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-1- Anti-Qbesity Proteins The
presentVe Y& on is in the field of human medi ci ne, BfaFP$EOP¥RIy in
the treatnment of obesity and 5 disorders associated with obesity. Mst
specifically the I nvention relates to anti-obesity proteins that when
adm nistered to a patient regulate fat tissue. Qhesity, and
especi ally upper body obesity, is a “+ctonmon and very serious public
health problemin the United éo . gles a throgghout t he worl d.
According to recent stati ??%s Tt t of the United States
popul ati on and 27% of the Canadlan populatlon are overmeight

Kuczmar ski , 5 9 Reeder et.
al., Can, I\/Ed Asmafthe pﬁgée%G% %{51%{1%% s f%g%eer {)1(%3%%]56 k eS|ty is the
st r ongestMeFiGd Feayc (RAT WrBWR T8t iy e |treatngnghefes ﬁﬁPFYté@d and is a
strong rigisdaidy afgs_rocmtezﬁmm&ﬂﬁdla;ry di m&es@@&&aagmyashwel |

Recent estlnaggs fqﬁ?the nedi cal of oqbesit 150, 000, 000, 000
world  RYRELoFh &S Sen’iche?gl O&?ﬁfls r iS5 E: eéﬁ‘(?uéﬁ h¥f€Phe surgeon 20
general reduieiprered it td gidtiento mapdiste fatevdssurcr easi ng adi posity

ranmpant in ArrerlcanoﬁggiﬁﬁiJ espe$ﬁa%% J JE‘%O&Q“&%éQ%&? ty sl nduced

pat hol ogy can be att assoclatilo
dysl i pi desAammon andyyrart eﬁﬁws a1l s fgad the Probisie invhhg @nyae@s have

25  demnsidwdL hidalthrQditontid e .ty Adeodidehgatd exeestse reduces
tnents_ are

{hese 11 shdntors, Sl gl D O Ay crorboE LR OEL g e
be due tthef adte tdmtadisn popwlaididi ard overwenghy . asEoczmaeski t h
genet. Ca'%j_,_ﬂﬂﬁ%d;%&;_,_ﬁ%& 55;% Nafggzont rslo%t Q1b92hNCreaged appetite,
preferen or calori c_foads, reduced phyS|caI act|V|ty and
i ncr eased®d 1@%—@3&-&%%&4—9%' B s 44R01232 d499RAr p¥BBRE POdYi nheriti ng
thesesgensidLidy aid s SUFaRRedt0 NNOMAE RD&SRWN fokegﬁlbé'EiS of their
efforts tcgﬁc]?r%ast t 3.Ct01.znsd't 35 Therefole %E rr?col ogi cal agent
that can TS ad"}'ﬁ%slﬁ AR 5 2550 SAFFSR £RE physician to
successfL¢a§dlovasculaMDdﬁyéaﬁﬁrbnd cancer as well. Recent estimates
PCT/ US96/ f099%% e medical cost of obesity are $150,000,000,000 world
wide. The problem has become serious enough that the surgeon
20 general has begun an initiative to combat the ever increasing
adiposity rampant in American society.

Much of this obesity induced pathology can be
attributed to the strong association with dyslipidemia,
hypertension, and insulin resistance. Many studies have

25 demonstrated that reduction in obesity by diet and exercise
reduces these risk factors dramatically. Unfortunately,
these treatments are largely unsuccessful with a failure rate
reaching 95%. . This failure may be due to the fact that the
condition is strongly associated with genetically inherited

30 factors that contribute to increased appetite, preference for
highly caloric foods, reduced physical activity, and
increased lipogenic metabolism. This indicates that people
inheriting these genetic traits are prone to. becoming obese
regardless of their efforts to combat the condition.

35 Therefore, a pharmacological agent that can correct this
adiposity handicap and allow the physician to successfully



- 2- treat obese patients in spite of their genetic inheritance is
needed. Physi ol ogi sts have postul ated for years that, when

a mamualwaeeasset s, the resulting excess fat signals to thercBUswmpsz t hat
the bod is obese which, in turn, causes the body to eat |less and burn
nore fuel. G R Hervey, Nature 227: 629-631 (1969). This "feedback"
nodel is supported by par abi otic experinents, which inplicate a

circul ating hornone controlling adi-gesity. 10 The ob / ob
mouse is a nodel of obesity and diabetes that is known to carry an

aut osonal treedsssbeset pattenrfkés spite of whehr igrnetia Hahsnitianse diosone.
Recent |y, YeWdd Zhang and co-wor kers published the positional cloning
of the nouse gene d with this conditio Yi yi ng Zhang et al
Nature 15572 495 By S iSey St oTRAYe, BROPELaF St B9k S g o TR or

a 167 am raommﬁlpb%eleawtbha 2ésabting aékcesd ofeed gigplalde co tHehat is

Bi ochet cA i B bpiyel BAr T ReRcapeRs iy M. e Phle Epele, |

(1995) reper teatthée(?ISoﬁinﬁgbaﬁ& moreckpeéssi On Bf Hewevgvat Nafege gade. | The
protein, whighsiss <1959@ppa&~eegl Yf@@@@géﬂ" bmoa@rs pé) SRS rdest rwv specul at ed
to be an adi paosity regul ati ng H HD g arnacolo ical ct|V|ty S
reported RATARIREIG experiments, w %*/‘e?t R HRARMIALER SFFKat t he
proteins a&ndﬁdmﬂﬂwgeddbpoZﬁayg et aI -are pooi ‘phar macol ogi cal agents due
to chegical and/or plysigal,d 2 nERSiNUFRGLRLOLE! tha aiakdies
exanplé, is nore prone to preC|p|tat on. armaceuti ca oMl at1 ons

of the natthad isr daneiwm @@nFéFﬁYngnaaBFééPﬁﬁiaf%CeSSlYﬁuﬁﬁﬁ&ﬁak#ﬂ¥QQ & of
produci ng Ay dHRIRR] A% Gdle: Vs@.&ﬁﬁ”%ﬁrbfﬂo@@met heR@@ém_em YiASGRY diHagly. there

remains a need to d eIo r mpcol ogi cal s 1 hat vi de i nproved
physi cal &P CO-WoK %ugééﬁgﬁat &nH° ﬁﬁfoﬁgg %ﬂ%ﬂth#%éﬁ régnts
regulate tderie lapketd MatanahastabnﬂnSmDn Yiying Zhangh&nnalsughﬂ&nnantly,
It hag g&ﬁfggaz%ets%%@@q)thatrhéé r%?SEUJiEséi@é&h LAt NS dduiag yaci d

re5|dues 138 of e human obesity protein
lead to aa 167 amlnmoamydzggpteln with a 21 amino acid signal peptide

PCT/USQG/QQ%ﬁ? is exclu51vely expressed in adlpose tlssue:3 Likewise,
Murakami et al., in 1 o\ .
Communications 2Q2(3) 944-52 (1995): report the cloning and

20 expression of the rat obese gene.: The protein, which is

apparently encoded by the ob gene, is mow speculated to be an
adiposity regﬁlating hormone. No pharmacological activity is
reported by-Zhang”et'al.'“ ' : e ' '
However, we have discovered that the proteins .
25 disclosed by Zhang et al. are poor pharmacological agents due
to chemical and/or physical instability. The human protein,.

- for example,’ is more- prone to precipitation. ‘Pharmaceutical
formulations of the natural protein containing a precipitate
increase the riskjof'prbduciﬁg-an'iﬁmunolbgical response in

30 the patient. Accordingly, thére' remains a need to develop
pharmacological agents that provide improved physical and
chemical ‘stability and that are useful to help patients
regilate their appetite and metabolism.-

' Most'signifidantly,'it has' now been determined that

35 specific substitutions’ to amino acid residues 77, 97 to. 1lll,
118, and/or -138 of the human obes1ty proteln lead to a



supérior therapeutic agent with inproved stability. Accordi ngly, the

‘present invention provides biologically active obesity proteins. The
pr ot ei rMYO®H2351@ pr esent invention are nore readily fRETUSHSY2aNnd
stored. 5 Furthernore, the present conpounds are nore pharmaceutically
el egant, which results in superior delivery of therapeutic doses.
Thus, such agents allow patients to overcone their obesity handi cap
and live normal lives with a nore normeli zed risk for type |

di abet es, cardi ovascul ar di,sease and_cancer.
Sunmary SMRSHAST ithigrapeutic agent Wl"i’ﬁe%ﬂ?ﬁ%’\éﬁ‘? $rRRRht1eA- is directed to a
protei n giccordirdle ,Fehrubaetbht invention provides biologically (SEQ I D NO

D15 VAR oy brse b enfeP SRedlil SYSulliplelll € Lys Thr

1 Thr
Arg lle Xavarampom @rSemoiies radiXsafsemulatedeandestored. 20

éSy S Furtlgxermlolre?’o £2Q presbﬁg x.@ﬁpév}iﬁdyaérg hhoid ?ﬁ@ﬂnf@&fﬁllf Pro
Leu Thr S3F98HE- L)‘f’?l%‘ar%ﬁlﬁéal?hFuE%‘ﬁl%ad%%VW G hernee g 50
55 doses. Thu@;O such khaunthr abeowXpat PewcSeto Aﬁxgaﬁ@cﬁné/adhéile Xaa Ile
Xaa Xaa i

50 30 QBT PerdPgrad bi B IORa AV RR U PR PRy s

85 risk for t¥Pe II dlabetes, cag8iovascilar [disdxse Tanpd AlanSear. Ay
Leu ghu Thr Leu Asp Ser Leu Gy Gy 100 105
110 35 Val Leu Qu Ala Ser Xaa Tyr_Ser Thr, Qu Val Val Ala Leu Ser Arg
115 120 Summarv Q5 -Invention, xaa Gy Ser Leu Xaa Asp

Xaa Leu Trp Xaa Leurrf&rpzle@.enﬁemnlere@zc%n is diglcted to a proteid3bf

140 ?‘ Cys
(n) 45t\ﬂ$e grﬂmla (%) Xaa at position 4 is dn or Qu; Xaa
at position 7 is Adn or du; {SEQ ID NO: 1)
15 val Pro Ile Xaa Lys Val Xaa Asp Asp Thr Lys Thr Leu Ile Lys Thr
1 5 10 15
Ile Val Thr Arg Ile Xaa Asp Ile Ser His Xaa Xaa Ser Val Ser Ser
20 25 30
20
Lys Xaa Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
35 40 45
Leu Thr Leu Ser Lys Xaa Asp Xaa Thr Leu Ala Val Tyr Xaa Xaa Ile
25 50 55 60
Leu Thr Ser Xaa Pro Ser Arg Xaa Val Ile Xaa Ile Xaa Xaa Asp Leu
65 70 75 80
30 Glu Xaa Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
85 90 95
His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
100 105 : 110
35
Val Leu Glu Ala Ser Xaa Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
115 120 125
Leu Xaa Gly Ser Leu Xaa Asp Xaa Leu Trp Xaa Leu Asp Leu Ser Pro
40 . 130 135 140
145
Gly Cys (I}

45 wherein:
Xaa at position 4 is Gln or Glu;
Xaa at position 7 is Gln or Glu;
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-4- ' Xaa at positio 22 is Asn, Asp or du; Xaa at
positi o’fWQ@P6/2351Thr- or Al a; Xaa at position 28 is RGEUSIE009520r-
absent; Xaa at position 34 is An o du; 5 Xaa at position
54 is th met hi oni ne sul f oxi de, Leu, Il e, VaI Ala, or Qy;
'+ Xaa at p05|t|on 56 is A n or Qu; Xaa at p05|t|on 62 is @n or
A u; Xaa at position 63 is G'm%r du; 10 Xaa at position 68
s Met, methionine sulfoxide, é le, VaI Ala, or Qy; Xaa
at position 72 %3@ Adn PORSSIGH %uls'Asn' AspyRx §lUiosition 75 is Gn or
A u; m it positiem 27 iis Ser or Ala; 15 . Xaa at.position 78
is G n, Asn, t si tj,on Asn, or Asp;
Xaa at positi on %ft ?oéltloq é%al% iy, tdl %‘% ?%5(?5 tion 130 is Gn or
d u; Xo@ @t mmm ﬁMMSsGGmOGTG@qu 20 - ‘Xaa  at position
136 isghet, MELAPHNGRIIOE B0 ilsPiet, meltllﬁonYﬁ'e sﬁhﬁox@ﬁeg Yeu,
Xaa at p05|t|on 139 i.s A n or du; sai d protein having at | east one
subst it ut il sMadet 843 r 6% S1¥ithe group ‘consisting of: 25 Hi s at
position 97 |sx&plaa;ceﬁ>sﬁattﬂamasms y@.smerIo&, G(Huy, - Ser, or Pro;
Trp at p05|t|o 100 Iace Asp Asn, Met, Ile, Phe,
Tyr, Ser, Thr, J& % G@ or. GLiuAIa at position 101 i's
replaced with S’aa, aﬁtsrpoqgty-om—lﬁs? 1$0Gllnr ®r Bin: or Val; - Ser at
-positjgn 102 '%(aféagta%él‘ﬁ'ﬂ&?) Ris Met, methohidk Eﬂilfbkgﬂeloﬁehs ,
repl aced with Al du at p05|t|on 105 I's repl aced with Gn
Thr at pOSTI]Tq'ONa]}OGAIl@ r Ol §4¥d with Lys or -Ser:;’ 35 Leu at position
107 is repl aced{a/u tdt Boyition 72 is Ash, atAs@osan:t GO.D.;.108 is replaced with
G u; 96@&?%%s1t10n 75 is Gln or Glu;

PCT/U896/00952
Xaa at position 77 is Ser or Ala;

15 Xaa at position 78 is Gln, Asn, or Asp;
Xaa at position 82 is GIn, Asn, or Asp;
Xaa at position-118 is Gly or Leu; .
Xaa at position 130 is Gln or Glu;
Xaa at position 134 is' Gln or Glu;
20 Xaa at positioh 136 is Met, methionine sulfoxide, Leu,
Ile, val, Ala, or Gly: D '
Xaa at pos1tlon 139 is Gln or Glu,
said proteln having at least one substltutlon selected from
the group consisting of: S
25 - His at position 97 is replaced with Gln, Asn, Ala, Gly,
Ser, or Pro; o " L . N _
Trp at pos1t10n 100 is replaced with Ala, Glu, Asp, Asn,
Met, Ile, Phe, Tyr, Ser, Thr, Gly, Gln, Val or Leu;.
Ala at position 101 is replaced with Ser, Asn, Gly, His,
30 Pro, Thr, or val; o EE T
Ser at position 102 is replaced with Arg;
Gly at position 103 is replaced with Ala;
Glu at position 105 is replaced with Gln;
Thr at position 106 is replaced with Lys or Ser;
35 Leu at position 107 is replaced with Pro; |
Asp at position 108 is repiabed with_Glu;



Ay at position 111 is replaced with Asp; or Trp at position 138
1s replaced with Ala, du, Asp, Asn, Met, Ile, Phe, Tyr, Ser, Thr, Qy
an, VAOSARY: 5 or a pharmaceutical ly acceptabl e sal%c?mﬁﬁﬁﬂﬁﬁz' -

The invention further provides a nethod of treating obesity, which
conprises adm nistering to a mammal in need thereof a protein of the
Formula (1). 10 The invention further provides a pharnmaceutica
formul ati on, which conprises a protein of the Fornmula (1) together with

one or nore p ' agLeps i luyents, carriers or
exci pi ents thg?%?g%fgéé§f@%8h - féﬁ%é%&ﬁ??%ﬁ%ﬁﬁé§ﬁ%ﬁiﬁ@%t of the present
invention 15 Txpaapreesssidnrlp? oduicienlacet oridiin Xfa Fdilml &agd,) Aswhi ch

CONpriSeSyer, Ile, Phe, Ty#R)sdd anghor@ing &ihestypeld: Widft DNA that
encodes the protein of Formula (1), said proteln having an optional

| eader sequence; 20 (b) culturing the host cell and isolating
the 35 poOteighemosactidesiemdddntarich it anRidass.. (c)

cl eaving enzymatically the | eader sequence to produce the protein of
Forrmula (I). 25 Det ai | ed Description

For purposes of theTheesaventhoenivorhensprveidesear methehd Tl aiemtider ei n,
the fol | oyhdg; &1 Mon A AP | BB ex ind®ld B haiad(101iOWRed

Base pair (bp) -- refers, to DNA or_  RNA._ The 3 abbreviations AAC G and T
cor r espontheet? hed PLIIPIRG IRf &ormuld i -of the nucl eoti des

(deoxyp) adeni ne, (de@%g)ﬁyﬁéﬂtﬂ@m furtﬁdquyd@u&f&r&hpfﬁﬁhdf?ﬁﬂ@@dmynine,
respectiv n_they . . ecu wrhe, abbr.evi ati ons U, CG
and T P%:%I?L%%\%g%%%' tv}oﬁut%he %%%lnéoﬁ%{é@ee oroﬁ % % r%’e"?'}‘r‘ &81 e(gt[s}i des 35
uracil, cyedeliber witiniore emdrats mhermacespacEilal podegptable they occur in

RNA DI eC4H BSend &, doubl fo.8d rANASL IMNGn@Sherefor. WO 96/ 23517
PCT/ US96/ 00952 L ) . .
An additional embodiment of the present invention

15 is a process for producing a protein of Formula (I}, which
comprises:

{a) transforming a host cell with DNA that encodes
the protein of Formula (I}, said protein having an optional
leader sequence;

20 (b} culturing the host cell and isolating the
protein encoded in step (a}); and, optionally,

{c) cleaving enzymatically the leader sequence to
produce the protein ¢f Formula (I).

25 .Detailed Description
For purposes of the present invention, as disclosed
and claimed herein, the following terms and abbreviations are
defined as follows:
Base pair (bp) -- refers to DNA or RNA. The
30 abbreviations A,C,G, and T correspond to the 5'-monophosphate
forms of the nucleotides {(deoxy)adenine, {(deoxy)cytidine,
{deoxy)guanine, and {deoxy)thymine, respectively, when they
occur in DNA molecules. The abbreviations U,C,G, and T
correspond to the 5'-monophosphate forms of the nucleosides
35 wuracil, cytidine, guanine, and thymine, respectively when
they occur in RNA molecules. In double stranded DNA, base



- 6- pair may refer to a partnership of Awith Tor Cwith G In ‘a

DNA/ RNA het er odupl ex, base pair may refer to a partnership of Twith U
or Cwi Wo®/23517 - DNA. - - Deoxyribonucl eic acid. PET/WwS96/00952 EDTA
-- an abbreviation for ethyl enedi am ne tetraacetic acid.

| mmunor eactive Protein(s) a termused to col l ectively describe

anti bodi es, fragnents of anti bodies capabl e of binding antigens of a
simlar nature as the parent 10 anti bochp-nol ecule fromwhich they are
derived, and single chai n pol ypepti de binding nol ecul es as described in

PCT ARt Mo ¥ e PGTPUBaSB‘FPGZ?bBP Pht BrhElR oharr BubtitdatGonIn  No.
WO 88/ 01649 DNA/RNA heterodutR¥A, - bagespangehaifiVefdd to a partneﬂgﬁ¥§“(j"

an extrachro I eIf-repI cating . genetic.elenment.
PMVBF -- af™ agp n?héféh FoP~6h %ylnethylsulfonyl “f1 uori de.

Readi ng frane -- thdMﬁUc+fnnaqkynyhmmummextranuﬂhlch 20 translation occurs

"read"sin triplets be}b"‘pbe--”aqu%lb%r'e‘%ﬂ] tion fBRPAEALYIn081 AN 11 DOSOMES
and aSSOCIated factors, _each iplet corresponding to a particul ar

ami no aci FetTBECAE acideach triplet is distinct and of the sane |ength,
the coding - . sequengfinBidadieve MHeAng sof -thaegers @@é& tR@-i r insertion

25 or deletlon ternme meshi f. tatl result .

di fferent 6?3f§m&¥e&¥i%63556§8 FB% %9 tfig sgﬁ%STﬁﬁk tlbOdle?o i nsure
agai nst t lapakillee otfr ibphdunqodnnsgensr efpandimildan natundasdedier gdrent

pol M i %t%%tdw?noq lgngd f'er #-.El:ﬂ' eﬁggfaw& ived | A ngdlg' tiation

codon, i.e, the correct "reading frane e nei Nt al ne
ReconblnaﬁtaDNA99H$HQQ§l@@c?épdingaﬁ9laﬁPbﬁ%n%%s¢®scrleQnﬂq(R%ﬂ ng ‘agent

i ncl udi ng ApRIlti daetion BMot.e@crgUspBasoRdss antnt erndBgesl WMIdatiioe a DNA

gggggule tR wwqmgsd@ﬁégglnnre ~..additional DNA segnents can or have been
PCT/ US96/ 00952 - MRNA  -- messenger RNA. -* . . 7.

Recompi nant . DNA EXprEelsass'ng.eeXQCta‘H ex'tr%'&)ﬁromoa&ﬁﬁ?@éf@nfe%ﬁjﬂﬂ{g ng. vect or

in which a pronoter has I ncor porate icon --
DNA sequeﬂ@@ﬁﬂ%ﬁ ed&Aensl-s and al | ows

PMSF -- an abbreviation for phenylmethylsulfonyl
fluoride. ' L o
Reading frame -- the nucleotide sequence from which
20 translation occurs "read" in triplets by the translational
apparatus of tRNA, ribosomes and associated factors, each
triplet correspdnding'toﬁa particular amino acid. Because
each triplet is distinct and of the same length, the coding -
sequence must be a multiple of three. A base pair insertion
25 or deletion (termed a frameshift mutation) may result in two
~ different proteins being coded for by the same DNA segment.
“To insure against this, the triplet codons corresponding to
the desired polypeptide must be aligned in-multiples of three
from the initiation codon, i.e. the correct "reading frame"
30  must be maintained. '

. Recombinant DNA Clonihg Vector. -- any autonomously
replicating agent including, but not limited to, plasmids and
phages, comprising a DNA molecule .to which one or more
additional DNA segments can or have been added.



5 for autonomous replication of a plasmd or other vector.

‘RNA -- ribonucleic acid. RP-HPLC -- an abbreviation for
rever seOMZIVThi gh performance |iquid chromat ogr aphyPCI/US96/00952 -
Transcription -- the process whereby information 10 contained in a
nucl eoti de sequence of DNA is transferred to a conpl enentary RNA
sequence. Transl ation -- the process whereby the genetic
i nformati on of messenger RNA is used fﬂ‘Specify and di rect t he

synt hesis of a poly epti.de ¢ is --_an abbreviation
f or trls(hydroxynet Srgabl na'qéﬁ§ﬁ5#§?$ﬁﬁﬁ§lon vectdy' 2- al¥Treating --

descri besddumiprzage MK cloticgr @ecktoa in whatheatpfomotée Ik pgosen of
combatin gase, condition, or disorder and includes the
adnlnlstgg%ggﬁgg%ia conpound of 20 present invention to prevent the onset
of the synptoms or RePliGnmplitdt iBHs seguengeatha§ FRELEPAEt 0RE ot lows

conpl BCatﬁdlnSautﬁnomouse|r|e@31l1%'fa|tﬁ@nt Be di peasmiaCORUbEhOR, vaEL &4 sor der.

Treating obesi t theref |nﬁ udes t.he inhibition of food intake, the
i nhibition of weig ain, 'gﬁﬁl ight loss in 25 patients in need
t her eof . RP-HRMELt-Of an abhnﬁﬁuanmmnufed trevetbedtphaséonighi on of

correspo to appropriatée protei ul es whi ch, when conbi ned
Wi th appropriate cdﬁﬁ?%ﬁc%%ﬁU%ﬁEGS' Egpc§§§cWhB€eQE ipfepBaEies on the

host 16el |cdift Hihdd qaﬁfaommqeotlia@smeqﬁence o¥ BlRESs @RshdE&EeEd aRiage are
sui tabl e vectors, |nce t hey are replicons in their own right.

Artifici AORRIEUTE e RNA SEGHENCRct ed by cutting and j oi ni ng DNA mol ecul es
from di fferent mxnms&aznunrﬂ}ruhﬁlpndne@@ eheyebg ahd- begases. 35
Vectors i onfy c ing Vv o] . 0 'ggpt DNA
expreSS|02ﬁiec c§¥§hlg¥ QQQEeggg 9%&%32%7ug8& £3 QBQley §§§ &§¥

PCT/ US96/Wpnsynthesis of a polypeptide chain. -8-

X-gafsan abbrevi atl-pﬂéor D rHBYAriGH IO 3y trisi( gaﬂskymechyl)-

bet a- D-galact05| The ami no acid abbreviations are
accept ed BFRMWMe an%nlted States Patent and Trademark Office as set forth
in37 5 CFR Irf&xily () dek¥33pes @re mkinbbedehn thé aatrewofll d
recogni z cestai i.ds e . rr For
exanpl e, epé&aént %Oergrt?l a%?“ I}?) og%s Oa £ %ﬁBaBERQ t%g tT"éssgaspar IItEE(;rgaﬁs’
descrltxupﬁrﬂﬂSOHQﬁnnanﬁ xﬂcludpﬁtthe admlnlstratlon of a compound of

20 present invention to prevent the onset of the symptoms or

cells irnéﬁgﬁ;fﬁgﬁdgﬂ 1at %.Qgéghggoﬁghéﬂgcleotlde sequences
tden

complications, alleviating the symptoms or complications, or
eliminating the disease, condition, or disorder. Treating
obesity therefor includes the inhibition of food intake, the
inhibition of weight gain, and inducing weight loss in

25 patients in need thereof.

Vector -- a replicon used for the transformation of
cells in gene manipulation bearing polynucleotide sequences
corresponding to appropriate protein molecules which, when
combined with appropriate control sequences, confer specific

30 properties on the host cell to be transformed. Plasmids,
viruses, and bacteriophage are suitable wvectors, since they
are replicons in their own right. Artificial vectors are
constructed by cutting and joining DNA molecules from
different sources using restriction enzymes and ligases.

35 Vectors include Recombinant DNA cloning wvectors and
Recombinant DNA expression vectors.



J. Peptide Protein Res. 14: 485¥94 (1979) and references 10 cited

therein. These rearrangenent derivatives are included within the scope
of the wweesesi1di nvention. Unl ess ot herw se i ndi cat ed tpheasto@sAci ds
are in the L configuration. ~ As noted above the present

I nvention provides a 15 protein of the Fornula (I'). Preferred proteins
are those of ~ Formula (11): (SEQ I D NO

2) 5 -810 15 Val Pro
Ile G@n Lys Val Gn Asp Asp Thr Lys Thr Leu Ile Lys Thr 20

20 2%-gal ---an abbrevigtion fpr Yabrdhp- ¢¢gnl¢eoﬁ&ﬂ Asp |le
Ser His TthSﬁlegétXab §laS€bside, - . 3D : - 40

45 25 Lys A n’Lys va Thr dy Leu Asp Phe Ile Pro Ay Leu His Pro IIe

50 5§he aming &cid abbggviatiopy FHe 2eEe®erd by Wee Asp G n
Thr Leu Abﬂ1VaH fyacebnp&tent | #nd 3Braddbmark Office as se/Forth in 37

o A ASyFuBy § 17822 (ob® THaSSL MALET A4 S50 Vale @ e
G u Asn Lzecpaggisepthat teutdis aminecacids &e Bume yuo Ser Cys 35

100 rearran eh@At.  For exam 1e, A& may*fé%ﬂf%hd%“%é”&%ﬁﬁftﬁ?r Ay
Leu Au Th r.h %sg Ser Leu ¥ ﬁwﬁ} 120

125 40 VAEfF1i eanéq SSRF‘ﬁP%EFaEfya%y egerihed i3 f vaichen o £1eu B Arg

130 idés Res. 14: 48994 (1970 Gmi GeféSiandet G n Asp

(II Eﬁy Trpt%h erreéﬁp L@Heégmfg%fﬁ%%éémé‘t derlvé%f@é%/are included.

