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NGRLAL B afpdikliod of increasing the efficacy of a
reconbi'nant therapeutic peptide or protein in a

subj ect. The nethod includes joining the
Within the scope of this invention is a composition comprising the aforementioned

fusion protein or a nucleic acid encoding the fusion protein. The composition can be a
pharmaceutical composition that contains a pharmaceutically acceptable carrier or a

food composition that contains a dietarily acceptable carrier. The composition can be



reconmbi nant protein to a segnent containing SEQ I D NO

1 or a functional equivalent thereof to forma fusion
w@e@reissichi mera; and determ ning the efficacyPcf/usives/011276

fusion protein in a subject. The therapeutic peptide

or reconbi nant protein has a therapeutic effect on

di abetes or obesity or both. The fusion of SEQ | D NO
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features, objects, and advantages of the invention
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biologically active only until after their propeptides
re cleaved off. In addition, |large size protei
T dpeario biern Sty DRyt Miora
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FREMPUHGFPER A SN OB PUiES HY T \Dh O R Tneony
bR d1¢ht Bleredf R BAE b FsRnPEAEiR] ddd dererdiniig thd halfSlifé usthel fusion
Al'sg, unexpectedly, Leptin or its tunctionag h p
BEPLRIRY Y Ay o PPt Beriide BY I5PURTIRaN! PIGISIR Rasgyihgrppeutic
Bir@ach MBetBeRbEgs, but al so enhance the activity of
each other. In addition, when GLP-I or its anal ogues,
PYY, or anylin used together with Leptin gin a fusion
Fhotnepntionralsa deapures iagtherbefdnaignsias theatiticagy ot § %O@P*“am
. eC
BENBLQe RHARM: Sudilin BOFNIRLODhe HBHOUHRIIENURAhe

app Intake or others. This Wwas unexpected
sdcnmbinant protein to a segment containing SEQ ID NO: 1 or a functional equivalent
thereof to form a fusion protein chimera; and determining the efficacy of the fusion
protein in a subject. The therapeutic peptide or recombinant protein has a therapeutic

effect on diabetes or obesity or both. The fusion of SEQ ID NO: 1 increases the



use of commercial G.P-1 or reconbinant |eptin al one
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wore@elo1§6our pil ot experinments). Thus the concuPCENS$2006/011276
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di abetes. For exanple, as shown in the exanpl es bel ow,
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' iRtdkferdh ’
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ents may haye ad ti | .therapeutic
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hﬁihﬁiem}l@dégérﬁfll&f RRES 1,amyliN @S Beptide KTYN@ YV )Jbrist fandtiopdl
resi due at position 28 {Zhang et al, supra, at page
Aggvilentone can al so use the reconbi nant human Leptin
protein analog as set forth in US Patent Application

2002020w8 3thé %@at ﬁ-t@gmzﬁ ploR&K Risfoh to MPilosdlive gfbtte% Bfgen( 1)
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other.

In addition, when GLP-1 or its analogues, PY'Y, or amylin used together with Leptin

(in a fusion protein or not), they have more than additive or synergy effects on body



nunbering of SEQ ID NO 1, one may substitute with
anot her am no acid one or nore of the am no acids at
weomrvissns 32, 35, 50, 64, 68, 71, 74, 77, 89,PCWUSHONI11276
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ey SRS | @R R0k SRR,
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forms as GLP-1 (7- 36) and GLP-1 (7-37). The peptide
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for proglucagon. Initial studies of G.P-I

biological activity utilized the full length
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Murine Leptin protein is substantially homologous to the human Leptin, particularly

as a mature protein, and, further, particularly at the N-terminus. One may prepare an
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anal ogues under devel opnent i ncludi ng hunan Genone

Science's albumn fused GLP-1. Peptide YY and Anylin
w@ewrdes19G_P- 1 anal ogues, peptide YY (e.g., GepBaNE2006/011276

Accession No. P10082), anylin (e.g., GenBank Accession

No. P10997), and many ot her polypeptides or proteins

are also potential "anti-obesity" or "anti di abetes”
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giorgafithd Amino adiddAt Poditicis G2.y35] §0F64,F68; T pu; , 3939@ 10D, 105
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Retlieppin pretqisdmakamicr 4/3 )Bp i0ck@| lﬁlﬁpll‘xsnli@r Comap {995 é%Q‘WD
%%ﬁhes@ rﬁ%ﬂf@? Leﬂtﬁ’irp%tgﬁ (@W&tbﬁ‘t Aﬂpﬁ&ﬁkn b@(g026‘383|7ﬁ(ﬁh laldo

SEQ ID NGO 15)" were ‘al so nade. These chineric

bchesred pehese bep@g@mt@nh@ff@r fmhum@ﬂeﬂmlwwﬁw dgegimbper of
?ﬁs@}ﬂ%ﬁ €heth C)hsu%tP ite with Afbthé Rinidd %}(f)d?@ or FBfe XRMYifo acids

I merli agents are nore st e in Vvivo thanLeptln
airth@e Biviergehiapesitikiste pradscepleptin pralogons Slieer @nalegsinmmytbieon,

g}eggrac? F g4k aﬂ;p[ oﬂl{] g%‘f@i aflnotaPR s& H&r S&: ?Qlt’ \%}l#aQﬁt

Yerent from t concurre use o6
Applicaticu2003020388 U Ivdsch is mneipyrated by v%’eromcean al ogues of
| eptin and GLP-1. Anal ogs of Leptin, G.P-1, peptide
Cca lin.cor. biologically active fragnments
(8) 1K€ '€ — . . 7 .
ed in this invention. The sequence
of each analog differs fromthe wild-type sequence by
Gﬂ&a@fnsmké Peptida s & (WER-1 ) e.gatianef @@BdnlSAb&tsil(tnﬂN 0.0R0$27TL is

on I .nore cons ive.,
e w.latﬁgmaﬂeé@%wns@s Hb? priRGiRlF oG @‘%ﬁma%@ Ro (-
a@canu Pt §7-37) Ot 1RGepile vas it ﬂdenmﬁe’ﬂrfencfvmhg ﬂwlc[tglrtgaiﬁ D&NAs
list suitable am no. acid s;?g%@tutlons

enshasepiar proglugggond Nkl sidigs b OBy i s ful
Raphace rminhhexdide PforfEdfGLP-1 (amino acids 1-37 and 1-36). The large

GLP-1 molecules were generally devoid of biological activity. Later, in 1987, it was
found that removal of the first 6 amino acids resulted in a shorter version of the GLP-

1 molecule with substantially enhanced biological activity.

