNA sequence encodi ng a

pol ypeptide of interest would be by chem cal synthesis u5|n§&$MY7m7

ol i gonucl eo hesi zer. Such ol igonucl eoti des may

991 28343 Pcfy§§3§%3%676 be preferably designed based on the é#?xggggﬁﬁym)
sequence of flit desired polypcptidc, and preferably selecting those codons
shat are favored in the host cell in which the reconbi nant pol ypepti de of
interest will be produced. Standard nethods may be applied to synthesize an
i sol ated pol ynucl eotide S sequence encoding a isolated pol ypeptide of
interest. For exanple, a conplete am ng-sacid sequence may be used to
construct a back-translated gene. Seg Maniatis et al., srspna. Further, a
DNA ol i gomer cont ai AhETE “KREFPende’ s\%ﬁyerﬁ@én%@.wmwla&mqu#? giugieic

i sol ated pol ypﬁiﬁﬂlsﬂgum&f Remsxiit esndiede (rar ﬂﬁXé’dljpbx&.e Sﬁ\&ﬁﬂ’eaalst S¢rdldntical or

ol i gonucl eot i dgs ortions o ol t|de may be

synt hesi zed anﬁO 6‘0{-“?%%0Itﬁ(b%?ce‘cpccfﬁ%uﬁ"ﬁ%lf‘\/WIHﬁlgsl '? Tm%g Jﬁég I%es typically
contain 5 or 3 hangs {_ CcO ntar ssenbl y. ssenbl ed (b
synthesis, site-di ri@f edg'fﬂi d’éﬁa‘ﬁé rDTBVb{'gﬁot e “%" Hde(Rl rAlE arﬂQL%NA
sequences encohterchangeahly i barbiar Thol wres (wilymelsoiide sdquexmeeresd Wiucleobde
nser{ed N0 AAuERRr SRSh0D WG RECARMBREAAhY S ik Aedy@h @ irknent and
expression control sequence ap ropriatfe Tor expression rotein in a
desired host. Pedgshomsierming! ﬁagmqyé ersm*ﬁcrdrlﬁeacmpg%abmahuﬁe 8&enci ng,

27 S tabl 6 host ! AMedERoR MRS | MRV (o By e RER R AgIewine

expression | eVﬁlloﬁem”Es a(i} rmnmbleemledn@a&mﬂad Med@eliugstanservas geirgianassdefined herein
26 sequenckl t R W&ot AR GRS M w A Bl BB B Cha A GoP RIS IR0E .
of expression expressoin, sveqodenwdanthaemps ehlsmbmraczwsm (M)I Ihedmpbndleurpmts tthe

choi ce of host peddeMbAoMRNLRL ¥rifefia CAPUEHRIIORrBRS bl weeh@adegoqu%kb,@g@om&y
be enpl oyed. Usefz’ expgesm gtgﬁvect ors, for eukaryotic. sts |ncI for

exanpl e, vect oP%lyE fit r egcisristienndofit é‘q’ﬂ}é}‘ld OSH%‘W?]e
papi | | oma Vi r usctivity 1adeBHW)TUS callsl Gyﬁ@ﬂﬁgaﬂnwprbwm hwélﬁlulogeoapraemt)(’)nlf the

vectors for. ba b cter

pl asm ds f gbom goﬁ%? ?’8 i'h éf?ecl h@?o 591 a& Cﬁ%@iﬁg 1Ay WLQ ngﬂﬁ%&%mary
derivati ves, wsldklrmhtd)Starr mgbi picagmizel sis hcuxghreasesmtt_nsveang qomragnsurata ith, or
si ngl e- st randeglea%bglﬁgﬁgtw@(gfe{herprr&gmg in&ld effet ors include pL vectors
contai ning the | anbda phage pL pronoter (U S. Patent 4,874,702), pET
vectors 30 cont aiThengmi higydfdphpslcy refeas® thé (Hméxeﬂ’y c(fSlhuﬂlni@l nitfietidh .withMiinpors
IssprEg)zme!sg?ﬁl %t%rr‘}ms i} Qntesrgattl\%l }(1) {ezlxch)ot grdra h@a tg-@ns Ii)v7a r or # Haf pgf(?atolrr{] %at@l{xals tha{ he
2 T and ceﬁ@roﬁ@r éwérmnbld are fer memvstzmz lm@@v BBMBETPCTNB@M@E‘SFS@WW

-24In additiong @r@iz!hd!fnc %r&% csValﬁélﬁElé’ I@Jldaﬁxﬂﬁﬁsﬁéngﬁ %ﬁ@éﬁh‘élxpxﬂ@%ﬁkﬂﬁ@&xﬁ'&y
be used in these vecto uch use essi on control aé‘%cl_aen es | ncl ude

the expressi on 20y ?"(5? Sseltthicedery soE‘F‘é’ﬂ d WWReASSt PIRSIAH orghoxapes,
f oregoi ng expr éskowienese daprencidsy ateheidls obiotisehind hydpphsbicoammonbeidd such as

sequences i nCl ?t’ogﬁﬂ gﬁéﬁ{m% ne, 1poqel?c%el Yeu@lrﬂ? \?ﬁli%xgtégetmo?l%t fla ﬁingfpré\{rllleo aft§

adenovi rus Stem
tyrosmu A chemical mcncty is a so hydrophobic or has hydrophobic properties if its

physical propertics are dctermined by the presence of nonpolar atoms. The term
includes lipophilic groups.

The term "lipophilic group”, in the context of being attached to a polypeptide,

refers to a group having high hydrocarbon content thereby giving the group high

30  affinity to lipid phases. A lipophilic group can be, for example, a relatively long chain
alkyl or cycloalkyl (preferably n-alkyl) group having approximately 7 to 30 carbons.

The alkyl group may terminatc with a hydroxy or primary amine "tail". To further



system the nmajor operator and pronoter regions of phage Igﬂﬁﬁ@, for
exanpl e pL, the control regions of fd coat protein, the pr ¥ 260br

3- phosphywel ggegyqat € ki nase or ot her glycolytic enzynes) thpcpusssserns of
aci d phosphatase, e.g., PhoS, the pronoters of the yeast a-mating system
and ot her sequences known to control the expression of genes of 10
prokaryotic or eukaryotic cells and their viruses, and various conbi nations
thereof . Any suitable host may be used to produce in quantity the isol ated
hedgehog pol ypepti des descri bed herein, includinD bacteria, fungi

(i ncluding yeasts), plants, insects,§-mammuals, or other appropriate ani nmal

cells or cegll lings s well as.transgenic a~iinmals or Plants. e
particul ar ﬁb‘)ﬁlr?tﬁ’e@édﬂ@é“t ’é‘ol?ﬁk'fl%? Hbﬁllffj(}e’g”ﬁ%rﬁﬁy ?ﬁ%wnfeaﬁ‘gf{f&l‘?‘&c ziroplh/gﬁgnd
pr okar yot i sorharetmtic suaibtiesssush raaifatsy oGdE. estans and hlcoholk,' ath@lipid I1Bdle@iesS' |
| 3crcillu. St e~ . f j ( : ~I ok t
cells suchéag’g .Sgﬁﬁglggrégcg], ?z:sﬁa?@?%rg?%(fﬁﬁ?s c?mgng%?{uﬂ??gés,lgnc? v%ﬁgﬁﬁﬁg(sec
rxanpl c | bydrogarbene] sugh @s| banzenice hpeaylewhi Reeyanthsans: anthssceng. pephthalgne. mpuse
cel | s syuchp@aend\ehiysed, hed nfphttae@e. 9r een nonkey cells COS1, COS 7, BSC 1,

| 3SC 40, and BMI 10, and human cells, as well as plant cells. 20 It should
]E)e understood‘lh‘eimtasedtma'hhl MEad AL AN MYy &Tﬁ)ﬁi(ﬁ:ﬁbi@ﬁﬂﬁ pemic&exad qmeshham I .
unction egua to. expre iyen~isal.ated.pol ypepti de. Neither-w
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one of skill g rﬁc}ﬁ ¢ 3l ﬁciﬁ ?ﬁéaﬁ%h?ﬁnﬁfﬂéwd Rﬁh‘%%@c:}/@%@fésolvem

”
expr essi on cont systens an osts w t hout undue exper| ntation. For

v

exanpl e, t Whp daRienisoldeddn ityspyyeeiofmde of 2~ interest in |arge-scale

animal culture, the copy ber of the expression vector nust be

cont rol fod. AR ot Sbg e Rint AL REaR S AHE e B Spgpied
exanpl e, (#&dm)a aslt oiStetiRaddetottbe 4uditd,ofGlecndnd ndPhidihg tSulhreogaorfor ve

| i nki ng of : [QF Al fequence incl udes the
provi si on 8?[ %‘gﬁgﬁﬁ}g%n&gt‘ ar e%s(?éegg(ﬁk?rﬂ% gﬁg&r&glrcregbt readi ng frane
upstream 30 of eneblgy& e .. Lt articyl ar, DNA [
expressed does %\rcl}t e ﬁ]c \?\AMtSﬁﬁa Org’etg i'gzﬁihgé," t he st’ért'"s’f‘g%g?&\?\ngﬁtﬁgr@gult
an addi t i oPlechmnetBodsc P teptBient oisfare Yo 198 YoYU ceft RRIVRAPULREN N PESPHIAHAS of
t he pr psluciyvhidhf wielyshlienlaophg ofeidesived doshge fegirhdnteRids hbouthe g Natchinpenal

met hi onyl - ¢caont ai nd n rotein, t protein be .enpl oyed directl WO
951 28945 318 RRA LA PR FiSlainato: Hhe Bl o TteRughln, S Ficell 085 g of

i nventi on. sieivel philkesd, acsomiow tohelirpcalyeaaceptablet swandirnial foenkk disotder tpbot ei n
is to consi i functional equival ent) the nethionine nust
be remvedkrgéet?%{)reﬁﬁgé%ﬁ/gﬁé{d%&are available in the art to renove such
N-term nal et hiyo®] wf Lo Wy j e i t of: npl e,
certain hosts aﬁd'ﬂg{lggr ﬁén@gﬁgnggg%g%?doﬁg%eeﬁ?%t wé’%&a‘{woﬂ’ edsﬁu‘gtsht(:é g%ti ally
al | of 2@ he hpmaeprpiahurpgt #1iBAl.nc in vivv. Cther hosts require in vitro
rcnwal of the N-term nal ngthioninc, Such ira yvrtro and ir7 vivo nmethods
are wel | known iTHet Hewah stateTiob 2 sell refersdo she mig elpBiifeptionf{dhopstbdndddet can
be purifi edaraT@ifdéregtidtion @aNyhesdilt abl e net hod. Such standard net hods i ncl ude
chromat ography (e.g., ion exchange, 10 affinity, and sizing colum

chr omat ogr aphy) Pracded rof f thig afresent igvdntien ewill @npd@), ulilésst indicaredbytharwisept her

standard t [ oF _prot e n purd fication. For i oaffinity,.

chr omat ogr g%%hﬁégaéﬁeﬁéglﬁﬁfstegffejl, 13]'05%,0@ 1i “T?TIEU"C H’OA%C% E)rlcgo{% d%'é:%%) gl;()llow%?’y be

i sol at 3 byechmbariantyDNA, tpyotgim elfeinistry,yand dirumomodegyp mihgdhnaye ofitlan tthehskill @f t hat
were rai seehAgal dizh RiBelRdAeRBed 1 fidhifed protein and vere affixed
to a stationary support. ternatively, affinity tags such as

hexahi sti di ne, nmaltose binding domain, influenza coat sequence, and

gl ut at hi one- S-transferase can be attached to the protein to all ow easy
purificatiah GyndrabBagRrowf Iadladlleitchag Pradefrisni ty col um. |sol at ed
proteins can al so be characterized physically using such techni ques as
prot eol ysis, nucl ear magnetic resonance, and X-ray crystallography. 20 -
A. Production of Fragnents and Anal ogs Fragnents of an isolated protein
(e.g., fragments of SEQ ID NOS: 1-4) can al so be produced efficiently by
reconbi nant net hods, by protcolytic digestion, or by chem cal synthesis
usi ng met hods known to those of skill in the art. In reconbi nant nethods,

in



25 internal or termnal fragnents of a pol ypeptide can be generated by
renovi ng one or nore nucl eotides fromone end (for a tern~i nalghémgnent) or
both ends (for an internal fragnent) of a DNA sequence which 4007 or

the isol ated g pol ypepti de. Expression of the mutagen

produces po|§§§%ﬁﬁ fragnents. Digestion with "end nibbling";gﬂﬁﬁﬁﬁg*eases
can al so generate DNAs which encode an array of 30 fragnments. DNAs which
encode fragments of a protein can also be generated by random sheari ng,
restriction digestion, or a conbination or both. Protein fragnments can be
generated directly fromintact protelns Pepti des can be cl eaved
specifically by proteolytic enzynes, _uding, but not limted to plasnln
thronbin, trypsin, WO 991 28343 PcT s sn~~~~002 - 2CGchynot sin,
pepsi n. Each of thedbe @oppeplided porsipeoif fthe - f.0r + t h€omppwligrs @égc |5d@cc}omdthpd
attacks. Trypsigy B@E;@xke)ﬂt@@ b BRy wqr\%xsﬁ & t@éhrﬁ’@ﬁts' meluagﬁ%raﬁeatm shndil@illy

carbonyl group 1s froma aSIC am no ﬁ s usgg @y ar gl ni_ne Oh ySI ne.
Pepsin and chyRERHTIRG| RFOIRs JRsembrngn ydpfﬂc&vs? Pte}.‘)‘é‘ptqnde SHRREHS £ Fhsmistry.
aromati ¢ am no Patypdpudcs[bahs asthieriiepehpancrapyiitios hreepre@nhlypthe Wyl dtoanivargebrate

A ternat i ves seh 3, 8o bRURL o GSh e RIS, ARERSHRLALSY . RLEYEALIHA

cl eavage at a si
i nst ance, reacpraeingfor ﬁez,lymamlh@cfa{clfwngr\@ulpbr@ft PS&QM@SW t hHOWLVt-r it will be

ethyltrifl uor 0\?@5@@1‘5@3 ahg the h@&éeﬂb% p@f’ﬁkﬁu&o&dﬂ !:&ﬂ:s}!d)rﬁi gsa lhb ? ﬁé'ibﬂo(or

acid residues ose a bond is no er suscep ib

hydrol ysi s by r@iy"ﬁgi‘tﬁ ﬁf’@ﬁ"ﬁb Brsdﬁﬁ"%@efﬁﬁﬂ?rf ?féam B create pepti de

| i nkages t hat e r ot eql t|c en tance

Kyl ation of cydranng TRabeRob R bes! 1k RORER R BR) ingPRAOES:

| i nkages t hét acrelrhygipoteyszledmbyt protepsi of tbcsmeégehd)mfa@dm aridomay bhebmamble from
reagents that clgaugvdeBldds: FHRl %ﬁe%té&ﬁ?&c@'(&‘eer@ffek@ﬂ@ssb&é@) bﬁfle‘ﬁ%ﬁs orFmE

exanpl e, cyanogcn brom de cl eaves peptl des 59 } i onj Ee resi dues (52

Thus, by treat VAgeHREtRadREhg; protsya ¥ BRBIAgYt VBRA PreeinfoRiceied éw the
pr ot e]?I ytic enzy?ﬁgyhandleﬁge}mhemhb;@ené eag)enm-» ddtélethprmﬁjxﬁai Sayeringp @if héled
into fragnents of a er a

di ~~i ded into &V&M" ;S‘B?ﬁf&ﬁ?‘r g%rﬁgﬁst%asdéenél SI Fed nmz%lfa ﬁﬂﬁl‘:’?unq%r%itssreg%c aPso
be synt hesilzed ag kenicdwdighogs(Shly, tledmmhqﬁiwaMHm and mrtahedg@mkﬂué?),twmch

Q{’E‘Lé'r ]::Isgl :jnSIU: Ig?o%k!:s@gepotﬁemﬁmﬂ{alst 1Ac’f’&ﬁn§@§ﬂhﬁ {aly ﬁeWsrlhffEh Ang § R?ﬁ?g% gﬁe@
mct I wds which 19 fspwahﬂgféﬁ\’?%w%’a dybot Qfasme“aﬁn%mkgn a*cam*aartsig%cbéaf@h
dl SCI 1 SSCd bCl WdnicHhcsc) or anal ogous net hods may be used to nake and
screen fragnments and anal ogs of an isol ated pol ypeptide (e.g., hedgehog)
whi ch can be shown tMousawadbélitksgi &/l and thaust y/Ah Agenex eneddsr giyeagrototsi whichst
whet her fr agnemergo cl%a\chrg@gﬁcraﬂﬁg me},nﬁsgamgan DNX?nem eﬁmwmmgtse@ Fi éux‘eSS)

found in Exanple tion o enc
Random Met hods ama GBroxY terminal SAsmentatiakaus2 Hha, B}edv@it prefered 203, Hagmast s
of SdEQ | DhNOS hds the wAkendes wqea&éesE@yDrmodormaﬂm@mam Smm;o Mswﬂn’eg&s of
encodes t he pr p [ r orti (S tho

i ncl ude PCR rru? ggjenﬁégﬁggaﬁ % BOS t% r ra{;a 'gtﬁetﬁ?sgn%ﬁkf)a%}s’ﬁc %lélﬁgrné%l tgfrr?m
am no aci d seqeemrsiéeredrvithin §h@eme$n@b cti@ngén@rvamtm bftheatwﬁtmsémng)fth@e

set of deggser%&@eﬂ&és%@%he&tm@ﬁ &@ﬂ%ﬂ%ﬁ@ phbaENtSp@fics, iIVRIRI(3385K3 pCT

Using al tored BRATRATPPEPPTHD 8525 desehbupodth ""”hr?la‘f?%d Boffudy &vmm%
exanpl es of sudhmghenhbiddahor ambiabin} enld®d 9@ T924i(13cadhg csalope of the present

i nvention, but merelﬁzy serve to illustrate re‘present ative techniques.
Per sons havi ng or di damjlysiembers rusefié inrthe wigthodseefoti inaentivat ingluge oy of the

net hods are al sguiRL wcuh'fhgt hjRive € gpiad ethCPPM’élﬁsceﬂPcﬁld%g Bﬁl’lcﬂfcl Ypla}_@gencnc
pol ymer i se&gor anot her ynerise), i1 s uysed roduce random nut at|

into a clondd FPYYRPALS o‘Pr IﬁNN’( 2(9‘)‘2‘“‘?9 erohdivheies Bpturalipsewised oof h%ff’
fidelity of DNAhemitabesndudisy hedelaedr tmyutImerBNAnspa& wellr & 1¢somBinadtOfdras and

i nstance, a dGIP/dATP rati o.of
he oot of amitrt e eyl Ber Seod Bl oPhfsh OB GRSl
vectors to promob@eptademluﬂsrtF&EQ IDINGOSrli-¢s. Saturation Mitag, cncsis:

nmet hod i s described generally in (43). Rricfly, the 15 techni que i ncl udes
generation of nutations by chem cal treatnent or irradiation of



single stranded DNA in vic~~0, and synthesis of a cDNA strarg[l The nutation
frequency is nodul ated by the severity of the treatnent and SN 1602 | y all
possi bl e base_ substitutions can be obtained. 20 Degenera i | eoti de
Mut acen®Q /2833 j pr ary of honol ogous peptides can be geni?gﬁsgﬁfsggén a set
of degenerate oligonucl eotide sequences. Chem cal synthesis of degenerate
sequences can by perforned in an autonati c DNA synthesizer, and the
synthetic genes are then ligated into an appropriate expression vector. See
for exanple (44, 45) and Itakura et al., Reconbi nant DNA, Proc. 3rd

Cl evel and Synposi um on 25 Macronolgcul es, pp. 273-289 (A.G Walton, ed.),

El sevier, Ansterdam 198/. C. Production of Altered DNA and Peptide
Sequences: Dirolaed heddebds pabypepadatonsedoin dhe ewthn omthagevemsips lmvevi des
specific i I,Q{}S I ot i de
sequence TRAERAeaE Al TThe ok ﬁ?@*d&ﬁﬁéﬁééeﬁ Jafihp 8 S%‘%‘iﬁe e hi ch
i ncl ude d8¢%t P&ns95%en8Yer PpRE%0 féﬂm%‘eé@tsl AN %@O@F'dr%Pm resp SEREIRnown

am no aci Fhosequenqaeqiol}t nacseinaalesl iR IPHP bl acTJﬂQecméh@é bQBntiiileQﬁc may be

WD 99128343 3 MAV 2002 PCTI U ividual ly or_in series,
or i st afEe Fyn qmipd i asg%eﬂf%ﬂaéééfﬁ?\é‘?gﬁi& -t The RepoRptieha B *and

t hen wi t h20mhi0e 1 0Gabir d&0 aoinmo s@ds dpegthliang irmiudeb @t leest U, peeferably e Exdst 1(02)

del eting {n%? &%fega%t\ FE%Q% n%rshéx%}créﬁlf% fda 50, rl@é'é’rtf ScddlighdlR & or a
tliffcrcn _cﬁ LEsT Al acen d site’ "or’ co i nat Fons 0 optlons
1-3. 5 Clé%\dﬂﬂiomﬂf& I%N%Sdr‘iect ed nethods are one way in which an

N-term nal cysteine (or a functional equivalent) can be introduced into a
gi ven pol ypept 1 o Pelertsh pelypeptides i dbe tmengen dpdudne hedgehagopolypapiide ophobi c

noi et yo Ab@;mem asaammmheﬂ\mé;aﬂ@m@uﬁx CliRfinaBiRAe dcap%q@sndemsemayea dues
or region

t t hat f
nut agenesl%ﬁ(“ﬁéﬂl orl%ﬂﬁg%ﬂﬁ s ;}%Fg%}?%k’nﬁ’%"g%@s r ﬁ%’%g e‘g’F %8?‘ %Figr &8‘5
resi dues molgpgeidectedisarie o epbmbednbiusainaproteen hiting arfept bﬂ;enkmg parann af f ect

the intergagti ol pblipcAFordGh &M § R LL%UWLbG& 1%?1189 12¢indSnamdher W th
t he surroun aqueou Those having functi onal

Qvi r o
sensi ti vi t“i}gt“ﬁ eﬁéc S5 ‘t‘?‘{ H{Tg‘ﬁéﬁ% e hr‘?e*r?c? Pﬂléfacmykll?ﬂ’?‘@ﬂﬁgrf &f{j $&rt her or
ot her13l5 haridiaattag.amaltose flonding hrotir, egluafthisndSttransfetase,. a DNA binding

a i gonucl 8‘%‘1‘& ?r%l%&qs%ﬁ?ﬁﬁ& g version of this nmethod may be used

to prepare su itution insertion variants of DNA (47).
Briefly, the dpgjyp&dideNAfi t%eaih@&{ti%ﬂ Wlu'akfbthbé@ &ﬂhﬂ:@l anseobé Qofé'd&% ethde
priner encodi ng af ;Tualon DNA t whi ch Lylsthe
singl e stF’éﬁ‘G%‘iﬁ HoPHitBEe %erﬁﬁaﬂéwtlaﬁ ‘iﬁ‘ﬁéf‘@é’“%r?ﬁ"ﬁ‘i‘?n zmgrrt%e tse @B2or wild
type DNA seuenceahanmmiwat wamsfativhe dadposeanlntdml Bvdngs. gThe bbigptiridgeany

t | d t d
o0t A RS A SRS By R MIRER38 o Bty e BB O o0
ul i 6onucl ¥biahdesulrinppbstangiadly whd $anwophstifagsiatipeal smpdificatipng|presentt W the t he

desired Uphdn i$eqpence in @Ram! ée)l'l, o‘?llh%?%ﬁllse\gﬁlblﬁj(?&uﬁf in?fhe! ®RRSio Bf
nucl eotides in en t.h cﬁF used gonucl cot|de wll have 12 to

0
1 ~ nucl eB‘P?”(ﬁ‘B? afigaa! mo %Wﬁf%ﬁeé?’?“@’ﬁﬁﬁf‘%'ﬁ%ﬁq g4 3 neteverqsl- t enpl ate on eit her

id f th T, h I tid i Ll hybridi
o o O 11 Tl eI ST R0 L PR BERLSEL e B9
M t t axenesisor Mitreo! et ol aw{npSharsewuistiess a pl asmid or other vector that 30

contains the protein subunit DNA to be mutated. The codon(s) in the protein
subunit DNA are idefi iif hascht dast 3(hd0e42,50i 68,610t 80, W anfiSGhieequenderidertitpn

endonucl eq3f SiihGaQis SN 3DIRO’L 114he identified nutation site(s), using
t he above- descrll b?ad ol 1 gonucl eotgl dé - 3 0 MAY 2002 WD 991 28343

(i) it has a cysteine or a functlonal equivalent as the N-terminal end;
(iil) it may induce alkaline phosphatase activity in C3H10T1/2 cells;

30 (iv) it has an overall sequence identity of at least 50%, preferably at least

60%, more preferably at least 70, 80, 90, or 95%, with a polypeptide of SEQ ID NO; 1-
4



PCTNS98/ 25676 _?9_ directed nmutagenesis nethod. The plasmd is then cut at
these sites to linearize it. A doubl e-stranded oligonucl eotide n@&d nzg t he
sequence of the DNA between the restriction sites but containi é@

desi red nut alyip®983348S synt hesi zed usi ng standard procedures. pPdwu§isRssie
strands are synthesi zed separately and then hybridi zed together 5 using
standard net hods. This doubl e-stranded ol i gonucleotide is the "cassette"
and it has 3' and 5 ends that are conpatible with the ends of the

| inearizcd plasmd so that it can be directly ligated therein. The plasmd
now contains the nutated desired protein subunit DNA sequence. 10

C~mhi natorial Mitaecncsis: 1n one vers2on of this nethod (I, adncr ct al.