PCT/ US96/ @38h2n the scope of the present invention. Unless otherwise
indicated the amino' acids are in the L configuration,

As noted above the-présentyihvention“provides a’
15 protein of the Formula (I). - Preferred proteins are those of
Formula (II):

(SEQ ID NO: 2) S
- , Y R .15
Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Tht Leu Ile Lys Thr

20 . _ .
o 20 25 _ 30
Ile Val Thr Arg Ilé Asn Asp Ile Ser His Thr Gln Ser Val Ser :Ser
35 L 401', :  4g '
25 Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile -
'.'50.. R o T 55 . - 60 o : .
Leu Thr Leu Ser Lys-Met. Asp Gln Thr Leu Ala Val Tyr Gln Gln.Ile
30 65 70 75 - . 80
Leu Thr Ser Met Pro Ser_Arg.Asn Val Ile_G;g Il§ Ser Asn Asp Leu
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
T 00 . 105 o . 110
His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
o115 - 120 o125
40 Vval Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
130 135 S T 10
Leu Gln Gly Ser Leu Gln Asp Met Leu Trp Gln'Leu'Asp Leu Ser Pro
Gly Cys . RN S S . (IT)

wherein:



-9- Asn at position 22 is optionally G n or Asp; Thr at

position 27 is optlonally Al a; A n at position 28 is optionally

G u or WOIERES17 Met at position 54 is optionally RCAUSIE00952 |\t
at position 68 is optionally Leu; Asn at position 72 is optionally
G u, or Asp; . Ser at position 77 is optionally Al a; Gy at
position 118 is optionally Leu; 10 said protein having at | east one
substitution selected from t he groﬁg'consisting of : H s at

position 97 is C n,. Al y or Pro;

Trp at p05|t|on %é égrep %%g%gmn€ﬁ°9&%?ﬁ%}§§ %é%,°§é§%915 Met, Ile, Phe,
Tyr, Ser, Thr,TGFyat G®osit/abnol7 Les; optionally AAkaat position 101 is
replaced with gep, a€6ﬁos§%¥*nkﬁ§’1s opE?éhaﬂ%? Gfﬁ ¥l absent ; Ser at

position 102 is replaced wt at position 103 is repl aced
with Ala; 20 Met agy HO%%tb%'%u‘Hthl@Btlr%n%bYa%%@ with dn; Thr
at pogtion 10ﬁetsatepbgggﬂomﬁsg Lysoﬁﬁléﬁﬁlly Leu; Leu at position 107

is replaced with Pro 05|t 8 |s | aced with du;
Gy at positio Sﬁlit %°§éb+%2eafﬁf?h° iﬁﬁégp {%ai position 138
is replaced w fbrAsl, pGEitidep?7 Ase, optlomki ly lAka; Phe, Tyr, Ser, Thr, Qy,
A n, Val or Legj

O+ foRhp greg abl e salt thereof 30
Preferred protel%s %rpo % f% F%rnu%ué¢€§$%%%?%F€§E Trp at position 100
is Adn, Tyr, Phe, Ile, Val, or Leu; or Trp at position 138 is Gn, Tyr,

Phe, lld e, s¥all, pPbtdBtl.having at least ondddiBsPrrfeidreddred@idSEm t he
Formul a | (SEQ-I1 D NO 3)

5 the ggbu@ifonSiStipg of: 45 Val Pro Ile dn Lys Val Gn Asp
Asp Thr Lys ThHEiseat|pesliysoTh$7 is repla&!ﬁQ@ﬂﬂB&ﬂkx Asn, Ala, Gly,
PCT/ US96/ 0952+ pro;
Trp at position 100 is replaced with aAla, Glu, Asp, Asn,
15 Met, Ile, Phe, Tyr, Ser, Thr, Gly, Gln, Val or Leu;

Ala at position 101 is replaced with Ser, Asn, Gly, His,

Pro, Thr, or Val;

Ser at position 102 is replaced with Arg;

Gly at position 103 is replaced with Ala;
20 Glu at position 105 is replaced with Gln:;

Thr at position 106 is replaced with Lys or Ser;

Leu at position 107 is replaced with Pro;

Asp at position 168 is replaced with Glu;

Gly at position 111 is replaced with Asp; or
25 Trp at position 138 is replaced with Ala, Glu, Asp, Asn,

Met, Ile, Phe, Tyr, Ser, Thr, Gly, Gln, Val or Leu;
or a pharmaceutically acceptable salt thereof.

30 Preferred proteins are of the Formula II, wherein:
Trp at position 100 is Gln, Tvr, Phe, Ile, val, or Leu; or
Trp at position 138 is Gln, Tyr, Phe, Ile, Val, or Leu.

Other preferred proteins of the Formula III:

35 - , (SEQ ID NO: 3) _
5 10 T 15
Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr



- 10- | 20 | 25 30 e Va

Thr Arg Ile Asn Asp Ile Ser H's Thr A n Ser Val Ser Ser 35
40 wWO096/23517 - 45 5 Lys G n Lys Val Thr Ay Leu AsprPimshd/ianssy 0 4y
Leu His Pro Ile 50 55 - 60 Leu
Thr Leu Ser Lys Met Asp dn Thr Leu Ala Val Tyr dn dn Ille 10 65
70 75 80 Leu Thr Ser Met Pro Ser Arg
Asn Val Ile d@n IIe Ser Asn Asp Leu -10- - 85
90 - Qu Asn Leu Arg Asp Leu Leu H| S VaI Leu Al a Phe
Ser Lys 1
H's Leu Prléa%% %ﬁ“& A§8r”(§ f}sfeptfpelhe ﬁ?F II‘_’éSuTﬁ’ép?lge?eﬁ_gﬁl Cﬁeﬁ Yy
115 . 40. 12520 Val Legy Gu Ala Ser Gy Tyr
Ser Ths GCrys\@ln Mﬁé VQLaT}LreQ‘ SQL’euAF\&: Phe Ile Prcg-aﬁy Leu His Pro Ile 135
140 Leu Gn Ay Ser Leu G n Asp Mt Leu Trp G n Leu Asp Leu Ser Pro
145 Gly(%/ﬂs 55 . 60 S (r
vvherei n: Lew Thr Leujex Lys Hé'él?tﬁpoﬁl@?thL%pF%é’éd Tt FledHr A, Ala, Gy
$§5 Qg Pro; ~,Irp at-position 100 is replaced wgh Ala, Qu,
Asp, N, Leu THYEEer Me@ PJPqueYTMg: AsieNa1 THe i Vi1eGEdb Ayﬁ-lAspof.ed—eu
Al a at p05|t|on 101 is replaced with Ser, Asn, . Qy,.Hs, Pro, Thr or
Val ; 35 Ser at pgsition 102 is repiaced with Arg; 95 ' Gy at
posi tion %08 Asn Leplagelspaibeh IRugHis Val Leu AlggRpeg$erpdys tdegnCuis05 i s
repla%%d w th-dn;. %Ir : Thr at. %ItIOI’l 106 is r aced wth Lys or.
Ser; L p 0 % E t g Asp at
position g 1 rsgol aD gﬂ Egﬁrb@% Zed eﬂ{ragg,% \Mp Qexpom ti g L s

repl aced w th Asms or. - .- . Two at position 13&5 s replaced w t h Al a,
G u, 28p, VASriyeu Glu AVet Ser bay Blvesedyihy Ger Vallal ﬂeyLeGsm,r Msd or Leu
45 or a pharlng%ceutl cally accept abl e sal t therelof

Leu Gln Gly Ser Leu Gln Asp Met Leu Trp Gln Leu Asp Leu Ser Pro

25 145 o o o o
Gly Cys ' _ ' T o (III)

wherein: :
His at p031tlon 97 1s replaced w1th Gln, Asn, Ala, Gly,
30 Ser, or Pro; ' ' _
Trp at position 100 i& replaced with Ala, Glu, Asp, Asn,
Met, Ile,_Phe,"Tyr,'Sér,'Thr;'Gly;fGih; Val, orLeu;
Ala at position 101 is réplaced'With'Ser;'Asn} Gly, His,
Pro, Thr or Val; - R S '
35 ‘Ser at position 102 is replaced with Arg;
Gly at position 103 is replaced with Ala;
Glu at position 105 is replaced with Gln;
Thr at posititn 106 is replaced with Lys or Ser; -
Leu at position 107 is replaced with Pro;
40 " Asp at positidnplos'is'replaced*wiEh'Glu;"
Gly at position 111 is replaced'with-Asp; or
Trp at position 138 is replaced with Ala, Glu, Asp, Asn,
Met, Ile, Phe, Tyr, Ser, Thr, Gly. Gln, Val or Leu:

45 or a pharmaceutically aéceptabie“éélt thereof.

10

25
)



WD 96/ 23517 PCT/ US96/ 00952

-11- Most preferred proteins are those of Fornula |11
wher ei nWO96/23517 © His at position 97 is replaced with G nPCREISHS; d vy,
Ser, or Pro; 5 Trp at position 100 is replaced with Ala, du, Asp,
Asn, Met, Ile, Phe, Tyr, Ser, Thr, @Ay, Gn, Val, or Leu; Al a
at position 101 is replaced with Ser, Asn, Ay, Hs, Pro, Thr or Val

G u at position 105 |s replaced mnth (3¥i 10 Thr at position 106 is
replaced with Lys or position 107 is replaced with

Pro; Asp arﬁcsaspreoﬁrre'é PEOFébT‘ﬁc%’ﬂevH?F%‘{if Formula IXg.y at
positi on dAdresdntepl aced with Asp; or Trp at position 138 is Ala,

G u, Asp, Asn, t, .| . \Yis Leu.
Still nore pr'e?grgr%‘é %rg%f‘é??@ %L? %% r‘i‘z%f'%%‘?% "Ymﬁh %J‘)ﬁ %@nt hg‘gg \Aﬁ’eP’el n:
Hi s at poSeri opr9¥res replaced with Ser or Pro; 20 Trp at position

100 is5 repl acegd Wi kb Abaic By, 16 nlsvl‘?eplacedlvl‘ﬁ:h W1d.eW1u, asp, achla at
position 101 |s replaced with Thr; Trp_at position 138 'S Ala,

Ile, dy, Mefn e BhRepelvr, Sor. Thr, Gly, Gldti tiPdnaPrplehérred protei ng
of the Forrrul aAthlat noaielmoselv\zhereemaced with Sdrs @lsnpo®illd, 0onif7 is
repl aced gﬁth or V f Trp at position 100 is replaced with
Ala, dn or’Le © Ala at position 101 is replaced with Thr; or 30
Trp at posrtroﬁla38t|50€1hion 105 is replaced Aditilt icdmal preferred proteins

of tRg present pyy at“ﬁé@@it?&n'i‘@é uge P%&i@éé& t1§%?0s'5'8 wherein the

anm no acid residues at positions 97, 101 107 108, 35
and 111 are su%§?|?Et@ﬁségl?%l1%%51$nrqgkﬂ%§4.W1t Pro;

Asp at position 108 is replaced with Glu;

Gly at position 111 is replaced wiFh Asp; or

Trp at position 138 is Ala, Glu, Asp, Asn, Met, Ile,
15 Pphe, Tyr, Ser, Thr, Gly. Gln, val or Leu.

still more preferred protelns of the Formula III
are those wherein: ;
His at position 97 is replaced with Ser or Pro;
20 Trp at position 100 is replaced wiﬁh Ala, Gly, Gln, val,
Ile, or Leu; -
Ala at position 101 is replaced with Thr; or
Trp at position 138 is Ala, Ile, Giy, Gln, val or Leu.

25 additional preferred proteinsg of the Formula III
are those wherein: i
His at position 97 is replaced witp Ser or Pro;
Trp at position 100 is replaced wiFh Ala, Gln or Leu;
Ala at position 101 is replaced w1th Thr; or
30 Trp at position 138 is Gln. ;

Additional preferred protelns of the present
invention include proteins of SEQ ID NO 3, whereln the amino
acid residues at positions 97, 100, 101, 105, 106, 107, 108,

35 and 111 are substituted as follows in Téble 1:



WD 96/ 23517

PCT/ US96/ 00952

-12- Table 1
Ani no ACKR98S1Tion Protein 97 100 101  105PCTRS86/6005D7 ~ 108
111 1 Ser Trp Ala du Thr Leu Asp dy 2
Hs dn Ala Qdu Thr Leu Asp Gy 3 Hi s Trp Thr
Au Thr Leu Asp Ay 4 H s Trp Al a A@n Thr
Leu Asp dy 5 Hi S 'Iarzp“ Al a Gu " Lys Leu Asp Gy
6 Hs Trp Aa Thr Pro Asp Qy 7
Hi s Trp Ala - Qu Thr Leu E‘ﬂ&l JGly 8 Hs Trp
Al a GQu Thr Leu Asp Asp 9 Amino Acid PSedtiofdn... Ala Gu
Thr Leu Ay 104~ 188r P hr u U
S profdn @Y 1097 100 188 ;51.% 1087 18 T_Lgfs '1§:L o
Ser Trp Al a Gu Lys Leu Asp Gy 13 .t Ser | Trp
Ala Guy Thr.  Pro  |Asp- |Gr¥p Hala | clu Tﬁ%r LBP | AR | &
Thr Lleu. Qu - dy 15, | s Ser Trp| Ala| Qu |-Thr Leyuu
Asp  Asp? 16 - Hifs | G&n | 24fr | C&Pu | Th¥nr| L&y | 28 | &Y {17
H s Adn3 Ala dn This_dLeup._A$hr GGYu Y8Thr | Leu. | Adps | d@yn | -
Ala du,Lys Leu Asp.. d 19 ' in 1A ﬁ i
Thr Pro 4 Asp Ay Z%H%s trp Allﬁas Gé“n Elkrsf a 'gélﬂu r gllg‘u
du dys21 Hip s .TGD_nA AARa | Gtuu | Lyisr | Lieadw | &&:p 22
Hs Trpg Thr . An  |Thig . |Levp ASRl1a- G ¥1u23 Thr | Pro |Hsh HlB/
Thr ~ du Lys Leu Asp GI¥ 44 | Hs | Trp Thr
Thr  Pro’ Asp Qy 4sHis | Ttp| Alag | G| Tage | Ly, q_]éfu
Au dys 26 Hiks | Tfpp | aTbr G&Ehu T]ibrr - Lle®U A@p M3p | 27
Hs Trpy, Ala Gn JLys. |L ASF : H s I
Al a A@n 9 Thr Pro Aé%‘ ' GE ;n _2'S‘§,Ra GGxu ) ﬂl’rs L‘FP‘I p Aﬁp Géylr[])
Thr Leul0 GQu Qdvy Joser | Trp | Thirs | GIup | .Thra | I@un. | AFmr | Qlau
Asp  Aspq331 . séks | THHP s afba | cEhu | Thys | RO | Asp | Gy P2
Hi s Trp Al a Gu Lg Leu 51_ a X : WQ 96/ 23b17
PCT/ US96/ 6@52 er Trp Ala Glu Lys Leu Asp Gly

13 ‘Ser | Trp |} Ala | Glu.:| Thr | Pro Asp Gly

14 Ser Trp Ala Glu Thr | Leu |.Glu | .-Gly

15 Ser |:Trp | Ala | Glu | -Thr | Leu | Asp | Asp

16 His - {:Gln | Thr | Glu. | Thr | Leu | Asp | Gly

17 His Gln Ala Gln Thr Leu | Asp | Gly

18 His- | Gln | Ala Glu | Lys Leu | Asp Gly

19 - - His. | Gln | Ala | Glu | Thr | Pro | Asp Gly

20 His { Gln | Ala | Glu | Thr | Leu | Glu | Gly

21 - “His-- {.Gln | Ala | Glu | Thr ‘Leu Asp AsSp .

22 His | Trp | Thr | Gln | Thr | Leu | asp | Gly

23 His | Trp | Thr. | Glu Lys | Leu | Asp Gly

24 His | Trp | Thr | Glu | Thr } Pro Asp Gly

25 His | Trp | Thr Glu | Thr | Leu | Glu Gly

26 His Trp Thr Glu | Thr Leu. | Asp Asp

27 His | Trp | 2la | Gln | Lys | Leu | Aasp | Gly

28 -} His Trp | Ala |- Gln 'Thr | Pro Asp Gly

29 His | Trp | Ala ‘{ Gln | Thr | Leu | Glu | Gly

30: - His | Trp | Ala | Gln | ‘Thr Leu | Asp. | Asp

31 His | Trp | Ala | Glu |.Lys | Pro | Asp ‘| Gly

32 His Trp Ala Glu Leu Glu Gly

Lys




13- 33 Hi s Trp Al a g u Iégs Leu Asp y ,SAsp o 34
Hi s TrRoosMsty QU Thr Pro Au y .
Ala du ’#ur Pro Asp Asp 36 Hi s ?GFHUS%_I{%OQﬁ Eeﬂ
Thr Leu Gu Asp 37 Ser A@n Thr u r o
Asp Gy 38 - Ser Gn Al a Gn Thr Leu Asp y
39 Ser An Al a Au _1I3¥s Leu Asp Ay 40 g
Ser an Al a Gu Thr Pro Asp Gy 41 iler g n
Ala Qu., Thr Leu QHu [y 42 Ser d n a u
Thr  Leu>> Aasp Asp pdfis | Tre | Alasey Glur p Lyghr] Le@ r asphr Askeu
Asp Gy3444 HisSef ‘I’rp-g D Alam Glug Thi;é’? Préey G:LQZF’ a1f Y
45 Ser Trp.. . Thf i vy T
Ser Trp>Thr  Qu Thrs | &FP pAl2 [Gte h7thr | Pro | Asger A‘o‘ﬁrg
Thr  Qu3éThr Leu pEis pSep hla | Glu Thxile[ Le%l Hri Glﬁlﬂhf Asg'r "
Lys Leu37Asp Gy Per | gin | neSe Glug  The  Ley, | Aspy|| Gly y
Asp Ay 50 Sef Trp Al 1
51 38 Ser Trjp SeTA @ Glng h Alarhf Gliieli Thiasp Ledsy) asp2 | Gly
Ser Trp32 Ala  Gdu Lger Pan AMa [@atu plys Leul_ Asﬁle[ Gl%r;rﬁ
Al a Au Lys Leu G.u .Glsyi b4 Selj r g
lys Leu®®asp Asp [55F n ["Alagel Glury | Thoy 4 Pray | Asghi] Gler
du dy4lse SerSef G1nTrp AalaAl hGluG P Thh| Ledr c;hégr Gl1PSk
57 a 42 h Sea Tr _Flj_ﬁcr—:-rAl-lig&nG zéxlaThEGflLuLegér‘hrG ! I_.et'xa‘s ﬁf) Aspy 4 Aspy [
- r n N
'II_'"hf g 343 Lys Leu ASBT  |GTyP Gg‘%r_ Gln T s| L& n} adir | cGu
Thr Pro44 Asp Gy 6%er | Trp Thid S| g1@ n Lyq:r L{a u JI% é:g'g
Au Ay, 62 SHisTGIn hThr GlGI Thr eu p H p
63 Hi s ad SeA 4 T8 ThEys Beu| Thaspl Pxay Agd | Gly
Hs Gn46 Aa  Gn Theer Hrorp Asphr § Blu 66Thr | Leu d:ixil éi% |
Al a A ng7 Es]r 'I&Su %Hr -Gr¥p WGQ‘hﬁi S Gl& " ThﬂH:; Ley u1 Aq_;g,s AgR o
Thr Leu48 P P Serj § Trg | Alal 4 Glal | Lvisys| Leieu| ad@ u| cFy
psp Gy 68 ; ‘ 7 Us96/ 0p
WO 96/ 23519 ser | Trp | ala | cin | TREV/ MW %?s%) Gly
- 14- 50 Ser Trp Ala Gln Thr Leu Glu Gly
51 Ser Trp Ala Gln Thr Leu Asp Asp
52 Ser Trp Ala Glu Lys Pro Asp Gly
53 Ser Trp Ala Glu Lys Leu Glu Gly
54 Ser Trp Ala Glu Lys Leu Asp AsSp
55 Ser Trp | Ala Glu Thr Pro Glu Gly
56 Ser Trp Ala Glu Thr Pro ASp Asp
57 Ser Trp Ala Glu Thr Leu Glu Asp
58 His Gln Thr Gln Thr Leu Asp Gly
59 His Gln Thr Glu Lys Leu Asp Gly
60 His Gln Thr Glu Thr Pro Asp Gly
61 His Gln Thr Glu | Thr Leu Glu Gly
62 His Gln Thr Glu Thr Leu Asp AsSp
63 His Gln Ala Gln Lys Leu Asp Gly
64 His | Gln | Ala | Gln || Thr | Pro | asp | Gly
65 His | Gln |Ala |Gln || Thr | reu | Glu | aly
66 His | Gln | Ala | Gln | Thr | Leu | asp | asp
67 His | Gln Ala Glu Lys Pro Asp Gly
68 His '] Gln Ala Glu Lys Leu Glu Gly




"Pro:

du

Pro
Asp

Adn

Ay

Au

Leu

.Gly_

An -
~Leu

- Qu.

Leu

Ay

Adn

Qy.

.du.
'Gl'u"

" Pro

69 H s
H s A@n Al a
Ala  GWO96/D5L7 -
Thr Leu Gu
Asp Ay 74
75 "His
H s Trp  Thr
Lys Pro Asp
Au dygg 79
80 . Hi's
Hi s T'rp70 Thr
Thr .~ @ u71 Thr
Lys Pro,, Asp
Au Ay ™ 85
86 73 "Hi's
Hs Trpy4 Ala
Ala n Thr
Au d y75 90
91 76 - His
Hs ' Trpsys Ala
Thr Adn.  Thr
Lys - Leu78 Asp-
Asp Gyqvg9 96
97 . - Ser
Ser an80 Aa
Al a A ng1l Thr
Thr Leug, G u
Asp - Asp 102
103 83 Ser
Ser 4 Al'a
PCT/ U896/ 399
Ser .
Ala . GI u86 Thr
Thr Leu87-. Au.
-88
89
' '90:
91 -
92
93
94
95
96
97
98
99
100 ©
101
102
103
104

Asp

Gn Al a Gu Lys Leu Asp
Thr Pro Au Ay 71
Asp Asp 72. Hi s
73 Hi s Trp - Thr
Hi s Trp Thr An Thr
Trp Thr A n Thr Leu Au
Thr  Leu  Aspl4-Asp
478 Hi s )
ikl § ciirp alghr| c1d Y| rey/s
Tr g Thry ..ddu _.Thr| .. ;
|THiEs JpRen ad3a aGdu
Gus JAspn BAla | Glu
184, - | ~A- o=
e g i AL ot
T Trg Hlﬁlq Trg nf Ththr| Glpro LY(SI u
E?Es _PTQp"QngHfA%Qn h
. . |§s
: HlFIl S Tlg?rp Thy| a Gly
Tr Hidl § Tr6 W Theys| Glhey
_TQES -gﬁgp'-g'ﬂr tAERu K
ggls 1 Trp Thgeﬁ Glg n
T Hl?ﬁt Tril N Th¥2( c1d u
IR i N e
|AEps |Gryp [1@@r | Glu
1 1707 erl @
ﬁ%er TR o ™R 4 Glg
A HiAl 4 Trg y Aleys| Glpey
|Luss JLewp |AAda  Asdn
LT S e Ll et
|Asps  Azpp 10Ala | Gln
His | Trp Ala | Gln
His | Trp | Ala | Gln
His | Trp | ala ‘| Glu
His Trp | Ala | Glu
His | Trp | ala | clu
His | Trp | Ala | Glu
ser | Gln | Thr | Gln
ser | Gin | Thr | clu
ser | Gln | Thr | Glu
ser | Gln .| Thr | Glu
ser | Gin | Thr | Glu
Ser | Gin ‘| Ala | Gln
Ser ‘| Gln | Ala | Gln
ser | Gln ‘| Ala | Gln
Ser | Gln | Ala | Gla
Ser | Gin ; ala | Glu
Ser | Gln | Ala | Glu
ser | Gln i| ala | Glu

70

Asp
Hi's An
@ar/ussgh@s2 G u
G@n Lys Leu
Pro Asp Ay
Ay 76
Trp Thr Gu
- Lys Leu
%1 i
Gl sf Gl p
as¥ al asgn
Lys}.. Leu
(H#gp A%%p
ARy | Gly
adg S| gy p
Ly - "Prp
fG%ﬁﬂj Gy@p
ASY? | Asp
acpel Glg n
r u
Glphr | 'Glgr o
Aggé A&y
Glyer| Glg n
ashl aj asgn
Gl hr adeEU
p y
Aspo4| Gly
biu Gly
ASger| Asgn
GlIAl a|l G1& u
Asp Asp
Glu Asp
Glu | Gly
Asp | Asp
Glu Asp
Glu | Asp
ASp Gly
Asp | Gly
Asp | Gly
Glu Gly
Asp | asp
Asp | Gly
Asp | Gly
Glu | Gly
Asp AsSp
Asp | Gly
Glu | Gly
Asp | Asp




108
Ser Tr
o ane ’“‘?E#"
Thr Leu Asp
Asp dy 113.
114
Ser Trp Thr
Thr du Thr
Thr Leu 1053 u
A;g Ay 10619
1
Ser Trp 107p a
Al a d n1o8Thr
Thr Leu du
Gu Ay 10{25
126 110
Ser Trpi11Al a
Thr d n112Lys
Thr Pro*=<Asp
du G y11331
132
Hi s d nlMThr
Thr d ull5Lys
Thr 2;011?_§7u
fég P17
H s A ni1i8Al a
Al a A@n Lys
PCT/ US96/ D052
Hi s A nl20Al a
Ala  GQnyp;Thr
Thr Leu Au
Gu dyt22145
146 123
Hi s d n124AI a
125
126
127
128
129
130
131
132
133
134
135
136
137
138
133
140