The majority of circulating biologically active GLP-1 is the GLP-1 (6-36), with lesser
amount of the bioactive GLP-1 (7-37) form also detectable. The N-terminal is an
important locus for regulation of GLP-1 biological activity since dipeptideyl peptidase
(DPP-1V) mediated cleavage at the position 2 alanine leads to degradation of the
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Alanine A Gy, Ala, Cys Arginine R Lys, Mt, He,
Asparagi ne N Asp, GQu, A@n, Aspartic Acid D Asn, du,
w@w7aystei ne C Met, Thr d utam ne Q Asn, G u, PEEPS2006/011276
GQutamc Acid E Asp, Asn, Gdn dycine G Ala, Pro,
| sol eucine I Val, Leu, Met Leucine L Val, Leu, Met
Lysine K Arg, Met, He Methionine MHe, Leu, Val )
Preidy: | GILRxh amdogesTyith poditon 2pianimereaged withgliiamiae o valpe
Met , . onine T Ser, Met, Val The fusion protein
S?Cr%lsésg‘éofP%%g\?her ein may be derivatized by the
attachnment of one or nore chemcal noieties to the
BLEt Ehas anidRbstes ahd anti-obexitg pdtentiatip berfefieid! eféectsvEdrieyansple, it

be further for, ted for,_ intraarterial .
Aitygens poRine, Wit Paa st ar Mt SRkl ties avpete
kb8 Y&JAqkSke; @fiddansdddsalcell piolviip Maesy efftapare al great intelegito
routes of adm nls%%t I O%Chem cial. rmt?(iF%i cation of ¢
Bhasmagsubieal FOMBANES MBIt ET RECHIE SHRRANPIRERT T8 B Vi de
A PLT LPB@for ARVARY AAOBedit delsted RUicalidhs NGNGBRI ASS ,
such as increasing the stabil i%y aFd circulati qn t'bEFI
develaped pnpshes wgrrangibh-di A st e pE £8mpgyics now have GLE-
W@Q@rﬂe%éﬂ% 84 itdlwtingTRinan Rnofte $¢i8n03% Albumin fused

uchowski et aR, in Enzynes as Drugs. (J. S.
KdiPckr berg and J. Roberts, eds. pp. 367-383 (1981);
Francis, Focus on Gowh Factors 3: 4-10 (May 1992)

ubid i di script, Muntview Court, Friern
%%Tﬁ ef’ﬁ%ﬂ%‘%ﬁ‘g{ﬁdon N20, OLD, UK). Chem cal nvoieties
suitable for derivatization may be sel ected from anong
\Basile GLRvh bealogies, phtile YOI (eraeGenBatleA prsbsjeneiNo.$dP@Eed

e

@rotéinoarerelsd potBitiaf Gmntivbysity? or “anth dinbgietagentuane mey hetfased to

nd- pr oduct,. pr.epar.ati.on, the I [ "
T st FHBERABP S BR sElveoBgrore iy ative
\wttidn dpeyrbdyersione deinedd mbleeuld @sinager of fact, Amylin

Pharmaceuticals is currently marketing amylin (commercial name Smylin) for

diabetes and obesity related indications.

As described herein, a number of fusion proteins of Leptin and anti-obesity proteins
are generated. Examples of them include a monomer form of GLP-1-3xGly-Leptin
(SEQ ID NO:4), a dimmer form of GLP-1-3xGly-IgG1 Fe-leptin (SEQ ID NO:5),
(G8-or V8-GLP-)-linker-Leptin (SEQ ID NO:10), a dimmer form of GLP-1 analogues
(G8- or V8-GLP-1)-linker-IgG1 Fc-leptin (SEQ ID NO:11). In addition, peptide YY
(3-36)-linker-Leptin (SEQ ID NO:12), a dimmer form of peptide Y'Y (3-36)-linker-
IgG1 Fe-leptin (SEQ ID NO:13), amylin-linker-Leptin (SEQ ID NO:14), a dimmer
form of amylin-linker-IgG1 Fe-leptin (SEQ ID NO:15) were also made.

These chimeric therapeutic agents have additional advantages as compared with GLP-

1 and leptin alone. For example, the chimeric agents are more stable in vivo than
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will be able to ascertain the effect on function. One
may nono-derivatize, or may provide, for a di-, tri-,
W0 edorai860Y sonme conbi nati on of derivati zati on, P@u/Uk2obére11276
same or different chem cal noieties (e.g., polyners,
such as different weights of polyethylene glycols).
e proportion of polynmer nolecules to protein (or

depeineie) nol edof es wiliPhevlyy, as will their

concant rafl on n + In roanct i AN m vt Ur-e- I | naner |
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=R=that—there—ts—mo—cxcess—urreacted—protetrr——of
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e rige
ARy Ree £, PR NS D s RUlop SRR e I s e
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]l[yg 1|¥[llgﬁeaély%prl] %%Ecﬁyx%%’ %f e[mylene glyc\él/g ch);r)}IIIfeAng o?n of the
carboxymethylcellulose, dextran, polyvinyl alcohol, polyvinyl pyrolidone, poly-1,3-

dioxolane, poly 1,3,6-trioxane, ethylene/maleic anhydride copolymer, polyaminoacids

14



pegyl ated material from a popul ati on of pegyl at ed
protein nol ecul es. Selective Ntermnal chem cal
wor@i701ssad | on may be acconplished by reducti vePCT/US2006/011276

al kyl ati on which exploits differential reactivity of
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polymer is branched Cr unbranched, and the reaction conditions.

15



(e.g., lactose, mannitol); incorporation of the

material into particulate preparations of polyneric
we@oempowsds such as pol ylactic acid, polyglycol PCT/a8i0d¢/011276

etc. or into |liposones. Hylauronic acid nay al so be
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trans ernal formul ati ons. Cont enpl at ed for use, hergln

ahichen aptivaisdipalyaiylspesly e W@leculﬁ imiapy bgbaungle Ths qrpiagact
I ¢ teSRlies2al %Q\ﬁfe it h
AL St e o SRR O e AL A oacs S b
@minotagid ra@duemﬂmn ha\sngnaafr@q qartonylarprpraneacipde asparls it e.
?&Hug g a&&) [Rlukd) ‘a‘rrlcptﬂ ecliailigl §mnﬁ)aa@§l%s@tﬁle Rt d
roc ozenges cachets or pellets.
Igrqupsmayahlscbbe pedeed rwaitive aron ﬁywﬂwhlmhmy%‘/lwa&@b
FRAGHR) B 0PRSS ARRES | Sotihint  BhvingiBoup, such
1ah gtachipes entbs Nﬂalymb@ cdéysnmato@edttwhmnw rdsislues-ipwostans fa
ption of
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16



Davi s, Sol ubl e Pol yner-Enzynme Adducts. In: "Enzynmes as
Drugs", Hocenberg and Roberts, eds.,

wO\doepidomd er sci ence, New York, N. Y., (1981), ppCT/US2006/011276
367-383; Newmark, et ah, J. Appl. Biochem 4: 185-189
(1982). Ot her polyners that could be used are poly-

1, 3-di oxol ane and poly-1I, 3, 6-tioxocane. For the protein
emrnocgeoup\oathem)netrbmuesmatthatmf tfe (areine gewp wh he Petetrniaal
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B et i SqmFieES pihe bRy B RS S hcpuioat
Qf)tpﬂcﬁsﬁxolhhﬁlﬁﬁlbefhﬂr :auihnims&atkl)cpml}de;]mtloﬁlﬁdir fbnhco:r:all:, pulfnonarg,, nasal,
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Iapvieite! praihel TEs o n@ﬁmgﬁstf%%o%ﬂ“%%%?m%a‘?%? ft atﬁeer
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mlhén'tsp?ir ebdrfadlhv @l @Subilizekd) 8mbleFtiorsOddj @aae ldthSr @frigpeShét s
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remResitens mslude dilenisof Keriaup Peifsr sPRtEH (¢&uy ‘as- 3°He%as a

%H(‘Mgﬁa(te ), bl g io}{lc%ﬁmgtl@ Saﬁﬁﬂv@'shkgfas QbteR¥AS ambsoldilizdtes .
he th era eutic coul prepared b conp r essi on.