WO 88/ U6630), the ami no (@?IIPLA%QQL{ dlGE u)ﬂ\rn l?llrglr\%HRLch(nl ﬁmuﬁ\gl%alQF11 uQ.tllber

related proteins are aligned, prefera to pronote t est honol ogy
possible. Al of the am®p ﬁl@h,dgmwmrq,he,aage@{p‘@gh@ ghyen position of the
al i gned sequences can be selected to create a degenerate set of

co$| nat or i a: sequences (vilhi 1ynydregladb¢@lly4rbdc§ﬁ?d (ml gen&(rja_tladt bie Iéﬁdéo%hobic
conbi natori a Si t ei ¢ aci evel, and is encoded by a
vari egat ed gerfBO'FS'%ﬁ%elgfdst?gl?e?on LREN E@g) a mxture of synthetic

ol i gonucl egtl des can be |igated enzymically into the gene sequence such
that the degenerate set of potential sequences are expressible as

i ndi vi dual pepfi. d@sherProfdih€r Natively, as a set of proteins containing the
entire set of degenerate sequences. 20 D. O her Variants of I|sol ated

PoTypepti des | nCSMd@dtethuﬁtb:@ bﬂ‘sﬁeffbt QRgme&ings al ayﬁéiném}c@ﬁué e@)rtiﬁﬁtﬁzﬁdﬁbﬂal
allelic variant s%@gﬂabural i,nduced nut an ot ei ns encode‘zg by

DNA that hybr i G nlge hirRSPULE, @tW?%g%eHB?“’SorYd‘i“t‘%uéné‘W PaCHU SRR

aci d whi ch encndested ipwl a/ipejpephdbicallpimaaifiddnfermusibg tler methals dasexjibaeiiteraf.
Soni ¢ hedgehog (SEQ ID NO. 1 ) and pol ypeptides bound specifically by
antisera tid hedgeho‘éirzpietpcmﬂ@rs calb peeptars, yanbyekidtg'as@r aret usefirl kecauseethsy tbendor
binding site q ﬁg |ca &'tssx\{&réy&%ﬁngﬁ% 'cQFQs gl Flec t‘Sre iﬁi%ﬂalt&u

(1) retalnthe funct| pr ot el retain
the ability tcPrP‘ieﬁ’t recmoré thtoras phrosRBPIRsdctoget e lgsmgathq rﬁp'ayds aht g\vm%ds
of the inventiiaguad mmah umxﬁoﬂmeeéptcfrr agnem‘eﬁpswixeiaafrab}ux rédeplovgarpiaC Dy,

active fragrre%és 'TeC péoarn?oroﬁgmg igindnt cnen PR gﬁlﬁé(:hdﬁerhs%ge?ns anluci;: in

Specifically, a bio i cal ct vem?0 ghent or a i S one‘havin
>>i | ~n or liSn m@n@erm tig0 02 l\mhgsmg«M@ummsgsw%&? LA md~V6A:Mtl| idt y

which is char aV@ZﬁM-fiB'zﬁldofhefrh@ BE Y18 oMW méﬁ{as O mpiaoéyterasmcm@édher

naturally occurring | ehog. Nbst [

hydr ophobi cal I4/H8eR |- gﬁ‘fﬁﬁﬁﬁe‘ﬁt Drukh b4 (ﬁg)é?‘ér Cﬁggs@ : e%d BearkPrahiRA 0%
or greater, ormembdrspfeaheCikllyCRls8 Ifeaidy aBdXenf latd entégehs \sutly a0VISohiand their
hedgehog (See | E;é‘?%)le 3) inany irT S| /VOO 1r7 1'111'0 asSsSly. 10 15 20
25 Anal ogs can er fromnaturally occurring isolated protein in am no

26, BNCEe o, | WAyl ok MOLRRRINSTE R b T
o {1 cat i bns. G SNABPUEETHIG VB AP oy G5 HHeHACBy FyarFipass h the
(e.g., of theiinvédtioennBaatridnidjmurepeneliclaie, pasaiebh@ ihaed)es, bavterial sources
acetylation, ”E%LADALI%L:' fb@’bagtgﬂgipmcruﬂo%ﬂ 2tk pr?crumog%dso}g}lcumonia. Parasitic sources

include the Plasmodium malaria parasite. Viral sources include poxvirus (e.g, cowpox,

o
wn

herpes simplex, cytomegalovirus); adenoviruses; papovaviruses (e.g., papillomavirus);
parvoviruses (e.g., adeno-associated virus); retroviruses (e.g., HTLV [, HTLV II. HIV |
and HIV 1I) and others. Immunoglobulins, or fragments thereof, may also be
polypeptides that can be modified according to the invention. One can generate
monoclonal Fab fragments recognizing specific antigens using conventional methods
30 (49) and use the individual Fab domains as functional moieties in multimeric constructs
according to this invention. Other useful proteins include, gelsolin (50); cytokines,

including the various interferons (interferon-ct, interferon-p, and interferon-y); the



carboxyl ation, or glycosylation. Qher analogs include a pro n such as
Soni ¢ hedgehog or its biologically active fragnents whose seqfﬂe lésoggil ffer
from t heyw dghghisre consensus sequence (e.g., SEQ ID NO 4pchysofisedy nhore
conservative am no acid substitutions or by one or nore non conservative
am no acid substitutions, or by deletions or insertions which do not
abolish the isolated protein's biological activity. Conservative
substitutions typically include the substitution of one am no acid for
another with simlar characteristics such as substitutions within the

fol l ow ng groups: val | ne al ani ne ad gl ycine; |eucine and isol euci ne;

t d d id; t
hraont ne, virpe igredli e, fre" sAcBorb b A ks e A issionls qipe
non- pol ar hybl;[bphmh:cmcamlm stonulstingn Ectoot M ICER), ngrandleaytd palony stidneladhge,
valine) pradoie( %@ﬂbég}ﬁyc syrebﬂagaa@oloﬂpdsmﬁm@' ﬁ@toerM@t y’?os. e

neutral amno a cyst

aspar agi neCTV&lﬁ@P%ﬂut aniaméet -dehigedh ogromitly efagtos hEHEH). (ki humanniond  aeimid

i ncl udg argihongs, ukdl§dxﬂ§gro%ﬂﬂhbhﬁéﬂeddnﬂ%suﬁﬂe negativel y charged (acidic)
am no acids include aspartic acid and glutamc acid. Other conservative

substi : t ut } ons ﬁ@ené&@ny ,eadi étmclﬂa@\m thy medikied sprofeingr 6ff tag Minviatibh hathe
exanpl e, for t an.no onser.vati v stitution can
t aken fro%%?lgﬂgmblf‘ 6@%@%@1 %‘ﬁ% Wecre a2 }I’Yéﬁ?ﬁg L™ Vi’f c¢¥lsel ﬁnd
D- cyst ci nceystein o g Binngonah equiphlentahennof; ¢&p~] xben apyormhspanér Beptide seymence;

ar gi ni ne) Q—@E%r&lcﬂe(ﬁ%p {Tppt%l’ggﬂfh{l,? ha% xﬁ}é@ﬁhéﬁ@'a@%hown)

or ni t hi ne, or ni t|t be exg;éted to
i nducel%haﬁg@é i$ & hydrepheie moiginlin F‘t“i‘aélé’ ttyfwms@i the é@ﬁcgbpgp@épl todes2ar e
those in V\anexhnmﬁu $nd@ omqhar rbRF dH@notied shrf@@r gn&eoormé hrQeii Meherdif the

substituted for. (or Db dro hobi ¢ r . 991 28343
3 0 MAY 206 Hﬁ(‘fg%%éé A EHONPN rd%héﬁsl |°E\?1‘C?{8’°|' dﬁ“h?ewyné‘f (i)
a cystei nenmeswnodbe, a hecggbeg ptand:xed As)dnso:msedogk)ovan&le puipese o€ shedspac{rSeao

Exanpl e 102>pmfdc s’;bar@ih&ﬁﬁétgw h@\ﬂgﬂﬂ)ﬁebﬁlﬁ&g Q?@ﬁhé }e\éﬁ%lsﬂhggr&!ﬁﬁ' gusq‘%aw ng

| ysi ne, argininc ar S|tute g &b resi

an el et roﬂ’éb‘ét‘|e9%°rsﬁ06é”“&ﬁéf‘?’f’hoélcg‘m‘cg’l (Gtarh BOdEr 'tc"aglﬁh?xgi%ncaé? Yok or

(iv) a resiitianbdet ﬂ@lﬂy Svhiuhl eyy B& ddipidat B vesiclg. , Thelspager &d also irtended to

EJEZF, : ;ﬁ;?%n{\ it ngoarc dx t)cul? rfl?r tﬂg %ci%afvc&ﬂgn?uf%crﬁcrs qut% pﬁ'(glﬁmafku(r:ng 1%\ A%%Xc%:hne'

modi fi cat i mas bmrs(shlallraérae&méc pmptol ated B lgbgth t@ﬂne@ihﬁhprahaersagsi glrginesoare ai n,

for exanpl efé?ﬂ:@ OR 1&ildRNp Q%Fédd%ag&%ﬁuéd@@h? Reri R R6Q $dHc Bﬁ&%eh_ E | ude
i u

bonds), i n 10 se uence u are: anal ogs t

resi du® oi“?fg‘i"p“ﬂ%'ér? AR ARiRPAg! é&%‘dﬁ“rc?ré 8%‘n no aci ds, such as D ami no
acids or non-naturally occurring or synthetic am no acids such as beta or
gama anmi no acids and cyclic anal ogs. Incorporation of D instead of

L-anmi no acigsp %M&tfo“%f'ﬁt%hﬁ%ﬁ%r@%g?lg dpgl ypeptide may increase its

reS| stance to proteases 219,990 supra. 15 The term

"fragnent”, aﬁea}aﬂhe&golge Jﬁmeb aelcabesndieaanee ﬁ&ﬁ.k@&bv Gﬁf‘s@%b%@tﬂﬁh' as a

single am po acid Erow It retains biological activity. may be
at | east abBWn D thedflgyech rfawéméwwswﬁrema@"q%mte'abwh%@ ms@pefné%
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Such operative linking of a DNA sequence to an expression control sequence

includes the provision of a translation start signal in the correct reading frame upstream
30  of the DNA sequence. If the particular DNA sequence being expressed does not begin
with a methionine, the start signal will result in an additional amino acid (methionine)
being located at the N-terminus of the product. If a hydrophobic moiety is to be linked
to the N-terminal methionyl-containing protein, the protein may be employed directly
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cross- i nki, I 108K 0% N0 cjni_m dc. ket i e . NG i ned
N PR e b R A gl L PR
MAY 2089 P&TPGBQ’BY“Z‘QB'?‘BOU‘BBHWEC'Q?%&%3‘9\% er solubility. In addition,

those cross-linking agents having disulfide bridges wthin the Linking
chatn can be syftARSRSh rib e hhedd Sitich iyt s hainydestiol S roeBhEd e
the anmount aod shilageare sliwassagdeiow. viihee, émaratigions owtliads miwy be used to make

het er obi f unRgl sGBA frEdMSRs Add W loRs of BE[sBlafed ﬁl?pe?ti%?}ﬁ{_lhe‘aﬁel%b]@{hic% can

cross-linl:ing agents includi ng -honobi funeti oha phot or eacti ve

cross- Li nk@Fégo‘ﬂgé‘h%‘icrh'?ﬂioawp%‘%é?-at’*@ empjary mredbad 19 R aeiediea FRcere- | )
and di @&t hyhpinsbdgsdfthetgehde Hesle HibMg)cabsii vity agrfluad irExamst Gl

honobi f uncti onat crosslinking agents, and

bi s-[!3-(4-azidosalicyl am do)ethyl]disul fide (BASED) and

Nsucci ni m dyl -G 4' - azi do-2' - ni t rophcnyl - am no) hcxanoatc (SANPALl) arc
exanmpl es ofB-1Brodustion ohAleraddANA andd Repside Seiquriages: Rapdem Methodsj s

i nvention. For a rec(cfnt revi ew of protein coupli ng.tecglpi uels, see Means et
al. (1990) BidBH 1qdssaensseyaranisyola protein (suph gs yeants %@Qr ErPShd )
herein. Oneapdet prepdrad by Hmedil mutagesesif o EINA Ohit RGaEdIRE &he GPr@EHr bi Akers,

i ncl ud above), contai n.the.prinmary am ne. react] roup, . .
N hydr ggys @égf%}aﬁipﬁglmff’ﬂord%gﬁg %H] ‘i‘cﬁl%g cﬂ‘ﬁglr’g‘t@ﬁi’gﬁﬁ and saturation
N- hydr oxys uhdtagenesis. nAnlitaery(furhfidoniNhifijno did sejugnenvaniants (chy alsb degpa¢rard

on IS or Dol Pt RAR B Serrl dBh BRI BEPRGRREL  éuflSs Crifbeu 1 20"

anm de bond, and



rel ease of NHS or sulfo-NHS as a by-product. Another reactive group useful
as part of a heterobifunctional cross-linker is a 20 thiol reactive group.
Common thiol reactive groups include nal ei m des, hal ogens, and @éyuﬁﬂg

di sul fi des. Mabewyrgsahes react specifically with free squhydryPé ine
residues) in mnutes, under slightly acidic to neutral (pH 6.5-7.5)

condi tions. Hal ogens (iodoacetyl functions) react with -SH groups at
physi ol ogi cal pH s. Both of these reactive groups result in the formation
of stable thioether bonds. 25 The third conponent of the heterobifunctional
cross-linker is the spacer armor bridge. The bridge is the structure that
connects the two reactive ends. The nos27-apparent attribute of the bridge

is its effect Qunghfhd Grithd'dEiANEQuentd vaARRs idTSt BIVER rotin! @mgﬁnma 49 CRHA
nore easily span the di Steﬁ ce ne_ceEsary 0 r%{yhnk,two_ co Iefx i onol ecul es.
For instance, SePidesaze y W in gt ‘?S“arf-é"s“t AYingaexapiplas 4t sygh methods are not
prot ei n- prot Fi ﬁnt@ﬁd&gﬂﬂﬁﬂiﬁﬁt s ﬁ’t@ph&ifcthé)hirés#ﬂcﬁﬂ\fé?ﬁbn,I’tﬁxlagﬂﬂ"els' seaveél ldF\MD&lr@.Q
process invol ving t am ne reacti,on and the s yl reacti.gn. For the
et step. thatimene e ElE e bl oRtiah S Bl scdiPize B
am ne. Thi s 5cartiy metBodd akdsZ 0@l WOHH9re@8BM 3 PCT/ US98/ 25676 -3 9 | ysinc
epsilon amnes or a primary al pha all7111c fouled at th ¢ N-tcrlninus of

Il USt proteins. The protein should not contain free sulfllydry) groups. In

cases where both proteins to be conjugated contain free sull hydrﬁl_ groups,
one protein carﬁgg_&ﬂﬂlﬂf:‘ﬂﬁtﬁi sBrigfhyat Tag (podymerased (9 anether pplyaieaaselids niged oo

izng ggnC?) N-et hMﬂtrJSG;chirﬁﬂd@% ¥eRiomPintd & cﬁine%:fllfagﬁlelﬁt J90RA (JI%’.).PPQRbQﬂﬁmogs are
: , I ncorporated by, reference i,n) . ] man n used .to
ol cul at ot o S B e ARG A PSA Sraheis g ToaiPes Do o B pODaneFopsing,
exanpl e El l10an fot inatance, a HGSFPYd AT hatioRif dnle et aBiiopMrs to tde BER reawtioR dHt esolct
al. ( 1979) Anal. . Bl 94. Ln : r : LY.
reaction buff e?dfs%ngﬂﬁglaglg}fft\ r g%gxg?mgéﬁ%gg%ﬁgﬁgm reorgﬁgﬁdcqgﬁﬁfﬁ %é@b{?so P EFHgdew
pH of the reactiPedprbortant librEgs.d be 7.0-7.5. This pH range prevents
mal ei m de groups fromreacting with am nes, preserving the nmal eim de group
for the second reaction with sulfhydryls. The NHS-ester containing
cross-1linkers er ~sol ubi | jt.y. Sk b ~ssohved. in. a
m ni mal anmount * _ 1 Elfé’nto ﬁt [ﬁghl&é ")fl)l\fﬁgmﬁ’gf gc(r?%laﬂyﬁ]i ﬁiﬁbdb\é‘fﬂb‘ p He
cross-|inkdd i fedinigus inglides ganaratianuele murHong riys shamipi elrgaimenteen irfagkation 0f
enul si on whi ch gindié sidndeVDNYE i 886 dnay hic8S 614 cDIPEstaMl f ThiRt AR SFequency
anal ogs are nor.e vva%eir gol ubje, and c be added directly.to the reg&t Lon
o e 945¢

buffer. BuffersSoh® i Ohi'eC SEYSRYtH Sodieaisat Ardi esgtialy ¢hegPsh

t endency to "salubstautionstche be obtame®dHS esters. To avoid | oss of reactivity
due to 20 hydrolysis, the cross-linker is added to the reaction m xture
i mredi ately after dissolving the protein solution. The reactions can be

nmore efficient in concen‘_rat ed protein solutiops. Th? nl orc al kal i ne the pH
of the reacd or&ﬁ%@@ﬁe—ﬁ%@-@%&%ﬂé’ Ol L eAolibragh et hemologArs pgptidegfcan be
hydrol ysis of tddefifed! fforadses af ﬁ@gerrateSolﬁ%ﬁnﬁﬁl&oWd $eqadrwes.i ChemRAE syMtiidiis of
i ncreasi ng p11.d25 I;Iitgher tenperatures. Will .i nerease th Nreactt'hon rat es l;‘or
bot h hydr ol ysi sSARAFT4EFRGSH S¥R% REFRTPed, & 28 Y %m?ﬂ?n@ & SYheSrsTs s fhe
protein i s now syothetiagenks avd thian figated frity dn wpproprate iexpressionetegtor.TiSee fartexampled
protein may be j,50}at r i ! i | i -ation
or dialysis. Tod4§hlr1$y£f)&u{t£lﬂ{&ere{;glffolg%%g'pgga%% b%qg?%s%}i :&hik‘l?er]l%ﬁ §$'1ﬂe1{)6§"% o
sul f hydryl SeacMagramolqsulep, o ghi-L8< (4100 Wrltonoedh Hissiier.obasterdamai (8. 30

mal ei m des, activated hal ogens, or pyridyl disulfides nmust contain a free
sul fhydryl. Alternatively, a primary amne nmay be nodified with to add a

sul Thydryl C. Production of Altered DNA and Peptide Sequences: Directed Methods

Non-random, or directed, mutagenesis provides specific sequences or mutations in
specific portions of a polynucleotide sequence that encodes an isolated polypeptide, to
30  provide variants which include deletions, insertions, or substitutions of residues of the

known amino acid sequence of the isolated polypeptide. The mutation sites may be



WO 991 28343 3 o Mar Zoo2 PCT/ US98/ 25676 -40In all cases, the buffer should
be degassed to prevent oxidation of sulfhydryl groups. EDTA 11 ﬁ? dded to
chel ate any oxidizing nmetals that nay be present in the buffer P ers
shoul d WE %MR&43 of any sul fhydryl contai ni ng conmpounds. MEFEVMERE S eact
specifically with -SH groups at slightly acidic to neutral pl-i 5 ranges
(6.5-7.5). Aneutral pHis sufficient for reactions involving hal ogens and
pyridyl disulfides. Under these conditions, naleimdes generally react with
-SH groups within a matter of m nutes. Longer reaction tinmes are required
for hal ogens and pyridyl disulfideg. The first sulfhydryl reactive-protein
prepared in the amne reaction step is |0 mxed wth the

sul f hydr yinedifietd andividgally mommeh'es; for mstpneenisler(1} hbsappng pirst avich borfsérmed

condi tion I te d by

ot hods Smm%m%%m% ?r?dri:e Paid a?‘B%&lE{s decﬂ% B t{x@?e%lgsg%h\flgvé& 3{2?
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2, 5- di et finackat ol the RRardd sit@lo comBRatiéRTMdphonal gi m de; 1 ~

'l uor cscci n-~-mal ci mdc; N (4-(G dincthyl am no-

2- benzof ur anyl ()IMaﬂyydu}cmka;dxmdﬁt mbt(hadscmb enonay4n whlchiani Nigrminal cysteine

4-di neth |
et aner B PR oBERRRAT D o [fBuGed % bltil olypeptide scquenge 10
| Ji odami neroRddTing @mchmpréusmd@rawd(r@l@mcmg@m yl)mal ei mi de, trifluoroacctic

acid salt, N-(2-am noethyl)nmaleimde, trilluoroacetic acid salt, O egon
G eenTM 488 20 mal eimde N-(2-((2- (((4 azi do- 2,3,5,6-tetrafl uoro)benzoyl)