Ser

dn
Leu
Asp

Ser

Au
Pro
Asp

Ser
Adn
Pro
Asp

Ser
du
Leu
Ay

Hi s
Au
Leu
Ay

Hi s
Adn
Leu

dn
Pro
Asp

. H's

Au

Trp Thr An Lys Leu Asp Gy 109
Thr Pro Asp Ay 110 Ser Trp
Gu Ay 111 Ser TPET/USIBIM0952 A n
112 - Ser Trp Thr Au Lys Pro
Ser Trp Thr du Lys Leu GQu dy
Trp Thr Gdu _Lys Leu Asp Asp 115
Thr Pro aald>-qg y 116 Ser Trp
ASp Asp 117 Ser Trp Thr Gu
1i§er | Gln | alser| ciip frhlf_*& a p{%n GkGys G%FO
Ser| o1l p al ~@n YS eu u y
T pse-AI aClHG 5 AI%Ly X Glx.}_e.J Th*Asp Pr%[) Aspq| Asp
TReT pPGdn [PAla ([HGAu 1prhr | Leu | cRer Asg p
Aspr AaRp 12%hr | ein | 1’| ndfP| afl @ n
12% P Ser Trp YEﬂea eg u %s Gllyr 0
eE., ’J:‘r1ar D Tl’m al Glg y Tl'}_r),s Py o] Asisp| GlAsp
TrjpSerAl faTrpd p Thelyp Gld e s Thrd Y LeASp G1H127 Gly
T P 1 IS
A?%r G&‘gp 1%%: Hn - %rirh s| U8 n| ASehr| 2@ n
1438ex | Trp | Thmi s{ G1@ nj LyEhr| pr@d n| asphr| glkeu
sedl § rrd W ThENT| 1@ N ry®| LdfY| GHASPl giiSP
din Thr glGlu Lyl Pro yAs:) lDG\I y lf_;’»S Y
Ly§" |L&&P (aThHT “jo%ju 1B4ys | Leu | Asgis| As@ n
Aser |Aspp 13%hr Glé | TH_II_“hS ng n Glﬁm Gl rg
136, Hi s n r u
QeH 4 B T™%hr| S8 | Tnr| PrRey| As@ y ASRsp
Q]nSer Al|aTrpd |nThrLyls GluPr|o ThrAsp Leud y G1h39 Asa
Lysr [Lepp [Chy 14 P Asg S :
ASP Ast o (ks Tolys | pro [ asH Y o1f
exr Trp Ala Gln ; Lys- | Lewq Glu_ Gly
Thser Hrorp @ pla Cﬂ gln J42ys LeuG ASH:NS Angn
14 i i Is n a
ﬁ%ﬁr Afzpp A§aHi sGlngl, Thry [ Prog uGluLysGlypr
Ser HijsTrpd{nAlaAllaGlnd uThrLyks ProPrioAspAspaspAS
Gl nger Allaprp G ‘élea LYSg1nLqUrnr G {Ureu Pa1yu 4 7Asp
Thr Pro u As f : _
Ser Trp Ala Giu Lys Pro Glu Gly
Ser Trp Ala Glu Lys Pro Asp Asp
Ser Trp Ala Glu Lys Leu Glu Asp
Ser Trp Ala Glu Thr Pro Glu Asp
His Gln Thr Gln | Lys Leu Asp Gly
His Gln Thr Gln | Thr Pro Asp Gly
His | Gln | Thr { Gln | Thr | Leu | Glu | Gly
His Gln Thr Gln ; Thr Leu Asp Asp
His | Gln | Thr | Glu Lys Pro | Asp { Gly
His | Gln | Thr | Glu | Lys | Leu Glu | Gly
His Gin Thr Glu Lys Leu Asp Asp
His Gln Thr Glu Thr Pro Glu Gly
His Gln Thr Glu Thr Pro Asp Asp
His Gln Thr Giu { Thr Leu Glu Asp
His Gln Ala Gln | Lys Pro Asp Gly
Hig Gln Ala Gln 1 Lys Leu Glu Gly
His Gln Ala Gln | Lys Leu Asp Asp




148
Hi s Tr‘ﬁ Thr
Thr QWO %23
Thr Pro Au
Asp  Asp 153
154
Hi s Trp Thr
Thr . du Lys
Thr  Pro 141G u .
160 . . 21
Hs Trpi4a
Al a G ui44dys
Lys Pro Gu
du Asp %365
166 146
Hi s Trp Thr
Thr An 147Lys_
Lys .Prol4&dy
Au Asp 149171
172
Hi s ant%a
Thr . d u 15IThr
Lys Leu,5Q U
Asp .Asp '
PCT/ US96/ 3952
Adn Thr 1543 u
A@n Thr eu
Pro Asp lsg,&sp
dy 181 156
Hs dn Thr
11157
Thr an Lys
Lys Prol3&Qu-
du  Asp15b86
187 - 160
-161 o
162
163
164
165
166
167
168
169
170
171 -
172
173
174
175
176

Hi s
Adn
Leu
Ay

7

Hi s
Au
Leu

His

Pro
Asp

Hs

‘An
Pro
Asp

180

Pro
.Asp
Ser

Asp

An

His

Tr

Tr
L

1

Trp

p Thr Adn Lys Pr
Lys Leu Au Ay

Asp Asp - 151 :

152 Hi s Tr
H s Trp Thr a

p Thr Au _Lys Pr

ys Pro A.sp'l Asp 1

p {157 |

| GIn | AlaHi Bk GlnTr!

. Hi: Trpa1-Al a3
G: . .

A lnG nAlaLysGlnLe

s pAdn [GAdda h§in

s A%n ;1@§aH  Glu+

i B r

H;sHi GlnTrpAlaTh luG.

HisThy GlnG hAalalyp Glule

Prq. PRy

G&gn. jfgxga [ehu

1 Trp | ThrH kGlng

Hi_lel ST'raG nTth aGlgGl

Al gl n S| ro

s |pfeP :Gﬂarngﬁ}n'
Agpp [AThr |} Gln

1 Trp | ThrHLSGlnG
E.Trp _ Thr Gln
[Grep. Grhr U7&1u

17% : . i S

| “EPs T8n “THr

sn | T¥or | T&rn | Gllus |

Lv:S ?L%g : 4.y, 1
A?%g fGlyp 1ggﬂr_,ch¥u
g§is | Trp | Adar | Ginp
H§_§|r ; TI%p: A&Eai G%n

Hié 4 Trp.g AlaY§ GlnrO
His Trp Ala Gln
His | Trp | Ala | Glu
His Trp, | Ala | Gln
His | Trp | Thr | Glu
His Trp | Thr { Gln
His Trp:E_Thr-g Gln
His Trp | Thr g Gln
His Trp Thr § Gln
His | Gln | Ala | Glu
His | Gln | ala | Gln
His | Gln | Ala | Gln
His Gln Ala | Gln
His Gln Ala | Gln
His | Gln | Thr | Gclu
His Gln | Thr .| Glu
His | Gln | Thr | Glu

o Asp Ay

150

149

H s Trp
Hi s PEISISNNS2- Gd n

p Thr Adn  Thr Pro
n Thr Leu Gu Asp
o Qu Ay 155
56 Hi s Trp
H ¢ Tr[a Thr Au
b ThrAl ElPrcG GlLY$ GLPr o
N y§ Pr ¢ Asp Asp
! T-hxjé i F¥sp ASH 6] ASP
 &Ehr Leu Gl $ Asplrp
Lysd B prd TP gifN f g8
p yTh.' G Ly$ . yIgalrp
h Lysrn} Propy g Aspy ) ASmagp
U LysG U LevAsp G1ul6} asp
1 ] H § Trp
M s| P*Qn| S o] 28
n LysAl p Prad h AspThf GlyPr o
N Lyd VP ned-€ g1 ¥ g1,ASP
_Asp Asp 173
1 F¥S Leu Aspy k Asrg k
ThrHi b prdd h gluThf 1,4 b
i 'I‘_hrThr prod AspLy P Asppr P
Thr. | Lepy | Glu | Asp H
Lys | ddc | G | oy
ni{ Thr An Thr
IEsh | PRer | &SR0 | ASRU
8Llyf.su | éap | Asp |.p8D
o _ i S n
%gé:r B rop dglua- ngu
Lxsa | Fgon | Giwr | GRivo
s | el | AGg) | AP
Aspl _ Asp
Lys Leu Glu Asp
Thr 1 Pro Glu | Asp
Lys | Pro Glu Asp
Lys || Pro Glu | Asp
Lys | Pro | Glu | Asp
Thr | Pro Glu | Asp
Lys | Leu Glu | Asp
Lys Pro | asp | asp
Lys | Pro Glu | Gly
Lys Pro Glu | asp
Thr | Pro Glu .| Asp
Lys Leu Glu Asp
Lys Pro Asp Asp
Lys | Pro Glu Gly
Thr | Pro Glu Asp
Lys Leu | Glu | asp
Lys Pro Asp | Asp




188 Ser Trp Al a a nG LysAS Prti)go Gu Gy éﬁ? Tro
Ser T, du Thr Pro u p
Thr Gvgo ’6’@7‘27 - Leu Gu Asp 191 . Ser TrlfSZTfUSLBmomszgrg
Lys Pro Asp Asp 192 Ser Trp Thr Au ys
Gu Gy 193 Ser Trp Thr Gn Thr Leu Gu Asp
194 Ser Trp Thr dn T_}'u_r Pro Asp Asp 195
Ser Trp Thr An Thr Pro au’-d y 196 Ser Trp
Thr An Lys Leu |JAsp Asp 497 , Ser Trp Thr An
Lys Leul77du dy q98ls | Gln | TSer | 6Top | r¥er | p@on | diys djép
Asp  dy17899 HEE' | cEin| TALa G%“ T};g LFe)I};{(S) G?@ﬁ Asp
200 Ser. A d Lyg ey u p
Ser a nl79 a au Ll%s n ABRr” |ASpn J0Zhr Pro ASer | ASn
1 n
Ala dul80Lys Pro |[Gils |Gyn 408hr G%;n T%?(; Pgog Gﬁlﬁ‘? GSP’O
Xgr ,I&EUIS%(C);SU hsp. ‘!%jfelr & n Tl%f; G@R Lyfr | Lpro | Aspu | Asky
208 182 sor @ 'ﬁ' Hig\ 4 Glid ) Thtyq Glhey LyAsH Ledsp c2Q7 cly
Ser dnig3Aa S n %ﬁs Lé?ih ,(%l'xk R¥n 1 Oﬁggr PEP, A%%:: Géy{]
e fenneds Rep b (Db % | cimn| iwr | cobo | oty | ampe
Asp  Asplg8®il s&er [ T n'k‘ Airél"_r Gﬁll_u | Tﬁgg PP%(S) cH:Y A%By
szaé/223517 186 ST lser oo f a1V G1n pdrkygod 5895 Glu | asp
-18- ‘ S|r |@rp Thwla @EHaln !:yBys Uepiro Gsblsp CJ‘F(}Xﬁp 2
Ser d R 15@‘1[ a ,uAs Lysisegpr 32Tlr D a1 ) Glréé‘) Ly$y | Prey, 85.1@ d Glypr
Thr eu
E;eﬂ ad % g y 21? Ser | Trpset Thrg f Gihr | Ti@ n| padr | cPao Aég?c
Gy 218190 Sef sex@ N rrplh Gwth ! AcleLys2%§el LedSH c1 - asfy ]
Z: :1 'CI';r ﬁlgl -II_-S; ' (P]rg éye&- E&g’ ﬂ% Gty Lygj § Pray § Asgh] Asm
Lys Pro92du  Asp |Zez TrpG Thﬁ_l-_ﬁhs th L LygL_S' Pr{ieal G:L%h[ Gl}igg
du Aspg3 223 Sexd Prrp? ' ohe ' G192 [ ohe Y 1 G a
224 9 Hs dh ex]‘l_'im rpGI rLys lI-r’lro %p p bog Spr
Hs Qi Thr Gn |8 [fre |Gw [@p [2me | Pro | assel| asgr
Ala  dn95Llys Pro |Gett |A® | Thr | Gln | Thr | Pro | Glu Gly
196 Ser Trp Thr Gln Lys Leu Asp Asp
197 Ser Trp Thr Gln Lys Leu Glu Gly
198 Ser Trp Thr Gln Lys Pro Asp Gly
199 Ser Gln Ala Glu Thr Pro Glu Asp
200 Ser. Gln Ala Glu Lys Leu Glu Asp
201 Ser Gln Ala Glu Lys Pro Asp Asp
202 Ser Gln Ala Glu Lys Pro Glu Gly
203 Ser Gln Ala Gln Thr Leu Glu Asp
204 Ser Gln Ala Gln Thr Pro Asp ASp
205 Ser | Gln Ala Gln Thr Pro Glu Gly
206 Ser Gln Ala Gln Lys Leu Asp Asp
207 Ser Gln Ala Gln Lys Leu Glu Gly
208 Ser Gln Ala Gln Lys Pro Asp Gly
209 Ser Gln Thr Glu Thr Leu Glu Asp
210 Ser Gln Thr Glu Thr Pro Asp Asp
211 Ser | Gln Thr Glu Thr Pro Glu Gly
212 Ser |} Gln Thr Glu Lys Leu Asp Asp

14
Thr




227 . Ser Trp Thr Gu Lys Pro Qu Asp 228
Ser Trp Thr A@n Thr Pro Au Asp 229 Ser Trp
Thr GW0 96/23587 - Leu Gu Asp 230 : -Ser TrqT/USSEoos2 G n
Lys Pro Asp Asp . 231 Ser Trp Thr Adn Lys Pro
Gu Gy 232 . Ser Gn Aa Gu Lys Pro Gu Asp
233 Ser Gn Al a Gn. Thr Pro Gu Asp 234
Ser GdGn Aa dn Lys Leu  duol8-As 235 Ser dn
Al a An Lys Pro Asp p 236 . Ser, dn Al a An
Lys Pro213@u . Gy - R8é&r | Gin- | Theer| cid n} 1Jér | L& cIhr | gy 0
du Asp,, 238 . serl .,dnl Thr| dQu ;Iiés Leu| du Ash
239 " Ser er SeFnhr| G1& ul Thtys Cidto| M¥Ep| P¥Rp| 2sm0| Slv
Ser A@n2l1sThr- Qdu Lger |PGdz [Cnhr [JHain F4ﬂ1~r Leu ASEr | agpn
Thr A n4qThr Leu. - N, P4d.- er | nj{ ~Jhr | n
Thr Pr021?Asp Asp %g' A'&p erf & n TLI%Eﬁr '_ L%n STy _G%o
Au :QAy2l7244 - ) Seger| Gl@ n| Thehr| Gl n| Thys| Preu| Assp| Glwp
245 218 Ser G gefhr] c@n | s | dig¢ | @y |Gdu 214%) |
Ser An__ . Thr dn |Lys Pr o Asgg_‘. SIGy S 2y A S dn
Thr  dn?t®Lys Pro as |adpP pAET In | Laggr | PH@p| Giwr | Aepn
Lys Pro220d u  Asp - | His | @WD=96{ 23217| Gln | Lys | pro | Glu | Asp
PCT/ US96/ 52 . Ce L | e 15219 249
Ser e %%%. Al a an H].'Eys- G].nPr bTh'_rGI | GluAs ) Ly-s_- 2%60 Glu -Asp
Ser A@n222 Thr - Qu | Hips | Glpr'o| Thrg | Gliasp Thr |2Buo | Glu | Asp
éer _?hQZB -éhr GLn HIEF G-J.B&O TI@AE GIASP 2%%5‘ 25%%eu | Glu - SAsp
n I n ysS Leu . Qb D 3 er
dn Thi*24 @ n Lys | Bifr of ClRsp| ThEsp| G1n pga¥s: | Pro | Asp gehsp
An Thr225G n = Lys HPsO0 | GBnu | TBry | Gln 2pSLys | Pro | Glu Sj rGly
Thr A nNn,se Lys Pro &g,u p . -2p6,q. e Hils .
Au  The2® leu  Asp y Té%’zmma (?;11—1__.‘ L¥gy 4 Progubie A &SP
Thr  Leu227Asp @y~ | Segsg Trp | Thr- | Glro| Ly p| Préy g Glug)uAsp
'Il_'eltjl i\spzzsq " | ude 'Sérﬁaf ngl\/bsgh%rde ?lﬁd SPRe! ot froemul 4 Adp
able 229 ' el ude spemsg% TrpQ Thr | 616 | Lys | Leu Glu | Asp
230 Set | Tep | Thr | Gln | Lys | Pro | Aasp |asp
231 Ser | Trp | Thr Gln Lys. | Pro Glu | Gly
232 Ser- ['Gln | Ala | Glu | Lys | Pro { Glu |[-Asp
- 233 Ser | Gln. | Ala | Gln | Thr | Pro | Glu |-Asp
234 Ser | Gln |ala |Gln | Lys | Leu | Glu | asp
. 235 Ser | Gln- | Ala | Gln. | Lys Pro | Asp | Asp
- 236 Ser | Gln | Ala | Gln | Lys Pro Glu | Gly
237 Ser | Gln Thr: | Glu Thr | Pro Glu | asp
238 Ser. | Gln Thr Glu Lys | Leu Glu | asp
239 - ser’ | Gln | Thr | Glu | Lys | Pro | asp | asp
.~240 Ser | Gln. | Thr | Glu | Lys i Pro | Glu | Gly
- 241 Ser Gln | Thr | Gln Thr Leu | Glu | Asp
242 Ser | Gln Thr | Gln Thr | Pro Asp Asp
- 243 Ser | Gln Thr Gln' | Thr | Pro Glu | Gly
244 Ser | Gln | Thr { Gln | Lys | Leu | Asp | Asp
- 245 Ser Gln Thr' | Gln Lys Leu Glu |.Gly
246 Ser | Gln | Thr | Gln | Lys | Pro | Asp | Gly
247 His | Gln | Thr' | Gln' | Lys Pro | Glu | Aasp
248 } Ser Trp. Thr Gln Lys Pro Glu 1| Asp

ber

H n
N a
H u

ind

o N B . ..}
T




5 (SEQ ID NO 4) 5

10 15 Val Prolle dn Lys Val A n Asp Asp Thr Lys Thr
Leu || aVOp&23NT : 20 25 PCT/USY6/00952 30
10 Ile Val Thr Arg Ile Asn Asp Ile Ser H's Thr A n Ser Val Ser Ser

35 _ 40 45 Lys Gn Lys Val Thr Ay Leu
Asp Phe Ile Pro Gy Leu Hs Prolle 15 50 55

60 Leu Thr Leu Ser Lys Met Asp G-A5Fhr Leu Ala Val Tyr An dn lle

65 70 75 8Q Leu Thr
Ser Met Bryo Ser Arg Asnl Mak || &1d n| 14 SgrghAsn AQPSL?UPQQ clu | asp

85 90 - 95 5 u Asn Leu Awg Asp Leu leu
His val 280 Ala Phe Ser| B¢ sflEs| Thr | Glu 158° lu 7} asp

105 251 110 2er Hoine| ™o NGl 15 'Sezr @ yreed S 'UhAslbeL
Asp Ser Gy Gy - 11 1

125 '2%% Leu Au A asgér nTy 5I\§(§r hGrlrtsl J%? gﬁelﬁl Elu E>ers§3\rd

30 2%30 Ser 1B §ln Thr | Gln |14ps Pr(kel Zp @ sSer
Leu Asi Mst Leu Trpf Qe LEw1ASP| logi- SPra R Of rys (188 | 1@ Y &5 35
(SEQ ID wg 5 10

15 ¥2° Pro Ile G n B8 VRICA n| B AbFihr |15 THrPIRU |1 L L sAsr

WO 96/ 23356 His | Ala | Ala | Glu | Thr | Leu | R&3/ YS86/03952
- 20- 20 . 3( Ile
Val Thr &rg Il e Asn Asp %ﬁg Se%eﬁis f#ﬁ' ﬁﬁgér Qgﬁrs%fb%%r Asp | Gly

35 258 40 | -Pro Trp Ala j551u Thr Leu AsSp Gly

Most preferred species of Formula III and Table 1
include species of SEQ ID NO: 4-11:

5 {SEQ ID NO: &)
5 10 15
Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
20 25 30
10 Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val Ser Ser
35 40 45
Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
15 50 55 60
Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
85 70 75 80
Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu
20
85 . 90 95
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
100 105 110
25 His Leu Pro Ala Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
115 126 125
Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
30 130 - 135 140
Leu Gln Gly Ser Leu Gin Asp Met Leu Trp Gln Leu Asp Leu Sexr Pro
145
Gly Cys

35

' (SEQ ID NO: 5)
5 10 15
Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr



5
50
Adn
75
Ile
95
100
dy
120
Val
Leu
Ay
5
Adn
25
dn
45
50
Asp
75
Ser
95
100
dy
120
Val
55

Lys Adn Lys Val Thr Gy Leu Asp Phe Ile Pro Ay Leu Hs Pro lle
55

60 Leu Thr Leu Ser Lys Met Asp
Thr weyesdsazVal Tyr An An lle 10 65 PCT/USOdBh9s2 -
80 Leu Thr Ser Met Pro Ser Arg Asn Val lle Gn
Ser Asn Asp Leu 85 90
G u Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys 15
105 -24410 Hs Leu Pro A n Al a Ser
Leu u Thr Leu Asp Ser Leu Ay Gy _ 115
_— . 2012520 Val Lew5d u Ala Ser @y3Tyr Ser Thr du Val
Al a Lede Sérl Nng Arg Ile Asn @@()Ile Ser His Thr Gln g35Val Ser Ser N 140
@n Ay Ser: ngj G n Asp -Met Leb;l0 Trp d n Leu Asp ﬁ_eu Ser Pro 145
o8 g ,
5 Lys Gln Lys Vfé. ‘Thr Gly Leu Asp Phe“I.le Prcg %9]{. EPO | | eg’% n Lys VaI
Asp Asp Téor Lys Thr Leu I'lss Lys Thr -
+ ‘Leu Thr Leu Se3(Lys MetlAS@ Ve TﬁhrLeuAAga IVIae 'As:nchsp:lhl BléSer Hi.s Thr
S% VaI Ser Ser 35 |7° '
sVIThGI L he eu sProIIe
| euq‘hr X Mgg Pro Sexr PYrg Esn '%SaR F Gixben Leugf% '?Lsgu X Lys Vet
A n Thr Leu Ala Valggyr-@n dn llegg . 65 - 70
_ Glu Asn Leu 23Q@ Asp LevlLHLéuThis San Mkt abx CPhS&fEeDA\Lgs A;QB MEH Ile _G nille
Ah Asp Leu 45 © . 85 - :
* 'd_u Asn Leu &8g Asg u H%8 .val Leu Al a PR&0 Ser s Ser -
His Leu Pro %GSAla er Gly Leu Glu T}‘fléeu Asp $§%s LELél?lpr%flyTr p Al a Ser
Leu Gu Thr Ley Asp Ser Leu Gy, dy 50 115
20 val Leu Glu A1128er Gly 'I\ﬁ'l Sé—:.el’t’hg G‘luAkr@-I _h ééyﬁIUrSe‘geﬁrgThr G u Vval
Ala Leu Ser Arg 135 .. 140

Leu Gn @Y% Ser Leu An Al@;i Met Leu G n @A Leu Asp Leu Ser Pro
Leu Gln Gly Ser Leu Gln Asp Met Leu Trp Gln Leu Asp Leu Ser Pro

25

30

35

40

45

50

55

145
Gly

Val

Ile

Lys

Leu

65

Leu

Glu

His

Val

Leu

145
Gly

Cys

Pro
Val
Gln
50

Thr
Thr
Asn
Leu
Leu
130

Gln

Cys

~ (SEQ ID NO: 6) : i
5 10 15
Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr

20 ' 25 30
Tht Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val Ser Ser

35 40 45
Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile

55 , 60 .
Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile

70 N 75 . _ 80
Ser Met Pro Ser Arg Asn Val .Ile Gln Ile Ser Asn Asp Leu

85 90 _ 95
Leu Arg Asp Leu Leu His Val Leu _'A_]_,a Phe Ser Lys Ser Cys

100 o 105 110
Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly

115 120 125
Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg

135 140 :
Gly Ser Leu Gln Asp Met. Leu Gln Gln Leu Asp Leu Ser Pro



145 dy Cys WD 96/ 23517
-PCT/ US96/ 00952 -21-
(SEQ | YORY/23547 5 PET/US96/00952
Val Pro Ile dn Lys Val G n Asp Asp Thr Lys Thr Leu Ile Lys Thr 5
20 25 30 Ile Val Thr Arg Ile Asn Asp
Ille Ser His Thr G n Ser Val Ser Ser 35 40
45 10 Lys Gn Lys Val Thr Ay Leu A&;}Phe Ile Pro Gy Leu His Pro lle
50 55 60 Leu Thr Leu Ser Lys Met Asp
G@n Thr Leu Ala Val Tyr Gn @n Ile 15 65 70
75 80 Leuf'ﬁﬁQS@rl\WEt'/Pro Ser Arg Asn VaI lle dnlle
Ser Asn
95 . Ei‘lu Pﬁ%n“f ﬁlll\rle{SA%"pl Céh YBubeR §h¥/aErYSL8¥5r APY H?e‘%ér’l‘*ﬁfys Ser Cys 20
100 0105 25 110 Hi s;Jeu Pro G n Ala Ser
Ay Leu g VImerLreblrf\sﬂesﬁé’n ke Geysdd Wis Thr Gln Ser vallldr ser
120 125 25 Val Leu Qu Ala Ser Ay Tyr Ser Thr du Val
Val Ala Leu Ser 3A&rg 13@¢ 4335 140
Leu § n &y GSérLﬂ_seMaG'I?’i‘rA@%Y Be Aseutiy fle W%@W Asp HeuPserllipro 30 145
Ay Cys 50 _ 55 SIE(QIDNO 8)
S Leu 'I‘hr Leu SeJ-Q.ys Met Asp Gln Thr Le&5A1%5Val %@L: (Efn G!llll eIlg n Lys Val Gn
Asp Asp T Thr Lys Thr Leu Il e Lys Thr
15 65 . 7@ 75 80
Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu
85 90 35
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
20
100 105 11¢
His Leu Pro Gln Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
115 120 125
25 val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
130 135 140 :
Leu Gln Gly Ser Leu Gln Asp Met Leu Gln Gln Leu Asp Leu Ser Pro
30 145
Gly Cys
(SEQ ID NO: 8)
5 10 1i5
35 val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
20 25 30
Ile Val Thr Arg Ile Asn Asp Ile Ser His Ala Gln Ser Val Ser Ser
40 35 . 40 45
Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
50 -~ 5% 60 -
Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
45
65 70 . 75 . 80
Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu
85 S0 95
50 Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
100 105 . 110
His Leu Pro Ala aAla Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
55 115 120 125

Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg



20
Il e Ser
45
50
Adn Thr
75

Hi s Ala

Leu Al a

Il e Ser Asn Asp

95 50
100
Gy Leu
120

GluAﬁra
Gfeu_ﬁ%n

145

Val Ala Lely Sos
PCT/ US96/ 00952

130
Asp Met

Leu Trp

(SEQ | D N@al #)p
15 10 val Pro

20
Asp Ile
40
Gy Les
Leu Thr
20
25
30
35
- 40
45
50
55

séte Fiad

Hi.gs RN19
Leu Ser
50
Leu Thr
6S
Leu Thr
Glu Asn

His Leu

Val Leu

130
Leu Gln

145

Gly Cys
Val Pro
Ile Val
Lys Gln

S0
Leu Thr

65
Leu Thr

Glu asn

Ser Leu

25 30 Ile Val Thr Arg Ile Asn Asp
dn Ser Val Ser Ser 40 - 35 40
WQR6/235K Lys Val Thr Ay Leu Asp Phe Ile Pro Ay LR®ETAISI6PINS2| | ¢
55 60 Leu Thr Leu Ser Lys Met Asp
Val Tyr An dn lle 45 65 70
80 Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gn
Leu ~22-g5 90