@engy @it J Waermse: |Paky@<rrbﬁg 8%)9@&%%& (agi, aqserbiqu’&r% &sfipm
P%Eab?sl)ﬁm@ d&zsewlﬁ é%r(Qge'l“Hm{e%l Qe VALIhY B andBYIkAG substances

sSuc osone Or n1crosphere
éng. akasmmtnamnl)ol)amgomhr@hmf Qfﬁhmﬁte@fd iitte pareien Lol preparatigns of

Shedh Lal! dARHRbRELRELR! Adfto
‘f’g’r‘{%ﬁ%?‘gﬁ‘? % gosruant 3’%&%? avolj age%t s. One may
diupbsmes diylawmmeasfémah elswbd usad aod thiteayt leee dseliettofwi t h
pr omorhngtsusgat?rtle%lrduratlon mhtﬁg Sirculation. Such compositions may influence the
physical state, stability, rate of in vivo release, and rate of in vivo clearance of the

present proteins and derivatives. See, e.g., Remington's Pharmaceutical Sciences, 18th
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di  uents coul d include carbohydrates, especially
manni tol, .al pha. -l actose, anhydrous | actose,
w@edorioissse, sucrose, nodified dextrans and st aPChUsS2006/011276
Certain inorganic salts may be also be used as fillers
i ncluding cal ciumtriphosphate, magnesi um carbonate
and sodi um chl oride. Sone commercially avail able
Bd. (18903 Black Rublisiing Eb.oFaskmdBx | 8@ RApges 16001 71Eémiress
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Fan e ' bR TRE L R p b AR 1 1408 fom,
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%rhpo@ﬁﬁ%@pt‘afelﬂdi@&ﬁﬁﬁmahon Rbk@bhged affotnang tlietlﬁesent
sodium salt are al so useful as dji sintegrants. Bin

mypo@élomss@las tPat. ot 492 he73)-Hdpespmat qneapéglé%ftn nEHGRe e aft
Ih%ﬁfgla&nfé@méy balLiRhARdvilNGHYE S JTRESS (ed) .5 At ur al

such as acaci a, tragacanth, starch and

516361, A Orshpiionioh ppwihes sebid Hotaze BIrma fosdie thayemeutiisigien
l a odes
%Ma&ﬁh&?ﬁk (ERo F}gm{%ﬁﬁ%bgv %Z%‘dﬁ&i bed ¢ o008 ﬁ&?&CT Rhod

yvi nyl ‘pyrro one dr oxypr opyl net hy
Ghaﬂwl 1@sb97€H@m) ingorpbratel by inefexenaes bigeneralathe dprajulagion will

Tc'n%[uld% lth% t&g E‘:QB'%?I c?&rx‘ilﬁgfe gﬁ(ﬁ Flgg l['ﬁc?ré‘chenﬁr\whlch allow for

bmawbmagamm th«f stomecmelnemmwt, |and tedeapy efithehiologicelki asgve
rnulatlon process. Lubricants may be used

g?&Qaﬁﬂngmﬁ%?ﬁeen the therapeutic and the die wal
and these can include but are not limted to; stearlc

mdo(ipdadﬂﬁdauyd te@enplstedimg e dosagafodncal the ahove é¢rt\@tlzed
ol rafluor et hylene (P ara
bbb e Sl oo tine! PR Bk Bapve o
lbﬁﬁcatﬁiﬁﬁ @%ﬂféi‘hllglsthé ﬂ%hﬂmrl] hﬁdiﬂythtlcﬁwoﬁiamﬁl%ateﬂﬂgﬂhe attan:mnent of at
auryl sulfate yet ne Q vari
Ieaptongmatet w&e.ﬂgﬂﬁrg einggy m%wi%z ﬂlf%‘dﬁf d{%ﬁ) SIS st ity germits
ab athitri@hds ;ﬂrcrfwlysvseana W? dpka@wird6 RIdod Stieadf from @hecktangach or
during formul ation and to aid rean&ggﬁfnent durin

st ddsoglesiraddhthe fneregsia gversh atapy eProfgip | U in

Str@fi£dn tihRlif the BYIL BRhFleSdil subiPmaRbesnidliRE Bélyethylene glycol,
silicoalum nate. To aid dissolution of the therapeutlc

conobymaneofeghyiesa slyephand orapiisae gyl EorgRethyicgilosse
added &y VQ@E(SHOFQ)OBQ ﬁf pyrt%%ﬁ&?é%@%@px%ﬁﬂe iAbGERERRKI and

ani oni'c detergent’s such as sodi um I aur% sul fate,
Blavisit SolubloRtilymer dinzsioe dediata i "Breymes acbyies's Bapankere and

ﬁ%ér&,ngcfs? Wiley-Interscience, New York, N.Y., (1981), pp 367-383; Newmark, et
al., . Appl. Biochem. 4: 185-189 (1982). Other polymers that could be used are poly-

1,3-dioxolane and poly-1,3,6-tioxocane.
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Cationic detergents m ght be used and coul d include
benzal koni um chl ori de or benzet hom um chl ori de. The
wo p@v/otde1pot ent i al noni oni ¢ detergents that coed™Ukm®06/011276

included in the formul ati on as surfactants are
Iauronacrogol 400, pol yoxyl 40 stearate

ol yoxyet hyl ted stor
B AR DR G GUF aty RSB Cr PR Hhayfelpetomth, ROLR AP
Sl't&ﬁﬁ)és(@hd‘ cﬁub&c}hu@@thd Jd}tﬂ‘teﬁf or thietlbyh), arethe Lakga:setesimd One skilled

boxynet h cel I yl pse. . These surfactants  coul

e g hos ayeiagls o RIRE T Sh pardissgs BT uiatnyed S

Q%abé’tﬁ& imMerigl ih RS dudine dklsashele i thd wtestinenP@ictdbey, et
ratios, Additives which potentlall¥ enhance %ﬁﬁa e of
felrasew Bk api tb%ﬁiel%%rmu\? gheciseyf therstomash epHOPETRCHEDY at t y

%%'tééﬁorpé)ﬁh&pr%féirﬁtor Jidrﬂ@dn%? 6r BCleRat tilel bIb QEUIIG adiied.
ntrol rel ease fornulation nay be desirable. The

metegalchsyond the stpracrepirenesat. spahes dhthe fdestingmt ri x whi ch
pern1ts rel ease by either diffusion or |eaching

TF E)E agtrlgres@tu -2, cont@i ﬁlggrf&%lg Fdthdagk pIPS.0 Eé‘&%nﬁay

corporat intot ornul ati on.” Anot her
Emrrmlga‘ ofahecmme coinmeu ireet| ingiedienss thatrarsuseth oy enirsigtcpatings atgy

?f)lfggs'f" g%ta?\i‘&%ﬁ]lgﬁ%wuﬁ)qq%o 8}3%52@‘%%#1&“&%% &M{aﬁa?é 2a

I'S” en a semperne abl e
(Hz]?MCH); SIAMICR 510 zHHmB SSNalJDbfrvlrwbace‘tatequhﬂahd% BVAR).drdipgbut