SR PR SRR EIT SN R v MR fﬁcaa%qsegcwyew isgigngeof @
(bi si Yol gesirad proidehat & m%ﬂﬁ&}ﬁcatlmﬁﬁmgléhesﬁ-(éﬂ) Al aboinehsekdeninlgea i de,
N- (7 0 el 8, - DI OUITREL 1 SUbBBHEAE SE4PACH) i bhaTid0s. CS

mal ei m dc exaT | er'm ~30|umsa - pyrene) rraelmde
2, 5- di met Feplepementran affzct the interarden okbibe |am159raplé|wm@elghbormg amino acids

I uor escehpidr m{rﬁme derrou( Génﬁ'umrhyﬂeﬂfﬂrﬁk% envxronment Those having

2benzof ur mal ci,m enzo n

20 et ! SRR SATpH RS S B B Hg ot PR EcTired B ST ral B PR 4. (5.
(4met Hoxy pdreantsl a)tooca”mlthe&ateybﬁmblsmuiuum um net hanesul f onat e,

tetramet hyl rhodam ne-5 30 nual ei m de, tetranethylrhodam ne-6-nal ei m de,
Rhodam ne RedTM C2 mal ei m de, N(5-am nopentyl)nal ei m de,

N-(2- am noet hyl \ : N-(2-((2( (4-azido- 2,3,5,6tetrafl uor@)benzoyl)
am no) et hilipanucieotis A HAZANGY Dg veLsgen of gwthegamey P eo“sﬁ)g)}o 2002
PCT/ US98/ b6 sulediuiBi’xt BMbﬁtm I’Mﬂ@ﬁﬁu@mlo}] variafdel of DNA )4 By (Bred), 1B yds)red

| d 3-
rr Benop s L AR RORIAS: o FBRSH:RBHE pliBicreokolFR £ REA bt
pol yppt i déll‘éértebmlaﬂ@whuén iypedllyss tie pipglensrandediforindef avplasphid canpliage
pur chased: {5 AR gb{lhg%‘rﬂﬂ?é’redoﬁpgﬁﬁi &Fygﬂ{ﬂ 'se é?nQe)te Pﬂlaﬁl of ﬁ’é(de%réj protem

pyrene) mal elmd renenet h oacetate ester) I Lust rat ed
in Fi gure(@g- Wﬁ@ﬁ?ﬁ?@@rﬁ@m)veﬂﬁﬁéﬂﬁé‘ﬁ%“% d‘t@Nﬁ Pfﬁlﬂmé‘f?s%lbst‘fs\?f‘ {9 RKBf i | e
i ndi cat i nghetsbadndi .Ind%ﬁupﬂlﬁr&mlt )ty Ao BNof ofMgnérhplote thmneilldaédrperatchiaa t he

unmodi f | e((j)ll n{umc Ldn. an thtn w1ll hodc,%lr( tlpcgsul_ycqécpg 8?1 PEH (ﬂglrgFUN//@t Ives

10 Accordi n using a

hydr ophobBquprgst i Grncral, leuqzie@tedqa Ofﬂma&léﬁmucbémqsd@ lengﬁt#fedlé@’ aABequence
of at | eagpifie AFoRRIARIIE WH1 dira 1Br Q&enablnmele&zt&sp%tl ge Rampfetdlgngt h
bet ween one am no acid and 18-26 a pl Eﬁ‘ﬁbm ge% hhe t ypi cal

| ength of SYMREMSPERGE SIS AFTR “’s%’@ﬁﬁ ‘fr ﬁ}eo’f’éfaHO“ T d'YeBE i de

wi t h hydr opifioiclzot dawdlhydtididelpeoperiyno tlmmlge stranded DNA template molecule

Cassette Mutagenesis: This method (48) requires a plasmid or other vector that

30  contains the protein subunit DNA to be mutated. The codon(s) in the protein subunit
DNA are identified and there is inserted a unique restriction endonuclease site on each
side of the identified mutation site(s), using the above-described oligonucleotide-



15 are selected predomi nantly fromthe follow ng hydrophobic am no acids:
phenyl al ani ne, isol euci ne, |eucine, valine, nethionine, trypt og(rba@

al anine) proline, and tyrosine. The hydrophobi c peptide can al anm n
unnat ural am ,d anal ogs with hydrophobi c character or D g i.0S,
pCptol d bong%s"?)cbﬁﬁtgjé?m nl | acetylation or other icaturcs that %ﬁg:/{r]gebas?gé?he
peptide's susceptibility to proteolysis. Methods Ibr 20 substituting
unnatural am no acids at specific sites in proteins are known {78, 79).
General |y, a hydrophobic peptide is appended to various sites on a protein.
One site can be the N-termnal residue. Alternatively, the hydrophobic
peptide is substituted in place of the,htternm nal residue. In another
enbodi ment, a hydrophobic peptide is appended to the Ctermnus of the
protein. Alterdieeciedanytagenseis medhashhbs plagaish is deen et 26 thesd sitesttatlingaize il Ace
of the C term bl &BhaE oligdfucleoti@s Nendbding e PRqhERe NGt kivee DR AT Hathaln & no
acid but it may al so be the C-term nus truncated protejn, so. that e

of, th

hydr ophobi ¢ pefEtPaken sites il feaipinipe the dpSited) MUAHIERGE) Fraty ST ABIE BAndar
th r gnCﬁt ed for rprompfb:s. I Ehestwd stran€f afe 9ahtiiesized s¢mti|=119-atnertm:m gbridied fogemat ed

edgehog protei n w r et ajn .actd vi n io el even,an no.acids,are.
ot ot ot - om cishe dpk® tbet ik bl biad GRS B8 - Bl B i o
al so be i nser tlad 3band\Eends that Metcompatiblle wigsihdieodsinfithe Himeamzedrpladmid sgitlghn ét
i mredi ately adj : : o [ ; : 2
005 Per Usog)! 2‘“%}(651"(;76rHl rek By PR UACRIRY T pIESiGH6w Bhugins Wb AMALS Besireq it
i mredi at el y adiUBBBhPNHSQIHENE: t er mi nal resi due, or between two i nternal

residues. In certain enbodinments, the lipophilic nmoiety is an anphi pathic
pol ypepti de, such as magai nin. cecrupin. attacin. nelittin, gramcidin S

al pha'to.x'dtré of ¢ thBRRorim AitcMFesi@! 2PIAL ChddsiBh & ﬁx\{s“.tnh‘cﬁfn&c? (EHBQ}- P&t il Cwo
pul ypeptide. F T proreins fromviral particles can also bé a
conveni ent souf&e063P), Akgrrminatasidcsequeicen fu s grapp pﬁborggl@g@@t ofhetigddiesyproteins
proteins Cd E/bdﬂt: rng_lmicipipsat:ttzlsiats1iyyt@t;irzqs@aate'I the lﬁ%l&fsbﬁémél@g%np@,ﬁstiﬂﬁpt&il _f tlt]c amfino
enconpasse e j.nvention is a protei erivatized wi variety o

1 or o ot § oot bl pRsa ) ey fpofiod o uiecasbpd isfosnass bah B isied ek o
hydr ophobi ¢ subdegenert: st af aonbinatauhl pqeences. i Tasl wrisgatadilibrary is rgeoergedi by

sol vents qu_ iMihH?&Jiz{ltMutaéQ{esiE he P Rbc1PR deid ie@cl\f\@xh@ris e &Qiegrﬂryn& ivBﬁE ated
classes of |ipids that are enconpassed wthin this I nvention are fatt

{ '
acids and st er3sng lfary. ~Feugistagce ymuxture of (sypthglg joliganygleotides, san e higated
i Ev_en';i on conte&izgmfoatly yntacmgene/&squibnaé eudhytghﬂ mf _da@h@i_raié@se(t iof @otelnﬁilrsahmtes
chain), saturag r_lnsat urat. nmongQ-.car boxvl i ¢ aci ds, enpl ar -
catur ni ed 1 at e Spige s 38 ikt MEBNRes B ARt Wit of PeiBprtpining o
fol | owi ng t abl the entére seteidapinemteosequennesf atty aci ds that can be derivatized

conveni ently using conventional chem cal nethods. 7?0 TABLE 2: Exenplary
Sat urated 2nd Unsaturated Fatty AcidsSaturated Acids: Cl-1, (CH, )n

201 d101 auri o a0 DIDRVRORRE oLiolsied PolpRpHARS o noi d* L6stenric T
3ﬁlsg: 3?2{ 2?&2: g g%%é%ﬁgﬁ%ggp%f Ié}%-zéuagegoﬁglrel:tﬁeg ﬁ'la(tj are:\gﬂeﬁg /vggglﬁg. r;afftﬁfal
aci dCl - |, ( CH, ) mQlants~iGHigcedAput@IOHMAr preteis encoded iby*IBN AHBAWY2Y)id(EHds Ghiler high or
ggﬁdl CIC-O.&(_'EI?Z ;%%gﬁ@%% g%ﬁéﬁcﬁé&aﬂghkﬂ len&Sdt lp%l};i)eptide such as the N-
aci dCH, ( Q%Sg_h@:qyin(ﬂcﬁ@;m iSesice edgehog (SEQ ID NO: 1) and polypeptides bound
aci dCH, (CH, ) , ($geciGehifyHbyparfdsénm tCRedRRhaE VefBdsC edpetidlly by antisera to an active site or

binding site of hedgehog. All variants described herein are expected to: (i) retain the

biological function of the original protein and (ii) retain the ability to link to a
hydrophobic moiety (e.g, a lipid).

30 The methods of the invention also feature uses of fragments, preferably
biologically active fragments, or analogs of an isolated peptide such as hedgehog.

Specifically, a biologically active fragment or analog is one having any in vivo or in
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that we found in reconbi nant hedgehog protein secreted froma sol uble
constructwo@is3a3 | i pi ds that can be attached to the proteiRETVYIBRAEI6
branched-chain fatty acids and those of the phospholipid group such as the
phosphatidylinositols (i.e., 15 phosphatidylinositol 4-nonophosphate and
phosphati dyli nositol 4,5-bi phosphate}, phosphatidycholi ne,

phosphat i dyl et hanol am ne, phosphati dyl serine, and isoprenoids such as
farncsyl or geranyl groups. Wc have denonstrated that |ipid-nodified
hedgehog proteins can be purified f86meither a natural source, or can be
obt ai ned by,; ): C: . ARV . A ted or
protein purvi"??glg? l?’ﬁom%éﬁﬁgﬁchér% rs%tlk}:f %‘Z@Eﬁbgﬁ%\%@ﬁ [E?E%I%Ngjsﬁlﬁ g%afh
human Soni etresdepswrely (cSRwryingdsolaed rhedgehesi nMask praferably) sheaRydraphipbicati¥bound
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SPSephar ose chr t ograp a i rmunoaffj nit hyr omat ogr. aph hat the
purified pr%?@f“%%b&éf‘e‘g% @r‘?%@d%\vﬁé @@WA@%@?&?QQ@%‘@PL% A% B band
wi t h ansapperentin2freassy.of 20 kDa (See Exanple 1 ). The sol uble and

menbr ane- bound Shh proteins were readily distinguishable by reverse phase
HPLC, where the Aralogs eth Miffarsfremunatdrallptaceunringt iselatadeprotdin rip | amige sgicent

(See Exanpl@qdendBthrHindWads ar A€ nbhervolBitpkhce, & BdIRt TheMRibsSQRdferred
hedgehog is Rethered

cell . menbranes in two forns e formthat ,contains
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the Nt m MGHIAMBG Rymetinening ofwitigm opP-oraitkipe i ¢ i nt er nedi ate. General |y,
thcreCurc, the r§ncti c lipid .noi e&g can ge in thg | or u~ of .thi ocstcgs of
saturated or unsSFREAE%edSHESHIERYS i tRata B1aYs b (RIpeded QtocHiiss nthargssh i d8s er s.
Such nat er i &instiamdl p2épetthai of ideinied giol ypeptidemyare niedseade, wiick: @Exampplae residue,
commerci al l y aygila z ; [ [ . mn t.oleo enzyne
A, arachi dog'fg" %Anez%rr@m ,ﬁ’gf %aéc Pé\gﬁ%{iﬂfx °é¥’§f/%eyﬁ‘fbpﬁgtﬂ?%ﬁ%‘%béﬁzgé&‘é&% and
the like. These materials are readily available from Signa Chem cal Conpany
(St. Louis, MO, 1998 catal og pp. 303-306). The effect of different lipid
noi eties on functional activity of hedgehog protein 30 has been assayed
(See Exanple 8 and Figures 10 and 11 ). Simlarly, the effect of different
—+ipid noieties on ~unctional activity of other proteins such as those
descri bed above in Section Ill, may be conveniently tested using nethods
known to workers of ordinary skill. For instance, functional testing of
gelsolin (50), various interferons 3 0 MAY 2002
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wel | known nethods. 5 Although we have established chem cal nmeans by which
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hydr ophobi ¢ nofeastsjanice tq protaasast SeeaUre Patent £26%,990 swprior t he addi tion of an
i soprenoid group at _the C-termnys of the protein. The recognition site for
farncsyl ahg ger anyiT§etamy [fragmgnt’s arapphed hawsolaisd hedeehee apalps. Gippe e small
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purified away heeim.natural material, or the vesicle may be a synthetic
construction. Preferred vesicles are substantially spherical structures
made of anphiphiles, e.g., surfactants or phospholipids. The |ipids of
t hese spherical vesicles are generally organized in the formof |ipids
havi ng one or MorMakingidydrophobizylxrivatizvesy. , nul til anel | ar vesicl es
(multiple onion-1ike shells of lipid bilayers which enconpass an_aqueous 10
vol une between the HihpanpMenteys hﬁverﬁ?%:ewre@that incprasing s eerall hysisaphabic atere of
smal |, sphesi calsigdRfhe bRteif NRRASH He8dMBE iprotef intAdak@Ufic bihSHcfactiviBi fSthe
phosphol i pi ds, and selgjondar '*50&%{“ C con‘r])on nts. These ¢ rrponenta ar
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or lipid-like IS t .\ : ' Uk : ly
an aqueous sol Arart feioRahfheSPMONieiibal GERIBHERHAR B3 thh Ablacip Bl
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(e vosral ry iRl Bl iREY Bfferchl WidcRAS ol dhe) LAy R0 th
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conprising; a surfactant with either a lipid or a chol esterol) exist.
Li posone vesicles may be particularly preferred in that they find nmany
t herapeutic, diagnostic, industrial, and conmercial applications. They are
used to



25 deliver nolecules which are not readily soluble in water, or when
directed tinmed release is desired. Because of their selectivel(pMa pi lity
to many WEM2833 conpounds, |iposones are useful as deli vEEYJUSRIRSETeS f or
drugs and bi ol ogi cal materials. Thus, |ipid-derivatized proteins such as
hedgehog can be made nultinmeric by being incorporated into the lipid

bi |l ayer of |iposone vesicles. Upon reaching the target site, 30 the

| i posonmes may be degraded (for exanple, by enzymes in the gastro-intestinal
tract} or they may fuse with the nenbranes of cells. Several nethods of
preparing vesicles such as |iposome®-are known. The production of
phosphol i pi d vegj 1 : ; | i 0
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surfactant's phase transition tenperature. The surfactants may be conposed
of one or nore aliphatic chains. These aliphatic chains may Lﬂ’]ﬁt ed,
unsaturated, or substituted in other ways, such as by ethoxyl gjr ;
typically the‘évoa?%ﬁ“étl ¢ chain contains 10 greater than about ¥ TEE5HS

Addi tional suitable surfactants include the follow ng: lauryl-, nyristyl-
|l inoleyl-) or stcaryl-sul fobetaine; lauryl-, nyristyl-, linoleyl- or
stearyl -sarcosine; linoleyl, nmyristyl-, or cetyl- betaine;
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myristam dopropyl-, 15 pal m dopropyl -
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terminus. One example is to place a serine or threonine at the N-terminus, oxidize this
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30  3-(2-pyridyldithio) propionate (SPDP), succinimidyl 6-[3-(2-pyridyldithio) propionate]
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Bi osyst ens, Fr &riermghisavlarlyyseful glasoéf Heldrofifuncrioml cmsémlsgecmclgd@st@ovcrsr ng

apfgngrﬂ&}sg@mggxgwm C“"gﬁée%“eﬁv < BRI ISt ihmide QO Pis BherOl
SRR IR S RSN ﬁ’rrr%nenee? s o

n nor vol teagem gvonps)de atledise pH s amdProdéhatadl dndreet bynnddesrthélsattack on

El ect r ospnays bPRiAR Lh QIR 2 d

menbr anebound ?ornsN(})i?negF??é Tﬁlg?‘g‘ f ma{llgs fég&%fcferg{awéﬁﬁf%rgéﬂéese%ogﬁdaé%m and
20167 Da, TeleassoéNRepysulforBas a)by- Pl’?@lcfreasur ed mass of 19560 Da nat ches
the predicted mass WD 99128343 5 10 15 20 25 3 0 MAY 2002 PCT/ US98/ 25676
-57f or Shh st arHiomgrirageveyesoup wsedbltasrnertnedt @ hetevgbifynciignal pepsgdipkes 1S #ass of

1956:)»&) 2 () reaé{ﬂveCQBﬁIS aebﬁrnlrcrgﬁ%r%@kg@f VB rdBp §1rféltﬂc%9§lexﬁﬁd@ehﬂl? ét%.ﬁada%a her ed
avai |l abl e i nor u e differ ein ma e.tethere
ord sorubmBraE iR LMt ot ShH GG, With, e SRR (SAEIE or ' by
aberrant peoadues) mtmmumspm&&s slightlyRicehd oussuyal (o) 6.6+7. Htcoalitiofis. 1Hplogens
denonst r at t er i and
Thua Tt oefohath ERARART vodty MHOSIRLARR A ASToRaiOR EL OB B bk 20C
at | east |rﬁacpa¢ groupgreshis irethe demratiop af stablatteigethastondsr est er i f| ed

cholesterol is 368.65 Da). The presence of a m nor conponent in the mass
spect Pdm of t etihertbigd Shinpencnt of 0@ IBeerobifiingtiontil icfass-dinkeroimthehepaperi arar ¢r peak

by 371 Da brﬁUE)pOrl{eeﬁxd I 2 tH@tstrQ&ureFthM B&fne@ﬁé'tﬂ@'?ﬁr@ é&rmmrd@stﬂre%ows

obtained b treatr g‘ fg ;r@ge Sh ng h under conditions
that can BPRYRNY HEbUFpbe dridee iy Hk§ %ctmrr@m B0gHt 1h§OHE pRSEChSnds (
18), and tlbmger rlﬁaigal m R@ré hﬁsnt}eaﬁdﬂ com: disthde t ecbysaryB&s limkeovd eoriptex (MS) .

Briefly, i [ reat mM KCH, 95% net hanol
for 1 h atﬁgﬁ@fg%ﬁg For?'eért% tre gﬁgﬁf‘ ﬁé @%yéém%sgomESI -M5 or digested with:-

endoprgt ei nase , subj cted to LC hr omat o on the
M cr oidss Quat t‘fépﬁ"r&tpr%rﬂép ARG Yt RathiRaare PR e

subj ect ed step preaysinvehéngtho nwiimsreagion and tist sulthgdity ceaviioh Fomhmijrspytr:p,dr ne.
Base trealii®afiiYehdiRfh, HREpBRSS cf?é(sel?f%ﬁ w@@’co\"}mr{:g g‘r&a@?'&ﬁ‘hﬁé €MhisWahlbet he

| oss of cholesterol plus water (see % mass of sol ubl e Shh was
not affected by base treatnent. Together these observati ons suggested t hat
t he menbr ane-tethered human Shh contained two nodifications, a chol esterol
and a second noiety with a mass of 236 Da. The simlarity in mass between
“this value and the - nass of an added pal mtoyl group (238 Da) suggested that
the protein mght be pal mtoylated. More accurate estinates of the nass,

di scussed bel ow, revealed a correlation within 0.1 Da of the predicted nass
of a



pal mtoyl noiety. TABLE 3. Characterization of tethered Shh by MS.

Cal cul ated mass val ues were determ ned using average residue rreZs&éMlegUZpart
a and nonoi sotopic protonated masses in part b. 30 Protein a. KOHtreated
Shh no tet hewobsktgreat ment) Mass (Da) Cal cul ated Measured 195GTAZS9895636

WD 99/ 28343 3 0 MAY Z002 PCT/ US98/ 25676 -5 8-no tether

(+treatnent) 19560. 0219561t et hered (-treatnment)20167. 1420167t et her ed
(+treatnent) 19798. 49197805 b. N-term nal cndoprotei nase Lys-C peptide

(MH) *no tether983.49983. 50t et hered1221. 721221.79 * Al mass val ues far
pepti des descri bed herein are protonated nmasses 10 Subsequently, we

determ ned that tethered Shh coul d be f3%®ctionated into subspecies by IIPLC

with a nodifie 5% UE})&%ng&ﬁ%‘c? %EZ aﬂﬁp‘ﬁﬁf qg:Y)?(lqEBgd lguu? rlipllﬁv. lﬁﬂ'&:ﬁnﬁ]ﬁ§ N ltnggl

gquantifying th I'ous ese anal yses are s
| ~i ~ure s. In mmtgnas%yprqtm@ showtwaiet (Gonthirsfae emlﬂtvégyllmgwm( deacwe;s)whcméwh
chol cstcrol rcnc.ﬁs cd be écﬁlﬁg,a@ﬂ'con@idlﬁré@sﬂﬂ)@&l&l gb L{@Qﬁ'\efgrcﬂaﬂn'cﬁn B¢ fdddted so

e 2'0%%%5 it e RRedting 5 teSiahe Nt invepige [s6F PRRRA o)

t he pal mitogl (1983 h. RrbaCheras2:26ke iddofporated hy axfeyensclypreny i Elgnin;is Réfigbht dasbe

Contai nan unsdpes & bRBaRe Guikti BB lhyd RN B! BINELEE pfidly T fop ShinBle®
Pal mitic Acid NKiblananietal. |(dﬂ58N$WhnBtQ¢b'~fHuBrm 13”0ﬁ|4044l3|e@‘g1e]&'6|§1CS@qa’enﬁb‘—é79TH¥!ml

site of pal mt gfbeh094Ws! RcHpbhtdiiTerraRENERES. Was identified using a
combi nati on of peptide nmapping and sequence anal'ysis. Figure 4B shows

results from25 a p%&'r@&tn%%ﬂ@ﬂs%ﬁi ¥S rse OF ekitghcd R UiRs %@Tsﬁl'ﬂ%'d%l&h T
LC- M5 r eadout dat a acgg nt i nEg)th or_ over 98% of the sol ub

sequence cofl dPHeOEa‘E%&i’ﬁE‘%'H 1 shphberel-4wa) This pH repge bfé&%twelsanwﬁgﬁows

asteri sk corregpangactiy Whie aiNiries) presedding @fetrhalein{ide gropesr the Seqdhd $eaction with
4-vi nyl pyri di nrsg o%sﬁﬁrved mass 983.50 Da, cal cul ated mass 983.49 Da; Table
0

3). In the cor an anal ysis of the tethered product (FI gure 4A), th| S
30 peptide was m ssi i nstead. a nore hobi.c pt i
1221.79 Da ' was obélné'g\}ggg(eﬁ&{é nigining 8%‘13%??@ 390 B baeF stfubifiey™ The

should be dissolved in a minimal amount of orgamc solvent (DMF or DMSO) before

15  introducing the cross-linker into the reaction mixture. The cross-linker/solvent forms

an emulsion which will allow the reaction to occur.