Leu Arg Asp LengsLeu Hi s VaI Leu140 a Phe Ser Lys Ser Cys

Ely S%QSL.e Spd“bt éeu ‘II%OGln Leul_kép E%%;rrom':&g a Ala Ser

eu Asp er

125 Val Leu G u Ala Ser Ay Tyr Ser Thr G u Val
Arg - WD 96/ 23517
| | - - 22-
.- 135 . - (sEo ID-N4D gy . Leu @n Gy Ser Leu Gn
G n Leus Asp Leu Ser cB’ro 10 145 5 A5 Cys

Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile LykOThr
e Gln Lys val dn Asp Asp Thr:Lys Thr Leu Ile Lys Thr 10

30 I1e VAl Thr ArgIIeAsn
’ﬁ'-lPﬁ. AégnIlgefssWaﬁspS&}e §§F H.‘.LS Thr Gln Ser Vaé§er Ser
35 4515 Lys Qg Lys ‘Val ‘Thr GI,3,15 Leu Asp Phe’ 1le Pro
1€ val Thr Gly I2d Asp Phe Ile Pro Gly Bdu His Pro Ile 60
Lys Met ‘Asp A n Thr -Leu Ala VaI Tyr -Adn dnlle « -

5%

Leu Ser Lys Met Asp Gln Thr Leu Alg Val Tyr Gln Gln-Ilg

70 _ - 75 ' 80
Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu

85 20 . 9%
Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
100 o 105 o 120
Pro Ala Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly

115 | 120 ' 125
Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg

135 140
Gly Ser Leu Gln Asp Met Leu Gln qu Leu Asp Leu Ser Pro

- (SEQ ID NO:-10) - o
5 10 15
Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr

20 25 30
Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val Ser Ser

. o S .40 . . o : 45
Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile

. 55 60
Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile

76 . . 75_,_, . . Qo“ R
Ser Met Pro Ser Arg Asn Val Tle Gln Ile Ser Asn Asp Leu
85 90 95
Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
100 . 105 110
Pro Gln Thr Ser Gly Leu Glu Thr Leu Asp.Ser Leu Gly Gly



20 65 70 75 80
‘Leu Thr Ser Met Pro Ser Arg Asn Val Ile @n Ile Ser Asn Asp Leu

85 WO 96/23517 90 95 G u Asn PET/USPEO08SH Leu
Leu Hs Val Leu Ala Phe Ser Lys Ser Cys 25 100

105 . 110 H's Leu Pro Ala Ala Ser Gy Leu Qu Thr Leu
Asp Ser Leu Ay Gy 115 120

125 30 Val Leu Qu Ala Ser Ay Tyr Sé3Thr Gu Val Val Ala Leu Ser Arg
130 135 140 Leu dn Gy Ser Leu G@n

Asp Met Leu A n,@&n Leu Asp'lLeu S8 Pro 35 145 15,5 Gy COys

(SEQ I D NQ1 28) G1lu ala Ser Gly Tyr Ser Th® Glu Val Val Ala Leu Se;.LOArg
15 40 Val Pro Ille @n Lys Val @ n Asp Asp Thr Lys Thr Leu Il'e Lys Thr

20 5 130 25 135 30 1401 le Val Thr Arg Ile Asn
Asp |l e Sen Fins Cirsed heS&-n\VAFP JeF Sy Gly5sln Leu Asp LegFer Pro

40 45 45 Lys A n Lys Val Thr Gy Leu Asp Phe Ile Pro
Ay Leu Hj & lle 50 55 60
Leu Thr Led Ser Lys Met Asp G n Thr Leu Ala Val Tyr An Gn Ile 50 65
70 75 80 Leu Thr Ser Met Pro Ser
Arg Asn Val Ile Gn Ile Ser Asn /&R ER NO: 11) 85

90 9 N u n e%o r e ulBis. val Leu Al a
Phe Ser Lv)'.lasl gxé? I&SGln ygigl (g.n Aég Aép Bg :%;SA*?H;» eﬁ !L‘Pe Lys 1‘8‘5

110 15 Ser Leu Prsm G n Thr Ser Gyz8eu Qu Thr Leu #sp.Ser Leu Ay Ay
WO 96/ 235[l¢ Val Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val BEX¥/44396/ 00952
-23-
35 40 45
Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile

20 .

50 55 &0
Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile

65 70 75 80
25 Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu

85 ' 90 95
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys

30 ' 100 S 105 110
Ser Leu Pro Glin Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly

115 N 120 125
Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
35
130 135 140
Leu Gln Gly Ser Leu Gln Asp Met Leu G_ln Gln Leu Asp Leu Ser Pro

145
40 Gly cys

The present invention provides biologically active
proteins that provide effective treatment for obesity.
Unexpectedly, the claimed proteins have improved properties

45 due to specific substitutions to the human obesity protein.
The claimed proteins are more stable than both the mouse and
human obesity protein and, therefore, are superior
therapeutic agents.

The claimed proteins ordinarily are prepared by

50 recombinant technigues. Techniques for making substitutional
mutations at predetermined sites in DNA having a known



115 120 ' 125 Val Leu Qu Ala Ser Ay Tyr "

Ser Thr Au Val Val Ala Leu Ser Arg 5 130 135

140 WeR623H7d y Ser Leu A n Asp Met Leu G n An Leu ARETIGRI6ORI52 Pro
145 - Ay Cys 10 _ (SEQ ID NG 11)

5 10 15 -Val Pro lle @n Lys Val G n
Asp Asp Thr Lys Thr Leu Ile Lys Thr 15 20 25
30 Ile Val Thr Arg Ile Asn Asp IIe @ér Hs Thr G n Ser Val Ser Ser

35 n LIys Val Thr Ay Leu
Asp Phe | IS8FERCE ?rfed’eﬁlls KBPWDY | gozz*oexample M f)prlme mutagenesigsg

60 LauneT mu tlagi oBesr thps  MéghlspeGnad@hin Lewe ANR \éalcolimgGuhed n |l e

65 re e hr Ser
Vet Pro Sg .Rent a Q\}alobelse '(\ﬁ HrPFglgerIﬁlAst %\st Lf_lace the 8s%q%5enée %u-E 85
90 of readmggérame erd pEripsabhy gwikh rL@u a%aate CommlamentAry Phe
Ser Lys S@leg@ths ¥®at could produéBOsecondary mrRNA sthQRture. See 110

sor Lo P A e G el igphes e ey L Sy ey T

Ser Thr Qu Val Val THe dompcBerdsAcf 3fhe presentlBfivention may be 135

140 Iﬁ?ﬁgﬁd%dGéﬁt§%E 5§urgk8mﬁ§ﬁaﬁ@tDﬁﬁuté%ﬂhéadbﬂ- Al 1L §honar Pro

145 40 resent 1 nventron provides |
bi ol ogi caldnerHEEL @rocedyrgsei FYCRhEE 5%%%1@1 a1 aqliid-phesa mept itder

obesiiy. syntlH@i%QCfon|s)ém1t-§§n€hésﬂ§d1ﬁfQéﬁh@ﬁoﬁ\%ldﬁlrr@l%t@f operties 45
due to specific %pstl%y |onsut3 h nqg q?e51ty(ﬁkﬁu%§ﬂ_ - The ‘¢l ai ned
pr ot ei ns §F@tﬁ&Pe &1 th&RYBof Fﬂﬁ ST u&ﬂé§ﬁty protein
and, ther efewhedsare superi:or t her apeutic agents. The
cl ai ned prEotei ns orgﬂa'ird IE% # prepar ed'by: 50 ' reconbi nant t-echni ques.
Techni ques Tor making substitut.ional nmut ati ons at predeterm ned sites
in DNA having a_kno/he . synthes1s of the claimed protelns may proceed
15 Dby solid phase peptide synthesis or by recombinant methods.
The pr1nc1p1es of solid phase chemical synthesis of . o
polypeptides are well known in the art and may be found in
general texts. in the area such .as Dugas, H. and Penney, C., .
Bioorganic Chemistrv Sprlnger-Verlag, New York, pgs. 54-92
. 20 (1981). For example, peptides may be synthesized by solid- -
phase methodology utlllzlng an PE-Applied Biosystems 433A
peptide’ synthe31zer (commerc1ally available from Applled
Blosystems, Foster Clty Callfornla) and synthe51s cycles -
supplied by Applled Blosystems Boc amino acids and other
25 reagents are commercially available from PE-Applied .
Biosystems and other chemical supply houses. Sequentiél Boc
chemistry using double couple-protocols are applied to the
starting p-methyl benzhydryl amine resins for the production:
of C-terminal- carboxamides. For the.production of C-terminal
30 acids, the corresponding PAM resin is used.  Arginine, = -
Asparagine, Glutamine, Histidine and Methionine are coupled
using preformed hydroxy benzotriazole esters. .. The following-
side chain protection may be used:
_ Arg, Tosyl’ :
35 : -Ku--;.:Asp,-cyclohexyl~or,benzyi
- Cys, 4-methylbenzyl -
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- 24- nce are well known, for exanple ML3 priner_nutagenesis.

The nupg??§%§¥fhat m ght be nmade in the DNA encodi ng t he PCTUSIPROa¢
anti-obesity proteins nmust not place the sequence out of reading frane
and preferably. will not create conplenentary 5 regions that could produce
secondary nRNA structure. See De59§[ et al., EP 75, 444A (1983).

The conpounds of the present invention hay be produced either by
recombi nant DNA t edinpl Qgy-1Q9nh A8/l known chem cal procedures, such as
solution or solid-phase peptide 10 synthesis, or sem-synthesis in

sol uti on begi nni ng H%h Penzygige@ierdagnent s coupl ed t hrough conventi onal
sol ution met hodsys, 2-ahlorobenzyiyﬁy@aEhaggl The synthesis
of the claimed proteins m@kéﬁégeed 15 by solid phase peptide synthesis or
by reconbi nant net Hodus, SY Srincipl es of solid phase chenical

synt higsi s of pEemedardnst are well known in the art and may be found in
general texts in thg.areg yh as Dugas, H. and Penney, C., Bi oor gani c
Chem stry Springer-Verl ag, w York, pgs. 54-92 20 (1981). For exanple,
peptides may be syr&fesiF3@Wy sol i d- phase net hodol ogy utilizing an

PE- Appl i ed Bi osyst efp- 438Aromo ReRBAARMGINES] zer (comercial ly avail abl e
from Appl_ ed

Bi osyst ens oster C Cal.i fornia), and synthesis cycl es
onl 1 on e QR oty BRKBe ARhe R AEed r OE Hobt Bl g on s ar e
comiéci aldiyl arHA)aline metbgiBEeApplbedde. FBropYystemsvahdfximerrycheni cal
o Pl ol SRR Rredlfient of \EREShEYe bIVIOAEOY I GO e OO
product i giperidgmecipe dimeshyddoparaicgeOrrof mABUBLEdatt #8h of C-termna

30 aci dyedity @oRY @ePRRALRGEIPAY LeehimbitUSEdrhé 8ePt 181 resASRAIADI Ne,
0 e ) A AR DQURC (355 s93yPLE o WSLng, Brefdrpred hvdt ony
Ar g, 13osyHoldwwing the abovAsprecyckahmepksor thenggbtides may be Cys,
4'nEthy|QﬁIF9ﬂer deprotected and cleaved from the resin with anhydrous
hydrogen fluoride containing a mixture of 10% m-cresol or m-
cresol/10% p-thiocresol or m-cresol/p-~thiocresol/dimethyl-~
sulfide. Cleavage of the side chain protecting group{s)} and
20 of the peptide f£rom the resin is carried out at zero degrees
Centigrade or below, preferably -20°C for thirty minutes
followed by thirty minutes at 0°C. After removal of the HF,
the peptide/resin is washed with ether. The peptide is
extracted with glacial acetic acid and lyophilized.
25  Purification is accomplished by reverse-phase C18
chromatography {vydac) column in .1% TFA with a gradient of
increasing acetonitrile concentration.
One skilled in the art recognizes that the solid
phase synthesis could also be accomplished using the FMOC
30 strategy and a TFA/scavenger cleavage mixture.
B, Recombinant Svnthesis
The claimed proteins may also be produced by

recombinant methods. Recombinant methods are preferred if a
high yvield is desired. The basic steps in the recombinant
35 production of protein include:
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- 25- A u, cycl ohexyl H s, benzyl oxynet hyl
Lys, 2- MO3638¥d¥zyl oxycarbonyl Met, sul f oxiREX/USP6/00952
Ser, Benzyl Thr, Benzyl ' Trp, fornyl

Tyr, 4-bronp carbobenzoxy Boc depr ot ection may be acconplished with
trifluoroacetic 10 acid (TFA) in nethylene chloride. Fornyl renoval from
Trp is acconpl i shed by treatnent of2fhe peptidyl-resin with 20%

pi peridine in dimethylformam de for 60 minutes at 4[err]C. Met (O can

be reduced by t#kat nEPRSTFUTHEL DT i HVIYHAGEEGMQth semi “syrithetic
TFA/ di met hyl sul fi de/ conHGoXD5(dr 1ra hfiafal] Gdudiceld mnaites. 15

Fol | owi ng t he above reat t p trdes may be . . further
deprotected and cl ea§%‘§°‘§ & crsleaé:|rpne<iwr rﬁ dr ous hydr ogen fl uoride

contai ning a mkxt urelmﬁegm)émq:rmlcaﬁlng sequecmascidtbo%rp t hi ocresol or
m cresegl / p-thiocr esoé}’cﬂ‘fé@éﬂiﬂ vectoxS‘irf 'éj%ange%a‘é%g.%ag.et e Sige chain

protecting group(s) and 20 e%_\%eptr fromthe resin.is carried out at
zero degrees Oen?’l‘%’?%%%l‘?ﬂ BRI S FheXo pdmRC oo RSt i r t y
m nut es f ol | owedfbyidmiptyretimut es at 0C After rermval of the HF,

the peptide/resj |s extracted vmth
gl aci al acetic %Er d aﬁl\%%%opw##]zedm% -H}’%' cé"t | S accorrpl i shed by
reverse-phase C18 ' Prefamsioyrhgny C{etkrlda@-)tl’x:dﬂhﬁnexmesm“rFA Wth a

gr adi gt of i ncreastdg, aggionitrile concentrati.on. - - - . One
skilled in the art recognizes that the solid phase synthesrs could al so
be acconpl i shed@lsi TERE PR &ty RULLHYEGRP é'-rlP(? ePoRRdaaidder cl eavage

m xt ure. B. proc&l@@éﬂﬂpftﬁu*etnﬁynt hesr s ~  The cl ai ned
proteins may al so be, prody bi-nant .met hods. Reconbi nant

nmet hods are preferretr is desi red The basic steps in

t he reconbi nant - 35 @r@%‘ﬂ‘b@%’#eﬁbr cthe o yMiltgeor in wvivo WO 96/ 23517

PCT/U§36/(¥¥§ﬁ%cr1ptlon ‘and translation of which will result in the-
production of the protein may: be .constructed by techniques

well known in the art. -Owing to the-natural degeneracy of
the genetic code, the skilléd ‘artisan will recognize that a
sizable yet definité number of “DNA sequerices may -be

20 constructed ‘which  encode the ‘claimed proteins.  In the

' preferred practice of -the invention, synthesis is achleved by
recombinant DNA technology. ' _
'Methodology of synthetic geéne construction is.well
known in the art. . For example, see Brown, gt al.- (1979)

25 Methods in Enzymology, Academic Press, N.Y., Vol. 68, pgs.
109-151. 'The DNA sequence corresponding to the synthetic: -
claimed protein gene may be generated using conventional DNA
synthesizing apparatus such as the Applied Biosystems Model
380A or 380B -DNA synthesizers (commercially available from

30 Applied Biosystems/finc}} 850 Lincoln Center Drive, Foster -
City, CA 94404). | L o

It may desirable in some applications to modify the
coding sequence ‘of the claimed protein so as to incorporate a
convenient protease sensitive cleavage site, e.g.,: bétween

35 the signal peptide and the structural protein‘facilitating



- 26- a) construction of a synthetic or sem -synthetic

-(or isqglation fromnatural sources) DNA encodi ng the cl ai ned
prot ej YO4/23517 ) integrating the coding sequence i nPeI"HRY640952
expression vector in a manner suitable for the expr essi on of
the protein either alone or as a fusion protein, c)
transform ng an appropriate eukaryotig 3_ pr okaryoti c host
cell with the expression 10 ector, and d) recovering

and purifé@ﬁf&éﬁ%%df%@ﬁ“@ﬁaaggg¥ of th§ ﬁﬁntﬁcegngangEO%fghn €u818p in

nstruction nes
VIVO 15 EﬁKé@@ﬁwQ@ﬂSﬁ?déﬁd translation of which will result in the

production of the PFIRY & dhdTBdn ﬁgj"séﬁéméleéjm@ﬁ IRGHGHeRy a198P!de known
in the art. tural de

ner ac the genetic code, the
skilled &H9ad&0 \Bgﬂ |u%lé’€o§ﬁ’iq¥5‘etfﬁaﬁe %%am §ye£‘§|5|lé>nyéf’c8éf~| nFP& nunber of
DNA sequercgsl athRy dag 2@ aC emsiar ll(itbedtr\ﬂhl(@bmﬂelﬂbeaeh&ﬂ.ﬁbdepfﬁbﬂl ns. In

t he pra e I Q synt:.h esis LS achieved by
reconblnaﬁgﬁﬁﬁﬁﬁg% %igkNLh %&%ﬁé §§mobu@§ﬂtﬁ§fP858ene
constrtunhua$u85\mﬁdch meﬂhm@miQQ1e§h@r@rMellFBnovmawpleheseetBromn et al.
(1979) 2%arMRidieds deh 2BN7 R legt . 3 )

109- 151. The DNA sequence correspondi ng ai med
protein éﬁﬁéiﬁhﬁk%gxﬁbﬁgﬁ§§edCG@@népE&ﬁﬁéﬁﬁFgﬁ§l BﬁﬂratoernFﬁé§|2|ng
appaLat usptcly amrtdos , Apgeh ef@br& CIS.)QSBthms I\/bdel 380A or 380B DNA

synt hesi zers (co C|al 0 Q Tl stens, Inc., 850
Li ncoln Center Dri ‘ 1 I ) It nay
desirable in sone &fipt |Q;Jaxm Q@th@d’l fmayt Hee made:mtrhgrs@q'umcmf t he
clal med REGLSI 3R 3% L IFAIGALROTALR A conBRIUeRLERhePLOREASE SeNSILive

cl eavage site, etween 35 "the signal peptide_and the structural
prote|n1ﬁiﬂqq#ﬂaﬁgﬁéowed by emey§@F2§5P¢ chemical cleavage.

PCT/ US96/39%%y of peptldases {e.g. trypsin) which c23ave a the controlled
exci sion of t he SI n1th fusion o] u
The gene <¥§fpﬁj 1%(ipro & %ﬁy%ﬁﬁggtbéhe ﬁeQFg @Bymugﬁﬁg
pol yner asenigteaior roea@@qynt@mrm Tieeg. diaminopeptidase) of the
peptide chain are known. Furthermore, particular chemicals

(e.g. cyanogen bromide) will cleave a polypeptide chain at
20 specific sites. The skilled artisan will appreciate the
modifications necessary to the amino acid sequence (and
synthetic or semi-~synthetic coding sequence if recombinant
means are employed) to incorporate site-specific internal
cleavage sites. See e.g., Carter P., Site Specific
25 Proteolysis of Fusion Proteins, Ch. 13 in Protein

Procegses, American Chemical Soc., Washlngton, D.C. (198Q).
<. Vector Copgtruction
Construction of suitable vectors containing the
30 desired coding and control sequences employ standard ligation
techniques. Isoclated plasmids or DNA fragments are cleaved,
tailored, and religated in the form desired to form the
plasmids reguired.
To effect the translation of the desired protein,
35 one inserts the engineered synthetic DNA sequence in any of a
plethora of appropriate recombinant DNA expression vectors



5 tenplate can be a cDNA library (commercially available from CLONETECH

or STRATACGENE) or nRNA isol ated from human adi pose ti ssue. Such

met hodoW@PE258Te wel |l known in the art Mani atis, et &CIS96/em0sd ar

Cl oni ng: A Laboratory Manual, Cold Spring Harbor Press, Cold Spring

Har bor Laboratory, Cold 10 Spring Harbor, New York (1989).

Direct expression or Fusion protein The cl ained protein may
be nmade either by di rect expreSS|on 28r as fusion protein conpr|5|ng t he
cl ai med ot ei ol | ove enzymatic_or chem cal gl eavage. A 15

Var | ety o TEAIADEs des GE PPEOPRLaRA ERSEFLALEOR endomar IRARAS e Au

specific s;ytrﬁmecmodlc@@smgt seqpneptiedeés feefghba to p@@@;é‘@s Oﬂ‘esftad‘zttﬂ?i)bri erm ni
(e.g. dia e ept.i [ r Furt her nore,
parti cul a?g C % elgaS% )Cl%(-’lvg € Slte?)’ g% %r%téfhi?% %ng ‘sf‘ eavre gy cpr&%}:pept i de
chain at 2@ rgﬁe@lmaeesultseéa»wnefmml pad antegaﬁtwmllemrmﬁe the
nodi fi gat i9Rs RGeS hph HQlégt%naShQ éﬁ?i‘é%?oxﬁ apthsmidSy. nt-Ii}pet ic or
sem -synt heti.c caodi ngl se gLéence i f reconb 5 n& S are. enp oyed) to
i ncor por at® A% E s GPERY O RPs SRGHence E‘F@a §gEeadt %‘g’ef by &&y& er
Site Speciddec af5 syBrt(hteealcyil.mketsFum ﬁacﬁ?nmtetasthé:hmdé‘rpcﬁrar:sﬁreld‘f

Purification. %@goc %gr tMéCQggll%@é Eﬁig%g eyt by %&%eisqsu Sect or

Aneri can 6hem ca Shi'ngt on
cg&araem@omleasses:mmdwmadg the

Const ruct wsdl known in the. éeﬁstr&'bﬁl s]-ba)

30 desi rQﬁi1q0<iiém1@&%ceanwoLch%e%@.eggéteaﬁl eMashaered sk | ¢ By e
t echni ques | sol ated pl asm ds or DNA f nents are cle tail ored

and rel i gREFETR Ofe 6 RAIETE @EprSSFEJP VREtOT tobe n?rﬁéjiqye%ﬂn r ddre

To effect dhvd der a:fslr@tsltmicmf_ohhs:.de3| med photennso 3bs tmeprdrsarlys t he
engi neere h _ o« ropriate
r econbi na(n%t e%xther ecsgs&ﬁ‘ o %‘éﬁc Twibh 889\%3%/ igﬁéﬁé’éé‘ toc]; aa&ﬁ R

PCT/ US96/ (gFEr 1n-frame readlng and expression of tlg@ claimeg hr ough 't he

use of sappudigt.e restriction endonucleases.. A . . synthetic coding
sequence i s designed to possess restrigction en onuclease cl eavage sites
at either end of thet Qr%%&‘iar plasmig vegtors, CONFasRIPE AT PRORTShd

i ntegrati emd rddndﬁmeseeﬁuempsemuoh ‘and éa:pkvédcﬁrormrsmmhes(pr essi on
plasmids. o He:ipid SAA BlCRNACadhRdseayEDae, IRy BocLeatlida modifd ed by
t he - use P ltehetlcllnkersto acifrta

fe ¥ ncorporation o
this sequéfﬂ%qrhtq}”dw@rd-éﬁ" cegrdesningepdicarionysieeds ikl as vveII known

- in thegpar tharkie dRfididdsaimabionyel eapas18MBEOYLEviding: phenotypic:

selection in transformed célls. For example, E. ¢oli is

typically transformed using pBR322, ‘a plasmid derived from an
E. coli species (Bolivar, et al.; Gene 2: 95 .(1977)).
Plasmid pBR322 contains genes for ampiéillin and tetracycline
25 resistance and thus provides easy means for identifying
transformed cells. The pBR322 plasmid, or other micrébial
plasmid must also contain or be modified to contain promoters
and other control elements commonly used in recombinant DNA
technology : |
30 -~ . The-. desired codlng sequence is .inserted into @n
expression vector in ‘the proper.orlentatlon to be transcribed
from a promoter and ribosome binding site,'bothfof;whichf
should be functional in the host cell in which' the protein.is
' to be expressed. An examplé of such an expression vector is
35 a plasmid described in Belagaje et al., U.S. patent No.
5,304,493, the teachings of.:which are herein incorporated by



10 will be dictated by the restriction endonucl ease cl eavage pattern

- of the §§%lfxpressi on vector to be enpl oyed. Theori en%%?hgs@g@%%g

restriction sites are chosen so as to properly

sequence with control sequences to achieve proper in-frame readi ng and
expression of .the clained 15 protein. In general, plasmd
vectors containing pronoters and cggtrol sequences which are derived
from speci es conpatible with the host cell are used with these hosts.

The VeGMerRedi Natid Yepar (eh%éd@ng_eﬁl-tcﬁt bR Sl B ARl i sy 4Q)  mar ker
sequences_which are cgpaglquf gLoY, |£g ghenotgplc selection 1n

t ransf or fed -c EATERTEHC eRadffe 498 CBB PSj §emoved yirem 48e Blafig} ned usi ng
pBR322, @®RElS2wW tiheriesdd ittdmnarnzymek. Ndol i as@peRantsI ( Bathevayeneat al .
Gene 2: 7) ). Pl asm R3 ain nes for .ampicjillin and

t et racyc%?lr?(é)]d%\g-) 2%15 gtl_‘grtl:ceggaﬁg fB Eﬁsg%re%gﬁq%eéni%%l r§acnasn fboer J1rﬁeer‘1"ttierc§/i ng

t r ans? or iE¢ < dihes plasaispReskbenasanda BdeIl BamiTI rfesomictiion plasmid nust
al so. cothaigmedt ReHifi ed to contain pronoters and ot her contro

el ements conmonly 'uied In reconbinant DNA | technol ogy. 30 The
desired codi ng seq ' expression vector in the
proper orientation 10 dendxans ardiedyotesl BRE aspEOROE el Gming | P SONE

bi ndi ng siet e, bot hiof cvékﬁis%hu i shggl d betf unctio aJe in the host cell in
whi ch t h& SHETEY I8 C5UGS 1 BYprE8s¥ac %ﬁse&%&?‘r%f Bt Hifeh an expression
vect d¥ i S¥BNtLof.aFvird eFesedichedl.i AoBd| KHaj strain|294 UAZChatent No.