S|n ic.effects.
5303 el SBub R rRB TR DO B Bo BB R
ShdlrctThesd ctwﬁngscnaitylbagsedrmwlm filmed for the
formul ati on. These include a varlety of sugars whi ch

could be applied in a co tin eut | nt
AP eI R QieoRimEs T e A Oé‘tt%‘?:]etf gﬁww g oy Tyepged
R tpRdtbction agtiiR€ the Btolatls ThixSha feRda E\igadd:déttlﬁ@don dohiﬂhgﬁ which

grou The first are the nonenterjc e
E‘&éabﬂ?éﬁ%ﬁw ReAllgN oS SBIER Y &%Sﬁsmfff@ d ﬁ@é f%%ﬁe*t hyl
%@Hlﬂ»}'f&%h\f h&?f@é@dp@%ﬁb ied powldeg:gbd liduQiS@rms a soft gelatin
| ul ose, hydroxypr.opy

droxyprop
Rl oSSt dhe ghel! Atk oL %@teﬁ;ﬂoul&*éﬁeﬁ{*ﬁﬂa %t%mM B s sdible
@%r e B@lk,)’l@iehg/éselﬂ@ldgd MSE{s%r tab[R@tr HB6108) th it R14Rs 1 SOBEHInEfuss
the enteric materials that are connDnIy esters of
Sﬁt%HﬁP@ acid. Amx of materials sight may be used to
provide the optinumfilmcoating. Filmcoating may be

qﬂé fHeFa eftiilcad Be ﬂclﬂ@&i ifi %tfglrmtﬁﬁtlo'nrés find }nHItighrﬁ@lQatbﬁﬁl thy

ression coating. Al'so contenplated hereinis a’
iﬁQImerf goamales depeillpts o partiele sipe dfout hmmpTae Bnmulstion &fithe  or

g%@trl\é%& ¥ s$1Q s&ﬁﬁfstrwn%gfa aﬁx bQ ggia 95@&? Aigﬁ&t b REdsgl

essi on syst encoding a fusion
phugs ei ever aﬂabletsr%dhsapreum euld bﬂme;famddxygpmﬁ@sswn
expression plasmd pLEB590 and pLEB600 (Tino Takal a,

I%?)E))retlntc]se a?ndsilavg)r%%Naggrész m%}(r) aﬂ? ge 1:101‘1"1deda¥gl Xglglﬂ% L protein (or

derivative) may be formulated (such as by liposome or microsphere encapsulation)
and then further contained within an edible product, such as a refrigerated beverage

containing colorants and flavoring agents.
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http://ethesis. helsinki.fi) where an effective
secretion | eader sequence such as usp45 is
w0 pmonpsrat ed at its N-term nus. The reconstr upCEUS2006/011276
plasmi d may be further transferred into food-grade
llactic acid bacteria for expression and proliferation.

The transfornmed lactic acid bacteria expreSS|n% .
e may dlif ute 95 insreagsrter Wiy efcthe therapgutic Mathiap Ancxtgpatgsial. These
fdfh?é:r‘l%seqoqrd' 1ﬁauée%rbgﬁﬁiratgseéép¥§£1}& mari§ol, @ﬂ:ﬁh'a Cla@6ded anh drous
bacteria are acid-resisft my easi |y pass the
sctsachllvloss, pierosanodiied éwﬁranwndsxaagh Cartaip inosgapisesakiopay
%@%ﬁo bd Fs%d%? 6166 Bl 08 uf?lrtﬁplf:i @'?a iuﬁp&%og%‘é and
estine direct or e
smhure m‘puoatle Goime p@nmencstllp avaiebla difuedis arQ/Earsybe Emfex, STA-Rx
&f r]%tsel APl derivative thereof. A fusion
Porel i | vered to the lungs of a mammal while
|nhaI|ng and traverses across the lung epithelial
IDigihteg aiit® niah &e hiclmdehl mitiecfarmulSea,of meghe,rap&djlcemtoea: sodlld
Phar maceut j cal ear,ch

9
GReRaE i baErels S R e Breea el bT rg hegis agh s
1@hrdlifidhe Bsm@ereial @iiategrantbassdvalstatsh, Eaglotan\Sadinm sarch

har macol 1989, 13(s .. 5): s.143-146; .Hubbard et
e ATOaGie. Ftin FatoNBaI oAb S pdtran O b 5Ag R
5@1&'&3 et1atin, orad e;gel Beid EﬁB@@?nethMa&@lulog& naﬂlﬂa‘llﬁpo];gé.ﬁlﬁl,

Oswei n et al Aerosol i zation of
peweritsanayll Rruses; Apeiber fare At %éﬁanfegfa&wrﬁha {ispluple yatiqpic
¢ MR Sl gnt€Andak binddld@nd
?%%hﬁ@é%%?%ﬁo%“ﬁ%e“ e 3488, and U. S,
thgse cagoncludezdess sunhick ApALan &drava or iRgacqih. dyignic acid
Qﬁ@ﬁ§ éogﬁlnpgalttapé Asd YRS d?ﬁnt@%r@nt? wi de range of
nmechani cal devi ces designed Tor pul nonary delivery of

t herapeutic produces, including but notlimted to
Railers mast b, uspdtodrolsiheiherapeutin agesit Hgetherdo Smretard ighist drds

Jud® Al o b R, FardiB r!)du‘é1 shéh £ORG L gfl s‘capchtéﬂﬁ g8ifin.

one spe0|%|c exanpl'es o conner0|aﬁﬁ%kaval
@eharg msludeimethll elllose M, ghdctliuese ECY mds:atbnmemthsd n

h r £
RSB POl BB RS TR AR By ny) llutose
iIEBMIC) zeuld bothrbe imdﬁnu alechobiy sdVticops esgraviate thaltherrpeudtict s,
Englemood Cblo t he ventolln net er ed dose |nhaler
ur X0 |l nc esean h Tr.i e Park
T AT R T
bpbv&ht&ﬁﬂﬁn@frmg theBoahutatidn thsss LlAIriIcarﬁymhy bewsed esa layer

uire the use of fo s suitable for the . i
e B NP 1o P aPAITES BP MR e g mied 0
Iﬁé@ﬂl@zﬁﬁd Mclu@iag fts ﬁl@grmslhﬁhtdnﬂ RBaltiamSpRS pblyetrhudrbeehytignee of
devi ce enpl oyed antaﬂag i nvol ve

use of an
ABPS i et e Rria Chand ke SolibIa Bap B pelo be used

JiidhUR R Bum Air SRIRLS nRRAYsRim RaR Bk, PSRtk ierertlicdEsaPY -
The protein (or derivative) shoul d nost advant ageousl y

yariqys appdgca iWﬁlgb‘;ﬁ’r(t?arrEQ){Yaét“Q?)O and 6000.
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formw th an average particle size of |less than 10 mm
(or mcrons), nost preferably 0.5 to 5 nmm for nost

we@bdogotseve delivery to the distal |ung. Carri ePGI/US2006/011276
i ncl ude carbohydrates such as trehal ose, mannitol,
xylitol, sucrose, lactose, and sorbitol. O her
|ngred|ents for use in fornulations ray include DPPC,
OdEEnts tt@ﬁ@gahmlw@e e moad:rtlgsrofslw\drh@dmrmgsfmnﬂmﬂoa andto
Wre?ﬁp#&%ﬁﬂ du C%IT):B}QS er : %h%’&%dd%%ﬁ‘ﬁg%h#%lfsg?% 1§<?Qde

aMamogk:pﬁkngaM$aamumhhasimy@hbmnmﬂaan may be used.