The sulfo-NHS ester analogs are more water soluble, and can be added directly

to the reaction buffer. Buffers of high ionic strength should be avoided, as they have a

tendency to "salt out" the sulfo-NHS ecsters. To avoid loss of reactivity duc to

20  hydrolysis, the cross-linker is added to the reaction mixture immediately after
dissolving the protein solution.

The rcactions can be more cfficient in concentrated protein solutions. The more
alkaline the pH of the reaction mixture, the faster the rate of reaction. The rate of
hydrolysis of the NHS and sulfo-NHS csters will also incrcase with increasing pll.

25  Higher temperatures will increase the reaction rates for both hydrolysis and acylation.

Once the reaction is completed, the first protein is now activated, with a
sulfhydryl reactive moiety. The activated protein may be isolated from the reaction
mixture by simple gel filtration or dialysis. To carry out the second step of the cross-
linking, the sulfhydryl reaction, the lipophilic group chosen for reaction with

30  maleimides, activated halogens, or pyridyl disulfides must contain a free sulfhydryl.
Alternatively, a primary amine may be modified with to add a sulfhydryl



3 0 MAY 2002 WO 99178343 PCT/ US98/ 25G76 -59The 1221.79 Da noiety is
consistent with the presence of a nodified formof the N-teryy gptlde
i.e. 98%«&3”%@ %or t he peptide conponent plus 238.23 Da. gz
pepti de 4 subj ected to sequence anal ysis by MALDI ﬁ?enent
The resulting PSD spectrumis shown in Figure 5. lons corresponding 5 to b
1, b2, b4, b5, b8 + HO y8, y7, y5, vy4, y3, y2, and y 1 fragnents were
detected which confirned the sequence. In addition, the bl and b2 ions
i ndi cated that the pyridylethylated Cys-1 adduct was pal mtoylatcd. Only
ions containing Cys-1) contained t added 238.23 Da mass. Since cysteine
is anormal site of palmtoylation for proteins in rii it was not 10
surpri si ng to flnmdl cztses, ribey bhfferdsheutd be degasead toopreent Nxidatian od|sulfingdrisi ne.
However, Op? a eo\é'aq@&% &ea&%ﬁ%&%& il 'tHaPhﬁy‘P!@%réEﬁtﬁﬁ'ﬂ?ed to
up._on t no

t he amno gr ne and First in the peptide
mappi ng stouéer. B\)éfiﬁéhmﬂgé? ﬁ)?? Bl AnyRuiBy ) So%‘ﬁ‘élf’tgrc@%ﬁi’is tag to nonitor
free thiol groups (27). Pyridylethylation is highly specific for cysteine
thiols and addMalemides maclaspeeidicaliihaithc-SH Broupe fleshiabdy wgidissto meiral pH

observed @ysred(£SM A M ﬁélmfal PHITe SfSicient fohﬂea@&ﬁ:s&ﬁﬁﬂbirngmbro@&ﬁﬁddﬂ%nb I h

hi of - of opruiidabe ideffnss ebions Sl ks ey S SRR et e

Edman sequemaitergofimtnmes.s dgumgac ecanden tilpieai atedszqmm@gﬁsthahg;ebi aok qyedgt t he
N-term nal;; Q¢ Qi ne. By contrast, the corresponding soluble formof Shh can
be sequence rea’dily 20 Exanple 2: Human Soni ¢ Hedgehog can be Mdified
vvi th Palmtic d r . . i

"palm ti e aci i A DubFT GERIPEBLE SRS it M, FRUEH S B
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100, 000 x a@bﬁ’eﬂllﬂféﬁlomﬁébbé i éﬁded |n 10 mM | - | EPPS pI 1 7.4, 10% sucrose and
again centrifuged at 100, 000 x g for m n. The finpal eIIet (derlved from
10 g of |iver) GussRa pafieied dmpmwofnoze“w frrr.%omusflmn picirdg: N4y mv
NaCl, 1 myyrdaEmal¢bnidé:g/ ml 2 2upekdNystiiBond4 b Yeibiidé,on X'L&QQ'!S Rhictbidted, and
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10- 20% gr adite N-(Zremjncgtihy hwiakimidez ewii flogroabetar agidapsly. OfsgoshGreenTM H&fure 1

| ane , readily | e radi oact of the
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corres pondﬁ”ﬁ@o)@i@(ﬂﬁéﬁbiowwlhéalgmﬂﬁeﬂ‘ FEAMpYSDi 12173 dl@ﬁ\«by ﬂ)m“?ﬁfépldht'l ng a
hi gg degr?ﬁd(q{z §19-30411ﬂddf$13tw}[ ﬂfalénﬂl&iepéild"{hddwlhﬁﬂdlmi’tieFQHCIIOMJX&SBDlE)thYi@Td t
evi dence r eci fi,ci on rea we teste WO
Shh vari ar%ﬁs ﬁ@ﬁ‘g H@'l)é’%/all © pal (?] é{'/'f"g t?ﬁ’ "H4d bg E}IF?HY%{P’eﬂ'
Figure 1 (}llhmdt.lmxdm«()mm)s u\ltsa'lfMof?ﬁSt 66 ramainyide sAkaBMt 5%h€at maleibideor n~ of
SO SNBkh! AR BEtchOfdORIA " s HiinAMRARERLALARILANGS, Oloshls. MRt ur e

sequence) arl nt form
N-term nalm@:‘ﬁ'@“d%z SI n : flyoresgeiniS-mglegnide, poi nt N‘r(j‘t@tqhm@thymlpﬁtr of Zhe

va{l an}g sI V&h.%fbﬁl'ﬂ?l)ﬁﬁhny'ﬁhﬁleﬁhﬁfél ficance wdnzb d;kl@nbhetwnmmﬁhdecyst eine as the
site O |

soluble S mFg‘yﬁ’é‘é\égﬁ’}iﬁ%‘V“ 5 h@Hy]vmh: ghl I J@E&i% (7E£gle¥n?’ lethy% V\g'l | (a_ype

methoxyphenyl)oxazol-2- yl)pyridinium methanesulfonate, tetramethylrhodamine-5-
30  maleimide, tetramethyirhodamine-6-maleimide, Rhodamine RedTM C2 maleimide, N-
(5-aminopentyl)maleimide, N-(2-aminoethyl)maleimide, N-(2-((2~(((4-azido- 2,3,5,6-
tetrafluoro)benzoyl) amino)ethyl)dithio)ethyl)maleimide, 2-(1-(3-



1 ~ termnal cystcine to scrinc nutant is not. The inability to | abel the
N-term nal scrinc nutant argues against a sinple reaction nmechani sm where
the pal mtoyl noiety is directly attached to the N-term nal oc- rﬁimﬂm'pce
under the test conditions the serine should have substituted fggm%gﬁ? '7
cystei ne. WA P& 4Ested the role of the free N-terminus usi nE G&ndsil
sol uble Shh with ?0 an N-termnal histidine (H s)-tag extension. The

sol ubl e human Shh used in these studies had been produced initially as a

H s-tagged fusion protein with an enterokinase cleavage site at the
junction of the mature sequence and was then processed with enterokinase to
renmove the H's tag. The His-tagged Shh _yas not pal mtoylated despite the
presence of the free thiol group of the cysteine (See Figure |) lane i).

Wi le we ' 'S damadylamineprepit) tWéOlpMBi'%('Piqusﬁ'Ylﬁaﬁmltﬂﬁﬁd‘N—%e‘?rﬂ"ﬂ?ﬁql‘)’@m"é‘hs?“on
sterieal |y i nhighdthylcOahafid-9l ataldmide’ @RONVGUT H-BenzoR)Sudrens, Bénzbfafpyrent. '
position of the enterokinase cleavage site and is readily accessible to
enzymatic processi ngp ohBUémbolin®PBaRE heddefbg PlypepthR dahibel depiRativdartidiepydéne
Cys-1 contribute to 'éhﬁg}f)a}l m t oyl at.i on eaﬁ\Al ,%n.l %n e @I kng}\yn

pal i t oyl at | on FHEEHHEAEhEkHEe RyichaseckiwomndplRgilas Prepes (gere, Dircery, e.c. N-(1-
][esi dues, wfs [ rpfyﬁarneyrhﬂéinﬁﬂe tohel-mgdhéxhaayli gj’doﬁdfhtdledﬁbﬁAgeﬂexartsAs'\,iiIJ\hthtai’td in
ormati on of athioest.er jnternedat and t hat Ay Lety .S, .
then transferr Jfﬁglfrgqt Ltg W—r&eef i ﬁ% %F‘fﬁ‘e})’ﬁ% I?r?tﬁ'g‘ }}ag? ﬁé@ﬁ%‘ﬁ? é?&ﬂée é@éﬁ%}ég that i

i nternedi ate. Massichyypdiohdssd of megnitwdaforeradiveuhdnibe yamadidicd dornt dfethe protein.
nodi fi cati on of human Soni ¢ hedgehog using pal mtyol Coenzyne A (See

Exanpl e 8). - 3 0 Mar 2002 WO 991 28343 PCTI US98/ 25676 -61 F:xanplc 3:

Denonstr:ition _of _Increased 1'utcncy, of Naturally Ocurring H utt~~Acyl atcd
Human Soni ¢ HedbyeMagingHydraphobckesttide Renivadives 2) Assay 5 Shh was test ed

f f ti [ | | - based [ | kal i h hat | nducti
in 3l 1107172 certeOrDEy g i AMenigy (SRR FE A8 VBARRrb it

in a 96-wel | f dwydetpholSampptide. wes wsed hereim tistugetth ¢ pepeide Fimcludes b seqen@hif af 1eh0
ug/nL), the sa . fLLE } - 1.0l A i r aedi.um
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normal i zed for and SoRleaming ady, dbe daust heing dydepicelelepetyl efca gnerabmge spanning
i ncl udi ng 0. 005%mekdfal preRf. Ao H&afehﬁ‘p?&ih& With KRS IHabicBihafkicnahs bimehtids

using the neutralizin rine mAb 5E 6}, wer erforned m xi nfi Shh
wth ser s all S 108 1 SHEe " PRSI PRy, b R IRE SRR ey , B,
cul ture nmedi umpbendalanine adelewang, haicines valgmppicgonie. tiyptophan.edanine prdiing. and
of 1 gl ni and ‘G oong, ThP rONROHGRE pinRin IRPRASIBNE uARRRALSRING L) floks wifhh
Wi th a chol est dPAIOPRPPEEHERAE: o raming eﬁi%rwegmaﬁam&&&iﬁﬂww|a°ﬁ¥‘aw atothfie
N-term nus, sirftdtarckythpr aittced ahdgeetidiepesndespiibileg ponpeotesiysihie Adahydsbdidr
wi th an | C,pnof 3 ~0/ homl. sl | .= Lnds Gat i ng
that 1t waelancapiyitd fban il Snda ISR spl AP Btes T pltecing Bempuhitp 3} 0
coul d'be [nhi bi tod R ‘93292%‘%??‘?‘%2’&%% LAV SbhRRlBHaH O ES oh dbrfitn, Orey
sol ubl e and tetsllfércé’&i%%ﬂﬁ Y i‘?aﬁFﬁstﬂ“Fedﬂ‘GWa.‘jEeliv the &@rg?ﬁggg]’f PF@U’%@S 8%)".“‘““1
| _nhihbi tion of tih@é&o@tdfﬂh@dl-t@hhinﬁﬁﬁwidbe.d Ia a?@ﬂnthemgodémﬁm, Sthyliraphiobicsgeptide is
with its increase tivitywin the assay. Tet ed.. tested. in :
Feceptor bi nd rpPsald b e XEBpingS of B HialF, (elRyty, WA B Mol s
nodi fi ed veXSsi ombsitugdrinqdacelof theilbl-teshion] assidug. (i) C-taminue care be ¢heShative C-
sl u>wed dose- d~psh sl LWiei ng. d 1SS o
altltarunt | ‘s‘?“%‘%‘%o"_a“‘%af?% ey ikt ﬁw"fh@?f{%’é‘“‘é‘%&??;ﬁ@éﬁ%@‘?‘? By rg v e
bound to pcrrch¥Erorkebls ReR ‘ﬁ‘r‘)ﬂ)‘aﬂﬁ’ﬁf‘ gdcsahst finab &--tegmipal amipg asifl jof ghe Hupcatade
tethered form blorfAdwhizhYs &lli gfdrted tb@s $he *ddrininds®. Al uicaraiie@gehogGrévsmnpilie

ﬁl p'g‘ggln%/:' s of r-le- atmhgcrt%/qtwau%nupSPon!el%vgae gr%?ngogciéisf érgrdeﬁ?e%oﬁ'cs)rtnl t&lg tn'a 10e ICDttegninal

30  sequence. The hydrophobic peptide may also be inserted between the N-terminal
residue and the internal residue immediately adjacent to the N-terminal residue, or



WO 991 28343 PCT~~8~~~7~~ -62This exanple illustrates that reconstitution
experinments into positively and negatively charged |i posong 90t er gent
dilutiop ONe 4a‘vvlderange of lipid : protein ratios {w g" SEtH lto
100 : 1Y¥HG8" A% effect on tethered Shh activity in the C3 assay 5
Reconstitution into phospholipid-containing |iposones provides a useful
formul ation for |ipid-containing proteins because it allows a

| i pid-containing protein to exist in a near normal setting. To test whether
such a fornmulation was viable for tethered Shh we utilized a detergent
dilution method to incorporate theprotein into a |iposome (60), where
preformed |iposones arc mxed with ‘octyl gl.ucosi de and the 10 protein of

i nt er est, betngen HenCiermipa residuenand; the gesrdve demypsiately iadipcentite ftheat -temieal| e
concentra}ésme S Beswetinl tioNAteberdsRiueIst i t ution. Wile any of a large nunber
of pure or I|p| d mxtures can be utilized, we selected two comercially

avai | abl e m xt yf @eraAn e%@lxﬁentzﬁ tn@%bpm& yn&a? i9 Ammﬁam% ﬂfdwpeegaé ai ni ng
egg L-a-p phatld | choline, ciic~t

ho hol ester
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| yophi | i zat@fll@nhed‘#éwu’mt@"&as suspended in 10 mM Hi ; PCS pH 7.5, 100 mv
NaCl, 2.0% octyl gl ucosi de, vortexed, and sonicated 20 until the suspensi on
had tur ned opal escent i n appearance. The |lipid was then filtered through a
0.2 mcron,fj I% uots of tethered Shh, from bacul ovirus=infected Hi gh
FiveTMin Bmls'l" eB'X?S}Y"jI ucosi de were treated with a 400- 1000-,

S000- d 2 nd .
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ol i t oyl SEHBREAL %r%?% Gy SRS ol et TS ' RUARY or
whet her |t:hmsalsrpethocﬂs c to insect cell production, the protein was 5 al so
produced in a manmal i an systemin EBNA-293 cells. For expression of
fullléhgth Shh in mamualian cells, the 1.4 kb Not1 fragnent containing

fuII-Ieng was cl on |nto derivative of the
vect or, @Béﬁﬁ,ﬁnﬁxﬁ{?ﬂf%ﬁgﬁnd Sasatysals a%aﬂwce )). The construct was

t ransf ect d ing lipofectam ne (Life Technol ogi es,

I nc.) and% N%N@ﬁemﬁ@dﬁ 48 h post 10 transfection. The

expressi o ’{5 face Shh was verified by FAESMMANNAME St ern bl ot

anal ysi s. Tét hered Shh from EBNA-293 cel | s w®§tyricgeidi onat ed by reverse
phase2MPLC én a narrow bore C4 col um (See Ficgproi ®)d Peaks were anal yzed
by ESI-MS (parts a and b of Table 4) or by MéhptdedidVM5 on a Fi nni gan

Lascr Mat nmags spectroneter 1 ~ using a- cyanotﬂprﬁw@i@xym nnam c acid as the
matrix (partpc of Table 4). By SDSPAGE, the prpfeiiy mgrated slightly
faster than,sol uble Shh, it was retarded on t e. kum in the reverse
phase HPLC anal ysi s, and by mass spectrorretrm s, 'faﬁlggt ai ned an ion

cor r espondi é to the palmitic acid plus chol & [mitigpcifn i £ i cat i on.

| -1 owever, URlike the insect cell-derived pr Steane a¢iAtr e over 80% of the

pr oduct contl&i ned both the 20 pal mtic acid araghidiodcidt er ol nodificati on,
the HPLC el @0ion profile and data from nmass $pkaiicavigdtry reveal ed t hat nost
of the mammaki an cel |l -derived protein |ackedlighécepialagidt oyl noiety (sec
Table 4 and higure 3C). That is. in peak 2 from EBNA-293 cells the ratio of
clipped (des-1-10) versus intact protein by M signal was 50% whereas for
peak 1 only about U % of the Shh was clipped. Interestinsly, both the

i nsect cell and



2~ mammal i an cel | -derived products showed conparable activity in the

C 31110T11' ? assay suggesting that both the chol esterol) and the

chol esterol plus palmtic acid nuldilications arc | ~unctic~nal3 0 \MQ002r

tlu: socol ~~ologpsxds; | tt; | Chi 114111 Slte 11 |1 Sed sinply to frobsesr25676
stabilize the associ ation of the protein with nmenbrane or whether it plays
a nore active role and affects its conforn~ation or protein-protein
contacts remains to be 30 determ ned. Fatty acid derivatization of proteins
is a conmopn post translational nodification that occurs late in the

mat uration processes (28,29). For cysteine derivatives, the process is
dynani ¢ invol ving separate enzynes thaf3-add and renove the nodification 3
0 MAY Z002 WD 991 28343 PCTI US98/ 25676 -64on the sul fhydryl group. The nost
common funct i disatratedigRidderi vati zation (e.g., palmtoylation) are to alter

the physi co- chemapcRreeti es of the protein, icrSonictaRid arget a protein

toits site of rotei n- rot r ions, and to
medi at e prg telmflgg%@m: CW)O@BUHE (30). Igor elh%;é%ﬂ%g %%l le the

di fference oylatlonlnt e I nsgct and manmal i an
cel | -derived sect cel | s velghE O%| n manmal i an
cells) was sur@ rh(gl‘ it is bilBlodi¢e@d|y significant or
whet her it si rﬁiﬂyCHe(fHeﬁ‘?Héx(GH&)f,@@@ﬂnbes |n t he cellinglenic aadhi nery of the two

test systems f@H,(GHY (CH.@M:CHRNTCH,NGCOBH M tic aciadachidomickcdid erence in the
extent of nodification in the insect and mammalian cells is unlikely to 10
be speci ed0r el Hteadtesish ¢t deavtes teedfally asidp Hiak sveHfednre ogcerhbinamasdpehod pratdini n

insect cells lacked ﬁqﬁ# gisguﬁleacﬁhgr 19) despite having the identical
~BLL: =4.

N-term nal sequence. ss spcctromtry an: ~lysis of
EBN 1- 293-derived tethered human Soni ¢ hed~~eho~;. 15 Mass (Da) Protein
Cal cul ated Measured a. bacterial expressed (no tether) 19560.02 1960 20 b.

bacul ovi rus express@gef 11 tdbahﬁdaan+bdoahmh&di Go akd grdt&macm&c IbPatRRecdtclianl Wittyl C
aci d/ chol est eral 201 5% ,}_1 NA 293
A

d, (et
peak 1 (9% of LHPa" 2 Woouiiie Boubostsd tosf PRSP EIMPSNE Tid)
| 8700. 02 1§71 2hpeptiatidylir@sitoh of-miooeplosphate ednlg)phesphatidylgnasisole rof-biphogthagy.

19934 + chol 1 1
hedgeh ; g§: :)_ gg{hﬁ%&?mgﬁg s ?Plogpﬁ&%%lléélgdn%%gi ggﬁ‘é?‘)sgﬁaéf(dg’?rspélgg GE%L?!‘Eﬁprenonds

Mbdi fi cati ons SHF! rﬂrcgemnp'g%rﬁé?ﬁ)g

We have demonstrated that lipid-modified hedgchog proteins can be purified

from either a natural source, or can be obtained by chemically modifying the solubic,

20  unmodified protein. For protein purified from a natural source, we showed that when
full-length human Sonic hedgehog (Shh) was expressed in insect cells and membrane-
bound Shh purified from the detergent-treated cells using a combination of SP-
Sepharose chromatography and immunoaffinity chromatography, that the purified
protein migrated on reducing SDS-PAGE gels as a single sharp band with an apparent

25  mass of 20 kDa (See Example 1). The soluble and membrane-bound Shh proteins were
readily distinguishable by reverse phase HPLC, where the tethered forms eluted later in

the acctonitrile gradient (See Example 1 and Figure 3). We then demonstrated that
human Sonic hedgehog is tethered to cell membranes in two forms, one form that
contains a cholesterol, and therefore is analogous to the data reported previously for

30 Drosophila hedgehog (18), and a second novel form that contains both a cholesterol
and a palmitic acid modification. Soluble and tethered forms of Shh were analyzed by
electrospray mass spectrometry using a triple quadrupole mass spectrometer, equipped

with an electrospray ion source (Example 1) as well as by liquid chromatography-mass
spectrometry (Sec Example 1). The identity of the N-terminal peptide from
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when the rat Shh gene encoding residues 1-174 is expresssﬁﬂﬂyg Hﬁg,é iver""'
i nsect ¥ 9°283%43ssentially as for the full-length human ed in
Exanple 1. The lipid nodification renders this fraction nenbrane s

associ ated. The N-term nal fragnent (residues 1-174 of unprocessed rat

Soni ¢ hedgehog) differs by only 2 amno acid residues to that of the
N-term nal fragnment of human Soni ¢ hedgehog. In the rat Sonic hedgehog
N-term nal fragnment, threonine rep+4';1ces serine at position 44, and aspartic
acid replaces glycine at position Vhen rat Soni c hed ehog | acki ng t he
aut opr ocessdapgotdimasd hys-€ diggsted Jedticicd Jhne wib glen e by MALRY eB$D mass
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cal cul at i i ©FBEpelct Brogses datermudinte @l@bthtdmléml% i then drapsficeed s
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Aut omat ed \N-t.erm nal

that the NTEPH NS S ""bPB'c"k'egf?J‘]’gldg'gé’ét‘i‘ ‘8“ ‘H%{‘F “?h‘ R LRI, 1! cat ed

unsaturated carboxyllc acids such as a Cocnzyme A thioesters. Such materials and

25 their derivatives may include, for example, commercially available Coenzyme A
derivatives such as palmitoleoyl Cocenzyme A, arachidoyl Coenzyme A, arachidonoyl
Coenzyme A, lauroyl Coenzyme A and the like. These materials are readily available
from Sigma Chemical Company (St. Louis, MO., 1998 catalog pp. 303-306).

The effect of different lipid moieties on functional activity of hedgehog protein

30  has been assayed (See Example 8 and Figures 10 and 11). Similarly, the effect of
different lipid moieties on functional activity of other proteins such as those described
above in Section III, may be conveniently tested using methods known to workers of

ordinary skill. For instance, functional testing of gelsolin (50), various interferons



| ~lipid was attached to the a-am ne of the N-term nal cysteine.