5, 304, 493, ts I i h i i t : WO
o 23517?314%6; ;RAGRRIS b MW GRea® . hBERLR ﬂzﬁ&PéCT U%g%i'o%%%sz which

A . P
- 29- maye g S5EE IfTdugenEachlbdi RPRIER FrRbt st 16 G Nsed i n
U.S. pat @153N0.. Thalé 4%3mpaesbareeinyedeis0ivé heathasimhn 1in3RB32 Wi th

restriction enzyne al_and BanH . The_gene encodi ng the protein of
t he present invent ?P%hgm%eeﬁ r?rsf;grot &g < %eﬁn?8rt ﬁﬁpﬁ?§§hﬁ”g' betkbone on a

Ndel +Bantdtoresentéoned strafinggnent weddsestl. coli W3110 d.
Procar yoligs RXRRRINIQN ATCC No. 27325) ) MGENELR!sudlf ofAAs e used for
cloning o sequences in constructing the vectors useful in the 10

i nvent i ofUREdr iSradpite Otberc SR eRPDaSEPRIACODY FUtic@ NS alronediase) s
parti cul afighitgefitin o2 BRErAtghoRhatesEaAAL NSaddli¥drious FeURMeTRE | ncl ude
E. coli B and E col h?XUs;gm_(A}Cleélg.ers sug%ggfg.'f These exanples are
i |1 ustratRrELER P8 OFaltftmi t FRg Br J&f YOS5 al so are used
for 28pr gsvkarycthie hosts include the f-lactamase (vector pGX2907
[(ATCC 39344] contains the replicon and f~lactamase gene} and
lactose promoter systems (Chang gt al., Nature, 275:615
(1978); and Goeddel et al.., Nature 281:544 (1979)), alkaline
phosphatase, the tryptophan (trp) promoter system {vector
25 pATH1 [ATCC 37695] is designed to facilitate expression of an
open reading frame as a trpE fusion protein under control of
the trp promoter) and hybrid promoters such as the tac
promoter {(isolatable from plasmid pDR540: ATCC-37282).
However, other functional bacterial promoters, whose
30 nucleotide sequences are generally known, . enable one of skill
in the art to ligate them toc DNA encoding.the protein using
linkers or adaptors to supply any required restriction sites.
Promoters for use in bacterial systems aiso will contain a
Shine-Dalgarno sequence operably linked to the DNA encoding
35 protein.



15 aforenentioned strains, as well as E. coli WB110 (prototrophic,

ATCC No. 2732%% bacilli such as Bacillus subtilis, and other .

ent er oba¥PPEMLae such as Sal nonel | a typhi muri um or PEI(YS96/00p52

mar cescans, and vari ous pseudononas speci es may be used. Pronoters
suitable for use with 20 prokaryotic hosts include the [err]-I|actanmase
(vector pGX2907 [ ATCC 39344] contaipg the replicon and [err]-lactamase
gene) and | act ose pronDter systens ?@hang et al., Nature, 275:615
(1978); and Goeddel i 44 (1979)), .al kaline :
phosphat a or r system (vector 25 pATHl [ATCC

)
37695] is desi gned - t'bh¢ mquetm enmmaassaqmnh;mmly propgagedeadi ng franme as
a trpE fuslam RIAtR i ioan il el . prhl@@rye_e gfeﬂsagfg and hybri d

pronoters such™as the tac . pr.onot er (|so atable Trom asmd pDR540
ATCC- 3728290ntro Ll jRige FanSGEHET 1090 dy S‘ﬁé‘F‘aBééfleF‘PﬁF BROMBL RS Pohose 30
nucl eoB: d&:ﬁtﬂmﬁiﬁieﬁ‘cﬁf erag&@%rsalslo)arlc@@VW,foenahhﬁpmée eﬁesgeﬂzd:mes ofn the
art to ligate the odi ng [oteln ughn ers _or

adapt or s gVng“hspep rTs]uac(r){‘y req%gﬁggm%és%?%% Fon §|{IF gb 95V4g, ‘ilf%rr‘%vﬁ‘%‘ils'use in
bacteri al wsgsterirueso WepatdgntsaBn varus- aghi- meSDapgafﬁDabla‘quence oper abl y
:DICEII'}((LEJ(;QE?O QSZMlW%QQ 03O frB'inOthee't%‘rologous mmgﬁigﬁ%;omoters .

Eucar yot i ¢ €kprisd§itgfy promoter. -Thepgarly  padnlaks: %W%ﬁal%rﬁhey

produged iswv40 vmni@ara;mi |cxbrmemmm1§m obyatieed. abr ahesved pestdietson
control li ng 1 raer}ﬁ%cr |l,p ]18% Illn%ntg%sgyﬁgl {, rggyoplgln Pt al ned from

gL
vari ous sour exa genomnes viTuses™ suc pon

Simian vi rzc%pwe:a(tsxmn) Fl@?@no@&@é Natpgep odiZduddd, (hapdiit |'%h% vi rus -and
nost pref eé_r%’;.ﬁ’e SV4U:WIII% 'Hésob‘%%\lhéankggﬁ\ebﬁ?hgﬂi’&“s?wlzk

prom)ters g‘ [err]-actin pronoter he early and Tate promoters of
the 10 SWRPM rusthe é—%ﬁleemalr}YoEFQF‘ﬁéﬁragfaFth\M‘em?‘ést riction _
f r agmast Mym&m@ﬂwﬁwsam e oBY4Q nedr &kofr pUasmdd -pCMBf epltamat i on. )
Fiers, et Nat 11 e e 0,9epo y be
obt ai ned ff'}olnpp)l ‘as %\7 iféé%l%)r E8§5‘ th?hgg%%mgygt%gear%t%omter
of the hunspeaies @k&ﬂr@g—‘zﬂ orgierfug: weyeda.obt-ai-ned from'plasmd pCvB[err] -

(ATCC 77177) . q’r&:%’(flsﬁpt HBPOBE & DNA @ﬁd&&qﬂao%hec %'llalﬁédr gfa& 86n
speC|es also ar ranscri tion of DNA

useful he
encodi ng e ﬁ'} W&t@s is Wcﬁleéﬁéfi QMkéP?SFE%n anlﬁ%l?%%%%’a by
i nser @iong Wﬁwcm{to?&heswdﬁme | Enbahlereeatrer cisEabaimerelements.

Ci s-act| ngo?'ﬁ\&?n dsually about 10-300 bp, -that act -on ‘a promoter to -
increase its. tr.anscr:_l.ptl-o_n. ‘Enhancers are relatively

orientation and position independent:having-been found 5'
(Laimins, L. et al., PNAS 78:993 (1981)) and 3' (Lusky, M

25 L., et al., Mol. Cell Bio. 3:1108 (1983)) to the
transcription unit, within an intron (Banérj:i., J. L.ogt al. .-
Cell 33:729. (1983)) as well as within the.coding sequence -
itself (Osborne, T. F., et gl, 1. Cell Bio. 4:1293
(1984)). Many enhancer .sequences-are now known. from

30 mammalian genes .(globin, RSV, :SV40, EMC, elastase, albumin,
a-fetoprotein and insulin). Typically, however, one will use

an; enhancer. from a eukaryotic cell virus. ' Examples include
the SvV40 late enhancer, the cytomegalovirus ‘early promoter
enhancer,; the polyoma enhancer .on -the ‘late side of the. -

35 replication origin, and adenovirus enhancers.



of DNA, usually about 10-300 bp, that act on a pronoter to I ncrease its

-t ranscy, Enhancers are relatively orlentatlon
|ndepegg§%§2#%%ing been found 5 (Laimns, L. et al. a@ﬁﬂ@gggkbng
(1981)) and 3' (Lusky, M 25 L., et al., Ml. CeII Bio 3:1108 (1983)) to

t he transcription unit, within an intron (Banerji, J. L. et al.,
Cel | 33:729 (1983)) as well as within_ghe coding sequence I tself
(Csborne,. T. F., et al., M. Cell Bio, 4: 1293 (1984)). Many enhancer

slequtences alrg now @@pmasfsrl@ﬁ 3R cogRIde ﬂﬁ%&a@b@lalcnhoe%vce&\i@ EMC,
el astase,, a um

g -fetoprogeln and |n hué T¥ pi cal Ig however, one
will use ! NP e "FEGHr aP ﬁﬁaryépﬁea PRUE BRGABRES ncl ude
t he SV40ckﬁﬂs énhano&hﬁrtmalcyte&&gaEQVDrganeamby wibboakso coneahancer

the polyoum, ShARCEl QBLES lBLe REdeeohihlEsdR okepLhaaLlep: gphoi . and

adenovi r us enhancer's 5 .
PCT/ US96my0gsp may affect mRNA expreEggiessi ofiheeet bepgigsedara eukaryotic

host cel It anscdi¥R@as E)'é'l?'adeh?iﬁﬁ%d eleimencgnhﬂathohﬁﬁ@faﬂglaes!aeat ed
cells fromother nmulticellular organisns) wll also contain sequences

necessar}mFEﬂﬁFh@ft W&NﬁoﬁnﬁPd PEnBEPFBEMON 3hem%|cﬂnﬁﬁ?n§iﬁéﬁ? nMRNA
expr ﬁSSI &raagloﬂlme&e,sroegmrmaar eranfscfr%pﬂiﬁhl bemagambmadewbat eﬂ segnment s
in the untransl ate rti t he nRNA_encodin The 3

unt ransl at ed r g%]’f%rn%sosglon s o1 de arse |a]5‘f1 (?n%te@ % ?’ Ii-Sit es.
Expr &8si @ syedteamedray S@d@paahla pelketi. onEgemplegoofa‘as@tablered a

sel ect ablg 1@rk®i1e nﬁ&%@&%e%09fméﬂh54§hﬁ ce11§e£§€té§h§d9855§5€efOr

mammal i an cells are _di_h at S be derived

TR he bt o, Whigh Ry, PenaeradkanEron Hhechabls Aakaats e )

tlgym ﬂl N&estriduiase f(rbgmleﬁs. gﬁrrlthem nOrTgACngygBdnﬂay Ki ﬂhﬁﬁ;dﬁnﬁontagg? on
t he e t  of. cl.one Cl .

Fo i st ondaTed AR QlnbTer G108 FATRCaTatkln Lo MRS Dainoa (K19

vect &p [ﬁr@cmzﬁ)rang@ﬁ 9fcNP-5 C§@n@ct£ABC6 Brﬁ?&éisoar@e@mz@essful |y

transferregiigyt %&lscan@@nﬁahb@n (Beéglﬁsbhe Ebent pRN21 g£Cedspamal i an host

cell can 20 survive pl aced under selective pressure. There are two

wi del y uﬁéf%ﬁ%ﬂ%@%ﬁﬂEEFE§8WFe¥eSF°§eﬂé@FFvé7ﬁ@ I-hres. WheR suchy st
cat egory defl dvasgd e0Omadkeelsl agensiabekksuianpdrthAfsBserefi intoaanutant cel |

e e Sarafline BBl ERETLAMSLIEN: By RPLETECLER TEgl 2, oo
ceII80(L4m£ﬂW$®e;&EC@l@@bdZuaﬁer sel@htswecprksshnek tTHeenbi areytwo grow
wi thout they Addiided Qftinct categories of selective regimes. The
first category is based on a cell's metabolism and the use of
a mutant cell line which lacks the ability to grow without a
supplemented media. Two examples are: CHO DHFR™ cells {(ATCC
25 CRL-9096) and mouse LTK~ cells (L-M{TK-) ATCC CCL-2.3)}.
These cells lack the ability to grow without the addition of
such nutrients as thymidine or hypoxanthine. Because these
cells lack certain genes necessary for . a complete nucleotide
synthesis pathway, they cannot survive unless the missing
30 nucleotides are provided in a supplemented media. An
alternative to supplementing the media is to introduce an
intact DHFR or TK gene into cells lacking the respective
genes, thus altering their growth requireéments. Individual
cells which were not transformed with the DHFR or TK gene
35 will not be capable of survival in nonsupplemented media.



such nutrients as thym di ne or hypoxant hi ne. Because these cells lack
certai gvﬁgenes necessary for a conplete nucleotide synt hesi.s 89 at hway,

t hey ca¥R8¢/2347vi ve unl ess the missing 30 nucleotides arPecTﬁV% 24 in a
suppl emrented nedia. An alternative to supplenenting the nedia is to:
introduce an ~ intact DHFR or TK gene into cells lacking the respective
genes, thus altering their growh requi,enents. |ndividual cells which
were not transfornmed with the DHFR or 1"(!% gene 35 wll not be capabl e of
survival in nonsu

PCT/ US96/ 00952 ppfﬁimggégkﬁm%géEgorv is doﬁ@géﬁyzégi%étlon which
second catestporsy 4o alore el ove | Samen. ugeidcin anyr pdlstyBeaase| @eefon

schene usgd i AN LelHe igRe AN QtQﬁ%’xt celat 18QUi r ehthe YeRemEsa Nut ant
cell line.”  These scherres (th/ |cal use a dru 0 arre 1& gr,gwth of a
Phes

host cel IEYPHfElYs Uss|d diud F iReethyefe 2000FL 6% 8P ot ei n
convegi NG-elr g Wwieisds thanae. aaammlgbrﬁjmumlel tekpreekeat ppotein - Exanpl es of
such dom nant sel ection _use t 3 t o] nd Berg,

20" oM i ) R AN W0 NN s v, Y] DE1BEs 0TS PO

R C anc:Bemgles.ofl Gudcidamiaaron: Sﬂ@l‘-t(lPQB@l)Se éhehﬁgﬂgﬁyéﬁﬁmy%gden B.

The.

~et al. sout¥driCad | .ol dersp: 40~ 3 5) A . e gxapplfes ‘gi ven
above errpl oy bacteri al enes unde ryotlc contro g % gonvey
resi st ancBr$ &2 k hd RIS af @4’4"1 e bty &if nan E8neticin), xgpt

(wcaphem|wﬂr4mg¢wﬁmn orla'lymp@m,vélu den, B, gt al., A
preferregzvpcé gic % gfc%yp&tdc 4 BXPIRAE 0N ifhe thriRBC/eSlMY Blggcég/gnl S

conmer ci nvitrogen rporat I on, 85_Sorrento
Val | ey Blakbye SampBiedeact@rial oges, undry GWREITYRtd6e \C@élf-r%q'eences in

pl as mK‘i'Z &S&E\?é;{ %é@?sta?r@ce t&t? dk&eg ;mﬁatttér REruRf e4l1866rt @ebmgashor m E.
coll

ral n DH5a CC and syccessful transformants. .
sel ected HICR@EIBIRY i XIRYs| %Tya‘?ﬁé“?/ﬂ%ﬁjep éﬁﬁh‘ﬂpﬂr SromyCpllasni ds from the.
t r angfsor nbagSe @t vPrepar ed, anal'yzed' by - restriction and/or sequence by

the nethod of NESS'Rtgpgng??}ed 3%0:%@%8 Ce&:d%ﬁﬁé il 8l -

r ansf of me e expressi on
vectors OPRECHEMV i nveRe/ @V sl Wﬁ%ﬁ@eﬁﬂi’ @Ridatien from InN&FFP@ﬁP medi a

modi fi ed @érbéréepéﬂf)rme SOFréiebI O AL ey BIRFNTDISHNS Di%og CERANG
transfornmant's or

The 3 | t t
t enper at u?é12pH a'ﬁ‘?j ‘F‘Wé ’Ee‘:g"egfé‘:t seeq‘f?fb%eegup‘rrblﬂ\rﬂ%ﬁfg\ Iulé:gg‘%\‘frﬂlﬁ ?stho_st

cel | 2%el eehedligation mixtures are used to transform E. goli K12

strain-DHSa:JATCCw31446)-and~successful.transformants-
selected by_antibiocic:resistance‘where.appropriate;
Plasmids from the transformants  are prepared, analyzed by
-restriction -and/or sequence by the method of Messing, et ak.,

25 Nucleic Acids Res. 2:309 (1981). . '

" Host cells may be transformed with the expre551on '

vectors of this invention. and .cultured in conventional -
nutrient media modified as is‘appropriate “for -inducing -
promoters, selecting transformants:or amplifying genes.  The -

30 culture conditions, : such as temperature; pH and the like, are
those previously used with ‘the host cell selected for: '
expression, and will'be'apparent'COﬂﬁhe'ordinarilyfskilled o
artisan. The techniques.of transforming cells with the
aforementioned vectors. are well known in the art and may be -

35 found in.such general references as Maniatis, et ak..

Molecular Cloning; A Laboratorv Manual, Cold Spring Harbor



expression, and will be apparent to the ordinarily skilled artisan.
The techniques of transformng cells with the af orenenti oned vectors
are welwobkeresm7in the art and maybe 35 found in such gerraraisssnesser ences
as Mani atis, et al., Mol ecul ar C oning: A Laboratory Manual, Cold
Spring Harbor _ WO 96/ 23517

PCT/ US96/ 00952 - 33- Press, Cold
Spring Harbor Laboratory, Cold Spring-Barbor, New York (1989), or
Current Protocols in Ml ecul ar Biol ogy (1989) and suppl enent s.

Pr ef er r edPEe§ % alff @l hoiRring |Haxhar adiony .t ReldsSpséngr Hashevdi Hgwt he

cl ai med pyetei n5198‘9)hJ Brercigukalty aRtocol d Nel wdeecAliBirC8RoYEEEN MDNkey

ki dney line cell lcll transforned by SvV40 (COS-7, ATCC CRL-1651);

t r ansf or meH° ﬁ% SUBRISRERF Senbryonal ki dney cel | 1ine 293, (Graham F. L.
et al. . CGen Predérrdd: SOLTELIAdIAYt A dgpyr Ekp3ESs3ng, t¥er ol ogy 10

86: 10- 21) h y C-13
Vi rol ogy E%pq%s %g%%%nécﬁ&necsle% nle% &%Jrg (52\%/‘211(rS ih %‘Fgﬁ%%ryﬁ:—ﬁ{[ err]
( ATCC CRLimob@je: nbiskcaSerdnsan c@rnl@y( Wnem@@neRcell ling15, Biol.
SRt ST Ao e e s D o
CCL-2); Bt onal LAREC 288y 'SERNAB 0t Fal b+ ve
cel S (B n Vir -I7£B42()l97rmrraf!£ﬂ!9mmrid7l7uag9e329$ Yo Bgqyv ATCC

n
8065) diﬁoﬁgmmr%%tumr q{s&%wg'g&ggh %@C&%l)ﬁ%é&
f. Yeastl%xdiéﬁglﬁﬁﬂ 147 <1952)):Iﬁh$ﬂﬁﬂﬂ sanssepr okaryofesls eed@ryotic
m crobes su | t | e ac es
R
eukaryoti P € r e t K 0 r
fcommnl y ?ﬂ@iléﬁ_?_&%ﬁso ggggmépreessqm lcnﬁasisharommaﬁ, céb&;ggl pl air9n7g) YRp7,
or rrp e tin t a e
K nganan’ BoShELSE (F e ingid ARG tnetardaree cored) B Eahths Raqsels
(1980)) |sebkwnﬁﬂ@@ﬂinﬁﬁﬂC'ﬂﬁhr34).rﬁuﬁﬁah@ alateddyeronedlas (BRe 3Ap gene
whi ch pr O §L3P44§)GJ%£{‘ JES IRl flqrngac@itlant(witﬁgl nagkcYE@EL | acking

t he %OW in tr pto han, for exanple no. 44076 or
PEP4- 1 (JB’ﬁés 1@% Rk U(J?!r’?mrcmoma cells <HePsﬁ?ta%’F%Cp‘ri%rmt| ng

sequencesgHos) psed Whdils ey aidmary theelrs dgldlsudemrhespseppt arecfocnsl) .
3-ph%phogl ycerat e Ei nasge §§ (Egugggg pl asm d pAP12BD ATCC 53231 and
described in U S.

In addition to prokaryotes, eukaryotic microbes

such as yeast cultures may also be used. Saccharomyces
cerevisiae, or common baker’s yeast is the most commonly used
eukaryotic microorganism, although a number of other strains

25 are commonly available. For expression in Saccharomyces, the
plasmid YRp7, for example, {(ATCC-40053, Stinchcomb, et al.,
Nature 282:39 (1979); Kingsman ef al., G&ne 7:141 (1979);
Tschemper et al.., Gene 10:157 (1980}) is commonly used. This
plasmid already contains the trp gene which provides a

30 selection marker for a mutant strain of yeast lacking the
ability to grow in tryptophan, for example ATCC no. 44076 or
PEP4-1 (Jones, Gepeticg 835:12 (1877)).

Suitable promoting sequenceé for use with yeast

hosts include the promoters for 3—ph0$§ﬂbglycerate kinase

35 {(found on plasmid pAP1l2BD ATCC 53231 and described in U.S.
Patent No. 4,935,350, June 19, 1990) or other glycolytic



Pat ent No. 4,935,350, June 19, 1990) or other glycolytic WO

96/ 23517 PCT/ US96/ 00952

- 34- wenay3sses. such as enol ase (found on plasmd pACd APCER96BGR)s2 -

gl ycer al dehyde- 3 - phosphat e dehydrogenase (derived from pl asm d pHcGAPCl
ATCC 57090, 57091), zynononas nobilis (United States Patent No.

5, 000, 000 issued March 19, 1991), 5 hexokinase, pyruvate decarboxyl ase,
phosphof r uct oki nase, gl ucose- 6- phospklat e i sonerase, 3-phosphogl ycerate
nmut ase, pyruvat e kinase, triosephosphate isonerase, phosphogl ucose

i somer ase; e@?ﬁd“%ﬁﬁtﬂ@rﬁ@n@lé‘se (foun OIOPHétsmy-da%Cér dREEeB853dhich are

i nduci bl e 18/ e MMM IR AU QR n3dvantage vel Ef@ﬁ\scrl ption
controlled E%ééggmmh condi tions, 'ﬁEF t@a gronnter re i ons b al coho
dehydr ogerk: ABChATRE S7990 d i &ﬁhatzéfg‘é’mo as pegridsti ve enzymes
aissom at ed(mitﬁdtsmsh reedttadd. |Nim 5 OOOrmm@I lieshiedn®apchcant aiped) on
plasm d v 0 8X oL 1 475 U |te tates, Patent No.

4, 840, gb eﬁéX&kfg%gcer ¢?€ﬁ;af osﬁw deﬁySFB § gggogﬁHaEﬁZynes

r esponsi bl @lmwsereﬁtwsesmegaumwe( G&Lphb@@h@gémcprasm gutasepRY12|

ATCC 37658@#&5%&@@&1&&@ S HReRgHte 33emerask! OBRL8pRoHRNCHSE 1N
yeast expression are fu t er gescribed 20 in R Hitzeman et al., Eur opean

Pat ent PubtFURETHTE NP 9Lue0! €.yeast- erihancers such as the UAS Gal
from Sacchar orryceeheerw&s&t_qe;@ﬂmsmb; 'witianl] et iieduditdlet he CYC

pr onoie e I -
advant %eoﬁr% used :fo‘éﬁi %ﬁ)lrarcolt%-ggi @%}%%ﬂ:ag% 8¢ QE‘?‘HSCFlPF%‘\?\Anng
exanpl es a@@ﬁ%ﬁ@%&#ﬂeﬁYtQ¥qwﬁhfﬁﬂndlthqﬂ usreataet REopPEpar segdansf fone

clai med proi&Rs: dé'ﬂ}ﬁ‘aroger&?é@@ Ofi G Richs Bt b”VQEEBOBhb§pH8Eas8 be
const rued consi sting .of the follqw ng exanpl e 30

el
Vect or gegmqla%ve dnzymes. assoCipted,wish 8 PBeRANE aPQl%'t%%‘enbl ed from
a ~220 mdasEL e Tomdith al catdta ihase amigl asadde recebircpcapexHerLEBed from

(SeQ 18 N6 1593 Y SRR et oo MGHER caTercacs

AAACACTquglyceraldehyde —phosphate dehydrogenase, and enzymes

responsible for maltose and galactose (GALl found on plasmid
PRY121 ATCC 37658) utilization,m_Suitableqvectors and
. promoters for use in;yeasttexpression-are-further described.

20 in R. Hitzeman et al., European Patent Publication No.
73,657A. Yeast -enhancers such as the UAS Gal from
Saccharomyces_cerevisiaer(found,iniconjungtion with the C¥C1l
‘promoter on plasmid YEpsec--hIlbeta ATCC 67024), also are
advantageously used with yeast promoters. :

25 ~~ The following: examples are presented to further
illustrate the preparation. of the claimed proteins. The
scope of the present invention is not.to be construed as -
merely consisting of the following examples.