Bile salts and other related enhancers nay be used.

erjvatives

d
ggl bcg(!h 5!'[1%120{;[@% g)erag% ]ﬁ uég ttﬁ: Sa@u?orxils 8“‘6{9%4?"81% a sur%actant mlé]i?
borddedat b oRttindlagat. &Jﬁectmmaj 1nbluﬁ@$xﬁd9fﬁ6 detﬁgeﬂmamsyl es

t
i ARG Ctoshd S Sl SRR icB L Rl PR
Cafonit tdtergeieMitht Bedsed gid dvald 1h@gd&fenxdlﬁdnﬁﬁtﬁghl@‘nde\m Il
or erivative IS

ypically caonprise protein ved
Fbﬁ“%ﬁg“to@#ur%? hlgriqeq hlastit Pé&qt%wabfon%&ﬂeteogewtt@tz %@
bRl e iBé FfmaRtibVa sRFrk it hrd Féhromac%fgol&mb LBdl;QJSlyl 4bhe
formul ati on may al soi nclude a buffer and a sinple

sigaates Qféycgwethrls?e ydeneeraedseaspl ¢il Kaop aef ehalyregul ati on

gfongﬁég?ﬁté poRE&SALEE)60, B0 NLIZSatl QEiTUiEt | fn@trﬂymﬂulose
also contain a surfactant, to reduce or prevent

sud pasbaxymadiibestiulagry Thesa suréistasts cowld bp pessett in tha fpseulaggn of
ﬁ{e%téi%l; 8@5}1\9@& J]ﬁersa%détdr Q2 bkt Hmlgtgrem%u rosol .

Fornmul ati ons tor use th a netered-dose i nhal er
device w || generally conprise a finely divided powder
daditiapnivhigh pdtentipHp erdhiance(uptakd ef the atditaiejor degpéingedt fon a

L) [ f t. ..The
B%%%%%F?%%yﬁ%§pg%agﬁ@ @gﬁ%%nffgﬁgﬁﬁéﬁpacm enpl oyed
for this purpose, such as a chlorofluorocarbon, a
ﬁydmzitakllrdeacsé farmubtar neybe desingtde. dhe domgleoald be imcoporaged into

ncl udi n

Y RSP Phich PaTS rdhet O ey pd P R B s e
auds. JS,ldlwlﬂL deschetitigf 1hamcesexﬁdyaznya be Gdicofpordediatol tha®rmulation.

the Suita fact.ant |nclud sorhjt
oy Sk i e PR R R Peraiist By a RO Eieed e
]gmﬁtuéramtlasﬁtehf (ﬁmfafﬂ'ﬁrpd) Ferdie! Hﬁg h@em&lofsmm dlss:ﬁi@sme:agle
roma I Nhal er evi ce rlse a ne
SRR %3'@ BB wRLeLG SpigT ?ndrpglv\ﬂp?ras 8t r(oash Hnels ﬂ??‘ge)
BpkhinBBdte 3 §notio elfetde SBmb htlit BehtiageNio havel & Beldfedlréledsose,
sgrbitol, sucrose, mannitol, trehal ose, or xylitol in

gesint s which facilitate dlspersal of the powder from
the device, e.g., 50 to 90% by wei ght of the

b@f[eﬂ!éa%}gs‘may lﬁ\éatfs@& fo‘FI Bl B ¥ath. TH%@e iﬂ!’:lﬁ&@é {'z‘ar{e%f ofan@kog
erlvatlve) IS al so contenp

Wthh could be applied in a coating pan. A therapeutlc agent could also be given in a

film coated tablet and the materials used in this instance are divided into 2 groups.

The first are the nonenteric materials and include methyl cellulose ethyl cellulose,

hydroxyethyl cetlulose, methylhydroxy-ethyl cellulose, hydroxypropyl cellulose,

hydroxypropyl-methyl cellulose, sodium carboxy-methyl cellulose, providone and the
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delivery allows the passage of the protein to the
bl ood streamdirectly after adm nistering the

wWo b@rassut i ¢ product to the nose, w thout the PEDESH0NE/§11276
for deposition of the product in the |ung.
Formul ati ons for nasal delivery include those with
dextran or cyclodextran. Delivery via transport across
pelvethylenrcglgcotre iy spring gir@lpaepe%stwﬁhemrm%enwthﬁrarfs t he
g @Sl&%ﬂ&@b?l&ﬂﬂﬁﬁ&bon is a nethod of treating

et or Cobesi t by administering to a subject in

need t hereof an effectlve anount of the fusion protein
@fmbcrufmaltanmhsrst@omay Bubpdtmotide the optingwh &itn ceatinp dilm

. N f cauiring a
sl B el AT PllsofS! BBl bl BBl
oedtingd can be perforned alone or in conjunctlon W th
ot her drugs or therapy. The term' treatlng refers to

mnistration of, a conpo lon to a ect W the
AR BBl iPe i f O BERA B stk of Bpmigent Hioll
dérivaled ihefedt Broagitlh SR geide ldcheady Wdﬂmeﬂlﬁreishﬁ selst&mn. rAj @éne

the di sease state secondary to the rder .or the
EReeding 3dusien BACIEGRR PEreEHIStr t%dorn@efpodd ® EiPFasipR plasmid

@IIEHSUO an'd?wLﬁB6mﬂé T&ald PED GRERASBN B0- 1060 USavailable at
capab produci ng a nedi cal |y desjrable result in a

bﬁeé(@té@ﬁlef@tﬁl@eﬁ) whgie ameffictyg segretiensipadep seguenss sich apusr4Se
Qﬂt&ﬁﬁdr&[@d bt ?J-terrﬁ‘ﬁ@ss t!‘fl@pslc&tsgﬁct@cpﬂ%rﬁl@ flay BF filFeker) or

ective (1.e., subject gives an in |cat|on of or
treeqf@rednnterfwcgrade latztls adijl bedtertadorxprostien & paglifergtion. The

%r%et% Jg;eh Gr:eﬂt@%m&)ﬁdc a errQs%ﬁ'r Qr%et&{ 1%915 R)ttciuﬁ %’clﬁ 39 g&L@[-

| sorders note ove. . .
$apbip ewt be freenedribddbr arelclelivere dthadastic @<a¢h bipéeriarre deed-resistant

¢ .
TR bu Sy R oM 058, ST 0

lee spcretarieason Iabteels Imay &e bewtbed intolintagtinsdirectiyrfor hBwhcy. | n
one in vivo approach, a therapeutic conposition (e.qg.,

C nCOﬂtalnln rotenOf {
PHGERT Ry RdeRink A EbaRfebd| Skl R bt
tHeesofir0figion prcﬁelﬁ ES!BE‘VEd&iio ithe langs of a mammal while inhaling and