Endo- Lys- C pepti de mappi ng. MALDI =f OF nmass spectronetry and MAL?b p

anal ysis (as described in I:x.unplc 1) of the 4-vinylpyricfinc |'11§[1Q02cd
|'i pi d-nodi fige Jopgiaks, w crc used to confirmthe |ocation of pdgusdsRisehes
nodi fications and to determ ne their exact masses. The masses of the
N-term nal peptides (residues I-9 inclusive plus 420 vinyl pyridi ne attached
to the thiol side chain of the N-termnal cysteinc) carrying the lipid

nodi fications were consistent within 0.1 Da with that expected for the

| i pi dnodi fied peptides as shown in Table 6. TABLE 6: Masses of the

N-term nal peptides iosolated fromvari4sus |i pi d m)di fied 25 fornms of rat

Soni ¢ hedgehog,.. Pr.otei n.Ad ) ed Mas ,NI;I+
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significantly rm(f otent in th %é @1& iﬂ&gﬂ theb26 @gg
lhh.  Exanpl e &" ng‘ﬂ“ 8?“f‘i‘58}¥t‘?rb s"”?Srf‘bt Sy ud HY ‘Kc Wisgsh BaVve
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geranyl addition are known and the protein may be modified during expression in a
30  eukaryotic cell (Gelb et al., Cur. Opin. Chem. Biol. 2: 40-48 (1998)).

VI. Multimeric Protein Complexes
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30 neasured mass = 19798, calculated mass = 19798.43; nyristoylated Sonic
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1971 4. 28; octanoyl ated Soni c hedgehog, neasured nass = 19686, cal cul ated
mass = 19686. 23. WO 991 28343 3 0 MAY 2002 PCT/ US98/ 25676 - 70Anal ysi s of
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25 (u) aging of the nervous system including Alzheimer’s disease; (iii) chronic
neurodegenerative diseases of the nervous system, including Parkinson’s disease,
Huntington's chorea, amylotrophic lateral sclerosis and the like; and (iv) chronic
immunological diseases of the nervous system, including multiple sclerosis. The
hydrophobically-modifed protein may also be injected into the cerebrospinal fluid, e.g.,

30  in order to address deficiencies of brain cells, or into the lymph system or blood stream
as required to target other tissue or organ system-specific disorders.

Hedgehog compositions of the invention may be used to rescue, for example,
various neurons from lesion-induced death as well as guiding reprojection of these
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25  thereof). Such radiolabeled compounds will preferentially target radioactivity to sites
in cells expressing the protein receptor(s), sparing normal tissues. Depending on the
radioisotope employed, the radiation emitted from a radiolabeled protein bound to a
tumor cell may also kill nearby malignant tumor cells that do not express the protein
receptor. A variety of radionuclides may be used. Radio-iodine (for example, "*'I) has

30  been successful when employed with monoclonal antibodies against CD20 present on
B-cell lymphomas (63).

The protein compositions to be used in therapy will be formulated and dosages
established in a fashion consistent with good medical practice taking into account the
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30 Aficr a 30 min incubation on ice, particulates were removed by centrifugation
(1500 x g, 10 min). All subscquent steps were performed at 4-6°C. The pll of the
supernatant was adjusted to 5.0 with a stock solution of 0.5 M MES pH 5.0 (50 mM
final) and loaded onto a 150 ml SP-Sepharose Fast Flow column (Pharmacia). The
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When full-length human sonic hedgehog (Shh) was expressed in High Five™

insect cells, over 95% of the N-terminal fragment was detected by Western blotting in a

form that was cell- associated. By SDS-PAGE, the purified protein migrated as a

25  single sharp band with apparent mass of 20 kDa (Figurel, lane c). The protein

migrated faster by about 0.5 kDa than a soluble version of the protein that had been

produced in E.coli (Figure 1, lanes b-d), consistent with data published previously (19).

Similarly as described (19), the soluble and membrane-bound Shh proteins were also

rcadily distinguishable by reverse phase HPLC where the tethered form cluted later in

30 the acetonitrile gradient. The concentration of acctonitrile needed for clution of the

membrane-bound form was 60% versus only 45% with the soluble form: indicating a
significant increase in the hydrophobicity of the protein.



5 6) For a vehicle control, conbine a solution of vehicle %val NaP04 pH
5.~, 150 mM NaCl, 0.5 mM DTT) with PBS (G bco product # 2031bMabnn pH 7.2)
ina 1: d39s Add 1/400 vol . of 20mM octyl nal ei m de i pdpNEGsAHs 2 1/ 400
vol . of to give a final concentration of 50 pM N octyl mal ei m de and
0.5% DVSO. Finally, add | :1000 vol. of 0.3S MDTT. 10 Approxi mate
conpasition of the 1 m~_...f,/m N-oc~l nal eimde sHh-N solution PBS (~pH
7.2) 50 pM sHh-N conj ugat ted to N-octyl mal ei m de 50 ~M DTT conjugated to
N-octylmalcimdc 1 ~ 350 pM DTT 0. 5% DVSO Appr oxi mate conposition of the
N-octyl mal ei m de vehicle solution BBS (~pH 7.2) 20 50 pM DTT conjugated to

N-octyl mal ei m de 3SO0 pM DTT 0.5% O For a final, co ntratlon 25
1) Make a 60 Miase SpekrbmsTaA ARRlYS) mmhraee- %reﬂm SomopfeaztoE

mg/ m). 30 Y 2002 99/ 28 R /U898/ 567 2) te of 10
mg/ M sHh-N (i nfLavA% RE%:Y"' ﬁ”Jcc‘ed?r"deFﬁﬁ ﬁa’%?Lg a%\ﬁ%‘\“ﬁ%ﬁb%m d

wi th PBS (GitbdNw. @21ddBd04 #c&ﬁlﬁiithtﬁ@ﬁsxom4% mmtmtegla\l'eimnaerrrg/ 250 @om) 860 uM

sHh-N sol u Mpm e turl ounl) b&'ﬁig%ﬁ‘?%?esel%ﬁhv@o? S0l fooéoggka%'éﬂ't gein ,

t he subsequen
add 11 200 wnomtufc wcﬂwwmlbrqwmw @uslmé 1 gy rate oFA 4|\rn(b/men g hp|cpmﬁ)

Thi s gi veseffudt lvdm&ﬁtorréﬂdtOS()%ﬂparm\@ 3 28 Fravdio® were hlletrdei 15 dlie aliguoidh- N.
4) Mx this oI utio %ent | e. i nver si %nmozI Stct]e% \t/yc gon%géj[r ItngLAE)s%él\e/e or 1
hour at ro¥m rfaé M:éx protein were drie p a
elcctrophorcan sample buffer, and analyzed by SDS-PAGE. Hedgehog-containing
fractions were pooled, concentrated 4-fold in a Speed Vac concentrator and the protein
10 content assayed by absorbance at 280 nm using an extinction coefficient of 1.33 fora 1
mg/mL solution of Shh. Samples were subjected to ESI-MS on a Micromass Quattro 11
triple quadrupole mass spectrometer, equipped with an electrospray ion source. A
volume of 6 puL of FIPLC-purified hedgehog was infused directly into the ion source at
arate of 10 uL/min using 50% water, 50% acetonitrile, 0.1% formic acid as the solvent
15  in the syringe pump. Scans werc acquired throughout the sample infusion. All
electrospray mass spectral data werc acquired and stored in profile mode and were

processed using the Micromass MassLynx data system.

Peptides from an endoproteinase Lys-C digest of pyridylethylated-Shh were
analyzed by rcversc phase HPLC in line with the Micromass Quattro I triple
20  quadrupole mass spectrometer. The digest was separated on a Reliasil C;; column
using a Michrom™ ultrafast Microprotein Analyzer system at a flow rate of 50 pL/min
with a 5-85% acetonitrile gradient in 0.05% trifluoroacetic acid. Scans were acquired
from m/z 400-2000 throughout the run and processed as described above.

Sequencing of the N-terminal peptide from tethered Shh was performed by Post

12
N

Source Decay (PSD)-measurement on a Voyager-DE™ STR (PerSeptive Biosystems,
Framingham, MA) time-of-flight (TOF) mass spectrometer using o-cyano-4-
hydroxycinnamic acid as the matrix (22,23). Exactly 0.5 plL of HPLC-purified
endoproteinase Lys-C peptide was mixed with 0.5 pL of matrix on the target plate. To
cover the entire spectrum of fragment ions, the mirror voltages were decreased from 20
30 tol.2kvin 11 steps.

Electrospray ionization mass spectrometry data for the solublc and membrane-
bound forms of Shh showed primary species with masses of 19560 and 20167 Da,
respectively (Figure 2). The measured mass of 19560 Da matches the predicted mass
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99128343 3 0 NA g O§NE’§§I: l}leSe%t ceﬁ?genved Shh was treated with 50 mM KOH, 95% methanol
for 1 h at ambient temperature and then analyzed by ESI-MS or digested with
15 endoproteinase Lys-C and subjected to LC (liquid chromatography)-MS on the
Micromass Quattro II triple quadrupole mass spectrometer. For samples subjected to
LC-MS, the proteins were first treated with 4-vinylpyridine. Basc treatment shifted the
mass by 387 Da, which is consistent with the loss of cholesterol plus water (see Table
3). The mass of soluble Shh was not affected by base treatment. Together, thesc
20  observations suggested that the membrane-tethered human Shh contained two
modifications, a cholesterol and a second moiety with a mass of 236 Da. The similarity
in mass between this value and thc mass of an added palmitoyl group (238 Da)
suggested that the protein might be palmitoylated. More accurate estimates of the
mass, discussed below, revealed a correlation within 0.1 Da of the predicted mass of a
25  palmitoyl moiety.

TABLE 3. Characterization of tethcred Shh by MS. Calculated mass valucs were
determined using average residue masses in part a and monoisotopic protonated masses
in part b.

30

Protein Mass (Da)
Calculated Measured
a. KOH-treated Shh
no tether (-treatment) 19560.02 19560
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The site of palmitoylation within the human sequence was identified using a

combination of peptide mapping and sequence analysis. Figurc 4B shows results from

25 a peptide mapping analysis of the soluble protein with an LC-MS readout. Mass data

accounting for over 98% of the soluble Shh sequence could be accounted for from the

analysis. The peak noted with an asterisk corresponds to the N-terminal peptide

(residues 1-9 plus 4-vinylpyridine, observed mass 983.50 Da, calculated mass 983.49

Da; Table 3). In the cormresponding analysis of the tethered product (Figure 4A), this

30  peptide was missing and instead a more hydrophobic peptide with mass of 1221.79 Da
was observed (noted with asterisk).
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REP~. CELI49ENT pRide& bf evidence suggested that the lipid was attached to the amino group on the
cysteine and not the thiol. First, in the peptide mapping study, we used 4-vinylpyridine
as a spectroscopic tag to monitor free thiol groups (27). Pyridylethylation is highly
specific for cysteine thiols and adds a 105 Da adduct that can be detected by MS. The
observed Cys-1-containing fragments in the PSD spectrum contained both palmitoyl
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and pyridylethyl modifications, implying the presence of a free thiol group. Second,
the tethered Shh was subjected to automated N-terminal Edman sequencing and no
sequence was obtained, suggesting blockage at the N-terminal a-amine. By contrast,
the corresponding soluble form of Shh can be sequenced readily.

20 -

Example 2: Human Sonic Hedgchog can be Modified with Palmitic Acid in a Cell-
Free System

Soluble Shh was labeled with *H-palmitic acid in a cell-free system using a

modified version of a published procedure (24). A crude microsomal fraction from rat

25  liver was prepared by subjecting a liver homogenate to sequential centrifugation at
3000 x g for 10 min, 9000 x g for 20 min, and 100,000 x g for 30 min. The 100,000 x

g pellet was suspended in 10 mM HEPES pH 7.4, 10% sucrose and again centrifuged at
100,000 x g for 20 min. The {inal pellet (derived from 10 g of liver) was suspended in

3 mL of 20 mM Tris-HCI pH 7.4, 150 mM NaCl, 1 mM EDTA, 10 pg/mL leupeptin.

30  0.15% Triton X-100, aliquoted, and stored at ~70°C. Reactions containing 3 pg Shh. 1
pL of rat microsomes, 50 ng/mL Coenzyme A (Sigma), 0.3 mM ATP, 20 mM Tris-HCl

pH 7.4, 150 mM NaCl, 1 mM EDTA, 10 pg/mL lcupeptin. and 0.5 pCi-[9.10-'H]-
palmitic acid (50 Ci/mmol; New England Nuclear) were performed at room
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specificity of the palmitoylation reaction. As further evidence for the specificity of the
palmitoylation reaction, we tested two Shh variants in which the site of palmitoylation
had been eliminated. Figure 1 (lane f) shows results from the analysis of a truncated
form of soluble Shh that was lacking the first 10 amino acid residues of the mature
sequence) and lane g, ol a mutant form of Shh containing, at its N-terminal end. a

single Cys-1 to Ser point mutation. Neither of the variants were labeled.

The significance of the N-terminal cysteine as the site of lipid derivatization is
highlighted by the fact that wild type soluble Shh is readily labeled while the N-
terminal cysteine to serine mutant is not. The inability to label the N-terminal scrine
mutant argues against a simple reaction mechanism wherc the palmitoyl moiety is
directly attached to the N-terminal a-amine since under the test conditions the serine
should have substituted for the cysteine.

We also tested the role of the free N-terminus using a form of soluble Shh with
an N-terminal histidine (His)-tag extension. The soluble human Shh used in these
studies had been produced initially as a His-tagged fusion protein with an enterokinase
cleavage site at the junction of the mature sequence and was then processed with
enterokinase to remove the His tag. The His-tagged Shh was not palmitoylated despite
the presence of the free thiol group of the cysteine (See Figure 1, lane i). While we
cannot rule out the possibility that the N-terminal extension sterically inhibits
palmitoylation from occurring, Cys-1 is at the P1° position of the enterokinase clcavage
site and is readily accessible to enzymatic processing. Thus it appears that both the
thiol and a-amine of Cys-1 contribute to the palmitoylation reaction. Since all known
palmitoylation reactions target the side chains of Cys, Ser, or Thr residues, we infer that
the modification on hedgehog starts with the formation of a thioester intermediate, and
that the palmitoyl moiety is then transferred to the N-terminus through the formation of
a cyclic intermediate.  This hypothesis was confirmed during studies of the
modification of human Sonic hedgehog using palmityol Coenzyme A (See Example 8).
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<220> c221> S| re/mebpabe sgpples were first diluted 200-fold with normal growth medium' then

subjected to serial 2-fold dilutions down the plates. Wells were normalized for
10 potential effects of the added octylglucoside by including 0.005% octylglucoside in the
culture medium. Blocking studies using the neutralizing murine mAb 5E1 (26) were
performed by mixing Shh with scrial dilutions of the antibody for 30 min at ambient
temperature in culture medium prior to adding the test samples to the plates.

In this assay, soluble human Shh produces a dose-dependent response with an

15 IC4 of 1 pg/mL and a maximal signal at 3 pg/mL (Figure 6A). Tethered human Shh,

with a cholesterol attached at the C-terminus and a palmitoyl group at the N-terminus,

similarly produced a dose-depcndent response in the assay but with an ICy, of 0.03

pg/mL and a maximal signal at 0.1 pg/mL, indicating that it was about 30 times as

potent as soluble Shh. To verify that the observed activity was hedgehog specific, we

20  tested whether the activity could be inhibited with the anti-hedgehog neutralizing mAb

SEl. Both soluble and tethered Shh were inhibited by SE1 treatment (Figure 6B).

Inhibition of the tethered Shh required a tenth as much SE1 consistent with its increased
activity in the assay.

Tethered Shh was tested in a reccptor binding assay. monitoring its ability to

25 bind patched, using a modified version of a recently published assay (10). The tcthered
Shh showed dose-dependent binding to cells expressing patched with an appareat 1C,
of 400 ng/mL (Figurc 7). In the same assay, solublc Shh bound to parched with an
apparent ICy, of 150 ng/mL, indicating that the tethered form bound only slightly less
tightly to its receptor.

30

Example 4: Analysis of Tethered Human Sonic Hedgehog after Reconstitution into
Liposomes



<223> Xaa~ Val or Ay <220> <221> SITE <2Z2> (7) <223> Xaa= Val) Phe, or
Pro <220> <221> SITE <222> (8) <2Z3> Xaa= Gy or Val <220> <22] a:,E <222>
(9) <22%pp fB3435er or Ay <220> c221> SITE <222> (10) <i 'b&&m g or
Lys <220> <221> SITE 3 0 MaY 2002 REPI ACEMENT SHEE7 95 <222> (13) <223>
Xaa= Pro, Hi's, or Tyr <220> <221> SITE <222> (14) <223> Xaa= Pro or Al a
<220> <221> SITE <222> i15) <223> Xaa= Arg or Lys <220> <221> SITE <222>
L17) <223> Xaa= any am no acid <220> <221> SITE <222> (191 <223> Xaa= Val
or Thr
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This example illustrates that reconstitution experiments into positively and
negatively charged liposomes by detergent dilution over a wide range of lipid : protein
ratios (w/w) from 1 : 1 to 100 : 1 had no effect on tethered Shh activity in the
C3H10T1/2 assay.

5 Reconstitution into phospholipid-containing liposomes provides a useful
formulation for lipid-containing proteins because it allows a lipid-containing protein to
exist in a near normal setting. To test whether such a formulation was viable for
tethered Shh we utilized a detergent dilution method to incorporate the protein into a
liposome (60). where preformed liposomes arc mixed with octylglucoside and the

10 protein of interest, and then thc detergent is diluted below its critical micelle
concentration, thus driving the reconstitution. While any of a large number of pure or
lipid mixtures can be utilized, we selected two commercially available mixtures as
models; a negatively charged liposome kit containing egg L-a-phosphatidylcholine,
dicetyl phosphate, and cholesterol (Cat. No. L.-4262; Sigma, St. Louis, MO), and a

o
N

positively charged liposome kit consisting of egg phosphatidy! choline, stearlyamine,
and cholesterol (Cat. No L-4137, Sigma).

Briefly. the lipids were transferred into a Pyrex tube, dried under a stream of

nitrogen, and residual solvent removed by lyophilization. The lipid was suspended in

10 mM HEPES pH 7.5, 100 mM NaCl, 2.0% octylglucoside, vortexed, and sonicated

20  until the suspension had turned opalescent in appearance. The lipid was then filtered

through a 0.2 micron filter. Aliquots of tethered Shh, from baculovirus-infected High

Five™ insect cells, in octylglucoside were treated with a 400-, 1000-, 5000-, and a

20000-fold excess of lipid (w/w) and after a 15 min preincubation the samples were
diluted and assayed for activity in the C3H10T1/2 assay.

25 Neither the positive nor the negative liposome treatment had any affect on the
activity of the hedgehog indicating that a lipid carrier was a viable formulation. To
verify that the hedgehog indeed had become reconstituted, parallel samples were
subjected to centrifugation under conditions where the tethered Shh would normally
pellet and the liposomes would float to the surface of the sample. Under these

30  conditions the tethered Shh floated to the surface, indicating that reconstitution had
occurred.



<220> <221> SITE <222> i22) <223> Xaa= Ala or Leu <220> <221> SI TE <222>
S27) <223> Xaa= Ser, lle, or Val <220> <221> SITE <222> (29) °~ <223> Xaa=
Asn or @y <220> <221> SITE <222> (31) <223> Xaa= Pro or Al a <23@-MA28>
SI TE <222> (#dlosgxsd> Xaa= Tyr or Al a <220> <221> S| TE <222> (d&)s9sdesIe
Xaa= Ile or Val <220> <221> SITE <222> (46) 3 0 MAY 2002 REPt, ACEMENT
SHEET 96 <223> Xaa= Ala ar Ser <220> <221> SITE <222> (48) <223> Xaa= Ser,
Asn, or Ay <220> <221> SITE <222> (59) <223> Xaa= G u or Asp <220> <221>
SI TE <222> (56) <223> Xaa= Thr or Val
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Example 5: Characterization of Membrane-Tethered Human Sonic Hedgchog
from Mammalian (EBNA-293) Cells

In order to assess whether palmitoylation was a general modification pathway
for Sonic hedgehog or whether it was specific to insect cell production, the protein was
also produced in a mammalian system in EBNA-293 cells. For expression of full-
length Shh in mammalian cells, the 1.4 kb Notl fragment containing full-length Shh
(See Example 1) was cloned into a derivative of the vector, CH269 pCEP4 (Invitrogen.,
San Diego, CA (21)). The construct was transfected into EBNA-293 cells using
lipofectamine (Life Technologies, Inc.) and the cells were harvested 48 h post-
transfection. The expression of surface Shh was verified by FACS and by Western blot

analysis.

Tethered Shh from EBNA-293 cells was fractionated by reverse phase HPLC
on a narrow bore C, column (See Figure 3). Peaks were analyzed by ESI-MS (parts a
and b of Table 4) or by MALDI-TOF MS on a Finnigan LaserMat mass spectrometer
using a-cyano-4-hydroxycinnamic acid as the matrix (part ¢ of Table 4). By SDS-
PAGE, the protein migrated slightly faster than soluble Shh, it was retarded on the C,
column in the reverse phase HPLC analysis, and, by mass spectrometry. it contained an
ion corresponding to the palmitic acid plus cholesterol modification. However, unlike
the inscct cell-derived product where over 80% of the product contained both the
palmitic acid and cholesterol modification, the HPLC clution prefile and data from
mass spectrometry revealed that most of the mammalian cell-derived protein lacked the
palmitoyl moicty (sec Table 4 and Figure 3C). That is. in peak 2 from EBNA-293 cells
the ratio of clipped (des-1-10) versus intact protein by MS signal was 50% whereas for
peak 1 only about 10% of the Shh was clipped. Interestingly, both the insect cell and
mammalian ccll-derived products showed comparable activity in the C3ITTOT1/2 assay
suggesting that both the cholesterol, and the cholesterol plus palmitic acid
modifications arc functional.  Whether the sceond lipid attachment site is used simply
to further stabilize the association of the protein with membranc or whether it plays a
more active role and affects its conformation or protein-protein contacts remains to be
determined.

Fatty acid derivatization of proteins is a common post translational modification
that occurs late in the maturation processes (28,29). For cysteine derivatives, the

process is dynamic involving separate enzymes that add and remove the modification



c220> <221> SITE <222> (71) <223> Xaa= Thr or Ser <220> <221> S| TE <222>
(79) <223> Xaa= @ n ox A u <220> <221> S| TE <222> (B31 <223> XA&MNHUlor

du <220> %3@ SI TE <222> (B9) <223> Xaa= Arg or Lys <2%8:?5U§§§%5§;6S| TE

<222> ( > Xaa= Leu or Val <220> <221> SI TE <272> Xaa= Ser
or Ala <220> <221> SITE <222> (95) <223> Xaa= A n or Mt <220> <221> SITE
<222> (119) 3 0 MAY 200i REPLACEMENT SHEET 97 <223> Xaa= Ser or Al a <220>
<221> SITE <222> t115) <223> Xaa= GQu or G n <220> <221> SITE <222> (116)
<223> Xaa= G u or Asp
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on the sulfhydryl group. The most common functions of such derivatization (e.g.,
palmitoylation) are to alter the physico-chemical properties of the protein, i.e., to target
a protein to its site of function, to promote protein-protein interactions, and to mediate
protein-membrane interactions (30). For hedgehog, while the difference in the extent of
5  palmitoylation in the insect and mammalian cell-derived preparations (80% in insect
cells versus 30% in mammalian cells) was surprising, we do not know if it is
biologically significant or whether it simply reflects differences in the cellular
machinery of the two test systems for adding and removing palmitic acid.  The
difference in the extent of modification in the insect and mammalian cells is unlikely to
10  be species related since tethered Drosophila hedgehog that was produced in insect cells
lacked palmitic acid (19) despite having the identical N-terminal sequence.