30 - - - . - ¥ector Construction -

A gene of SEQ ID No: 12 is assembled from a ~220
base palr and a ~240 base pair segment whlch are derlved from
chemlcally synthe51zed ollgonucleotldes

35
( SEQ ID NO 12)
1 CATATGAGGG TACCTATCCA AAAAGTACAA GATGACACCA AAACACTGAT
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- 35- 51 AAAGACAATA GTCACAAGGA TAAATGATAT CTCACACACA CAGTCAGICT

101 CAYGPAAMIA GAAAGTCACA GGCTTGGACT TCATACCTGG GCTGCACCRET/US96/00982
ATACTGACAT TGTCTAAAT GGACCAGACA CTGGCAGTCT ATCAACAGAT 201 CTTAACAAGT
ATGCCTTCTA GAAACGTGAT ACAAATATCT AACGACCTGG 5 251 AGAACCTGCG GGATCTGCTG
CACGTGCTGG CCTTCTCTAA AAGTTGCCAC 301 TTGOCATGGG CCAGTGGCCT GGAGACATTG
GACAGTCTGG GGGGAGTCCT 351 GGAAGCCREX GGCTATTCTA CAGAGGTGGT GGCCCTGAGC
AGGCTGCAGG GGTCTCTGCA. AGACATGCTG, TGGCAGCTGG GAGCOC CGGGTGCTAA
451 TAGGATEC %AGACA%'H% G5B pasECpar PAREGERT %’&‘E%s‘*% It HARIel site

to the 101<baCA"sn:'mAa¢:Amsmma@ﬂ%mﬂmm¢hermﬂa¢rgm@gxmcamtas

assembl od, 6§ oM EaQKELEARPEAG-PLLIGPUCLEOLL RS, W GO OROP ditancad £ROL !

from bet ween 3 and ase pai ext ends
fromthe Bhl €BTARCABIARHRTESCEETYT gAaGwCGTG&%MTG%MWT@Tppl ng

ol i goryicl geii dﬁémt@@c@a@@@rtd“c*TG éﬁ@@?@cf@@”&@ﬁd@%ﬁﬁﬁé‘f‘r&%zﬁ@ses

To assenbl e these ﬁ% eﬁres onucl eot | des are
m xed in éﬁa. rrSF%‘FC ﬁﬁt%cﬁ‘"a%‘é%w}} @A%A%%%c%%ﬁ%ﬂf GHCEMARCR
pi conpl es3per GGARGCCTERSGGCPATDLTA CAGEG@&S@nbcbq/cccad*mckmtAGdterGCAGG

atandard B0 hasharr ERCh; pRRCRECGEs ppoRh i Mt Rice SR o 1
speci fi ed4by t BAGSHPETi er of the reagents. The nmixtures are heated to

95 degyees and 25 allowed to cool slowy to roon1tenperature over a period
of 1-2 hours to ensure proper annealing of the ol onucleotldes

The ol i goRtiE| €67 BRES P21 T Hefoeat -2 actPot e iTHEE to the
appr opri aXBdch@ﬂengtvp@éml@mcm@sz% the P& ikly USddligon andTéhéDNA

I f ded b

suppl 1 er SFoTRE  Eho0RER T HRSLERIAY ot SRR o R E e e 1 s
di gest ed hendthidéromndetdhedn 34 anhedRasasdrme. vém&)r24‘Q)rbatsh£®4i(r base palr
fragnent LggHige dl?f.ich extd &g%mg&?e A R e b sitle :]g 4Aldp

m xes are used to transtormE s (commercially avallable
35 from &FEEBPERE) fEeMm ?Hév%?]aﬁﬁ%?bfﬁgm%llwl}%c%ﬁ@iﬂ%ﬁ éthigih range in

trypt one- yeagth ( #2om pbetwsers 051t admd ng 1osder r] g/ nl of
To assemble these fragments, the respective 7

cligonucleotides are mixed in equimolar amounts, usually at

20 concentrations of about 1-2 picomoles per microliters. Prior
to assembly, all but the oligonucleotides at the 5" -ends of
the segment are phosphorylated in standard kinase buffer with
T4 DNA kinase using the conditions specified by the supplier
of the reagents. The mixtures are heated to 95 degrees and

25 allowed to cool slowly to room temperature over a period of
1-2 hours to ensure proper annealing ef the oligonucleotides.
The oligonucleotides are then ligated .to each other and into
an appropriated cloning vector such asg. pUCl8 or pUC 19 using
T4 DNA ligase. The buffers and conditions are those

30 recommended by the supplier of the enzyme. The vector for
the 220 base pair fragment is digested with NdeI and Xbal,
whereas the vector for the 240 base pair fragment is digested
with XbaI and BamHI prior to use. The ligation mixes are
used to transform E. coli DH10B cells {commercially available

35 from Gibco/BRL} and the transformed cells are plated on
tryptone-yeast (TY) plates containing 100 pg/ml of
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- 36- ampicillin, X-gal and | PTG  Col oni es whi ch grow up over ni ght

are growopérzisigjui d TY nediumwi th 100 [err]g/m of anpi CIPldr}'US%/oogsﬁnd are
used for plasm d isolation and DNA sequence anal ysi s. Plasm ds with the
correct sequence are kept for the assenbly 5 of the conplete gene. This is
acconpl i shed by gel - purification of the 220 base-pair and the 240
base- pair fragments and ligation of-3these two fragnments into an
expressi on vector such as pRB182 from which the coding sequence for

A- C- B proiampdd¢illen defwald-andtl IRTGH gektladiigs whigh Neew apdoBambighti or
to use. are grown in'liquid TY mdampleith 100 pg/ml of ampecphasnid
cont ai ning the DNA sequence encodj ng the desired protein, is digested

with P | &% dseideted B BERSRi dgif atoPrs dqite s SFSPePﬁésénéﬁ}z%%s lie
W t hi n t hepToshds w1tI’E etg‘le)rtdﬂ‘edrheseﬁfﬁrﬁ:ld’l aitle KeplteGbirdehpoakbe@PEy 275

and 36 ectlv The clgni ng..vect or con aln t hese.
recognl ti 0?1* s@h e?l?f‘é% ent’ %‘rﬁ pﬁﬁﬁéﬁ@n%’g " seen
fol | owi ng pesification ecrﬁytrme oBZjbsimasmm:tm aRd Ith@ndtmobassusahr one

CorT SSPONL Dot Do o Qe FGUTENnd e Gl agnerkar 16EBOBAT NG Lo the

-85 base palr ragment from rotein_coding
sequence. eﬁh?%s%ﬁﬁhéﬁ&¥Q%uP4ﬁ? as H%Rﬂ%&éaxﬁy“@H&mDRRes€&Géﬁ€e encodi ng
the am no g&irflence SoMSAidAB iPRsindwlad ig deAkiedl anfhese dDbéssequeners are

SLzed ¢ 1cally as two oligonucleotides with conpl ement ary
bases @ elé%‘ag ‘?Wg'?g%r?‘%c% alf B et Wth the ends generated by digestion

with Pm|l and Bsu36l. The ~ ‘chenically synthesized oligonucl-eotides are
m xed in equi nol ar am)unts A(1- 10@%&23/ m.croliter), heated.to 95 30
degrees and allow to anneal by _slow 'y, decreasing the t enperature to

20- 25 degrees. " The Ehﬁeaiéﬁmbﬂl@%ﬂﬁ%%@b?gdﬁge A FIURRE 8RR YN dar d
ligation r@za@td@mre&lﬂﬁ&aﬁnprw@mested arieH rmlfoamad pgodéanal yned as

.ggéfbl g?o%ggggnfplon sequences for éﬁgggﬁggéymes lie within the coding : .
region for the protein ‘at nucleotide positions 275 and 360
respectively. The cloning vector does not contain these
recognition sequences.’' 'Consequently, only two fragments are
seen following restriction erizyme digestion with PmlI .and

20 Bsu36I, one corresponding tothe vector fragment, the: .other.

" corresponding to ‘the ~85 base pair fragment liberated from
‘within ‘the protein-codirig sequence. This sequence can be
replaced by any DNA sequence.encoding the amino acid
substitutions -listed in Table:1. These DNA sequences are.

25 synthesized chemically as two oligonucleotides with
complementary bases and ends 'that are compatible with the -
ends geénerated by digestion. with PmlI and Bsu36I. . The
chemically synthesized oligonucleotides are mixed .in
equimolér amounts (1-10. picomoles/microliter), heated to 95

30 degrees and allow to-arneal by&slpwly.decreasing:the
temperature to 20-25 degrees. The annealed oligonucleotides

- are used in a sténdérd;ligation-reaction.- Ligation products
are tranformed and analysed as described in Example 1.



-37- Exanpl e 3 A DNA
‘sequence encodi ng a protein represented by "Protein 255 in Table 1 with
a Met AW $&38Er sequence was obt ai ned using the pl as®causaso@sncedur es
described in 5 Exanple 2. The plasm d was digested with Pmll and Bsu36l. A
synthetic DNA fragnment of the sequence 5"-SEQ I D NGO 13:

(SEQ ID NO 13)
GTGCTGGCCTTCTCTAAAAGT TGCAGCT TGCCACAGACEAGT GGCCTGCAGAAACCGGAAA
GTCTGGACGGAGTCCTGGAAGCC 10 anneal ed with the sequence 5 -SEQ I D NO-14:
(SEQ ID NO 14) Example 3 -

TGAGGCTTCCAGGACT CCGRC@‘i\%‘slelthQ@el éh@B@%%Cﬁ%@@I&‘T
CTGCAACTTTTAGAGAAS%CA Wﬁ nserted he Pm I and t he
Bsu36l sif&grein Bw?ﬁB Fl Jalitb at?‘ﬁﬁs‘%‘? ?"i‘ ‘?Fa?@‘b?r&"sﬁn“@ﬁ sol ati on,
t he seppueicedohisthg shet bébenifir agdepfomaéuvemdemkibe@% sequence

anal ys4 s. pelppy o ZSEQ PB %asi}ld Vas dkg?si\rme?xél and Bsu361 o DNA

sequerice encodin | 'eader "sequence was

obt ai ned §¥nﬁ§et:h§ PNas fragaaatppécelhar égquenc‘éle%'tﬁ%édm NBdahwpl e 2. The
plasm d was di gested W|th PnTLI 255&@“@&%@3%3) A synthetic DNA fragnent of
t he sequence 5" - qu (SE | D NO
15) E‘Fe‘f%ﬁfﬁ%@ﬁ ACRER AR
GTCTGXIXBG&GT@GK@@AA@@CC@GCAAGcenneaI ed with the sequence 5' SEQ I D NO 16:
( SEQ NO 16)

TGA! TCCAGGACTCCCCCCAGACTGTCCAATGTCTCCAGGCCACTGGCAGCTGGCAAG
TGGCAACTTRTREAERAGBECAGERE 88quence SWEBEQ/ PBSNG:14:

PCT/ US96/ 00952 - 38- was inserted
between the Pm | and the Bsu36l sigk@sIip NO: 14)

TGAGGCTTCCAGGACTCCGTCCAGACTTTCCGGTTTCTGCAGGCCACTGGTCTGTGGCAAG
CTGCAACTTTTAGAGAAGGCCAGCAC

15
was inserted between the PmlI and the Bsu36I sites.
Following ligation, transformation and plasmid isolation, the
segquence of the synthetic fragment was verified by DNA
sequence analysis.

20

Example 4
A DNA sequence encoding SEQ ID NO: 4 with a Met Arg
leader sequence was obtained using the:plasmid and pi‘ocedures
described in Example 2. The plasmid was digested with PmlI
25 and Bsu36I. A synthetic DNA fragment of the sequence 5"-SEQ
ID NO:15
(SEQ ID NO: 15} .
GTGCTGGCCTTCTCTAAAAGTTGCCACTTGCCAGCTGCQAGTGGCCTGGAGACATTGGACA
GTCTGGGGGGAGTCCTGGAAGCC
30
annealed with the sequence 5'-SEQ ID NO:16:

" {SEQ ID NO: 16)
TGAGGCTTCCAGGACTCCCCCCAGACTGTCCAATGTCTCCAGGCCACTGGCAGCTGGCAAG
TGGCAACTTTTAGAGAAGGCCAGCAC

35



Follow ng ligation, transformation and plasmd isolation, the sequence

of the synthetic fragnent was verified by DNA sequence analysis. 5

The teckyo spmasizof transformng cells with the af or eneper/ogaghoyeCt or s
are well known in the art and may be found in such general references
as Maniatis, et al. (1988) Mol ecul ar O oning: A Laboratory Manual, Cold
Spring Harbor 10 Press, Cold Spring Harbor Laboratory, Cold Spring Harbor,
New York or Current Protocols in MsB8eul ar Biol ogy (1989) and

suppl ements. The techni ques involved in the transformation of E. coli

cel | s usedwas ingexqred dretetegy &d19 Enldf anldethe Bpuyeht Bbheas exenplified
herein ar ewﬁéwi&@mgaut&@, aerxtanslf.%m@&emw %9a8519em@ati98§aengﬁr Wi ch

the transforned E. s, are cultured is gen ent on the nature

ol
of the E. tefgence %sqh%eﬁﬂnq%%%rf&atgﬂ@néxﬂﬁésg%h oFA PPNy vect ors

enpl oyed. sé@iete@ngiglyssiact ors whi ch incorporate . thernoinducible
pronnt%r-operator regions, such as the c1857 20 . thernoi nduci bl e
| anbda-"phage pronot er - operator region, ‘require a tenperature shift from

about 30 to about 40Th|egtee:sn1que$: of r-ndnes fnyminge cedAdi wishstbe as to

i nduce prOéf&fbmentfaHB&‘ Stors are well knowhli hhehersééraﬁé gaPods ment  of
t he |nvent|on E. CO|I K12 -RV308 cel |l s are enpl oyed as host cells but

NUMer ous - Ou%@k&ﬂ %%ﬁh qq?ﬁ%@%ﬂ??@ﬁﬁ%ﬂ%%ﬁléssyéﬁléglsbu?tn%% | {788 t
E. coli uha )., 1 685d EBitdng HafEbrcoll B).

The transforned | | ‘ d
the sé%Qityggs} Nogta St gl %o‘ilyéoco%?gﬁ%ﬁiﬁi L
resi stance eOPpreseranp Frotogaly ES.EiC 5l g3.a1 | @%¢es are
then 'ncubéa}]%*léﬁénts arfd reeaﬁﬁcgfé@el&ﬁzbq%da@areaéle{egn&@omgtimt cell

l'ine are_expre I n
hi gh-1 evel © S%r?%}rl%%ﬁe&élbﬁ@y ﬁﬁrgﬁgr HEPEF?‘E% I'f‘?/eaggregat ein
gr anul es ofnvest Lsh o haebrgsl Wi e Teondial rirei glellekabsnoint tike art. WO

96/23%%? The % ecise ndl%lons der whlch t e €§I£g§8gﬁgg %_

- 39- over xpresse protern reuger rotern

G erasch anelks nere eeslturrd 11%@%9@@%199@}1 theenpsune of waeo&.ast:@.i;a for

the AdV&nCﬁSEBthilSriﬁgﬂéh&*ﬁﬂé(éﬁﬁﬁakéﬂbn or c&%h&ﬁ& v¥égbigaoton, D.C.
Such protel.n aggregates must be.5 dissol V?‘é&&‘lpﬂg‘flow e further

purifi cati BRPAREeT ol BRY dFraitoLle: afF Qs 8FROpRbBuUct. 1d. A
vari ety of theehoiffieSible promoter-operator regions, such as the cl857

20 thermoinducible lambda-phage promoter-operator region,

il &

require a temperature shift from about 30 to about 40 degrees .
C. in the culture condltlons 'so0 ‘as to induce proteln
:syntheSLS 3 o '
' -In the preferred embodiment of the invention .E.
25 coli K12 Rv308-cells are employed as host cells but numerous
" other cell lines are available such as, but not limited to,
E. coli K12 L201, L687, L6693, L507, L640, L641, L6395, L814
(E. coli B). The transformed host cells are then plated on
appropriate media under the selective pressure of the
30 antibiotic corresponding to the resistarice ‘gene present on
the expression plasmld The cultures are then incubated for
a time and temperature approprlate ‘£o the host cell line
employed. _ _
. Proteins whlch are expressed in hlgh level
35 ‘bacterlal expression systems characterlstlcally aggregate in
granules or inclusion bodies which contaln hlgh 'levels of the



using strongly denaturing solutions such as guani di ni um HC and/ or
‘weakly denaturing solutions such as urea are used to solubilize the
prot ei N0 al renpval of .the denaturing 10 agents (of PERUBPWPRA ysis)
in a solution allows the denatured protein to assume its native
conformati on. The particul ar conditions for denaturation and fol ding
are determ ned by the parti cul ar p_r3c§t_ei n expression system and/or the
protein in guestion. 15 Exanpl e 5

Th tei ' I : . d
The POt eL 0oL, BYAILS SlAlue MIGS | SOT | s SSONSIGE S i o5ce
di l ution Gacvaghhuaed Kboyh eds. capgsi Wiegl & "M IO lei rederdnmarexhaust i ve
dial ysis QE%FE?%tZQnPE& %ﬁétiév%:rg«f eﬁﬁ%e@é"é}{b&fﬂl%fdﬂég?%&een In

ei t her ese ﬁr ocedur es. ow ng final purification t he

proteins BY-3f8e WRENLBIBON cH? drrat DFRPELEHE RIATEIRT sfepist be

con;:ers raa@dsbgvgd_?,té ﬁﬁéﬂdé’te nf@%%eMﬁd#@ﬂidﬁ&Ebrﬁ%f@@é{dl%%on dﬁl ot Ee
protein n | nira o.the i ve, human ei.n for ic
Subst ant | Aeagerehati BROTelRgrRatton L0 Aotk i echhidled

Anal ysi s ubkitpesprobeinsdayarevinges@hasiondPldlich ad npiagatdchitdmatdlhe human
Qb protei l,ut.e P, i Y, 9 11 | se
protein atangé’.:% &eé%%g ?%125% ,tlgélsé%l%t}%%es?ns{qvﬁ%sg éta1 r 1 It%ge e_r%sequence
at 53.7 opolubitpze thecRpeeeddfy tFeadumbrsnaval f e densdertingppears

to 10 haugehtgheorbydrephdialyéist hom £iddmicidie AUBWE AhdMiERtured

nol ecul es, . VWO 96/ 23517 . . .

PCT/ US96/ BBGESin to assume 1TS native conformation. _ Ed’x_e particular

Exanpl e 6conditions for démapuoirtion cdndHeldingOare widtemnivistd Ayg dreader
sequence S LD %g‘lf*f £S5 #]veé[ i s0l.3f e e&n%- :

sol ubi I'i z§%§f:%§§%/$§r§gotmg%ﬁ %?/%IZ:%#% e rgdr/o%git%{ev&s lnpulrnl fied by
ani on excHuR§EIGRF onat ogr aphy and fol ded by dilution into 8Murea
-(comtmining 5 MM cysteine) and Eexfpustgve dial ysis agai nst PBS by
techni ques. The pH ogﬁet he , pr%ei n sgl ut i op was reducednfo gbout 2. 8.
The Met Arg | ead®® PEQLEMPeONREXEMRISed BYLRHR Meli AT D 9% 10 10

m | i unitsedDARcpewagsgerpressedi in EJtwltomsrisited repatticdded eiwdseral | owed
to proceed ! 4t13: 8oNOULSoabng 00N LTS sno sINLAILUiERS, O Lhe
reaction s nonitored by hrgh performance reversed phase

chr onat ogeaphpining Pemlt fydt@bme) and exhaustive dialysis against

20 PBS. Little to no aggregation of protein was seen in either
of these procedures. Following final purification of the
proteins by size exclusion chromatography the proteins were
concentrated to 3-3.5 mg/mL in PBS. Virtually no aggregation
of the protein was noted in contrast to the native human

25 ©protein for which substantial aggregation is noted upon
concentration. .

Analysis of the proteins by reverse phase HPLC
indicated that the human Ob protein eluted at approximately
56.6 % acetonitrile, the mouse protein at 55.8 %, and the

30 titled protein with a Met Arg leader sequence at 53.7 %.
Thus, unexpectedly the human with the mouse insert appears to
have higher hydrophilicity than either the human or mouse
molecules.



term nated by adjusting the pHto 8 with NaOH The des(Met- 15 Arg)
protein was further purified by cation exchange chromat ography in the
presencwoobn¥s18 M urea and size excl usi on chr omat ogr aptmrUsserawes2BS.

Fol | ow ng fi nal purification of the proteins by size exclusion

‘chr omat ogr aphy the proteins were concentrated to 3-3.5 ng/nL in PBS. 20
Virtually no aggregation of the protein was noted.

Preferably, the present proteins are edflessed with a | eader seqguence.
Oper abl e Ieade_r_ ‘sequences are known_to ~one of ordinary skill in the
art; however, preferably-the | eB¥amRLEgence is Met-Rerr]-, wherein

Rerr] is any an normsi frébs .ﬁxcsepsEBr@D RO: tmaklémeaqx@iez&s@dléad&el ns may
be readil converted to th medl rotein wth Cathepsi, '

Pr ef or abl SeTHERTT VeS Srproaatt £ TRl Galide B IR0 g and

prot ei ns & kulekpt esdeith V8N mﬁemxﬂu@ | rdd by s teeiqieenc €he! proortier estsi ngl y,

the | oy senieacs, dashonol Shad| SN ooty Shls AN by or activity

of thé active wWever guence is pr ferably
cl eaved fdwth@n piotei §1 urea Tmentqwrpﬁ 0t ShSYSTE etiine )F@nsul a;

Met - Rl er réxﬁﬁ%&ﬂr&"@ﬂlafi&s ag#ﬁ@étﬁ“Pﬁé By Q!é%girﬁaiueégentﬁea%% o @her abl y,

as an i nt er nedi i fication of the clained

ur
prot ei ns P%O'{'J?m sof‘é‘&h‘?ﬁd&% Redured ‘?Haet? & Zit | AAUHES AEFer se phase
WO 96/ 2351¢ader sequence was c¢lé€aved by the add1t10ﬂ¥3ﬂl&§mw00952

419 Efi?”}?%ror&?ﬁy &Lfﬂn&‘ ¥ ﬁé@éﬂogrﬁﬁé‘ych %h%%%

si ze “excl uston m pr otel ns cont ain
two cystevae abbowedsto proq?@é for # =& hqunre étfompqu—e@@eﬂ“@rtmf@ to

stabi | i zepfbepr é?péééeéfl c Hber 94 500k wAY e b Ipydes gir ot ei ns of the

Formula (| wh t 96 | i nked t
Os at pée%rf%r@ala% SESErTed FRTRE T RGP i (TS GG O Y68 11 de
bonds. | ncedditavedtbe pdptetivsgothe pHtthe resEniNaGHentTihen desyMexi-st ,
par ticul AL% gt%?n $Q% HL AL gLy ;g.g%gf{@&%y LRI e c%tafn rs, and other

rrultlrrers ner.s are 1 ncl W|th|nt € scope o the pr esent
i nvent i onChromatograpny irhehereseseneeveht] vh ¥prusaadend siZehod for

treating eiaéﬁuéyonTBﬁraméMrgﬂﬁgariﬁw 23] nIISdlE!I!dvﬂglgt Gilrkg 15 -organism an
effective anpunt o ant -obesi t r ot dose between about 1 and
1000 [err?b’fkglcitb?%f% %ﬁg’) e?%nSlze SBRUSEER %fé’ﬁ‘ SFPE Ry of
.active conheupﬂotéunspwené contgntratedseo fo+3 dn reghnlt - inukRs.i s fron1about
0.5 téﬁ 109199ually no aggregation of the protein was noted.
Preferably,’ the present proteins’ are expressed with

a leader sequence. Opeérable leader sequernces are known to

one of ordinary skill -in the art; however, preferably the-

leader sequerice is' Met-Rj1-::, wherein Rj is anyr amino acdd.

25 except Pro, -so that the expressed:.proteins may be readily : .
converted to the claimed protein with Cathepsin'.C. S
Préferably}~R1 is Arg, Asp, .or Tyr;: and most preferably, the
proteins are- expressed with a Met-Arg leader. seguence.
‘Interestingly, the leader sequence ddes'not significantly

30 affect stability or activity. of the active protein. However,
the leader sedquence is preferably cleaved from the-protein.

Thus, the. proteins of the Formula:_Met—Rl-SEQ.ID NO:1 are
useful as biological agents and, pfeferably, as an
intermediate. '

35 The purification of the claimed proteins is by
techniques known in the art and includes reverse phase



practicing this nethod, conpounds of the Fornmula (1) can be 20

radm nistered in a single daily dose or in multiple doses per day. The
treat mYR 92§ e may require adm nistration over ext ePEuse098ds of
time. The anmount per adm ni stered dose or the total anobunt adm nistered
will be determ ned by the physi ci an and depend on such factors as the
nature and 25 severity of the disease, the age and general health of the
patient and the tol erance of the patle‘r‘ﬁt to the conpound. The
instant invention further ovi des apharrra eutical fornul ations

conpri si rF&‘ FPt Afd ni by euanas Yon. 1oFh &X5hGPgEn&ndpr ef er abl y

in the fmm@femﬁf)slqah&rnmmﬂdgzﬁdny acceptable salt, can be formil at ed
for par ent er al for the ther eutlc or roph
R0 slpat o0 Lot L heobheranaul e o pORIMaRe -

treatment of obesity rrpou
adni xed Whus cm\ﬁblrrtsmrﬂldqormm‘am ik | £ apared e:Qs Stabldmieemepl ents. The

CONPOS { 5% LAY I G RIS SIS l%&:l\.fﬁét Prd il Yroghe0- 1 L0 90%
by wei ght_ of the activ protein, preferab in a soluble form and nore
general | yE‘ormula (I)V\G-QG(/IZ@SI"Pere-“ the Cys at position 96 is

PCT/US96hﬂ&&&&4nked to Cys at position 146 as well A2those piroeaiabout 10

to 30% r erm)re ({:e es.ent of ei mnlst red alone or
i n conbi na |on V\AFTLH: SDul ld‘é B &o ‘esit dger?’tos‘:l g-‘rh% ents glsePuI in

treati ng dielptesent *nventlon ray FRpigmt mmda(nl\w) whes, the protein is

5 adpl ni &banethddy CUBTRNEAS e Gl iHd Y e et Sheifitner  admi nistered
by i nfusi on Such fluids.,, for exanp E éSl ol.ogi cal saline, Ringer'

sol uti on T SWBRKSKt r SR mu*s"&l“iﬁ-"i%r?’ieaﬂ-% within the scope p§;
I Nt r anus ctHerpfEafel atrdvgioh sterile 10 fornul ation, preferably a

sui tabl e soluble salt form rotein of .the For or (Il), for
exanpl e the hyg#%%h?’f)?sl"%ré' sJarIlYenga nb%r%'fjs%%sf ved's #Eocgaéﬁ%l stered in a
phar maceuty ezt irgd |almsituch e ptwwm-dmmmseradmlm.(smmmlgl &€o) the
Physigl O%xct_f’:in%?hl\'d}? Heosdld! rlegnl BgoLubl e form
of t e cog@ou be tﬁac a i ni ster uspensi.on in an
agueous E’&ﬁ)é’r

) q“t?z?sé“& 35 &ROBster
of a | onggbout thhltm f1Q Woa'digd cmucatcasreatdwﬂpomimhte& typical daily The

abi |1ty ofodbeeDr osenla MRS 10 ALSRtaRQ, PRLLy o dgronsipated in
Par abi ot |mrax¢m1ngamm$u®ﬁmd,t hatmpzowprds eifn dhee Formula (I) can be
20 administered in a single daily dose or in multiple doses per
day. The treatment regime may regquire administration over
extended periods of time. The amount per administered dose
or the total amount administered will be determined by the
physician and depend on such factors as the nature and
25 severity of the diseasée, the age and general health of the
patient and the tolerance of the patient to the compound.
The instant invention further provides
pharmaceutical formulations comprising compounds of the
present invention. The proteins, preferably in the form of a
30 pharmaceutically acceptable salt, can ke formulated for
parenteral administration for the therapeutic or prophylactic
treatment of obesity. For example, compounds of the Formula
(I) can be admixed with conventional pharmaceutical carriers
and excipients. The compositions comprising claimed proteins
35 contain from about 0.1 to 90% by weight of the active
protein, preferably in a soluble form, and more generally



rel eased by peripheral adi pose tissue and that the proteinis able to -
control body weight gain in normal, as well as obese 25 mce. Therefore,
t he nostwol%seasy rel at ed bi ol ogi cal test is to inject Hdreusoembosarticl e
by any of several routes of adm nistration (e.g. i.v., s.c., i.p., or
by m ni punp or cannula) and then to nonitor food and water consunption,
body wei ght gain, plasma chem stry or hornones (glucose, insulin, 30
ACTH, corticosterone, GH T4) over vari-éds tine peri ods.

Suitable test aninmals include normal mce (ICR . etc.) and obese nmice
(ob/ob , A@Wfa abquiAd 0 tiRP S f atfurthpgaore. sheobresene prekedéins miesity

and di abetgs a&ngertet@&écy alonea(&eﬁtr@@oh\!hhagléﬁtw§§hb@tlﬁ‘&r'é‘:‘i‘ﬂ:f—at' ve of

t he . obe5|t3/ condi tion. rol s for non- gecl |c effects for these
i nj ections %T%l%rtaeg%%tﬁdm/éﬂeﬂ? WU 15 EheatipRediapetes - WO
96/ 23517 * . 'For. intravenous (iv) use, thePﬁbeSQﬁ/QQ952 -

-43- i or|ng

t he sar?e par ane éep';esrs%c;nltrﬁ Q@[ﬁqﬁ? Ialse% 1?\,&:%%? gw'rltnsaﬁﬂ‘lﬁg Jéh hat are

t hought t Adini 3 trrr ¢ daptisyysdiondb SMCéleflflaﬂSa Bor examplep rats).