BAFera g et e e el Biar ey A gl

PhArmAYEINoAl R ekdafc S Ha0) ,7 595-569} _ajed ohrIntermatiamil #shmal of
§Hbcutaneously intr ca

t larly ,
FPARTIPS BR&S 1}515 14 Bapusensl ;Iourrfrtpff;e@msgtltay
bRdriafAsa! 19%9, mrt;hfslﬁgsasst r4I3C1a|J6I Mubbafit dt at r@;ﬁﬁeaiftmmar

|ntrapulnn 2?e required depends on

Mrdicéns 1989-t3h %06%11% %mtﬂﬂ file Joxest-Jif89-t¥e!l Harld %@» Qﬁfwem
the. 'fAQ%'Ethaahbr%‘f PrBt@ﬁ‘qs'n ﬂdé&%lr%fs of SndRhest R&spir&tb@%ﬁg

t he suI]ect S size, surface area,
h

DeliverpilhKeysihngdeolnel 596 l‘gerﬁtl ripebs erddl Th%atﬂrrrtahef Ipuwﬁ@ﬁt/

Phod gy @ttze?&gn&dnhwaemns Ubigbl e dosages are in
e’range o 01-1 mg/kg.” Variations in the
needed dosage are to be expected in view of the

Cantemplatedfforanernabé pradiss ofihis iheantien arpd wide range of mechanical

devices designed for pulmonary delivery of therapeutic produces, including but not



the different efficiencies of various routes of

adm ni stration. For exanple, oral adm nistration woul d
wheooenmsts ed to require higher dosages than  PCT/US2006/011276

adm ni stration by intravenous injection. Variations in

these dosage |evels can be adjusted using standard

enpirical routines for optimzation as is

limited tomebulizets, metered dese imhaless and pawdshingalens ﬁ% Skwhich are
ﬂﬂﬂﬁﬁéﬁm&ﬂmh%d%1ﬁ9h&able delivery vehicle (e.qg.
nmeric mcroparticles or inplantable devices) may
|ncrease the efficiency of delivery, particularly for
Soraé sreeific wramyplase comfictsiadly awfilablelonprsshitabinfonthe praptce of
@1Svlg{/]etl’lltl81’r11 al‘%:ﬁ'h I?l?ra\%ﬁ@{néﬁﬁ eg,l rﬁ%ﬁjﬁé{@ed\q%Mﬂhﬁdﬂ%d’c riné’ I Q{O
Eouigddo. tﬂha Acomarl hm)uhms,tlmdlufaoturadtby I‘ézirhuledaMydlpai Pyaduets,

in v tudi e C L | Aj d
Fresvan Gt Eulln mBRRRERRUY, Pl G By ClatS1RS
Rben@h avitngle Pirk 8¢.CS and metslpemalacmmsemhalaammfmmmby

esul p ri ate dosage range and

ﬁﬂﬁdﬁgPrg Qﬁ &@%te can be determ ned. The present
nmet hods may be used in conjunction with other
ABGLEPAR L SreqSikche 8% dof ﬁﬁﬁﬁlaﬁ&@c sultatfi©for theelispeaizrog piotcit

di abet es insul in, in
@r‘i@P%@& @rd%rwagwd B W%dlyp?aég atlawaﬁig?f@f%@a*ie) fApfepfidgvice
Eféile@a%d%h%ﬁvmy thude U HE SppRRRE Propeiisht hwehs inddddition

er cardiovascul ar nedi canents), and activity
ﬁh@h@%&@ﬂ@vﬁﬁﬂWE%ﬁ@ﬁW§“@@ﬁﬂhnﬂﬁﬁwﬁetanlnes) Appetite
suppressants may al so be used. Such admi ni stration may
ki*ﬁ e SlofBl @@@&%ﬁ}/{% shd ¥, m9§ allVin® Edu@l&'b@bre‘pﬁ‘re@%aﬁﬁcﬂﬁte
e present nethods may be used in conjunction with
Sumgiitedn qyerseeprrtiels sizesefdess sand 8 syrefor micsensy araseryeferably
(3% 906f Bl dfd R QAP TP aRBPRAEANCE of @ body
e.g., posuction or er surgeries designed to
reduce body mass, or inplant surgerles designed to
EQI‘%fefﬁﬁ&uée@%rb%ﬂﬁ&?@té%%ﬁ asoéehgfe)gé/ xyllol{?)? s[f&@slet ﬁctose
enerits of cardiac surgeries,
st gelifob Othar ingrérhientsior gerin éxmabswrgmadmtlgder EPPCe\QO%E

@gé@ ‘ib@%&f §]o ge{l ta} Sglgl ? ggu?%otgﬁts as9 g!ra_( ?%? lg({lyetﬂ‘}y?e%g glycol

nnybbe&ﬁmﬂmeaﬁﬁdﬁmmmhuﬁondammnangﬂm$ﬁx0ﬁoth@kg)ékmmmw

osi tipns and to nat I
SRS Ry PR bR e M ARt Rt AR R e
b@du@ﬁﬁhlcﬁb hxﬁth’ellDroBdeerﬂi/ﬂlvedmlay bgus&ﬂ Ahineracids maybsesedf

resen her apeuti ¢ nmet hods. The exanpl es bel ow
B“HBagB&§ﬂ£ﬁ£§a5§ merely illustrative, and not

I|n1tat|ve of the remainder of the disclosure in any
y what soever. Wthout further el aboratiaqn, it

6@0» g uee qffinpsogise migrocansyles or migespfierese laﬁ‘“ﬂ?fh%oaaﬂ%ﬁs ©he

gﬁglq?,b@tdfgﬁ“g@qgoﬂtenﬁaltéd[ze the present invention to
its fullest extent. | publications cited herein are

her eby
Formulations suitable for use with a nebulizer, either jet or ultrasonic, will typically

comprise protein (or derivative) dissolved in water at a concentration of about 0.1 to

25 mg of biologically active protein per mL of solution. The formulation may also
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i ncorporated by reference in their entirety. Exanple

1: Constructs encodi ng fusion proteins GP-1-Fc-leptin
wW@ee7/ad819 - 3G | eptin were prepared. Specifi cal PgT/US2006/011276

EcorRI -t PA-AP-1-Sx@ y-1eptin-Not | cDNA was

synt hesi zed first by a commercial service provider

(Ge Cri and di este h EcqRI
+EERE P R aB B s B de 21 ey NestByetinand maiton of
Cbsﬁmed prastie)a TRMELDIRR L tbri BT ANl &XRNAKS] RIPEMBR! Beduce
¢§¥$ o and gCAdhfr for manmal i an expre33|on To
C%rn(g? op IQQW ggrq,g@tl%@ttlaﬁ Prefsganssd bisetomization of the

- blftloyi-ih GehningGhd £BIsbN (SEQ ID NG 5), a standard
mul ti pl e-step PCR net hod was used to generate the

codi ng sequence (SEQID NGO 7). In brief, the above
kaﬁhﬂ[htl@ﬁQM?ﬁk%Qw{h%E@t&@d B3 Ganafp gedl&qull':g‘éné} o(n%ﬁg 4D

were used as PCR tenplates. Priners we

d’%ﬂﬁbg%tﬂie@ BOVden eonsaining thetpretein mreiptlw(@wc)rsgsrfen@yin'e Apopeliant
Gifth the alcﬂ(@a sEﬁaotﬁl@ Arpb ?Fbg)éﬁldnt %Qfﬁceaé% C‘?F%%R@dl %{e 1a1

combi ned to make fin equence
2enapleysd foRthis eupose ﬁ@h ayh ehlolteﬁud)rmadg)nf mhydm:hkne«zﬂmmerbon

| iR R 1607, %&gﬁﬂg%plé% m?luéﬁ E‘?‘chﬁ) atjtuorom enge_at

its NFterm nus Thi s
S@@m@lﬁdlé]Ummethagaﬂedlormmﬂumawl laad; é,di lmatmwﬂluomthane or

eMb%’?‘aﬁbl?ﬂhélrgt 8 agg\?rlfle}i:?an?s OllI]]Cl tﬁrggrdeﬁ{m alt%m éqemthm

expr essi on. usi
IQleiogl@'dFmaylEéqwtbemscifnkhs@sﬁ%-fdctanBG| ept| n were expressed
in CHO cells that were cultured in a serumfree
suspensi on. The above described two constructs were