TABLE 4. Mass spectrometry analysis of EBNA-293-derived tethered human Sonic

hedgehog.
15
Mass (Da)
Protein
Calculated Measured
a. bacterial expressed (no tether) 19560.02 19560

20 b. baculovirus expressed (tethered)

+ palmitic acid 19798.49 19796
+ palmitic acid/cholesterol 20167.14 20168

25 c. EBNA-293 cell expressed (tethered)
peak 1 (9% of total hedgehog)
no tether 19560.02 19581
no tether (des 1-9) 18700.02 18712
peak 2 (61% of total hedgchog)

30 + cholesterol 19928.67 19934
+ cholesterol (des 1-10) 18912.48 18889
peak 3 (30% of total hedgehog)

+ palmitoyl/cholesterol 20167.14 20174

35 Example 6: Lipid Modifications of Rat Sonic Hedgchog



<220> <221> SITE <222> t135) <223> Xaa= Asn or Ser <220> <221> SITE <222>
t 139) <223> Xaa= Leu or Met <220> <221> SITE <222> (157) c223

F S or
Arg <220> <23%> @tigg: <222> (158) <223> Xaa= Ala or Asn <220> é =
<222> (160) IO3%RIE= val or Ile <220> <221> SI TE <222> (162) 22235 RAa=

Cys or Val <220> <221> SITE <222> (166) <223> Xaa= Ser or A a <220> <221>
STTE <222> (167) <223> Xaa= G u or Asp <220> <221> SITE <222> t 168) 30
MAY 2002 REPLACEMENT SHEET 98 <223> Xaa=Hi s or Asn <220> <221> SITE <222>
(170) <223> Xaa~ Ala, Val, or Lys <220>
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This Example illustrates that a variety of lipids become linked to a soluble
version of rat Sonic hedgehog when the rat Shh gene encoding residues 1-174 is
expressed in High Five™ insect cells, essentially as for the full-length human Shh
described in Example 1. The lipid modification renders this fraction membrane-

5 associated. The N-terminal fragment (residues 1-174 of unprocessed rat Sonic
hedgehog) differs by only 2 amino acid residues to that of the N-terminal fragment of
human Sonic hedgehog. In the rat Sonic hedgehog N-terminal fragment, threonine
replaces serine at position 44, and aspartic acid replaces glycine at position 173. When
rat Sonic hedgehog lacking the autoprocessing domain is expressed in the High-Five™

10 insect cell/baculovirus expression system, the majority of the protein is sccreted into the
culture medium since it lacks the ability to attach a cholesterol moiety to the C-
terminus. This soluble form has a specific biological activity (measured by the
C3H10T1/2 alkaline phosphatase induction assay of Example 3) that was similar to that
of the soluble, N-terminal fragment of human Sonic hedgehog expressed and purificd
15 from £ coli.

However, a small fraction of the total protein remains associated with the insect
cells. The cell-associated rat Sonic hedgehog protein was purified essentially as
described in Example 1, and was found to be significantly more active in the alkaline
phosphatase assay (data not presented) than the soluble, N-terminal fragments of either

20  human or rat Sonic hedgehog purified from E. coli and the High-Five™ insect
ccll/baculovirus expression system, respectively. Subsequent analyses of the rat Sonic
hedgehog N-terminal fragments by HPLC and electrospray mass spectrometry (as
described in Example 1) suggests that the protein is lipid-modified and that there was
more than one type of lipid modification. Supporting evidence includes the following

25  observations:

1. The cell-associated forms elute later than the soluble, N-terminal fragments
of human and rat sonic hedgehog from a C, reverse phase HPLC column (Vydac
catalog number 214TP104) developed with a linear 30 min 0-70% acetonitrile gradient
in 0.1% trifluoroacetic acid;

30 2. The masses of the cell-associated forms are consistent with that expected for
the lipid-modified proteins, as shown in Table 5.
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Artificial L&E.duence REPL4 E ENT SHEET 99 <220> <223> Pr| mer <900> 5

Addy

ggcgat gacg wingalifamiat t cggawmgggc agggggt tid,682.08 19,632
myristoy!- CH,(CH,),,CO- 19,842.50 19,841
palmitoyl- CH,(CH,),,CO- 19,870.55 19,868
stearol- CH,(CH,),,CO- 19,898.60 19,896
arachidoyl- CH,(CH,),,CO- 19.926.66 19.925
10  * Average masses were used in calculating the expected masses

o
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The location of the lipid moiety was determined using a combination of
sequence analysis and peptide mapping. Automated N-terminal Edman sequencing of
the lipid-modified forms indicated that the N-terminus was blocked, suggesting that the
lipid was attached to the a-amine of the N-terminal cysteine. Endo-Lys-C peptide
mapping. MALDI-TOF mass spectrometry and MALDI PSD analysis (as described in
Example 1) of the 4-vinylpyridine alkylated lipid-modificd forms, were used to confirm

the location of the lipid modifications and to determine their exact masses.

The masses of the N-terminal peptides (residues 1-9 inclusive plus 4-
vinylpyridine attached to the thiol side chain of the N-terminal cysteine) carrying the
lipid modifications were consistent within 0.1 Da with that expected for the lipid-
modified peptides as shown in Table 6.

TABLE 6: Masses of the N-terminal peptides iosolated from various lipid-modified
forms of rat Sonic hedgehog.

Protein Adduct Expected Mass* (MH") Observed Mass
(MH")

myristoyl- CH,(CH,),,CO- 1193.69 1193.76
palmitoyl- CH,(CH,),,CO- 1221.72 1221.65
stearoyl- CH,(CH,),,CO- 1249.75 1249.71

* Monoisotopic masses were used in calculating the expected masses

In addition to the lipid-modified peptides shown in Table 6, peptides with
masses of 1191.74, 1219.84 and 1247.82 were also detected. These masses are



<210> 6 <211> 39 <212> DNA <213> Artificial Sequence <220> <223> Pri ner
<900> 6 ggcgat gacg atgacaaaat aggaccgggc agggggttc 39 <210> 7 <2l 1> 92
<212> DNA <213> Artificial Sequence <220> <223> Priner <900> 73§déﬁ acg
at gacaaaat gYf¥e§¥gc agggggttcg gg 42 <210> 8 <2| 1> 47 <212>PONNSWBREEH
Artificial Sequence <220> <223> Priner <900> 8 gcggcgat ga cgat gacaaa

at cat cggac cgggcagggg gttcggg 97 <210> 9 <211> 99 <212> DNA <213>
Artificial Sequence <220> <223> Prinmer <900> 9 gagtcatcag cctcccgatt
ttgcgcacac cgagttctct gctttcacc 99 3 0 MAY 2002 100
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consistent with unsaturated forms of myristate, palmitate and stearate. respectively.
although the position of the double bond in the alkyl chain was not determined. These
observations indicate that both saturated and unsaturated fatty acids can be attached
covalently to the N-terminal cysteine. For both the saturated and unsaturated lipid-

5  modified peptides, MALDI PSD analysis as described in Example 1 confirmed that the
lipids were attached covalently to the N-terminal cysteine residue.

Example 7: Lipid Modification of Indian Hedgehog

To assess whether the palmitoylation reaction was unique to human Shh or

10 whether it might occur on other hedgehog proteins, we tested whether human Indian
hedgehog (expressed in E. coli as a His-tagged fusion protein with an enterokinase
cleavage site immediately adjacent to the start of the mature sequence. and purified
exactly as for recombinant human Sonic hedgehog (See Example 9)) could be
palmitoylated using the assay described in Example 2. Human Indian hedgehog was

15 modified (See Figure 1, lane h), indicating that palmitoylation is likely to be a common
feature of hedgehog proteins. The ability to dircctly label Shh and Ihh with radioactive
palmitic acid in a cell-frec system provided a simplc screen for amino acids involved in

the modification reaction. Moreover, Indian hedgchog palmitoylated by the method

described in Examplc 8 was significantly more potent in the C3H10T1/2 assay than the
20 unmodified Ihh.

Example 8: Lipid Modifications of Sonic Hedgehog using Acyl-Coenzyme A

The in vitro acylation of a protein containing an N-terminal cysteine can be
accomplished via a two-step, chemical reaction with a fatty acid-thioester donor. In the

25 first step, the acyl group of the thioester donor transfers to the sulfhydryl of the N-
terminal cysteine on the protein by a spontancous transcsterification recaction.
Subsequently, the acyl moiety undergoes a S to N shift to the a-amine of the N-
terminal cysteine to form a stable amide bond. Direct acylation of an amine function on

a protein may also occur with prolonged incubation with a thioester, but the presence of

30 a cysteine on the protein will accelerate the reaction and allow control over the
acylation site. In the present examples, commercially available Coenzyme A
derivatives (Sigma Chemical Company, St. Louis MO) are utilized, but other thioester
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15 CoA (C22:0), lignoceroyl-CoA (C24:0), succinyl-CoA, and benzoyl-CoA), 25 mM

DTT, and 50 mM Na,HPO, pH 7.0. The reactions were incubated at room temperature

for 3 h and then analyzed immediately (without purification) for bioactivity in the
C3HI10T1/2 assay as described in Example 3. Samples for analysis by reverse phase
HPLC and other physical methods were usually stored at =70°C. HPLC analysis was

20  carried out on a Vvdac C, reverse phase column (4.6 mm internal diameter x 250 mm, 5
micron particle) with a 40 min gradient of 5% acetonitrile to 85% acetonitrile in
aqueous 0.1% TFAL at a Now rate of 1 mL/min. The effluent was monitored at 280 nm,
and fractions were collected in some experiments and analyzed for hedgehog protein on
SDS-PAGE with detection by Coomassic staining and by Western blotting.

25 Comparison of the activity of the various reaction mixtures (Figure 10) indicates
that a chain length of between 12 and 18 carbons is optimal in inducing high alkaline
phosphatase activity as compared to the unmodified protein. Increasing the chain
length further resulted in an apparent reduction in activity, and the presence of a double
bond in the unsaturated palmitoleoyl-CoA (C16:1) gave the same activity as the fully

30  saturated palmitoyl-CoA (C16:0). Upon reverse phase HPLC analysis of the reaction
mixtures, we observed that many of the shorter chain length acyl-CoA derivatives had
not reacted with the hedgehog protein, and therefore the dependence of biological
activity shown in Figure 10 was not a true reflection of the acyl chain length.
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[Sp] is an opti gmﬁm% p*sﬁrerprqyblp@d t!)eregetqmem@éures cgﬂ@mmmf) @@m’g/m@z(% MM) human

protein conpriskggec %e@ééﬂo@l bouef ( m]fo'l‘tplvﬁ%rdéoceé’éﬂ)“& Qltﬂéroﬁa%ﬁoﬁlm Ayristoyl-
2nd X 15 opt | onapiy OB RHFRMICAfy dr dbh a8t ABTOEMpler Reeet) a8 TP o
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i sol ated prot ei deaahoydt@omnot Sctanbydr@oA) t hied HB ohldt Nd,HiH @t @il 17.0.s Reatiedgeogres
protein. 21. Thg, iesﬂlkﬁ‘ﬁa‘%gdzw %@' ‘ﬁ4at o Dl o ‘érlﬁ” th] cgst'ea%%ﬁ?%t acyl

then it is cholestero proteln of
protein B is noHi¢dsiess easubig in @aéfanéﬁ'—é OSt‘hfe?CYéBfW tacth@l suhﬂﬂ\rdrﬂt by aspentaipeus

hydr ophobi ¢ nDi ghysesterification reaction, which is followed by a S to N shift to the a-amine to form a
15  stable amide linkage. The free sulfhydryl then undergoes a second transesterification

reaction, yiclding a protein with a fatty acyl group attached via a thioester linkage to the

sulfhydryl. The thioester-linked acyl group was removed by adding consccutive 0.11

volume of 1 M Na,HPO, pH 9.0, and 0.11 volume of 1 M hydroxylamine (0.1 M final

concentration) followed by incubation at 28°C for 18 h. which leaves only the acyl

20 amide attached to the protein (62). 0.25 volume of 5% octylglucoside was then added

(1% final concentration) and the mixture incubated for 1 h at room temperature. The
proteins were then purified in the presence of 1% octylglucoside using SP-Sepharosc
Fast Flow (Pharmacia) and Bio Scale S (Biorad) cationic ion exchange
chromatographies. The purified proteins were dialyzed against S mM Na,HPO, pH 5.5,
150 mM NacCl, 1% octylglucoside, 0.5 mM DTT, and were stored at =70°C. The
presence of octylglucoside was required to maintain full solubility; removal of the

19
wh

detergent by dilution and dialysis resulted in a 75%, 41%, and 15% loss of the
palmitoylated, myristoylated, and lauroylated proteins, respectively. ESI-MS of the
HPLC-purified proteins confirmed their integrity : palmitoylated Sonic hedgehog,

30  measured mass = 19798, calculated mass = 19798.43; myristoylated Sonic hedgehog,
measured mass = 19770, calculated mass = 19770.33; lauroylated Sonic hedgehog,
measured mass = 19742, calculated mass = 19742.33; decanoylated Sonic hedgehog,
measured mass = 19715, calculated mass = 19714.28; octanoylated Sonic hedgehog,
measured mass = 19686, calculated mass = 19686.23.



23. The isolated protein of claim19, wherein the A-Cys linkage is via an
am no group of cysteine. 24. The isolated protein of clai urther
conpri si ng\xﬁ 4\62? cle in contact therewith. 25. The isol atlg(%:%%)éz 10 of
clai m24Y & n the vesicle in contact therewith is sel oma cell
menbrane, mcelle, and |iposone. 26. A vesicle to which is attached a
plurality of nolecules, at |east two of the nol ecul es having the form of
claim19. 27. The vesicle of claim 26, wherein the vesicle is selected from
a cell menbrane, |iposonme, and micelle. 28. An isolated protein having a
C-termnal amno acid and an N-terpmynal thioproline group, said group
formed by reacti nq an al dehyde with an term r}ﬁllg‘cystel ne of the protein.
29. An isol at edApiisteid WavrHypus ¥iassdy e PANIGNREAgRhAg R rthS nal
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claim 32, wherein the
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cor ecept or claim.3 erein

i
conpri ses TIhKNoG a‘kflhfﬁa @ﬂﬂiﬂh&%e iz b %éhbc‘f%odﬁﬁ%ﬂipg%m Avade dh
unsat ur at edbchimiyipedandiscidmylangl frefensdndutedapbradinedalp ars-faldnmwre. 36. The

nmet hod of claim 34, wherein the protein is a hedgehog protein. 37. The
met hod 5of cl ai nin3giditishde dienintizasehie ggtenoy of theanwistoyilated &racohhiniano$onBoni c,

I ndi an ang, §l?dgtol:f§§r@9@np@|e GSothe ﬁ?fahﬂqs R rnCis /M REnt YRR bBrehfRan

hedgehog r tein. has an amino acid seduence
the unmodified protein at inducing ventral forebrain neurons in explants of embryonic

stage E11 rat brain telencephalon. Incubation of El1 telencephalic explants with
various concentrations of unmodified, or myristoylated Sonic hedgehog, and
20  subsequent staining of the explants for the products of the dix and isler-1/2 genes
(markers of ventral forebrain neurons), indicates that while induction by the unmodified
protein is observed first at 48 nM, induction by the myristyolated form is observed first
at 3 nM. Moreover, while the unmodified protein induces restricted expression at 3070

nM., the myristoylated protein induces widespread expression at only 48 nM. A similar

[go]
w

increase in potency was observed when explants of embryonic stage E9 presumptive
telencephalon were incubated with either the unmodified, or myristoylated proteins.
Staining of the explants for the product of the Nkx2.! gene (an early marker of ventral
forebrain neurons), indicated that the unmodified protein induced Nkx2.1 first at 384
nM, while for the myristoylated protein expression of Nkx2.1 was observed first at 12
30 nM. Moreover, at 48 nM myristoylated Sonic hedgehog, expression of Nkx2.1 was
widespread while it was undetectable at this concentration using the unmodified form.

Additionally, myristoylated human Sonic hedgehog has been shown to be
significantly more protective than the unmodified protein in reducing the lesion volume



according to any one of SEQ ID NOS: 1-4. 39. The nethod of claim 34,
wherein the step of linking conprises linking with a vesicle namy:tlmi from
a cell menbrane, |iposone and mcelle. 40. A nethod for nodifying a

physi co- chenwoadngsdperty of a protein, conprising introduci PgTAISIS/ZHEE one
hydr ophobi ¢ noiety to an N-term nal cysteine of the protein or to a
functional equivalent of the NNtermnal cysteine. wherein the protein, in
t he absence of the hydrophobic noiety, binds to a receptor or coreceptor,
and the hydrophobic noi ety does not substantially affect bindin aQ ff nity
of the protein to the receptor or coreceptor. 3 0 MAY 2002 104 41. The
nmet hod of claim40, further conpri si ng‘73:'ont acting the hydrophobic noiety
with a vesicl eyhidR resiite froeh R@MiMéraion 0N MAon MO §i8ithe thRRY OF ARNARIbEaiAREEL Y
is either a I%Mvagy selected fromsaturated and unsaturated fatty

aci ds having N9 and 24 carbon atons or is a hydrophobic protein. 43.
The met hod of claim40, wherein the protein is a hedgehog protein. 44. The
nmet hod of claim 43, wherein the hedgehog protein is selected from Sonic,

| ndi an and Desgrt hedge 45, - The et h faghalm nerep Ry th :
hedgehog rp ots%arm%%g' an@%m'ﬁag %%'i'g"tévcae%uogg‘@g %géﬁlgﬁﬁéﬁsggﬁ%ﬁk gin%m%'f Sgl':’lﬁ | D
NOS: 1-4. 46. Hedgeleghod of claim4l, wherein the step of contacting

conprises contacting with a vesicle selected froma cell nenbrane, |iposone
and mcelle. 4% Genpradfethodonpl ex, produced by the method of claim34. 48.

A nodified protein, prqoduced by the nmethod of claim40. 49. The conpl ex of
cl ai m 47, \Aheréi-'b&l—@f—'a@-(lgﬁ&l@llﬁ g"‘é”%‘é"f ERILHRINE 28RN %Pfioth? pegiein AR ef #Erdd Man
i nterleukin, tduapidintelydrstiHordG 50 mMMNIOHPOE pElol 0Nyvesd itiabtedtwitty 0fsagl osf, 4-

granul ocyte col.ony st.i atJ ng_factor ranul ocyt e cr.onh ol on .
stinul ating favé?>g¥¥r“§P§fflﬁf ojp i 8t fpem p‘iegﬁgfag de !’%e%%tﬁ?%aftﬁg E‘ggt Bpfé{'br%%t h
hor none, difid iprstipitaied Y additione o Hddlvélomesoficdojéchethanobr dheisolutiaw vag stared at -

bi ol ogi cal actjigvéd Yoand fANh&H BBl B 14600 9}' o S 804°CCOTRI biefhiants
reacting the N-termnal cysteine w a fatty dacid thioester to forman
am de, wher ei iVGGARSCAISER P dhG DISCBHASE MassWaTEd Bl eiolpdsethanatl. o dihg rotein was
activity. 51. siéred aptdod. of claim50, wherein the protein is a hedgehog
protein. 52. The nmethod of claim51, wherein the hedgehog protein is

sel ected from Sonic, |ndian,

-

15 Peptide Mapping. Alkylated protein (0.4 mg/mL in 1 M guanidine hydrochloride. 20
mM Na,HPO, pH 6.0) was digested with endo Lys-C (Wako Pure Chemical Industrics,
Ltd.) ata 1 : 20 ratio. The digestion was conducted at room temperature for 30 h. The

rcaction was stopped by acidification with 5 uL. of 25% trifluoroacetic acid. The digest

was analyzed on a Waters 2690 Separation Module with a Model 996 photodiode array
20 detector. Prior to injection, solid guanidine hydrochloride was added into the digest to

a concentration of 6 M to dissolve insoluble material. A reversc phase Vydac C ¢ (2.1

mm internal diameter x 250 mm) column was used for separation, with a 90 min

gradient of 0.1% trifluoroacetic acid/acetonitrile and 0.1% trifluoroacetic

acid/acetonitrile at a flow rate of 0.2 mL/min. Individual peaks were collected
25  manually for mass analysis.