Proteins d&t@@ﬁéi@é*é&t 3§éll‘ﬂé¥ﬂ1@1de|i'e§esﬁ'QQEL§n or ¢ hesorgustrate
simlar actlv ty in ot , partlcularly humans.

Since the $aryeton i ect ed to be the - -~ hypothal anus where food
i nt ake and | i pogeni CFefamtmmsculaneqmeqtaed,tmnsn el steplel. is to inject

the L 9Bt  SHSLRLFadfdl SIS o NENERID LE1 gL Satte HECUfop Vi

| atera rlcles |nospeC| falamic
nuclei (e. @rc%ﬁmeﬁfe tl’}ﬁarFaltF@mhﬂt dlII)alor rféﬁtoﬁﬂrc%*am ettl')e The 'sane

par anet er snyasr SRONG Ll h e 'E%@&S‘Hee@asgbl’ifgﬁ and - A8hER5& Hed in a - -
neurotransmtters that are known to.regul ate 15 feedi ng or netabolismcould

be noni t orRRPYRAGRUNSRL ghy sy such a5 BYFREBRAFITES Wi ne,
[err]- endotd:i‘su:u.‘rﬁda)a,sqjhysmloglcal salinBepreSenghicose patmltaimh outd i ned

in Ta n t canpl e
brovi ded S able it PR edbnf 0L Somibhilal iy BRGNS AL AP €9
subsequentaqubS@r%sﬁ%;rﬁat%Wl@@béﬂ ﬁl{}t agueeRBcbase arials: of SEQ I D
NG 3 as Mrﬁ&‘é&dﬁfﬁl@|@dept5@.ﬂee¥>§|1prse,-- KA aérloéacéte%ﬂr@tt%ga

protein of erein Trp 05|t|on 100 is Ala. The

desi gnat i o "Mgt % SHeks as et?w&t OLR8CBrot-ei'n was preparéd and
tested with the Met 't-*»hg 315113tade:sf stﬂtmq:memtt aohpdundsi bo acedt sequences
of th@ Okpéﬁg%r&s o4e eainq_ QOEBH_&EQ by mass spectroscopy
and/ or "am no_ ac anal'ysi ne ab |ty o? e present’

Parabiotic ‘experiments suggest that a protein . is -
released by peripheral adipose tissue and that the protein is
able to control body weight gain in normal, as well as. obese

25 mice. - Therefore,- the most closely related biological. test is
to inject the test article by any of . several routes of
administration (e;g.ti;v.,-s.ér,'i.p;;'or'by_minipump or
cannula) and then to monitor food. and water consumption, body
weight gain, plasma chemistry or hormones (glucose,  insulin,

30 ACTH, corticostercne, GH, T4) over various time periods.

" Suitable testsanimals.include normal mice (ICR,
etc.) and obese mice (ob/ob , Avy/a,:KK-Ay, tubby, fat). The
~ob/ob mouse model of obesity and diabetes is generally
-accepted -in the art as being indicative of the obesity

35 condition. Controls.for-non-specific effects for these -
injections are:done using vehicle with or without: the active



protéins to treat obesity in a OB/OB nouse is also presented I n Tabl e

2. WD 96/ 23517

PCT/ USOBPRe5337 PCTVUSI6/00952
[err] WO 96/ 23517

PCT/ US96/ 00952 . _ _45.
[err] WD 96/ 23517 |

PCT/ US96/ 00952 -43- - - 46-

agent of similar composition in the same.animal monitoring
the same parameters or the active agent itself in animals
that are thought to lack the receptor (db/db mice, fa/fa or
cp/cp rats). Proteins demonstrating activity in these models

5 will demonstrate similar activity in oﬁher'mammals,
particularly humans. |

Since the target tissue is gxpected to be the

hypothalamus where food intake and lipogenic state are
regulated, a similar model is to inject the test article

10 directly into the brain (e.g.'i‘c.v.'injection via lateral or
third ventricles, or directly into specific hypothalamic
nuclei {e.g. arcuate, .paraventricular, perifornical nuclei}.
The same 'parameters as above could be measured, or the
release of neurotransmitters that are knewn to regulate

15 feeding or metabolism coculd be monitored (e.g. NPY, galanin,
norepinephrine, dobamine,‘B—endorphin release) .

Representative proteins outlined in Table 2 were

prepared in accordance with the teachiﬁ§s and examples
provided herein. The description_of the - protein in Table 2,

20 and in subsequent Table 3, designatesfthe substituted amino
acids of SEQ ID NO: 3 as provided in Fprmula I. For example,
Ala(100) designates a protein of SEQ-ID NO: 3 wherein Trp at
position 100 is Ala. The designation Met Arg - indicates
that the protein was prepared and tested with the Met Arg

25 leader sequence attached. Amino acid sequences of the
proteins of Table 2 and 3 were copfirméd by mass spectroscopy
and/or amino acid analysis. The'ability}of the present
proteins to treat obesity in a OB/OB mouse is also presented
in Table 2.
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The test vials are placed in a rotation device in 5 an incubator set

precisel“i\;J ?%f 40 err]C The vials are rotated end-over-end at a rate of
30 revol NP PHAE! m nute, allow ng t he Tefl on beads tPCTrUsss/0@es | Y
fromthe top of the vial to the bottomwhile remaining conpletely in
the solution. . After pre-determ ned ti'me periods, the contents
of 10 the vials are renoved and centrifuged 5 m nutes at anbi ent
tenperature (Fisher Scientific Mdel 235C Centrifuge). The protein
concentrations in the clear super nat ant s ~4¥e det erm ned again by the W
absor bence or SEC techni quepss ..r efeeRt—pt e n remaining in
solution is calculated 15 {frfomth¢ Qb |canclentt dtf dng r  he pH- adj ust ed
starting sol uti ons and i% he gugerinat siafidarit shake test.
The chenical and physical s .cgfLEiG O tHE: 101 858 RE [ 5[ 2| 4 Bpounds is
. [=) = B I ad Bal 3503 R o[ olx]|~{cS .
denonstrated in Table 3. Thei&eseripgi'dn (of)'the} |'|'priojejn in Table 3
desi gnates the substituted zgri no| agi ds jof] 20f ISEQ I{Di NO] 8 as provided in
Formula (1). For exanple, |ois/ A afE0e)<|ey-ammeE=[Hmpapi n of SEQ 1D NO
3 wherein Trp at posi ti ¢,§193° 9| Rl | agefehmt ebe|Al " ~|€jor reference the
human b protein and thg|npusejob pratgin jane] 4l g priesent ed. 25
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Al al OO 1.6 40 30 5 47 98. 4

6 47 98.0 _ 7

47 wWOo9e/28517° . PCEHUS96/00952 7

94. 2 Met - Ar g- ( Ser 97) 1.6 40 30 5 47

26. 4 . : 6 47 38.9

7 47 55.0 8 47 6 3 .3 Met - Arg(d nl QO

1.6 40 30 5 47 -493. 5

6 47 77. O = _ - 7
47 85.6 8 47 - - 98.0 .- th Arg- 1.6 40

30 5 47 1nlla&7s&ud1es(SeeQZchmbEEkhed in vitro using

6

47 éioéateg hgpothalamlc tlssue 1n % peﬁhfuiﬁpn;or tlssqﬁﬂbagé

1.6 40systcem3( In h5s s1tuanzon, the g@l@ase o@smeqnbuyansmitters

27 47 Sg glec%@oérJSlologIBéioé%anges ‘is monltored 8 7

99. 8 Met - Ar g- (Lysf@@ physicg1 and. g@emlcal pggpert1es50f the pqgsent
92. 4 PrOb@ﬁprh&@S;s demopstrated as follows. 6;,i 47 62.8
Asplll) o 7. 47 s 46. 8 '

8 47 41.3 th Arg---.;- '.:_ =30 5 47

100. 3 (Ser97, d n100, ThrlOl &{gdsm 6
gg 0 10 99.9 Pﬁ@%DEt@&%&%@ solutlons contaln purlfled 52_%rotégh
Met - Ar g- (Apglggpspgage bugéered saéene (Gl%CO BRLﬂjDuleCCOSﬁLE?S

6 47 w1thout92a3c1um phosphate or magnes1um phosphate, from Lifé

176 %%c%nologéﬁs, Inc Grgnd Iﬁlézd NYW ;@9 prote:Lnt Arg- (Leul OO
6 47 concentgatgons ara generally determlned by their absorbencg

47 15 at 380 . However, an alternatlve method is emﬁioye 7% 0

84. 8 WO 96/235 PCT/U896/00952

proteins w1th a theoretlcal absorbance value at 280 nm of
or less for a’l mc/mL solutlon in a 1- cm cuvette The total
integrated peak areas are determlned from-a 25 ML sample
1n3ected onto an analytlcal size- exclus1on chromatography

20 (SEC) colump (Superdex 75 Pharmacxa), whlch is run at
ambient temperature in PBS and - monltored at 214 nm. This
peak area lS "then compared to the total 'SEC peak area of an
Ob protein whose concentratlon was flrst determlned by its
absorbance- at 280 nm. - From these analyses, a dilution is

25 made with PBS to g;ve each Ob’ protein a final concentration
of about 1. 6 mg/mL AlquOtS of these solutlons are adjusted
to pH 5.0, pH-6.0, pPH 7. 0 and pH 8 0 u51ng minute quantltles
of dilute acetlc ac1d or dllute NaOH These pH-adjusted
solutions are then quantltated by the UV absorbence or SEC

30 techniques. o . :

The‘Ob“protein solutions are then added to 2-mL
glass autosampler v1als (Varian Instrument Group, Sunnyvale,
CA) each contalnlng 15 Teflon balls one- elghth inch in
diameter (Curtln Matheson 801ent1f1c, Florence, KY). Air

35 bubbles are removed from the solutlons 1n the vials with
gentle shaklng,: The vials are sllghtly overfilled at the top



- 49- Met-Arg-(Pro97) 1.6 40 30 5 47 22. 4

7 48. 1 8 4 54. 8
Met - Ar 3@? KWWY 16 40 30 5 47 93"’§T"’S-"6"’°952 d n100)
6 47 87. 2 7 47
96. 7 8 47 98.0
Met- Arg- (Al a27, 1.6 40 30 §,. 47 57 .8 Leul QO
6 47 49. 3 7 47

69. 3 hen cfgsed‘%a tﬁ%3f%§lon coated seFl gﬁ& §99@9q&5§ arg

active in at rleast one of- t“h ove biolog tests and_a
ant i - obesteBAERfchtELa AL S HEEd BB eeh é?ll"ék@séﬁﬁF FANer BaYioQ ‘étb%"sllt%/ and
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96/23517 CT/ US9 /% 952
percent of Ob protein remaining in solutlon is calculated

15 from the Ob concentrations in the pH-adjusted starting
solutions and in the supernatants after the shake test.

The chemical and physical stability of the present
compounds 1s demonstrated in Table 3. The description of the
protein in Table 3 desxgnates the substituted amino acids of

20 SEQ ID NO: 3 as provided in Formula (I). For example,
Ala(lOOY.designates a protein of SEQ ID NO: 3 wherein Trp at
position 100 is replaced with Ala. For reference the human
Ob protein and the mouse ob protein are also presented.

25 7 Table 3

Protein .| mg/mi | Temp rpm _PH (;1;;-12?) Rgli;iE?;L
Human 1.6 40 30 |. 5 7 44.7
: i 5 47 36.6
6 7 63.4
6 47 56.9
7 - 7 98.6
7 47 93.7
. 8 7 99.9
"~ 8 47 95.9
Mouse 1.6 40 30 5 - 47 73.5
6 47 94.9
7 47 67.4
x 8 47 31.6




-50-

(SEQ ID NO: 1)

W .claim
Val

Lys Thr wb.96/23517

Val
20

25

Pro Il e.

5

Thr Arg Ile Xaa Asp Ile Ser

Phe Ile Pro Ay Leu H's Pro I1e

45

A protein of the Forrmula (I):

1.
Xaa Lys Val Xaa Asp Asp Thr Lys Thr Leu Ile
10 Ile

H s Xaa Xaa Ser Val

30 10 Lys Xaa Lys Val

35
Leu Thr Leu Ser Lys Xaa Asp Xaa4®hr Leu Ala Val . Tyr Xaa Xaa Ile

PCT/US9880952
Ser Ser N
Thr Ay Leu Asp

40

50 55 . . . 6015 Leu Thr. Ser Xaa Pro Ser Arg
Xaa Val |}le-Xaa-llo Xaa Xaa-Asplel—— 65 — 70
75 .. .80 d Lé XP-a eu Arg:AspiLeu Leli-Hi s Va] - Leu AI a Phe
Hi's Leu F’ro Trp Aa Ser @y Leudu Thf Leu Atp—Sor Loudd gy 98-0
100 ©o105 - 11p 25¢ waLieu_g_niZAJ.af_seu_%ﬁaé_n,m_
Ser Thr d_u.Aza.l-_Ma.l_ALa.J.e-u_Ser-_ Alg— — 85 a7 . 9420
125 }_eu Xaa Ser | Leu Xaf Asoo Trp Xaa Leu Asp Leu Ser Pro
130 Met—Arg (fg@?7) 1.6 .4 14 35 : _i;ﬁ, IS 47 |\- 2 AAR
wherein: B5 ~ Xaa qt pos-i.. ion 4 §s A@n :
position ¥ is Gn or Guj . Xaf at . pe
Xaa at p sitiaon 27 ig¢ '.'Ti\r ok o
du, or apSEhrirgFiaio®) a%' Et osi{i og 34. :' s
at positi fn 54 is Met,, .npthioni he Sul f pxi 8 H
Ady; .. Xaa at pgsition}{56 is. n or &
position p2 is An or d4§; 45 " Xpa " at
Xaa at- p;s-;-t-ugu-é&-t-s—lw;-t—ue’ H=aR-Aet-SeH-5
or Ay, Met_mgéa_a- at qosgt on4072 S %n
(Ser97,GLlnl00) {: - |
Met-Arg- - 1.6. 40 '} 30 .| s 47 93.8
(Ser97,G1nl00, ' ' S 6 47 96.5
Thri01l) -7 47 . 96.5
2 47 99.8
Met-Arg-(Lys106, | 1.6 40 | 30 5 47 92.4
" Prol07,Glul08,: o - 6. 47, - 62.8
Asplll) 7 47 46.8
' 8 ~ 47 41.3
Met-Arg- 1.6 40 30 5 47 100.3
(Ser97,G1lnl00,
Thrl01l, Lysl086, 6 47 99.9
Prol07,Glulos, | - T ~47 | - - 98.0"
. Asplll) i 8 -} 47 ). . 94.4°
| Met=Arg-(ala100) | 1.6 | 40 | 30 5 47 91.3
7 47 98.5
8 47 100.3"
Met-Arg- (Leul00) | - 1.6 | . 40 30 5 47 46.9
S : - ' 6 47 36.3
- - - .47 51.2
8 47 84.8
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-51- Xaa at position 75 is A@n or 4du;
111111 Y2987 Xaa at position 77 is Ser or AI%‘,’TmSgé’(}ﬂg’s2 Xaa
at position 78 is @n, Asn, or Asp; Xaa at position 82 is An
Asn, or Asp; 5 Xaa at position 118 is Gy or Leu; Xaa at
position 130 is A n or 4du; 4&9 at position 134 is @n or Qu;
Xaa at-position 136 is Met, nethionine sulfoxide, Leu, Ile, Val, A a,
or Ay; 10 Xaa at p03|t|on 139 is A n or du; sai d protein
havi ng af~Teast one Sub3tituti g SeteqredfTonr e group consTstTmy—pf :
H's at posidi-@hgSbrbs7 ) geplla‘c§d W g Gin, jbsn Al g, (!ly 47 Ser, zgr 4Pro; 115
Trp at ppsition 100 is feplaced wth Ala . AgD, ST MET 331 BE, T|e,
Tyr, Ser| Thr, dy, dn} Val on Leu; ya gr ppsTrion M 1S
repl aced{with Ser, Asn, |Gy, His, Pro, ThH—gr—Yai74= =4
posi ti on[T02 s TEprated W tiT vy, 207 at—fosttTrontesS—Ts Teptated
with Al al met-arg-(a1a$d ulaty posifti gy 145 isg repl aged ;
at positjon 1e§h“@,replaced wi tth Lys qr Ser; -
Is replaged with Pro; Asp at positifﬂ‘%ﬁs"
or 25 Ay at posiffion 111 is reﬁlaced T 7AST
positi onf I3 TS TEpraced Wit Ao, G U, ASP, ASTT,
Ser, Thr} devard@aadal lorg Leug  4p or 3@ pharngcedticgjly accegt;agl e salt
t her eof . Leul00) 2. proteiln of CEMMEL Naviiyg ay 1 caghy Qne
substitufion selected fiomthe|group qonsistifg & 27 HSgat 3
position]|97 is replaced|with GQ|n, Asn,j Al a, V.8 Se; or Pr0-9§§3
Trp at pOSTTTOM 100 TS Tepraced Wt A g, G U, ASpP,  AST, vet—tTe=—Pnhe,
Tyr, Ser, Thr, dy, Gn or Leu;

The compounds are active in at least one of the

above biological tests and are anti-obesity agents. As such,
5 they are useful in treating obesity and those disorders

10

15

20

implicated by obesity. However, the proteins are not only
useful as therapeutic agents; one skilled in the art
recognizes that the proteins are useful in the production of
antibodies for diagnostic use and, as proteins, are useful as
feed additives for animals. Furthermore, the compounds are
useful for controlling weight for cosmetic purposes in
mammals. A cosmetic purpose seeks to control the weight of a
mammal to improve bodily appearance. The mammal is not
necessarily obese. Such cosmetic use forms part of the
present invention.

The principles, preferred embodiments and modes of
operation of the present invention have been described in the
foregoing specification. The invention which is intended to
be protected herein, however, is not to be construed as
limited to the particular forms disclosed, since they are to
be regarded as illustrative rather than restrictive.
Variations and changes may be made by those skilled in the
art without departing from the spirit cf the invention.
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-52- _ Al a at position 101 is replaced with Ser, Asn, Gy, His,

Pro, ThWQP6/23517 ' Ser at position 102 is repl ac RETHLIK/O

Gy at position 103 is replaced with Ala; 5 u at position 105 is
replaced with dn; Thr at p05|t|on 106 i m‘ ys or
Ser; Leu at position 107 is ‘1 aced w tﬁ“m m‘ “““m Asp at

position 108 is replaced with d u; Ay at*positiof 111 7s
repl aced wethifsp; or a 10 phar maceut i cal l y accept abI e salt t her eof .

3. A protein of the ForrruLa_g : (SEQ I D
NO 2) A Brotein °f the E@rmula 15)15 VaI Pro Ile d@n Lys
Val d'n Asp Asp Thr Lys Thr Leu HSEQ_yE:'NU 1) ¢ ’ 20

25 " Val Pro Ils3Raa" Lys| Va8 Wak fer Ady (Fhil EfsAS‘hrAsqy ltle 18§I“T1'HI s Thr dn
Ser V&l Skr Ser 20 5 35 10 - 40 45

Lys Gn L Va hr L Phe ro,d P : 50
55 %](Sf val TI:_L zﬁ%r : %a“sé‘rgp s %@’f e e &aThstjerw 1 8% %fal Tyr Gdn dn
Ile 25° 70 . 80 - Leu
Thr Sex Ws Raa I9GS VAY g-hAscm Va.leulzls@ 6ha IhleepﬁemﬁszrbuAsps Y Ile '

85 o o 35 90 40 095 30 Au Asn45|_eu Arg Asp Leu Leu H s
Val Leu Ala Phe Ser” Lys Se

110 = H¢ ISEE Iﬁ“oseﬁ YAl )éaagéépéaf E‘%‘ﬁ I'@l“uMI% ?:e"fYrA§?Ja % P d y GI y 35
115 15 120 - _ 125 : va®’Leu @ u Ala Ser Ay Tyr Ser
Thr d U Vedy Yalb sgraxglbrseéevmégg Xaa val 1143%ha Tle Xaa Xaa asplidhu

140 Le'.u G n Gy Ser Le'mG n Asp I\/Et Leu75Trp G n Leu Asp &eu Ser Pro 40

145
wher gj n: Q}E/i-‘ Xha Leu Ash 2gp IpmsP?Pdﬁ-szia} §-eBpNaorli’§F|%Prd=hs (ﬁerA@ﬁ*
Thr 0p05|t|on 27 is" c?ﬁtlonally Al a;-

His Leu Pro Trp Ala Ser Gly .Leu Glu:Thr Leu Asp-.Ser Leu Gly Gly

(1)

- 100 o _ 105 L 110
25 Vval Leu Glu Ala Ser Xaa- Tyr Ser Thr Glu Val Val Ala Leu. Ser;Arg
115 120 o azs o
Léu Xaa Gly Ser Leu Xaa Asp Xaa. Leu Trp Xaa Leu Asp Leu Ser Pro
130 - 135 " 140
30 e L S Coe :
le Cys o . . . - . (1)
wherein: ,
35 Xaa at-position 4 is.Gln or Glu;.. . .-
Xaa ‘at position:7 is Gln or Glu;
Xaa at position 22 is Asn, Asp or Glu;
Xaa at position.27 is Thr or Ala;. .
Xaa ' at position: 28:is Gln, Glu. or absent; .
40 : Xaa at position 34 is Gln or Glu;:. .- , :
Xaa ' at position:54: is Met, methionine. sulfox1de, Leu,
Ile, Val, Ala, or Gly; R .
Xaa at posgition 56 is Gln. or Glu;:
"Xaa - at position 62 is. Gln or Gluj:-
45 Xaa at position 63 is Gln or Glu;.

Xaa at position 68 is Met, methionine sulfoxide, Leu,
Ile, Val, Ala, or Gly:
Xaa at position 72 is Asn, Asp or Glu;



dn at position 28 is optionally G u or absent; Met at posit

54 is

d u,

at position 118 is optionally Leu; 5

é?lonally Al a; WO 96/ 23517
PCT/ US98
position 68 is optionally Leu;

or Asp; Ser at position 77 is optionally Al a;

1-said proteln having at [ east

i on

-53- PCT/US96/00952 et at
Asn at position 72 is optionally

Gy

one

B o o7 S e e o o g e NI TIRON
Trp at positio Na Gu As

Tyr,

Ser ,

100 |s re aced p,
Thrlkﬁ 4%5 Leul's Ser or Al?Ala at p05|t|on 101 is

replaced with wa, m:nncﬁly; di ¥8 is A, A‘Emré oRr A¥Bl;; 103 | Ser
osition 102 i epl_ac I at _position S
p %a[a & %é’ftﬁ%&%& 0 Gln,. C%\.r..?n:m%)r ésg -

replaced W th

u at "posi eplaced with Gn

Thr at>positi orkaF06 dts naspitdead W& s @ yoorSéeu ; Leu at posi
107 is repl aced(a\M thPisition 130 ASKIRL ROILi;0n 108 is replaced-with

d u;

position 138

20

1B E&PSHTEHT

at

tion

at_posi.tion is replaced with Asp; Trp at
g(ara\ép ]jéja G CLRs T BN/ Met, lle, Phe, Tyr,

Ser, Thr, GI y, Xdan, a\talpmu.em 136 is Ofet3 ﬂd&&h&&ﬁeﬂbi sal kyxagseptab) e salt
t her eof . val, A or Ay ; A protein of Claim3, wherein: ~Trp at
p03|t|on 168 S é l? r, Pﬁé ‘I'le, Val, or Leu; or Trp at position 138
is d¥0 Tyr, Pﬁ@a||a§ P@ﬂltamn 189, is $3n or Glu; . A protein of the

5

Asp Thr L§§18THF°E@UCPP§1E§§ ¥hPfi3s

30

Formul a | klkid proteln having at leafg one sﬁ§§€£&gkggh

Val Pro éél Ctec{/aﬁroé‘n
25

|| e Val Hilwr aAr gpddie iAsn 9Asisl replacel su‘nfhreﬁm Beh, VRl a Seg1Ser

15

20

25

30

35

Ser, or Pro;

Trp at position 100 is replaced with Ala, Glu, Asp, Asn,
Met, Ile, Phe, Tyr, Ser, Thr, Gly, Gln, Val or Leu;

Ala at position 101 is replaced with Ser, Asn, Gly, His,
Pro, Thr, or val;

Ser at position 102 is replaced with Arg;

Gly at position 103 is replaced with Ala;

Glu at position 105 is replaced with Gln;

Thr at position 106 is replaced with Lys or Ser;

Leu at position 107 is replaced with Pro;

Asp at position 108 is replaced with Glu; or

Gly at position 111 is replaced with Asp

Trp at position 138 is replaced with Ala, Glu, Asp, Asn,
Met, Ile, Phe, Tyr, Ser, Thr, Gly, Gln, val or Leu;

or a pharmaceutically acceptable salt thereof.