Bopnelted fondigpedid £eh b pbwﬂkﬁ‘ nﬂtﬁleﬁd&ﬁcﬁnﬁﬂrcamﬁﬁierh%ely-rhe

secretion SI SEQ | irected the
‘E ety aovie; g‘awétpéqt‘ﬂn (% df%\@tlmapédm@a alsp dnclide apriking
cagkitpgueh Hﬁldbtum §oritol, %a&‘rbsecﬁhlllmt%l %l@al&h@sor%?ilﬂoﬁﬁta%uﬁ‘t@d
subj.e ﬁgﬁ%£ dot bl ot anal ysis u5|n bit anti human
Al i st e P Bt PR g e 306044 b eizht of
wasfotauagom nunber of cell cl ones express high | evels

of fusion proteins. Exanple 3: GP-1 -3xdy-19G
Fc-leptin was scaled up in serumfree suspension

NbsilldeBverfEsAhe §1%te‘ﬂ’ﬂ(g¥ hﬂaﬁfgSOr @&@Vagge? :ﬂi&lw&ﬁte‘ﬂ%l% gﬁgiﬂ

ap-l-
RS DiTacieensions sShumoraisie tailipd stsompratattr oo
B iR t@eﬁthel’éﬁéultlc Bllo@ﬁ& MR n {)S‘%l W gthm‘lec]e%s@la%r &B@J&?&n

fl ask fedbatch studies. The clones havin
@ﬁﬂxemuﬁfgn the\lengs Fomwéatlgeafoedaseulpiehwmmlulde these with dextran

SHSRENBLRLH. ﬁgllntew Ha Yr%ﬁ&lt 2GR e n08is membranes is also

contemplated.

Within the scope of this invention is a method of treating diabetes or obesity by
administering to a subject in need thereof an effective amount of the fusion protein of
this invention. Subjects to be treated can be identified as having or being at risk for
acquiring a condition characterized by diabetes or obesity. This method can be

performed alone or in conjunction with other drugs or therapy. The term “treating”
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serumfree ani mal conponent-free medi um Expression

titer in the conditional nmediumwas studied by dot
whb@v/018814 he manner descri bed above. It was fopemusivas/011276

scaling up was successful. To produce the fusion

protein, nedia were collected and filtered. The

protein was purifjied by using protein-A affinity resin
e P G isg Aot aepPly e Sehbieg e Repospie Sy
balketiate, relive, Ruetiy, pedheRUblamdfisrateds ditdrddr &le bympo Ut fher
contai ning 1% arginine HAd, 5mM histidine, 0.1%
1‘&%’&%—“2‘536 glﬁ?fsa%}&tﬁa??ﬁma&r toghe ¢jppsder, orile rrediprogitign tongg the
Thrde! AOVErREtVERhREHD §San MRl RinPriRe Capstititetgds afdble of
expressed in a manner simlar to that described above.

el ing raqdigally desitpblgrnlf ineatregted spbjeatshe mpedycally dgsirable

" ,modi_%f | Zé)gjf’% GLm 5(1%2 i WS?’?’%&&%&%@%{VF E%ﬁm
Febjeedgives ap BE@atim ojor feels)an effgy).t he peptide YY
(3-36)-linker-Leptin (SEQ ID NO 12); (4) the di mer

BN AR Bl DR FSL Tl GBI

Nbtheddisordedy natdteabdvenidentifyorzra sobjeatriy head-df sutkereathgp can be in

Ec- ' . | r 15) . (7).t he noner, for.m, of

26 1Y of PSP Nediilsard b el B0 b SRR e

fopimion) or @ged@lvlle. B xEagurhig&by ktest @plidgho{tSmRAdANG 17) .

Exanple 4 GLP-1 -3x@y-19gG Fc-leptin was purified. The
bove- descri be di a ‘\#ere filtered and purified using
7 BPE IR BRPFPHY 6 BT OPBPS BT Gien ¢ CREGUHST SRIPINL S

Gusorlvprateg dﬂtlﬁtﬁngﬂigﬂgs méﬁbréﬁtefeﬁrto &Jeléltll'bjg.- Géﬂlafhll%lﬂthé rofth is

protejin.was, studi e y - page gel . Exanple 5: The

é&éiﬂe%ie@é a ppasmpceyeqlly-apecplaple cpEist (RS e g stline 3

‘BiminiBdred odaBy ol B) ig@iviehds g 0 fFRERE Fhflhfed\as

det er m ned bﬁf‘r educed .and non-reduced Western bl ot

GLhHE RS c BHPGSE BEY-ratpthecalin fnirapgiiensally @tramstally,

(bRl Ly PG e A 1, Blly, Sfdtrad@Rilly; BURBRb AR L.
antai bodi gs n( R&D §Iyst eérf"lgt,2 Cgt # AFr%98) ,y an[d by aHly

HRP- conj ugat ed bovi ne anti goat 19G antibodies (Santa
dhg Qo%g‘i)feé%lfﬁﬁ‘deéws P the cliiegiofdhe RBBEY adminisptions teinature
Gk e oraiiatbRd i | i+

G eyt ohe o 29008t cul MALIG KOl Col
1504 a86.cHNd sex; SHhet Gugy hemngBdmirdsttnad and yheljndgmehef the aftending

. R 3 Pl . . .
A0 MBSl U8 e S SPE Do bl
aerded deipesare Thie expentiidtis viserniitist vastty of bapdsitionaadailable and
(e R freraitt Gl Yenk S \%Ligl%trbﬂlcew admit St atiom, eP%'r ean)ﬁ%@ Ior%l 6

administration would be expected to require higher dosages than administration by

intravenous injection. Variations in these dosage levels can be adjusted using standard
empirical routines for optimization as is well understood in the art. Encapsulation of
the composition in a suitable delivery vehicle (e.g., polymeric microparticles or
implantable devices) may increase the efficiency of delivery, particularly for oral

delivery.
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Therapeutic activity of GLP-1-3xdy-1gG Fc-Ileptin was
studied. First, intraperitoneal glucose tolerance test

W@ 27018619 was conducted to test GLPI - Fcl epti n' BCHUS$10061011276
on gl ucose-dependent insulin secretion. Briefly, nouse
bl ood gl ucose was neasured using one touch bl ood

uc 00d sanpl| e vva d froma
gjhli‘segfs B{ngﬁmpaflrmb?fé’@a i‘“rY@““OT*ﬁé% E’ eggoﬁl in ¥ifrogndin
m@wofs.eﬁelg theFeals bdﬂov@'Briéﬂ?tth@éoxﬂfo@ﬁGh Barl B tByRed BGks FC
gnent were injected i rmedlatelfgeafter t he