Mass Determination. The molecular masses of intact proteins were determined by
electrospray ionization mass spectroscopy (ESI-MS) on a Micromass Quattro I triple
quadrupole mass spectrometer. Samples were desalted using an on-line Michrom
30 Ultrafast Microprotein Analyzer system with a Reliasil C, (1 mm internal diameter x 50
mm) column. The flow rate was 20 uL/min. All electrospray mass spectral data were



Desert hedgehog, and functional variants thereof. N?g@% 105 53. A
nmet hod for nodifying a protein having a biol ogical act I Vi Bont ai ni ng
an N tergwig\ahss¥stei ne, conprising reacting the N-term napcensésgiseg W th a
mal ei m de group, wherein such nodification enhances the protein's

bi ol ogi cal activity. 54. The nethod of claim53, wherein the proteinis a
hedgehog protein. 55. The nethod of claim54, wherein the hedgehog protein
is selected from Sonic, Indian, Desert hedgehog, and functional variants
thereof. 56. A nethod for nodifying a protein that binds to an
extracel | ul ar receptor conprising appendi ng a hydrophobi c peptide to the

pr ot ei n, V"*ﬁ?&c@ésgdtdl Phft ﬁ,{,@ronﬁ% ﬂ?zﬂkﬂln‘i%:ﬁ@sy%h;wﬂ% xﬂaﬁcﬁlﬁﬁ dmasses of

hvdrophob|~e t1 de enhances ogi'cal actrvit
56, wher ej ﬁemtm@s Yyeae 9pisEBined Jwphpdis ffsgﬂ%déméesqret*% '%ﬁ%@na@edofbﬁgmhe
protein Se|nﬁ£§§ e@befcfr@mgwe(mzstmlwroalr\rd]sm [\fm achagdia)Eﬁt esm{naPersémn@ aci d,
an amno a inter i. at.e the .N-t n 38614
C-term nal g?ﬁyﬂ%mﬁt m'%"ﬁmna‘f Y o F{ﬂ’%e dd%@ ew?)%per usg%éf a
pr ot ei nS of Pobtesonrce decap dPRD2Omiepsurdmeenr epathat isame o nszafumenln cane@yanpet-
treating ap 9@%&%1%&@'&@@&“&@& ad Rea@l.i ent in need thereof. 59. The

al

protein of C wherein the protein is an extracel lul ar signaling
protein. 60. The nmethod of claim57, wherein the step of appendi ng

conprises replacing at least the NN termnal amno acid of the protein with

a}] I easlt Ometﬁmdfaﬁgd@hﬁm%mm&eﬁﬁiwbre Sdquerded HSFEHmdn aégratiéion (lﬁﬂa Pedr@d-ei n
the at |east_on . obi c_ami no a, plur of. i sol euci

resi dues. %@me&ﬁ’gﬁpﬁg{ %8336?6“35 g?q%e%%%gu#@ﬁ%drﬂ f’f&)J rgﬁgﬂb ERRERFSa) P

nodi fyilg atiaprelist wesneladt onHineityodieaedy eadirgsihiapeslineghiazulidireed-edrbakypicot ei n
having a G, %ﬂgm@me s%‘hﬂ:%ﬁ‘cﬁh cal &@%fh#e s@éﬁ’@n@ acetam de group, said

group forne y react stituted ace e with an N-term nal
cyst ei ne of

Bacterial expression and purification of wild type soluble human Sonic hedgehog N-

terminal fragment used for chemical modification. Bacterial pellets from cells

15 expressing Shh at 4-5% of the total protein were thawed, resuspended in lysis buffer
(25 mM Na,HPO, pH 8. 150 mM NaCl, | mM EDTA, 1 mM PMSF, 0.5 mM DTT) ata
ratio of 1 : 4 (w/v) and lysed by two passes through a Gaulin press (mfg. by APV
Rannie, Copenhagen, Denmark) at 12,000 p.s.i.. All subsequent purification steps were
performed at 2-8°C unless indicated otherwise. The homogenate was centrifuged at

20 19,000 x g for 60 min and MES 0.5 M pH 35, was added to the resulting Jysate at a ratio
of 1 : 10 (v/v). The lysate (at pH 5.5) was loaded onto an SP Sepharose Fast Flow
(Pharmacia, Piscataway, NJ) column (4 g E. coli wet weight/mL resin) equilibrated
with 25 mM Na,HPO, pH 5.5, 150 mM NaCl. The column was washed with 4 column
volumes (CV) of equilibration buffer, then with 3 CV of 25 mM Na,HPO, pH 5.5, 200

25 mM NaCl, 0.5 mM DTT, and Histag-Shh was eluted with 800 mM NaCl in the same
buffer. Elution fractions were analyzed for absorbance at 280 nm and by SDS-PAGE.
Imidazole (1M stock solution at pH 7) and NaCl (5 M stock solution) were added to a
pool of the peak Shh containing fractions from the SP Sepharose eluate to give final
concentrations of 20 mM and ! M respectively. and this material was loaded onto a

30  NTA-Ni agarose (Qiagen, Santa Clara, CA) column (20 mg/mL resin) equilibrated with
25 mM Na,HPO, pH 8, 1 M NaCl, 20 mM imidazole, 0.5 mM DTT. The column was
washed with 5 CV of the same buffer and Histag-Shh eluted with 3 CV 25 mM
Na,HPO, pH 8, ! M NaCl, 200 mM imidazole, 0.5 mM DTT. The protein content in



t he protein. 3 0 MAY 2002 106 64. An isolated protein havi ng aM&E@ﬁz[)m nal
am no acid and an N-term nal thionorpholine group, said group foor y
reacting a hal oketone group with an N-term nal cystei-ne of the protein. 65.
A net hod for WOaM8hg a protein having a biological activity P&Id/598/25676
containing an N-termnal cysteine, conprising reacting the N-term nal
cysteine with a substituted acetam de group, wherein such nodification
enhances the protein's biological activity. 66. The nethod of claim 65,
wherein the protein is a hedgehog protein. 67. The nethod of claim 66,
wherein the hedgehog protein is selected from Sonic, |ndian, Desert
hedgehog, and functional variants thered®: 68. A nethod for nodi fying a

protein having e RihOgbsIfromthé WIANIRE] B hak MeltemRd byt fsBiAate Sy2¥ehne,
conprising reacting the N-ternjnal q%KStEI ne with a hal oketone grou

wher ei n such ot PRt V& WaHREM K Foanh Lempesituremand B SABRi Yolrmg i?v?ﬁ{@/.mé@m
Thehrrgt h?d f’f Cudtara ﬁrﬁs atidedr eThe Eh@é]yDIS@pl&irﬂsei ﬁemm@ﬁbﬂgecpgo?@hmenﬁﬁram&e
met hod of cl ai m,69 erein, the e ot.ein i ec r 50|

ol an, “Decer t TEaRRE! Safigafs ARG PR PREF e Pas? EloEP Uk AT PR Gray.
pol ypept i de SmodNd)i eedumn (20 orgémbrresiny equilipyaiodiin i26 mbl BailbRO.pH B, #6@ mM MNaGo
that, in the | NEIANES sGiffte [018 plME BAEN OGisY '—S’tﬂxe@ﬁé,éiﬁtch%vi&ﬁhﬁWN?,‘HPOWI-I
N-term nal proteolytic tragnent of _a he(%ge}w protein, the_ |p0ﬁh| 1¢C

noi ety is ot her&t‘}%{’tméﬂ %‘{a@r?»o@-Dd’@Mt ReTc d¥picrinl we segoyered ¢ pinHisagged Shh

i nstance wher ei florhEs Rgdgalae@rifiopayreiet Sigdhs). Tho Produk was FTI@HAr thiigh e ANt
of the hedgehog

pal nitoyl group’ e'(t)rI gﬁ‘lea"Pqt‘\?lcg%Pﬂ:%h%Fé :agg'?@l#el %l}%lgg t%é%&éﬁa%@ﬁ%gure as
nodi fied wtth odeerorinadbbe IDHPBAKIH. | Asnoifetthesasatssmeter ofitheachantaistics of the
5 o OB E L 0 B, PRI
whi ch pol ypept | PecFampo(EdddShsArPrpuimatsle 40 Brafttes profaie pae atisseie, the Nategnipaly
2002 methionine.
To cleave off the hexahistidine tag, enterokinase (Biozyme. San Dicgo. CA)
15 was incubated with the Histag-Shh at an enzyme : Shh ratio of 1 : 1000 (w/w) for 2 h
at 28°C. Uncleaved Histag-Shh and free Histag were removed by passing the digest
through a sccond NTA-Ni agarose column (20 mg Shh/mL resin). Prior to loading,
imidazole (1 M stock solution at pH 7) and NaCl (5M stock solution) were added to the
digest to give final concentrations of 20 mM and 600 mM, respectively. This material
20  was loaded onto a NTA-Ni column equilibrated in 25 mM Na,HPO, pH 8, 600 mM
NaCl, 20 mM imidazole, 0.5 mM DTT and the flow through collected. The column
was washed with 1 CV of the same buffer and pooled with the flow through. MES (0.5
M stock solution at pH 5) was added to the NTA-Ni agarose unbound fraction to a final
concentration of 50 mM and two volumes of water were added. This material was
25 loaded onto a second SP Sepharose Fast Flow column (20 mg/mL resin) equilibrated
with 5 mM Na,HPO, pH 5.5, 150 mM NaCl, 0.5 mM DTT. The column was washed
with 3 CV of equilibration buffer and 1 CV of the same buffer containing 300 mM
NaCl. Shh was eluted with 5 mM Na,HPO, pH 5.5, 800 mM NaCl, 0.5 mM DTT.
Atomic absorption data revealed that Shh at this stage contained 0.5 mol equivalent of
30 Zn¥. An equimolar concentration of ZnCl, was added to the Shh eluant and the protein
dialyzed against 5 mM Na,HPO, pH 5.5, 150 mM NaCl, 0.5 mM DTT. The resulting
Shh was > 98 % pure as characterized by SDS-PAGE, size exclusion chromatography
(SEC), and ESI-MS and, by atomic absorption, contained between 0.9 and 1.1 Zn
> /Shh.



107 75. The hedgehog pol ypepti de of any of clains 71-73 which pol ypepti de
is provided as a pharmaceutical preparation. ' 76. The hetigedqiol ypepti de
of claim71 or 72, wherein the lipophilic noieties are selected fromfatty
aci ds, WOp9@8343esters, al cohols, cage structures, and ar BEERUS28/25676

hydr ocarbons. 77. The hedgehog pol ypeptide of claim 73 or 76, wherein the
aromati ¢ hydrocarbon is selected from benzene, peryl ene, phenanthrene,

ant hracene, napht hal ene, pyrene, chrysene, and napht hacene. 78. The
hedgehog pol ypeptide of claim 77, wherein the aromatic hydrocarbon is a
pyrene. 79. The hedgehog ponpepti?g of claim71 or 72, wherein the

| i pophilic noieties are selected ffom i soprenoi ds, terpenes and

pol yal i cycli c IB&i+MB altacivs Hi6g Shhent edgkictgepdliypaiptri dmooh! al thi tsr.,

wher ei n ”;? 41{nﬁggmehiimggi6gti es are selected from adanant anes,

buckni nst &(T U erenes, vitam ns, polyethylene glycol, oligoethylene glycol,
(C 1-C 18)-al kyl phosphate diesters, -OCHZ-CH OH) -0 (C 12-C 18)-al kyl. 81
The hedgelog, pehy RERLLAS:, Ao oM 1B0:siper ei n the |ipophilic noieties are
selectgd from 1- or 2-adamantyl’acet’yl’, 3-nethyl adanvit-1-yl acetyl,

3- et hyl - 3- br onp- 1ladamant yl acetyl, 1-decal i nacetyl, canphoracetyl,
canphaneacetyl, noradamantyl acetyl, norhornaneacetyl,

bi cycl o[ 2. 2.2.]-o0ct-5-eneacetyl, Mass (Da)

1- met hoxyBiretpal o[ 2. 2. 2. ] - oct - 5- ene-2carhaonyl |

ci s- 5- nor bon~ene- endo- 2, 3, - di car bonyl , 5-norbornen-2-ylacetyl, ( 1

R) - (-)1oyrtentaneacetyl, 2- norbornatwvassed yl , Measured
anti-3-oxotricyclo[2.2.1.0<2,6>]-heptane-7carbonyl, decanoyl, dodecanoyl,

dodecenoygﬂsﬁ Idnadeqadignoyl . decyngyks gnd dodecymqybs 82. The hedgehog

pol ypepti de of any ims 71-73,, in the |i, ilic noiety or
noi eti es potenti at eq[rﬁ%tﬁi ol ogi cal "al\él?ﬁ)l?t y of théﬂgg ypeptide relative to

the unpodified hedgeho ypepti de. _ A nmethod for altering the growh
statelg? §£E%P¥“W%%§ﬁwgﬂgtho hedgéﬁBg3Q?gnaling,188@%rising contacting the
cell with a |ipophilic-nodified hedgehog pol ypeptide of any of clains
71-73. 3 0 MAY 2002 108

B. Specific Chemical Modifications

Modification of human Sonic hedgehog with N-ethyvlmaleimide. Purified Shh in 5 mM
20 Na,HPO, pH 5.5, 150 mM NaCl], 0.5 mM DTT was treated with 10 mM N-

ethylmaleimide for 1 h on ice and then dialyzed into 5 mM Na,HPO, pH 5.5, 150 mM
NaCl. The MALDI-TOF-MS data showed that the N-ethylmaleimide (NEM)-modified
protein had an increase in mass of 126 Da, which indicates that only one cysteine
residue in Shh was modified by the reagent. N-terminal sequencing data showed that

25  the protein is sequencible and that an unusual peak, probably PTH-NEM-Cys related,
was detected at the first cycle (data not shown). Mass spectrometric analysis of the
pyridylethylated-NEM-Shh under denaturing conditions showed that only two cysteine
residues in the protein were alkylated, confirming that only the thiol group of the N-
terminal cysteine residue was modified by NEM under native conditions (Table 8). The

30 other two cysteine residues, which are apparently buried in the hydrophobic core of the
protein, cannot be modified without prior denaturation.



84. A synthetic or reconbinant protein conprising an N-termnal am no acid
and a Gtermnal amno acid, wherein the protein is selected from (a) a
protein with an N-terminal cysteine that is appended with at JgMa¥ 2jpe

hydr ophobi Cvﬁ@bﬁ%ﬂ‘é& (b) a protein with an N-term nal am no aGicqaiddghsshé not
a cysteine appende d3V\Iith at | east one hydrophobic noiety; and (c) a protein
with at | east one hydrophobic noiety substituted for an N-term nal am no
acid. 85. A synthetic or reconbinant protein of the form
A-Cys-[Sp]-B-[Sp] - X, wherein A is a hydrophobic noiety; Cys is a cysteine
or functional equivalent thereof; [Sp] is an optional spacer peptide
sequence; B is a protein conprising a gisurality of am no aci ds and,

Pycr ophob ¢ ot BB Hebev B ANt N RERa s TRObel® B s6. A Lynthelc or

reconbi nant hedgehog pol ypeptide nodified with one or nore lipophilic

noi eti es W t h—t+he—p+evH-se—that—Hr—thertnrstanrce—where-p—t-he—-hedgehog

pol ypeptide is mature Ntermnal pro men hog
protein, the P}O%;?:. H-e—Het+ety—s—othe R@‘iﬁéﬂ&glt@‘& Mag%‘r@a}g} ?%.9.21 e
residue. 87. I dthpdie@NE &R 66, wherein the pr ot el oges 19, hedgehog
protein. 88. | reretrmrthe—tredy geog protetrnts

sel ected from qué&,ml},ﬁglpﬁeca@g ,@gg@gst Ip@gigqbpg 89. Aph isolated

pol ypepti de | fgand—for—amextracettutaf—receptor—whergrnm—thetigand—Ts
covalently att aqh@(q]tglgmg mg@m@gugesmagmmo Ibhat enhances the biol ogi cal

activity of thetTgandTetrative to the brotogrcat—actTVvity of thetTgand T
t he absence of the hydrophobic noiety. 90. The Iigand of claim89, wherein
t he hydrophobic noiety is a peptide conprising at | east one hydrophobic

ami no aci d. 91WhThecstddgaritic €811dDEl 8y (whekeamplehs thy droylobiamidsietdilicd a

l'ipid. 5 hedgchog protein was equal in activity to the unmodified protein. This demonstrates
that a free sulfhydryl at the N-terminus of hedgchog is not required for activity and that
the MN-cthylmaleimide moicty is hydrophobic cnough to confer somc activity on
hedgehog compared to other more hydrophilic modifications, such as conversion of
Cys-1 to His or Asp. which produce a reduction in activity.

10

Modification of human Sonic hedpehog with formaldehvde to form an N-terminal

thiaproline, and with acetaldehvde and butvraldehyde to form N-terminal thiaproline
derivatives. For formaldehyde modification, purified Shh at 3 mg/mL in 5 mM

Na,HPO, pH 5.5, 150 mM NaCl, 0.5 mM DTT was treated with 0.1% formaldehyde.

15 with or without 10% methanol, at room temperature for 1 to 6 h. The protein was either
dialyzed against 5 mM Na,HPO, pH 5.5, 150 mM NaCl, or was purified on a CM-
Poros column (Perseptive Biosystems) as described below and then dilayzed against 5
mM Na,HPO, pH 5.5, 150 mM NaCl. For modification with acetaldehyde or
butyraldehyde, purified Shh at 3 mg/mL in 5 mM Na,HPO, pH 5.5, 150 mM NaCl. 0.5

20 mM DTT was treated with 0.1% acetaldehyde or butyraldehyde at room temperature for
1 h and then the protein purified on a CM-Poros column. ESI-MS data for the
formaldehyde, acctaldehyde-, and butyraldehyde-treated forms of the protein indicated
that their masses were 13 Da, 27 Da, and 54 Da higher, respectively, than the
unmodified protein (Tablc 9).

TABLE 9. Expected and observed masses of human Sonic hedgehog treated with
formaldehyde, acetaldchyde, and butyraldehyde.
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mutation “did not produce a restfiction site c. wange, a silent mutdu producing a

restriction site change was introduced into an adjacent codon to facilitate identification

of mutant clones following mutagenesis. To avoid aberrant codon usage, substituted
10 codons were selected from those occurring at least once elsewhere in the human Shh
c¢DNA sequence. The following mutagenic primers were used: (1) for CIF: 5' GGC
GAT GAC GAT GAC AAA TTC GGA CCG GGC AGG GGG TTC 3'(SEQ ID NO.
___), which introduces an Apol site to make pEAG837; (2) for C11: 5' GGC GAT GAC
GAT GAC AAA ATA GGA CCG GGC AGG GGG TTC 3' (SEQ ID NO: ),
which loses an Rsrll site to make pEAGS838; and (3) for CIM: 5 GGC GAT GAC GAT
GAC AAA ATG GGC CCG GGC AGG GGG TTC GGG 3' (SEQ ID NO: __ ),
which loses both Rsrll and Avall sites to make pEAG839. Mutations were confirmed
by DNA sequencing through a 180 bp Ncol-Bglll restriction fragment carrying the
mutant SHH proteins' N-termini in plasmids pEAGR37-839. Expression vectors were
20  constructed by subcloning each mutant plasmid's 180 bp Ncol-Bglll fragment and the
404 bp Bglll-Xhol fragment from pEAG649 into the phosphatase-treated 5.64 kb Xhol-
Ncol pET11d vector backbone of p6H-SHH. Presence of the introduced restriction site
change was reconfirmed in the expression vector for each Cys-1 mutant (CIF in
pEAG840, C1I in pEAG841, and CIM in pEAG842). Expression vectors were
transformed into competent £ coli BL21(DE3)pLysS (Stratagene) following the

manufacturer's recommended protocol and selected on LB agar plates containing 100

tJ
(9]

pg/mL ampicillin and 30 pg/mL chloramphenicol. Individual colonies were selected

and transformed bacteria were grown to an A, of 0.4-0.6 and induced for 3 h with 0.5

mM IPTG. Bacterial pellets were analyzed for expression of the mutant proteins by
30 reducing SDS-PAGE and by Western blotting.

A soluble human Shh mutant with multiple N-terminal hydrophobic
substitutions (C1II) was made by unique site elimination mutagenesis using a
Pharmacia kit following the manufacturer's recommended protocol. In designing the
mutagenic primers, if a desired mutation did not produce a restriction site change, a
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silent mutation producing a restriction site change was introduced into an adjacent
codon to facilitate identification of mutant clones following mutagenesis. To avoid
aberrant codon usage, substituted codons were selected from those occurring at least
once clsewhere in the human Shh ¢DNA scquence. The following mutagenic primer
5  was used on the CIF template plasmid pEAG837 for Cll: 5 GCG GCG ATG ACG
ATG ACA AAA TCA TCG GAC CGG GCA GGG GGT TCG GG 37 (SEQ 1D NO:
), which removes an Apol site to make pEAG872. Mutations werc confirmed by
DNA sequencing through a 0.59 kb Ncol-Xhol restriction fragment carrying the mutant
CI1II Shh. An expression vector was constructed by subcloning the mutant plasmid’s
10 Ncol-Xhol fragment into the phosphatase-treated 5.64 kb Xhol-Ncol pETI1d vector
backbone of p6H-SHH. Presence of the introduced restriction site change was
reconfirmed in the expression vector for the C1II mutant. pPEAG875. The expression
vector was transformed into competent E. coli BL21(DE3)pLysS (Stratagene)
following the manufacturer’s recommended protocol and selected on LB agar plates
15 containing 100 pg/mL ampicillin and 30 pg/mL chloramphenicol. Individual colonies
were selected and transformed bacteria were grown to an A, of 0.4-0.6 and induced
for 3 h with 0.5 mM IPTG. Bacterial pellets werc analyzed as described above to

confirm expression of mutant Shh protein.

20  Purification of Cvs-1 mutants of human Sonic hedgehog. The His-tagged mutant

hedgehog proteins were purified from the bacterial pellets as described for the wild type
protein above except for two modifications. (1) The Phenyl Sepharose step was
eliminated and instead the protein pool from the first NTA-Ni agarosc column was
dialyzed into 25 mM Na,HPO, pH 8, 400 mM NaCl, 0.5 mM DTT in preparation for

25  the enterokinase cleavage step. (2) The final ion exchange step was changed from step
elution on SP-Scpharosec Fast Flow to gradient clution from a CM-Poros column
(Perseptive Biosystems). This was carried out in 50 mM Na,HPO, pH 6.0 with a 0-800
mM NaCl gradient over 30 column volumes. The pooled peak fractions from this step
were dialyzed into 5 mM Na,HPO, pH 5.5, 150 mM NaCl and were stored at —800 C.

30 Mass spectrometry of the purified proteins gave the predicted mass ions for each
purified form.
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resulting hedgehog protein in the C3HIO0T1/2 assay. For single changes, potency

generally correlates with the hydrophobicity of the substituted amino acid. that is

th

phenylalanine and isoleucine give the greatest activation, methionine is less activating,
while histidine and aspartic acid diminish activity compared to the wild type cysteine.
Replacing the cysteine with two isoleucines gives an additional increase in activity over
the single isoleucine substitution. Given that ninc amino acids are categorized as more
hydrophobic than cysteine (Proteins: structures and molccular properties. 2™ ed, 1993,
10 T. E. Creighton, W. H. Freeman Co. page 154), the substitutions tested above are
clearly not an exhaustive survey of the possible mutations at the N-terminus that can
give rise to more active forms of hedgehog.  However, the results demonstrate that
activation is not restricted to a single amino acid structure and that substitution of more
than onc amino acid can give a further increase in potency. Therefore, one skilled in
15 the art could create forms of hedgehog with other amino acid substitutions at the N-

terminus that would be expected to have greater potency than the wild type protein.

TABLE 10. Relative potency of amino acid modifications of human Sonic hedgehog in

the C3H10T1/2 assay.
20

N-TERMINUS RELATIVE POTENCY
C (wild type) 1X

M 2X

F 4X

I 4X

I 10X
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% () - COwx9r s463181 E“@S 5“%%5&‘1‘6‘3/&# o )b disPeRszblso 1IN LA e\ TP MREH 1 Bose:

() - S! SSS#10%& pr9diSedied A{aPE:aOhipB fractional solvent accessibility) was made by unique site

climination mutagenesis using a Pharmacia kit following the manufacturer's

recommended protocol and employing the mutagenic oligo design principles described

above. The following mutagenic primer 5 GAG TCA TCA GCC TCC CGA TTT

10 TGC GCA CACCGA GTTCTC TGC TTT CAC C 3’ (SEQ IDNO: ) was used on

C11I Shh template pEAG872 to add an Fspl site to make pSYS049. The C11I/A169C

mutations were confirmed by DNA sequencing through a 0.59 kb Ncol-Xhol restriction

fragment. The expression vector pSYS050 was constructed by subcloning the Ncol-

Xhol fragment into the phosphatase-treated 5.64 kb Xhol-Ncol pET11d vector

15  backbone of p6H-SHH. Presence of the introduced restriction site change was

reconfirmed in the expression vector. The expression vector was transformed into

competent £. coli BL21(DE3)pLysS, colonies were selected, induced, and screened for
Shh expression as described above.