2. A protein of Claim 1 having at least one
subétitution selected from the group consisting of:
His at position 97 is replaced with Gln, Asn, Ala, Gly,
Ser or Pro; .
Trp at position 100 is replaced with Ala, Glu, Asp, Asn,
Met, Ile, Phe, Tyr, Ser, Thr, Gly, Gln or Leu;

Asp



35 ' Gn Lys Val Thr Ay Leu Asp -
Phe I1e Pro oy 20 | ﬂlﬂll'mlﬂlﬂﬂﬂlﬂ il W'SEI 2T

55 60 Leu Thr Leu Ser Lys Met Asp G n Thr Leu Ala Val
Tyr An dn lle 65 : 70 75

80 5 Leu Thr Ser Met.Pro Ser Arg Asn™V&~ Ile @ n Ile Ser Asn Asp Leu

85 90 95 G u Asn Leu Arg Asp Leu Leu Hi's
Val Leu Al a PheaBgratysosetid¥si0il0is replaced wit®0ser, asn, cly, i@

110 H's Leu Pro Tr\PiAIa Ser Ay Leu Gu Thr Leu Asp Ser. Leu'dy @y
115 Pro, Thr (9p Va 125 - -Val Leu Gu Ala Ser Ay Tyr Ser
Thr G u Val Val sétaateposetidMgldd is replacdksd with Arg; 135

140 Leu G nG%yaéeﬁol*fyigx-DlOAfpiAVErteﬁ‘lea%e-Hj%ighnéllglj-l Asp Leu Ser Pro

145 20 4y Oys | L ' (1)
wher ei ¥ Glu.af spesipben t1on By Tepkagrdoddhwicdn:G n, Asn, Ala, Qv,
Ser, or Pro; 25Thr at pJépcfénpp@stiém: de%i LARAESd Wit Befla, Gu, Asp,
Asn, Met, Il e g Ser(j dn,. Val, or Lleu; Al a
at position 101LFY ‘?Epﬁ’%% Gl tH 7Se’rs 13@?11‘3“'@@/"”11'11 hsPro:  pro  Thr or Val :

Ser at positionadp2atspoept beedl 08 tis Areplatfdd with G(Huy at position 103 is
replacedwith o] |srp|ace with dn;

Thr at position ?%Ganp?%f %ﬁéi#i ﬁ#)égﬁlaé%fg’ ch AspY eu at position
107 i L& epph@emawmhl@bly acceptablquﬁla:t C@@memfon 108 i.s replaced with

Gu; 35 Gy at position 111 IS repl aced mnth Asp,
3. A protein of the Formula¢(II).
. - (SEQ ID NO: 2) e
5 10 : - 15
15 wval Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile L.s :Thr
Ile Val Thr Arg Ile.Asn Asp .Ile Ser His Thr Gln_Se; Val Ser Ser
20 35 ' 40 7 . e L .
Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
50 - -1 T 80 s -
Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
65 R X I R o750 S 80
Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Léu
_ &s. . . 80, . e5
30 Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
100 . 105 110
His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
35 115 B 1200 azs
Val Leu Glu Ala Ser Gly Tyr Ser. Thr Glu Val Val Ala Leu Ser Arg
130 135 140
Leu Gln Gly Ser Leu. Gln Asp Met Leu Trp Gln Leu Asp Leu Ser Pro .
40 . E . - L. EIN .. - - . . N
. 145
Gly Cys . L . : S (IT)
‘wherein:
45 Asn at position 22 is optionally Gln or Asp;

Thr at position 27 is optionally Ala;
Gln at position 28 is optionally Glu or absent;
Met at position 54 is optionally Ala;



Trp at position 138 is replaced with Ala, G u, Asp, Asn, Met, Ile, Phe,

Tyr, Ser, Thr, dy, dn, Val or Leu; or a pharmaceutically acceptable
salt t heMQ26/235ty 6. A protein of C ai m 5PCRSP@PA9S2

Hi s at position 97 is repl aced- mnth dn, Asn, Ala, Ay, __.__ Ser, _or _Pro;
PCT/ US96/ 00952 . - 55- Trp at
position 100 is replaced with Ala, G u, “A3p, Asn, U"l“l)ml" ﬂlﬂaﬂﬂﬂﬂm
Ser, Thr, dy, d@n, Val, or Leu; Ala at positi d
with Ser, Asn, QMHt $t$pos1t1&ﬂ(%8_ﬁH dﬂtfﬁﬂallyS ; di at positidn

S replaced mnth an; positi_gn 106 I's replaced with Lys or
Ser; LASP At RRFIG IR 1'c?7 1:% %ﬁroa@ééy\/\ﬁlﬁ PPE; ASD; Asp at

pOSitiOﬂ 108 is seplacesbmigivrdw is optlonaIQQYAQE poskfloneﬁll k: As
replaced with As r | 1 S a u p, n,
ver orre, M ALy By Peggeion, L1l BRCRedlyoPépes 7

A proteﬁn of Cla|n16 wher ei n:

H s at position 97 is replaced

wth Ser orsfy@pddtein haviHa A RAT LAl éQBshﬁc&eE%CsQl&e&Q ay,
dn, Val, e, Le ositron 'S rep ace with
Thr; or the grOUHrFQﬁsﬁﬁi%QQrﬂﬁ *138 |s Ala Ile, dy, dn, Val or Leu.

20 8is &t pyed i TbrofoAns arplelced atifhlchhr orargh 7ala, ciherein
t he Cys at §osrt|o 96 Is di-sulfide bonded to the Cys at posrtron 146.
9. A protern off SBUID NO 4 25 (SEQ I D NO
4) 10 Trp at Bposition 100 is repllaced with Ala, G186, Asp, Asn,

15

20

25

30

35

40

Met, Ile, Phe, Tyr, Ser, Thr, Gly, Gln, Val or Leu;

Ala at position 101 is replaced with Ser, Asn, Gly, His,
Pro, Thr, or Val;

Ser at position 102 is replaced with Arg;

Gly at position 103 is replaced with Ala;

Glu at position 105 is replaced with Gln;

Thr at position 106 is replaced with Lys or Ser;

Leu at position 107 is replaced with Pro;

Asp at position 108 is replaced with Glu;

Gly at position 111 is replaced with Asp:

Trp at position 138 is replaced with Ala, Glu, Asp, Asn,
Met, Ile, Phe, Tyr, Ser, Thr, Gly, Gln, Val or Leu;

or a pharmaceutically acceptable salt thereof.

4. A protein of Claim 3, wherein:
Trp at position 100 is Gin, Tyr, Phe,:lle, val, or Leu; or
Trp at position 138 is Gin, Tyr, Phe, Ile, Val, or Leu.

5. & protein of the Formula III:

{(SEQ ID NO: 3)
5 10 15
Val Pro Ile Glin Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr

20 ' 25 . 30
Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val Ser Ser

35 40 45
Lys Gin Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile



Val Pro Ile dn Lys Val G n Asp Asp Thr Lys Thr Leu Il e Lys Thr
20 “W"”"I"l"ﬂﬂ ﬂr Ile VaI Thr Arg Ile Asn Asp IIe
Ser H swirg6/ 53517 Ser VaI Se ll ’"I PCT/US96/48952 - .
45 Lys G n Lys Val Thr G y‘Let A5p sPhe IIe Pro Gy Leu His Prolle 35
50 55 60 Leu Thr Leu Ser Lys Met Asp Gn
Thr Leu Ala Val Tyr An dn lle 6554~ 70 75
80 Leu Thr Ser Met Pro Ser Arg Asn Val Ile An Ile Ser Asn Asp Leu 40
85 90 - ,95 . GQu ggn Leu Arg Asp Leu Leu Hi's
Val Leu AlL%JP%@r @.%(1 MSL%rb‘ag’ﬁsu uln Thr Leu Ala V;p r Gln Gln Ile 105
110 WO 96/ 23517 Cf/U896/00952
- 56- 65 Hs Leu Pro Al &3Al a. Ser Gy Leu'/Glu Thr Leu Asp. S Leu Ay Gy
115 5 Leu Thr Ser]M¥): .Pro Ser Arg Asn Valogle Gln Vg SEeuAs@ QSWI@uSer Ay Tyr
Ser Thr Au Val Val Al a Eeu Ser Arg 5 'g - 130" ég 135
140 éﬁ‘d £ 181Ya %r w4, B ML LE8U LM B Lﬁ}é Pz{y u Ser Pro
145 10 % r%\e;vﬁe :L| N tﬂ"e s at polé{bl‘tlone is di- fi de bonded
to theo Cys at position 146; “igg a pharmaceutitally acceptable salt
t hereof . HikSLeu Pro Trp Ala SeEOGlJALpHOGEu ThofLeSER:Y lehKLedSGly Gly
(SEQ ID NO 5) 5\ 2 5 o 15
Sl pro "&l%eu%si ya Serfalesw%é ! gxs quvéheilﬁ'mt 5 Ty, 20
5 _ _ '
©130 - - 135 140 -
Leu Gln Gly Ser Leu Gln Asp Met Leu Trp Gln Leu Asp Leu .>er Pro
145 '
20 Gly cys (ITI)
. wherein:
His at p051tlon 9/ is replaced with- Gln, ASn;aAla, Gly, -
Ser, or Pro;’ ' ' o
25 Trp at’ pos1tlon 100 is replaced with Ala, Glu, Asp, Asn,
Met, Ile, Phe, Tyr, Ser, Thr, Gly, Gln, Val, or Leu;:
Ala at position 101 is replaéedlwith'ser, Asn, Gly, His,
Pro, Thr or val; ' S " '
‘'Ser at position 102 is replaced with Arg; -
30 Gly at position 103 is replaced with Alaj;
Glu at position 105 is replaced with Gln;
Thr at position 106 is replaced with Lys or 'Ser; -
Leu at position 107 is replaced with Pro;
Asp at position 108 is replaced with Glu;
35 Gly at position 111 is replaced with Asp;
Trp at position 138 is replaced with Ala, Glu, Asp, Asn,
Met, Ile, Phe, Tyr, Ser, Thr, Gly, Gln, Val or Leu;
or a pharmaceuticallyzaéceptableesalt thereof.
40 ' ' ’

6.. A protein of Claim 5, wherein:
His at position 97 is replaced-with Gln, Asn, Ala, Gly,
Ser, or Pro;



|3I5e'VaI Thr Arg IIe4ésn Asp lle m‘\m‘\ﬂm mﬁ‘\wgea Xa:_ySirg,?.)iZ';F%ogg%y e

Asp PheVPP&2L QG y Leu Hi s Pro I*I ec25- "

60 Leu Thr Leu Ser Lys Met Asp G n Thr Leu AI a Val Tyr An dn lle
65 70 79 80 30 Leu Thr
Ser Met Pro Ser Arg Asn Val Ile dn Ilebéer Asn Asp Leu

85 90 95 G u Asn Leu Arg Asp Leu Leu

H s Val Leu Al arfheatSepodisiGerl@ysis Ibeplaced with A1400G1lu, Asp, Asn,

ég? Leu GMEtG Ile, ]érPe, _*H'§ %eurl’ﬁtroﬁy A(‘Eﬁls zablG yorl‘%é G u Thr &gg Asp

Val Leu Au Al aA&ra*G pogifi @érl%rlﬁ renvercad|witta Sew, Sen A@Lwo His,

%/g? ] TPrOG'I Thr gisAsalal or P 140 Leu GI n g/y Ser L\% an AtsE
ey Trp A n_leu er_ Pro s erein the
Cys at °positior® g‘fi ?s S’s‘fﬂ"?l? d%o%olrﬁeﬁe??]oa‘f% Witn G 5 at position 146;

or a pharnmaceuttierl &ty pestpiabl E06alé tdereodd witid) Lvs or Ser; 11. A
protein of SEQ DN%. L oses . - . . (SEQID NG 6)
5 ﬁeu i SESltlon 107 is ﬁ%placvd Wlt%MF@%VZSSl?

PCT/ US96/ 00952 Asp at position 108 is replaced with Glu; -57- Val

Pro Ile @ n Lysgjal a@5ﬁ0£§@1&§plirfr1§-y§e%f5cé§%il}eA\%ﬁf TCEII Ar

20 Ie Asn Asp
Ile SéP Hi s ThrTXPRBPovhFicR 1 ris pla, Glu, Asp, Asn, Met,
Phe, Tyr, Ser, Thr, Gly, Gln, Val or Leu.
7. A protein of Claim 6, wherein:
His at position 97 is replaced with Ser or Pro;
15 Trp at position 100 is replaced with Ala, Gly., Gln, Val,

Ile, or Leu;
Ala at position 101 is replaced with Thr; or
Trp at position 138 is ala, Ile, Gly, Gln, Val or Leu.

20 8. A protein of any one of Claim 1 through 7,
wherein the Cys at position 96 is di-sulfide bonded to the
Cys at position 146.

S. A protein of SEQ ID NO: 4:

25 (SEQ ID NO: 4)
5 10 15
Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr

20 25 30
30 Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val Ser Ser

35 40 45
Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile

35 50 55 60
Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile

65 70 75 80
Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu
49 '
85 90 95
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys

100 105 110



35 40 \4tys @ n Lys Val Thr Gly Leu

BP o e ol o e Fro ugmw:m MU - oy 1

65 ' 70 Leu Thr
Ser Met Pro Ser Arg Asn Val Ile Gn IIe Ser Asn Asp Leu 15

85 90 -3 G u Asn Leu Arg Asp Leu Leu
H s Val Leu Ala Phe Ser Lys Ser Cys 100

105 His Leu Pro 410 ala Seﬁ'@yl—@tﬁ B[@ Thi PLY §s§@erQ% b@y d&yu Thr Leu
Asp Ser Leu Ay dy 20

125 Val Leu @3 Ala Ser d y Tmo Ser Thr Qu Val2sVal AI a Leu Ser Arg
130 .. Val Leu Glu p2& Ser Gly Tyr Ser Thr 1340 ‘Q@. Va]._eﬁ}a@]..qp €y Bor Leu A n
Asp Met® Leu g&g A n Leu Asp LeLi ger Pro é Gly Q/s

wherein th tiQn f 0 o, Cys at
position 1%% 15}3%?1( e%h%?’ﬁég ul?éltcgﬁ Tlrgc%%pta %ggsa gteﬂereof

12. A protein of -SEQ I D NO 7 . (SEQID
NO 7)1@5 Gly cys 15

gg' Pro Il@hg¥@1Py§h§abyg;QtpﬁgsfﬁfbﬂT§6lig;&T" 4#%%@? ﬁ%dTEB fhe Aoh Asp

Ile Ser Hi SY$hRtGPASSELOWal4&er Ser 40 - 40
45 LY§r($nph¥§mHabuEbéaﬁy é,ecleﬁwof&lesatﬁ d?feQ‘thy Leu His Pro lle
50 - 6045 - Léu Thr Leu Ser Lys Met Asp
A n Thr Leu Al a Val Tyr Adnd@nlle - . 65 . 70
75 15 ao. A pxt_csl,ei'lfhroS@rEQVEﬂD Moo Ser Arg Asn Val Ile dnlle
Ser Asn Asp Leu 50 0: 90
95 G u Asn Leu Arg Asp Leu Leu I$s \_@ﬂ Leu Al a Phe Sgg Lys Ser Q/s
100 Val Pro Ile £@h Lys Val Gln Asp Asp Wk Lys Thr Leu Ile Lys Thr

20 D20 - L S 25 . .30

Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val Ser Ser

35 Y 45.
Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
50 55 60
Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile

65 © 70 o 75 80
30 Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu

85 90 | 95
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys

35 100 © L 105 0 oo 110
His Leu Pro Gln Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly

L1158 .20 . 125 |
val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
40 - : '

' 130 . .. 138 140 _ o
Leu Gln Gly Ser Leu Gln Asp Met Leu Trp Gln Leu Asp Leu Ser Pro-

145
45 Gly Cys

whereln the Cys at’ pos:Ltlon 96 is di- sulf:.de bonded to the
Cys at posn:lon 146 '
or a pharmaceutlcally acceptable salt thereof

50 | 11. A protein of SEQ ID NO: 6:

(SEQ ID NO: 6) _
5 10 - 15 .



His Leu Pro @n Ala Ser dy Leu y dy 55
N omosEy |||||||l |||||FH||| Il lﬁllT vo ?ngiiifus%mz Leu G

Ala Ser Ay Tyr Ser Thr du Val Val N a Leu Ser Arg 130

135 140 Leu Gn Gy Ser Leu G n Asp Met Leu Gn An Leu
Asp Leu Ser Pro 5 145 Ay Cysd7- wherein the Cys at position
96 is di-sulfide bonded to the Cys at position 146; 10 or a _
phar naceutq,glalpg.y AcCeN bl e-Ssaki, ther o A protein
of SEQ I D NO ? B RS 1ys Thr (Ls‘éineDLKﬁ).l’%&

5 100 245 15 Val Pro Iie dn Lys Val dn
Asp Asp. Thild {sl Thw ke IR eAdnydsdhile Ser His Thr Gln Ser2l Ser Ser 25
30 511e val Th, Arg Ile Asn Asp Ile Ser Hs Ala Gln Ser Val Ser Ser 20
igp Phe | IIéySPIg(l)n éys f ﬁrSGllgr 86\11 lAsp Phe §1e Prgolﬁly LeunH gré/ailleTgrS Ay Leu
60 Leu Ty Leu Ser Lys MegsAsp G n Thr Leugfla Val Tyr Gn An lle 25

65 10 Leu Thr Leu/fer Lys Met Asp Gln ThibLeu Ala Val Tyr Gln c8b Ile Leu Thr
Ser Met Pro Ser Arg Asn VaI IIe G@n lle Ser Asn Asp Leu

85 95 30 75d u Asn Leu Arg8Asp Leu Leu
H s Val Le‘cF“AFQr Pitg "é%tr Pfaé%eﬁrwn Val Ile Glin Ile Ser jhgy Asp Leu 105
110 315 85 90 95
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
100 105 110
His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
20
115 120 125
Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
130 135 140
25 Leu Gln Gly Ser Leu Gln Asp Met Leu Gln Gln Leu Asp Leu Ser Pro
145
Gly Cys

wherein the Cys at position 96 is di-sulfide bonded to the
30 Cys at position 146;
or a pharmaceutically acceptable salt thereof.

12. A protein of SEQ ID NO: 7:

{SEQ ID NO: 7)
35 5 10 15
Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr

20 25 30
Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val Ser Ser
40
35 40 45
Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile

50 55 60
45 Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile

65 70 75 80
Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu

50 85 90 95
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys

10¢ 105 110

c His Leu Pro Gln Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
5

115 120 125



H's Leu Pro Ala Ala Ser Gy Leu' Gu Thr Leu Asp Ser Leu Gy dy 35 -
ser e vasmmval Aa Leu ser INIIIIIIME “ © ‘ecrmsososss *. ™"

140 Leu Gn Ay Ser Leu G n*Asp Met Ledf Trp G n Leu Asp Leu Ser Pro
40 145 . Gy Cys \/\herelnthe Cys at position 96 is di-sulfide
bonded to the Cys at p05|t|on 146755 or a pharmaceutical |y
acceptabl e salt thereof. 14. A protein of the formula:
Met- Rl err] vA/ﬁlLeer@ld hea X2 ¥ T2l sgmahé&nuﬂﬁa AR dds Ldfirsdep-d i e

1 Lys Thr Ile Val Thr Arg Ile
Xaa Asp lle Sér30H| S Xaa Xaa SerlBS’aI 15 140 . 20

25 Leu Gln Gly3@er Leu Gi '\/\@sg@ﬁez;ggg}y Gln Gln Leu Asp p@:]‘/S{gggB¢<E)0952

-59- 5 14§er Ser Lys Xaa Lys Val Thr Gy Leu Asp Phe Ile Pro Ay Leu H's
35 40 _ .45 5 Pro IIe Leu Thr Leu Ser Lys Xaa
Asp Xaa Thr {eu Al d Val Tyt Xaa

60 Xayhpreipebhhry Sept )@%SF*FbOfSe% A&% @Qa%ﬁ‘-\laﬁqu éog(éﬁeﬁdr ItéJ )(efb? Xaa

65 Cys at pdQition 146; - 75 10 . Asp Leu Gu Xaa Leu Arg Asp

L L Hi Val 85
0 %Slag Csspﬁfgmfgﬁugpga%ﬁb a\%/%e%%?b@ f%e'ij BT Leu Asp Ser Leu 15
95 100 - 105 -~ 110 . . dy.dy Vval

Leu Qu Al a Ser Xaa '{w §§ %}_relq Lbf}/egEQVaHD ,ﬁoa lgeu

(SEQ ID NO: 8)
s 10 15
15 Val Pro Ile GanLys Val Gln Asp;AspﬂThr Lys Thr Leu Ile Lys Thr

20 . 25 30
Ile Val Thr Arg Ile Asn Asp Ile Ser His Ala Gln Ser Val Ser Ser
20 35 B 40 _ 45 _
Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
50 55 60
Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
25
65 S 70 - .. .15 - S 80 .
Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu
85 - _ .. 80 . : . 95 |
30 Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phé Ser Lys Ser Cys
100 . - 105 . 110
"His Leu Pro Ala Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
35 115 120 125
Val Leu . Glu Ala-Ser Gly: Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
130 : 135 140
Leu Gln Gly. Ser Leu Gln Asp Met Leu Trp Gln Leu Asp Leu Ser Pro
40 : N e
145
Gly Cys

wherein the Cys at pos:.tlon 96 is di- sulflde bonded to the
Cys at position 1467 _ )
45 or a pharmaceutlcally acceptable salt thereof

14. A protein of the formula:

Met-Rl—Val"Pro Ile Xaa Lys Val Xaa Asp Asp Thr Lys Thr Leu Ile
1 5 : 10

50 ' g Lo

Lys Thr Ile Val Thr Arg Ile Xaa Asp Ile Ser His Xaa Xaa Ser Val

15 20 - 25 30



115 120 — 125 20 Ser Arg Leu Xaa Gy Ser Leu

Xaa Asp Xaa Leu Trp Xaa 130 135
140 WO 35 o g y Wslﬂ!'lnﬂm"l“m "mz"i!*ﬁ wher ei n: PCT’US%’“"”@[ err]
is any am no acid except C L M s aa at position 4 is Gn or 4du;
Xaa ~at position 7 is d@nor Qu; 30 -, Xaa at position 22 is Asn, Asp
or du; Xaa at position 27 ié Thr or Al a; Xaa at
position 28 is @n, Au, or absent; Xaa at position 34 is G n or
G u; Xaa at position 54 is Met, nethionine sulfoxide, Leu, 35
Il e, Val, SAr SerokyG¥pa Lys Val Thr K3y Leat Ag{osﬁh?i bie 560 EyG-em didsd u;
Xaa at position 62 is 8&n or Qu; 4 Xaa at posif?on 63 is A@n or
A u; Xaa at positiaon 6§ is, Me t.hi opi.ne sul foxide, Leu, 40
I'le, V%I , Pﬁ)a{leo?ehé%;' Bel?'sex Hys %33 és t%%&(l)rs)if131 if(’)enu ?gaigiA%ﬁ“, ASp or du;
Xaa at position 75 1is Gn or Gu; Xaa at position 77 is Ser or
Al a; Xaa IleXaéu Tak PaSiXkkOFro/ 8ok Arg Raa ABN, I XAS[LledBaa Xaa Xaa at
position 82 is Gn, Asn, or Asp; 79 Xaa at 7position 118 is Ay or
||5€C_LII_} 15096/ %@ V\Q Cg;gé 2}(22117@&1 Arg Asp Leu Leu His Val Leu AI%OPhe Ser Lys X
F'U . 85 99 1134 i aa at
position 130 1s An or 4du; Xaa at position 134 is An or du;
Xaa at pesttdy@nuist.uSpMeirrpNBiNiseRidie sbth foaui H8 th€lhsp ser lleg, Val, Ala,
or Ay5 595 Xaa at pogibbion 139 is A ni1ws G u; saiidoprotein
havi ng at | east one substitution selected from t he %roup consi sting of:
H s at poStYidy U7l ileur bt ddedSst a2 YT, Sas Thrfle Vel Walipla e or Pro:;
Trp at position 100 is tebl aced with Al at?8 u, Asp, Asn, 125 Met, Ile, Phe,

Tyr, §@I‘, sI?rArquXu )@anGlyv%lerOEed-gué Asp Xaa Leu Trp Xaa Leu Asp Leu

130 - 135 1140
Ser Pro Gly Cys
145
25
wherein:
Rl is any amino acid except Pro;
Xaa at position 4 is Gln or Glu;
Xaa at position 7 is Gln or Glu;
30 Xaa at position 22 is Asn, Asp or Glu;

Xaa at position 27 is Thr or Ala;

Xaa at position 28 is Gln, Glu, or absent;

Xaa at position 34 is Gin or Glu;

Xaa at position 54 is Met, methionine sulfoxide, Leu,
35 Ile, Vval, Ala, or Gly:;

Xaa at position 56 is Gln or Gluy;

Xaa at position 62 is Gln or Glu;

Xaa at position 63 is Gln or Glu;

Xaa at position 68 is Met, methionine sulfoxide, Leu,
40 Tle, Val, Ala, or Gly: .

Xaa at position 72 is Asn, Asp or Glu;

Xaa at position 75 is Gln or Glu;

Xaa at position 77 is Ser or Ala; .

Xaa at positien 78 is Gln, Asn, or Asp:
45 Xaa at position 82 is Gln, Asn, or Asp:

Xaa at position 118 is Gly or Leu;



Ala at position 101 is replaced with Ser, Asn, Gy, His, Pro, Thr, or

Val ; 15 Ser at position 102 is replaced with Arg; (§¥ at
posi ti o887 epl aced with Al a: Gu at positi SFTHEEEPYSE op aced
with dn; Thr at position 106 is replaced with Lys or Ser;

Leu at position 107 is replaced wth-Praq Xy 20

p—ar‘pUSTTTUn—tﬁB—TS
replaced with @ u; Ay at positi‘on 111 is rem
Trp at position 138 is replaced with Ala, du, Asp, r{m Dl“l“] , Hthe
Tyr, Ser, Thr, &y, &Npo¥at:®n 130.is @ or Glu;

Cl aim 14, wher ej n R A process of. making

e _
a protein of an 3Bne %féOSlttf %%4 l%ﬁ%%hdﬂ:f§*Lmhlch conpri ses:
(a) transform njaa hastpegiti QthbQW@$tMEH aertddenide sulidoprideei heof any

one of O ak{s, I4hroygh . g%.é§9d protein. havi ng an optional |eader
sequence; cul turing the host ceII and isolating the
protei ? encoded¥fd S?Epp?%& 1Qmdl3Dpts Shidt 19K, G S (c) cleaving

enzymatically the | eader sequence to 35 produce the proteln of any one of

gt?}gggélggéggggrételn hav1nc\M%£aea§% one substltuté?n selected from 17_

The processhefgtbap neditsisigreiatt he | eader " sequence is Met-Rerr]-

18. The processy AheF e d&afefie e S ug Ge hgaMek1 iV g-.
19. A pharnaceutlca%%fornégg%lon Wﬁl ﬂﬁ%onprlges L g ote?ﬁ'asjg alned
in anyOneS8¥: Pai 21 t hrough 13 together with one or nor e

ggar Xacem i gal Lyrpceeppabigldﬁ) 160 |1§I‘L'F]épla£‘c%d’ Wllth (maegelml enkp, t Rengef or.
et (0] es I.C (0] Ses amnlsterlng to a
mammal i n Negd F% 2% €q eé%% é; |ﬁ§ ‘i X3 An§ToHEY6f aims 1 - |

t hrough 13. Ala atgpositlon 101 is replaced with Ser, Aasn, Gly, His,
_ Pro, Thr, or Val;
15 Ser at position 102 is replaced with Arg:;

Gly at position 103 is replaced with Ala;
Glu at position 105 is replaced with Gln;
Thr at position 106 is replaced with Lys or Ser;
Leu at position 107 is replaced with Pro;
20 Asp at position 108 is replaced with Glu;
' @ly at position 111 is replaCed'with Asp; or
Trp at position 138 is replaced with Ala, Glu, Asp, Asn, Met,
Ile, pPhe, Tyr, Ser, Thr, Gly, Gln, Val-bf Leu.

25 - 15, A protein of Claim 14, wherein Rl is Arg.

16. A procdess of making a protein of any one of
Claims 1 through 13, which comprises:
(a) transforming a host cell with DNA that encodes
30 the protéiﬁ*of any 'one of Claims -1 through 13, said protein
"having an optional leader sequence; -
(b) culturing the host cell and isolating :the
protein encoded in step (a); and, optionally,
(c) cleaving enzymatically the leader sequence to
35 produce the protein of any-one of Claims 1 through 13.



21. A protein of any one of Claims 1 through 13 for

R | 1T E————

10

15

-51_

_ 17. Thé process of Claim 16, wherein the leader
sequence is Met-Ri-.

18. _The_process of Claim 17, wherein the leader
seguence is Met-Arg-.

_ . 19. A pharmaceutical formulation, which comprises
a protein as claimed in any one of Claims 1 through 13
together with one or more pharmaceutically acceptable
diluents, carriers or excipients therefor,

20. ~A-ﬁéthod of treating obesity, which comprises
administering té a mammal in need thereof a protein as
claimed in any one of Claims 1 through 13.

21. & prateln of any one of Claims 1 through 13
for use as a pharmaf&utical agent. :
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