20  Purification of the CIII/A169C mutant. The CIII/A169C mutant was purified as
described in Example 9 for wild type Shh except with the following modifications. (1)
EDTA was left out of the lysis buffer, (2) the order of the NTA-Ni and SP Sepharose
steps were switched and the Phenyl Sepharose step was omitted, (3) after clarification
of the lysed bacteria by centrifugation, additional NaCl was added to the supernatant to

25 a final concentration of 300 mM, (4) the clution buffer from the NTA-Ni column
contained 25 mM Na,HPO, pH 8.0, 200 mM imidazole, 400 mM NaCl, (5) the elution
pool from the NTA-Ni column was diluted with 3 volumes of 100 mM MES plI 5.0
prior to loading onto the SP Sepharose column, (6) prior to addition of enterokinase. the
SP Sepharose elution pool was diluted with half a volume of 50 mM Na,HPO, pH 8.0,

30 and (7) the DTT in the elution buffer from the final SP Sepharose column contained 0.2
mM DTT and the elution pool from this step was aliquoted and stored at ~70°C.
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with N-(1-pyrene) maleimide (Sigma), purified C11I/A169C at 4.6 mg/mL in 5
mM Na,HPO, pH 5.5, 800 mM NaCl, 0.2 mM DTT was diluted with an equal volume

of 50 mM MES pH 6.5 and to this a twentieth of a volume of pyrene maleimide from a

5 2.5 mg/mL stock in DMSO was added. The sample was incubated for 1 h at room
temperature in the dark. At this time additional DTT was added to 0.5 mM and the
sample incubated further for an additional hour at room temperature. The modified
protein was tested directly for activity in the C3HI10T1/2 assay as described in Example
3. Prior to modification, the specific activity of the protein was EC,, = 0.22 png/mlL,

10 while after treatment with pyrene maleimidc the specific activity was mcreased to EC,,
= (.08 ng/ml.. Increases in the specific activity of the modified product by up to 3-fold
were observed frequently indicating that the addition of the hydrophobic group near the
C-terminus of Shh resulted in a further increase in activity as compared to the ClII
starting material. When compared to the wild type unmodified Sonic hedgehog protein,

15  the N-(1-pyrene) maleimide-modified C1II protein was approximately 30-fold more
potent.  While pyrenc maleimide provided a simple test system for evaluating
modification at this site, other hydrophic maleimides or othcr cysteine targeted
chemistries can also be used.

20  Example 11: Comparison of the Potency of Various Hydrophoblcally-Modlﬁcd
Forms of Human Sonic Hedgehog in the C3H10T1/2 Assay

The activity of various hydrophobically-modified forms of human Sonic
hedgehog (prepared using the chemistries and genetic engineeering methods described

in Section V) was tested in the C3H10T1/2 assay as described in Example 3.
25 The derivatives were assayed over a concentration range as described in
Example 3. The concentration of hedgehog derivative that resulted in 50% of the
maximum response in the assay was compared to the wild type concentration. The

relative activities are shown in Table 11, below, and in Figure 13,

30 TABLE 11. Relative Potency of Hedgehog Derivatives in the C3H10T1/2 assay.

Modification EC., (x-fold more potent than wild tvpe Shh)
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C:14 mynstoyl 100
C:12 lauroy! 100
C:10 decanoyl 33
5  Isoleucyl-isoleucy] with A169C pyrenyl 30
C:8 octanoyl 10
Isoleucyl-isoleucyl 10
C:0 thiaprolyl 8
Thiomorpholinyl 5
10 Phenylalanyl 4
Isoleucyl 4
N-isopropylacetamidyl 2
Methionyl 2
N-ethylmaleimidyl i
15  Cysteinyl (wild type) 1
Aspartyl <1
Histidyl <l

The C3HI10T1/2 assay demonstrates that a wide variety of hydrophobic
20 modifications to hedgehog increase the protein’s activity when comparced to the wild
type. unmodificd protein. Hydrophilic modifications (aspartic acid and histidine) do

not have this cffect.

Example 12: Evaluating the Efficacy of Hydrophobically-Modified Human Sonic
25  Hedgehog in a Rat Malonate-Induced Striatal Lesion Assay

Injection of malonate, an inhibitor of the mitochondrial enzyme succinate
dehydrogenase, into the rat striatum (the rodent equivalent of the primate caudate and
putamen) causes degeneration of striatal medium spiny neurons. In humans.
degeneration of medium spiny neurons in the caudate and putamen is the primary

30 pathological feature of Huntington’s disease. Thus, the malonate-induced striatal lesion
in rats can be used as a model to test whether hydrophobically-modified hedgehog
proteins can prevent the death of the neurons which degenerate in Huntington’s disease.
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anesthesia (40 mg/kg) and placed at the following coordinates: 0.7 mm anterior to
5  bregma, 2.8 mm lateral to the midline, and 5.5 mm ventral to the surface of the skull at
bregma. At various times (usually 48 h) after injection of the hydrophobically-
modified protein, rats were anesthetized with isoflurane and given a stereotaxic
injection of malonate (2 pmol in 2 pL) at the same coordinates in the striatum. Four
days after malonate injection, rats werc sacrificed and their brains removed for
10 histological analysis. Coronal sections were cut through the striatum at a thickness of
25 um and stained for cytochromc oxidase activity to distinguish lesioned from
unlesioned tissue. The volume of the lesion in the striatum is measured using an image
analysis system.

The effect of hydrophobically-modified human Sonic hedgehog protein in the
15 malonate-induced rat striatal lesion model is shown in Figure 14. Unmodified Sonic
hedgehog (prepared as described in Example 9), myristoylated Shh (prepared as
described in Example 8), and the C1II mutant of Shh (prepared as described in Example
10) all reduced lesion volume to a similar extent in this model. However, the
hydrophobically-modified proteins (myristoylated Shh and C1II Shh) showed an

20  increase in potency relative to the unmodified Sonic hedgehog.

Example 13: N-Octylmaleimide derivitization of sHh-N

For a | mg/ml final concentration
1) Make a 20 mM solution of octylmaleimide (m.w. = 209) in DMSO (~4.2

25  mg/ml).
2) Dilute stock of 10 mg/ml sHh-N (in 5 mM NaPO4 pH 5.5, 150 mM NaCl,
0.5 mM DTT) 10-fold with PBS (Gibco product # 20012-027, pH 7.2) to give a |
mg/ml (or 50 uM) sHh-N solution. [NOTE: DTT, which competes with sHh-N for
maleimide in the subsequent reaction, is also 50 uM in this solution.]
30 3) Immediately add 1/200 vol. of octylmaleimide to tt 1 mg/ml sHh-N (i.e. 5

ul/Iml). This gives a 2:1 molar ratio (100 uM:50 pM) of octylmaleimide to sHh-N.
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4) Mix this solution by gentle inversion of the tube and incubate for 1 hour at
room temperature.

5) Finally, 1/1000 vol. of 0.35 M DTT was added to each tube to scavenge any
remaining octylmaleimide and to serve as a reductant.

5 6) For a vehicle control, combine a solution of vehicle (SmM NaPO4 pH 5.5,
150 mM NaCl, 0.5 mM DTT) with PBS (Gibco product # 20012-027, pH 7.2) ina 1:10
ratio. Add 1/400 vol. of 20mM octylmaleimide in DMSO and a 1/400 vol. of DMSO to
give a final concentration of 50 uM N-octylmaleimide and 0.5% DMSO. Finally, add
1:1000 vol. of 0.35 M DTT.

10

Approximate composition of the 1 mg/m! N-octylmaleimide sHh-N solution

PBS (~pH 7.2)

50 uM sHh-N conjugated to N-octylmaleimide

S0 uM DTT conjugated to N-octylmaleimide
15 350 uyMDTT

0.5% DMSO

Approximate composition of the N-octylmaleimide vehicle solution

PBS (~pH 7.2)

20 50 uM DTT conjugated to N-octylmaleimide
350 yYyM DTT
0.5% DMSO

For a 3 mg/ml final concentration

25 1) Make a 60 mM solution of octylmaleimide (m.w. = 209) in DMSO (~12.6
mg/ml).
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e | 10%&'1:’()nM DTT) 10-fold with PBS (Gibco product # 20012-027, pH 7.2) to give a 3
mg/ml (or 150 uM) sHh-N solution. [NOTE: DTT, which competes with sl1h-N for
maleimide in the subsequent reaction, is also 150 pM in this solution.]

5 3) Immediately add 1/200 vol. of octylmaleimide to the 3 mg/ml sHh-N (i.e. 5
pl/tml). This gives a 2:1 molar ratio (300 pM:150 uM) of octylmaleimide to sHh-N.

4) Mix this solution by gentle inversion of the tube and incubate for 1 hour at
room temperature.

5) Finally, add 1/1000 vol. of 0.35 M DTT to each tube to scavenge any

"0 remaining octylmaleimide and to serve as a reductant.

6) For a vehicle control, combine a solution of vehicle (SmM NaPO4 pH 5.5,
150 mM NaCl, 0.5 mM DTT) with PBS (Gibco product # 20012-027, pH 7.2) in a 3:7
ratto. Add 1/400 vol. of 60mM octylmaleimide in DMSO and a 1/400 vol. of DMSO to
give a final concentration of 150 M N-octylmaleimide and 0.5% DMSO. Finally, add
15 1:1000 vol. of 0.5 M DTT.

Approximate composition of the 3mge/ml N-octylmaleimide sHTh-N solution

PBS (~pH 7.2)

150 nM sHh-N conjugated to N-octylmaleimide
20 150 uM DTT conjugated to N-octylmaleimide

500 uM DTT

0.5% DMSO

Approximate composition of the N-octylmaleimide vehicle solution
25 PBS(~pH7.2)

150 uM DTT conjugated to N-octylmaleimide

500 uM DTT
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Equivalents

While we have described a number of embodiments of this invention, it is apparent
to persons having ordinary skill in the art that our basic embodiments may be altered to
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provide other embodiments that utilize the compositions and processes of this
invention. Therefore, it will be appreciated that the scope of this invention includes all
alternative embodiments and variations which are defined in the foregoing specification
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<222> (B3)

<223> Xaa= Asp OY Glu

<220>

<221> SITE

<222> (84)

<223> Xaa= Arg or Lys

<220>

<221> SITE

<222> (85)

<223> Xaa= Leu Or val

<220>

<221> SITE

<222> (91)

<223> Xaa= Ser or Ala

<220>

<221> SITE

<222> {95)

<223> Xaa= Gln or Met

<220>
<221> SITE
<222> (114)
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<223> Xaa= Leu or Met

<220>
<221> SITE

<222> (157)

<223> Xaa= Lys or Arg

<220>
<221> SITE

<222> (158)

<223> Xaa= Ala or Asn

<220>

<221> SITE

<222> (160)

<223> Xaa= Val or Ile

<220>
<221> SITE

<222> (162)

<223> Xaa= Cys or Vval

<220>
<221> SITE

<222> (166)

<223> Xaa= Ser or Ala

<220>

<221> SITE

<222> (167)

<223> Xaa= Glu or Asp

<220>
<221> SITE
<222> (168)
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() lpPro Gly Arg Yaa Xaa Xaa Xaa Xaa Arg Rrg X 2 xLa'QQE#LQéV#& ()'f |
1 10 15

Xaa Leu Xaa Pro Leu Xaa Tyr Lys Gln Phe Xaa Pro Xaa val Xaa Glu
20 25 30

Lys Thr Leu Gly Ala Ser Gly Arg Xaa Glu Gly Lys Xaa ¥aa Arg Xaa
35 40 43

Ser Glu Arg Phe Lys ¥aa Leu Xaa Pro Asn Tyr Asn Pro psp Ile Ile
50 55 60

Phe Lys Asp Glu Glu Asn Xaa Gly Ala Asp Arg Leu Met Thr Xaa Arg
€5 70 75 80

Cys Lys Xaa Xaa Xaa Asn Ser Leu Ala Ile Xaa Val Met Asn Xaa Trp
85 90 95

Pro Gly Val Lys Leu Arg Val Thr Glu Gly Trp Asp Glu Asp Gly His
100 105 110

His Xaa Xaa Xaa Ser Leu His Tyr Glu Gly Arg ARla val Asp Ile Thr
115 120 125

Thr Ser Asp Arg ASp Arg Xaa Lys Ty¥ Gly Xaa Leu nla Arg Leu Rla
130 135 140

val Glu Ala Gly Phe ASp Trp Val Tyr Tyr Glu Ser Xaa Xaa His Xaa
145 150 155 160

His Xaa Ser Val Lys Xaa Xaa Xaa Ser Xaa Rla Ala Xaa Xaa Gly Gly
165 170 175

<210> 5

<211> 39

<212> DNA

<213> Artificial Sequence
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<210> 7

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 7
ggcgatgacg atgacaaaat gggcccgggc agggggttcg gg 42

<210> 8

<211> 47

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 8
gcggcegatga cgatgacaaa atcatcggac cgggcagggg gttcggg 47

<210> 9

<211> 49

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 9
gagtcatcag cctcccgatt ttgcgcacac cgagttcectet getttcace 49
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CLAIMS:-

1. An isolated protein comprising an N-terminal amino acid and a C-terminal amino acid,
wherein the protein is selected from:

(a) a protein with an N-terminal cysteine that is appended with at least one

hydrophobic moiety;

(b) a protein with an N-terminal amino acid that is not a cysteine appended with at least one
hydrophobic moiety; and

(c) a protein with at least one hydrophobic moiety substituted for the N-terminal amino acid;
with the proviso that when the isolated protein is a naturally occurring fragment of a hedgehog
polypeptide, the hydrophobic moiety is other than a palmitoy] group at the N-terminus of the
polypeptide,
wherein the protein, in the absence of the hydrophobic moiety, binds to a receptor or coreceptor,
and the hydrophobic moiety does not substantially affect binding affinity of the protein to the

receptor or coreceptor.

2. The protein of claim 1, wherein the hydrophobic moiety is a peptide comprising at least one

hydrophobic amino acid.

3. The protein of claim 1, wherein the hydrophobic moiety is a lipid.

4, The protein of claim 1, wherein the protein further comprises a hydrophobic moiety

substituted for, or appended to, the C-terminal amino acid.

5. The protein of claim 1, wherein the protein is an extracellular signaling protein.

6. The protein of claim 1, wherein the N-terminal amino acid is a functional derivative of a
cysteine.

7. The protein of claim 1, wherein the protein is modified at both the N-terminal amino acid

and the C-terminal amino acid.

8. The protein of claims 4 or 7, wherein the protein has a hydrophobic moiety substituted for,

or appended to, at least one amino acid intermediate to the N-terminal and C-terminal amino acids.
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13.  The protein of claim 11, wherein the vertebrate hedgehog protein is selected from
Sonic, Indian, and Desert hedgehog.

14.  The protein of claim 1, further comprising a vesicle in contact with the hydrophobic
moiety.
15.  The protein of claim 14, wherein the vesicle is selected from a cell membrane, a

micelle, and a liposome.

16. The protein of claim 11, wherein the hedgehog protein has an amino acid sequence

according to any one of SEQ ID NOS: 1-4.

17.  The protein of claim 13, wherein the hedgehog protein is missing between 1 and
about 10 amino acids from the C-terminus thereof, when compared to a wild-type hedgehog

protein.

18.  The protein of claim 16, wherein the protein has at least 60 percent amino acid

identity to Sonic, Indian or Desert hedgehog, and which protein binds a patched protein.

19.  An isolated; protein of the form: A-Cys-[Sp]-B- [Sp]- X, wherein
A is a hydrophobic moiety;
Cys is a cysteine or functional equivalent thereof;

[Sp] is an optional spacer peptide sequence;
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35.  The method of claim 34, wherein the step of linking comprises linking a lipid moiety
which is selected from saturated and unsaturated fatty acids having between 2 and 24

carbon atoms.
36.  The method of claim 34, wherein the protein is a hedgehog protein.

37. The method of claim 36, wherein the hedgehog protein is selected from Sonic,
Indian and Desert hedgehog. )

38.  The method of claim 36, wherein the hedgehog protein has an amino acid sequence
according to any one of SEQ ID NOS: 1-4.

39.  The method of claim 34, wherein the step of linking comprises linking with a vesicle

selected from a cell membrane, liposome and micelle.

40. A method for modifying a physico-chemical property of a protein, comprising
introducing at least one hydrophobic moiety to an N-terminal cysteine of the protein or to a

functional equivalent of the N-terminal cysteine, wherein the protein, in the absence of the

hydrophobic moiety. binds to a receptor or coreceptor. and the hydrophobic moiety does not
substantially affect binding affinity of the protein to the receptor or coreceptor.
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52. The method of claim 51, wherein the hedgehog protein is selected from Sonic, Indian,

Desert hedgehog, and functional variants thereof.
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58. A use of a protein of claim 1 or claim 20 in the preparation of a medicament for

treating a neurological disorder in a patient in need thereof.
59.  The protein of claim 1, wherein the protein is an extracellular signaling protein.

60. The method of claim 57, wherein the step of appending comprises replacing at least

the N- terminal amino acid of the protein with at least one hydrophobic amino acid.

61.  The method of claim 60, wherein the at least one hydrophobic amino acid is a

plurality of isoleucine residues.

62.  The method of claim 61, further comprising chemically modifying at least one of the

isoleucine residues.

63.  Anisolated protein having a C-terminal amino acid and an N-terminal acetamide
group, said group formed by reacting a substituted acetamide with an N-terminal cysteine of

the protein.
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64.  Anisolated protein having a C-terminal amino acid and an N-terminal thiomorpholine
group, said group formed by reacting a haloketone group with an N-terminal cysteine of the

protein.

65. A method for modifying a protein having a biological activity and containing an N-terminal
cysteine, comprising reacting the N-terminal cysteine with a substituted acetamide group, wherein

such modification enhances the protein’s biological activity.
66.  The method of claim 65, wherein the protein is a hedgehog protein.

67. The method of claim 66, wherein the hedgehog protein is selected from Sonic, Indian,

Desert hedgehog, and functional variants thereof.

68. A method for modifying a protein having a biological activity and containing an N-terminal
cysteine, comprising reacting the N-terminal cysteine with a haloketone group, wherein such

modification enhances the protein’s biological activity.
69.  The method of claim 68, wherein the protein is a hedgehog protein.

70. The method of claim 69, wherein the hedgehog protein is selected from Sonic, Indian,

Desert hedgehog, and functional variants thereof.

71. A hedgehog polypeptide modified with one or more lipophilic moieties with the proviso
that, in the instance wherein the hedgehog polypeptide is the mature N-terminal proteolytic
fragment of a hedgehog protein, the lipophilic moiety is other that a sterol at the C-terminal
residue, and in the instance wherein the hedgehog polypeptide is a naturally occurring fragment of
the hedgehog polypeptide, the lipophilic moiety is other than a palmitoyl group at the N-terminal

residue.

72. A hedgehog polypeptide modified with one or more lipophilic moieties at internal amino

acid residues.

73. A hedgehog polypeptide modified with one or more lipophilc aromatic hydrocarbons.

74. The hedgehog polypeptide of any of claims 71-73 which polypeptide is provided as a

purified protein preparation.
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75. The hedgehog polypeptide of any of claims 71-73 which polypeptide is provided as

a pharmaceutical preparation.

76. The hedgehog polypeptide of claim 71 or 72, wherein the lipophilic moieties are
selected from fatty acids, lipids, esters, alcohols, cage structures, and aromatic

hydrocarbons.

77. The hedgehog polypeptide of claim 73 or 76, wherein the aromatic hydrocarbon is
selected from benzene, perylene, phenanthrene, anthracene, naphthalene, pyrene, chrysene,

and naphthacene.

78. The hedgehog polypeptide of claim 77, wherein the aromatic hydrocarbon is a

pyrene.

79. The hedgehog polypeptide of claim 71 or 72, wherein the lipophilic moieties are

selected from isoprenoids, terpenes and polyalicyclic hydrocarbons.

80. The hedgehog polypeptide of claim 79, wherein the lipophilic moieties are selected
from adamantanes, buckminsterfullerenes, vitamins, polyethylene glycol, oligoethylene
glycol, (C1-C18)-alkyl phosphate diesters, -O-CH,-CH(OH)-O-(C12-C18)-alkyl.

81. The hedgehog polypeptide of claim 80, wherein the lipophilic moieties are selected
from 1- or 2-adamantylacetyl, 3-methyladamant-1-ylacetyl, 3-methyl-3-bromo-1-
adamantylacetyl, 1-decalinacetyl, camphoracetyl, camphaneacetyl, noradamantylacetyl,
norbornaneacetyl, bicyclo[2.2.2.]-oct-5-eneacetyl, 1-methoxybicyclo[2.2.2.]-oct-5-ene-2-
carbonyl, cis-5-norbornene-endo-2,3,-dicarbonyl, 5-norbornen-2-ylacetyl, (1R)-(-)-
myrtentaneacetyl, 2- norbornanaeacetyl, anti-3-oxotricyclo[2.2.1.0<2,6>]-heptane-7-

carbonyl, decanoyl, dodecanoyl, dodecenoyl, tetradecadienoyl, decynoy! and dodecynoyl.

82.  The hedgehog polypeptide of any of claims 71-73, wherein the lipophilic moiety or
moieties potentiate the biological activity of the polypeptide relative to the unmodified

hedgehog polypeptide.

83. A method for altering the growth state of a cell responsive to hedgehog signaling,
comprising contacting the cell with a lipophilic-modified hedgehog polypeptide of any of
claims 71-73.
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84. A synthetic or recombinant protein comprising an N-terminal amino acid and a C-terminal
amino acid, wherein the protein is selected from:
(a) a protein with an N-terminal cysteine that is appended with at least one
hydrophobic moiety;
(b) a protein with an N-terminal amino acid that is not a cysteine appended with at least
one hydrophobic moiety; and
(c) a protein with at least one hydrophobic moiety substituted for an N-terminal amino

acid.

85. A synthetic or recombinant protein of the form: A-Cys-[Sp]-B-[Sp]-X, wherein

A is a hydrophobic moiety;

Cys is a cysteine or functional equivalent thereof;

[Sp] is an optional spacer peptide sequence;

B is a protein comprising a plurality of amino acids and, optionally, another spacer
peptide sequence; and

X is optionally another hydrophobic moiety linked to an amino acid of protein B.

86. A synthetic or recombinant hedgehog polypeptide modified with one or more lipophilic
moieties with the proviso that, in the instance wherein the hedgehog polypeptide is the mature N-
terminal proteolytic fragment of a hedgehog protein, the lipophilic moiety is other than a sterol at

the C-terminal residue.
87.  The method of claim 66, wherein the protein is a hedgehog protein.

88.  The method of claim 68, wherein the hedgehog protein is selected from Sonic, Indian and

Desert hedgehog.

89.  Anisolated polypeptide ligand for an extracellular receptor, wherein the ligand is covalently
attached to a hydrophobic moiety that enhances the biological activity of the ligand relative to the
biological activity of the ligand in the absence of the hydrophobic moiety.

90.  The ligand of claim 89, wherein the hydrophobic moiety is a peptide comprising at least one

hydrophobic amino acid.

91. The ligand of claim 89, wherein the hydrophobic moiety is a lipid.
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92, The ligand of claim 89, wherein the ligand further comprises a hydrophobic moiety

substituted for, or appended to, the C-terminal amino acid.
93.  The ligand of claim 89, wherein the ligand is an extracellular signaling protein.

94.  The ligand of claim 89, wherein the N-terminal amino acid is a functional derivative

of a cysteine.

95. The ligand of claim 89, wherein the ligand is modified at both the N-terminal amino

acid and the C-terminal amino acid.

96.  The ligand of any of claims 89 to 95, wherein the ligand has a hydrophobic moiety

substituted for, or appended to, at least one internal amino acid.

97.  The ligand of claim 89, wherein the ligand has a hydrophobic moiety substituted for,

or appended to, at least one amino acid intermediate to the N-terminal and C-terminal amino

acids.

98.  The ligand of claim 91, wherein the lipid moiety is a fatty acid selected from

saturated and unsaturated fatty acids having between 2 and 24 carbon atoms.

99.  The ligand of claim 89, further comprising a vesicle in contact with the hydrophobic

moiety.

100. The ligand of claim 99, wherein the vesicle is selected from a cell membrane, a

micelle, and a liposome.