.eﬁ" @er iNoyigo- For pinivaofiudies; ﬁh? sQrBRPSHion cHLRe Miseted ik ANBH

vva% b A dASd BEdehinli Btk ShetaPutdREEAs arPRRn A sdcWOBRAHESthe
l'ater, another bl ood sanpl e was collected in the sane

rfﬁw#féranfaeproma&%@ég%@né Adpinistraijeatroge o) psipnined.

cormerm al nanme of G.P-1 anal ogue E4, Anylin

h
IR FRERMAER i BE bl B e B Ghir R Rl e
Bhdse @ltsesfuldbr By teatmedsrof Bibbrtes. (9w tnowlén, hel/misTiblylamyiin),

Gy o L il BB 1 AL R
Hlewldipid keedse dtlev edtrdlo?r'abdllar medidafrfenis), ancbdctlmt)?mmgasmg

Fc- | ept o]
Prgicabits T Ll B3 aed 0 Bpre Uy me B8R g e
adchifsteationm@) B¢ simkltadeaytdr magibg i detiat@nt | y i nhi bi t ed
bl ood gl ucose | evels (PO 01, 0.05, and

e ectlvel .) ., The above results denpnstrate
qﬂ &?d‘{‘ﬁ’_ e#’éesf"étﬁ‘{ﬂ“?‘?d& TAY BeUsyd Syeangingllony wi %‘r%F%BH’C"d“reS=
@hﬂﬁ&&ﬁsxﬁﬁi&%hﬁ‘gaﬁﬁ desigiedeo slep aRdr ekl BFftaRhce &frae)oam\/ge
xperiment was rep eated th GLPl-Fc-leptin (0.2 ng)
jtpowyowﬁéﬁ%%gq“ﬁ% f‘glgaeﬁ”@ée%ue? BOdyTpass.108 §pplarg sprgeries

WesisRAQ0 trRtcBEcANE ypkBBrice WRBodIMBHCTR N ME BdheBis of B diAc
and day-2 respectively. The results are sunmmarized in

PHIBPHCS Sk PRy P Bieeries or PhRSresriRy dteaed © reffevpa delgigrious
Gei?dm&pcaheaatuym&magalo@9130& {/éé§é?§l§‘y faaﬁéposr&s shAVaktdrAl

Tabl e-5, one injection of -FcZleptin
|pﬂﬁﬁl%|maé/dnebmcweecbwm%@0mwwseg%ale|pgp§@ntfcemp%ﬁnttqnéa@t
trHUi‘hdl'l@MﬁethJcﬁ% @lfirﬁiﬁ% $a1Ptodes, Pslucﬂ:é‘s dlt?aBBﬁlE‘ opﬁ#é Ahote gt

were studied. Mce were injected wth

@lspibe peed)eithriprionto, diing ar Afiece crusse @fé@qmment ti‘;eramtls ane
rmg{bgg_ descri bed above daily for seven days. At days 1
and 7, the body weight of each rat was neasured and
recorded. The results are sunmarized in Table 6 bel ow
Thb exanglestefomcars todfe o@l_slﬁiued:affm@plvulﬂustrambow neelighigtive of

ted leptin
et tlfn%%H% %O éﬁjs%%sjre I!‘ﬂ an %vag W&gﬁsoevle% \Mé{t_)hﬁ)tu%ls ber e?aboxisl 1%%; it
veeb@htedlthﬁsne/\ﬂslledbs&le\aﬂdan thaseil o thenjestipaoh kdréih, thilivathe
e sul.ts.de trate tha

el SRR huestsSR G AR B S TRDAAGh fisinaiby

incorporated by reference in their entirety.

Example 1:
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Next, effects of Byetta (GLP-1 anal ogue E4) on body
wei ght were studied in the sanme nmanner. Five m crogram
w@y@roseras i njected into each nouse tw ce dai PgT/II8200§011276

days. The body wei ght was neasured on days 1, 4, and

7. The results are summarized in Table 7 belom1 Tabl e

7 { d t hat

{ GRRYEE e AN oetls EPPA- BBl il T el ¥
sP@nmfdcant effects on body wei ght as conpared Wi th
Igd Fc fragnent. In the above experinents, during the
7-day period, blood glucose |evels of each nobuse were
nBes ificeldly, FookRl-¢RaCG1ePdl -BxGlgdehtincot 1 0DBANALTsythéseded first by a

i Q. | =
t ek R Bl matidr (O Re Mhind: as e e el 1,
pesiltng1ixsion séqnegncBYSHQ 8D (NG:6¥ Wasaal Rade intd gCMWbAed a
ized in Tables 8 and 9

The results are r
b@%%wa‘faé‘o@r"@feéswﬁ‘f%épgf\@n@? Py andfe A RiTgiRT Bgmmp gy
B:pedsiGh.ucose Level As shown in Tables 8 and 9 bel ow,
mce injected with G.Pl-Fc-leptin or Byetta had | ower
bl ood gl ucose | evels than those injected with |IgGd Fc

fT@&iﬁEﬂf*ﬁct & @)ﬁﬁés&ng’@edt&’%&d@lu%‘hlﬂﬂqux 1864 FW% %E’(?

€ Sanme nmanner escrib above re spe

nﬁ@é)wveﬁtaéldﬁrﬁjr@%@%ﬁﬁ% PCRimethad wasysasido seneestte the n@chng
£ @bl ey 10 Ret v)nnﬂﬁ?i%'? Y @@'ﬁssm?@éﬁ f%ggsécﬁ’brﬁfo BN

% Fc twi ce a day (9am an
r &S IFe $ DAA(SEQHHRRIN @zgé weferisachas| P&Mﬁmb@te@vﬁ’rmi'fabvvsre Tlesigned

T e e
tfrmne@ Pfere qpnblinedtte makenhag sxjuerSe (SEQID NO_GTTFb}BasE-myp; PCR
Vi’@a{c%oﬂ qﬂaﬁ?ﬂ?{}gﬁuggng ér@e %nc"f‘udgii %ga{cts‘g’ LieB?et IfjlrgflﬁA 8?”31

nunber s esu S Su
Ge@iengeratlite pi ﬁermioms (BLP}d)dS X@ll}ulg(iﬁ & ckleptizl cONA. Sllhﬁﬁ’mqqence was

e BT RO 158 Pl R B B R e gl PR or

eﬁﬁmnﬂumh&meﬂamparlng with commercial GLP-1 anal ogue
E4 Byetta. In addition, G.Pl-Fc-leptin has a nmuch
| onger lasting therapeutic effect than GLP-1 anal ogue
E4 Byetta Thus, for clinic use, nmuch |less injection
frequency is required. Al so, commercial G.P-1 anal ogue
B4aylta (Table 7) or reconbinant leptin (Table 10)
ip |nJect|on al one or conblned their effect together
?J result in simlar degree of the weight |oss
H%l?“ EﬁE’?ﬂmslféLH_éﬁf‘ﬂY lgqd crlpriincasd GLPnl -2@rentingyesmexpressed in
GH®D éelfs ‘ﬁgi@t)vgl%rcumu%@ il £RINM it Esi8pens@R. Fhela P?&’e%so?fb@& &id)
has a nore than additive or synergetic e on
\%quHfts persexpressed in a CHO cell line by a standard method. The tPA secretion
signal (SEQ ID NO: 9) directed the expressed fusion protein in the cultured medium.
The culture medium from each cell clone was collected and subjected to dot blot
analysis using rabbit anti human Fc fragment antibodies (PIERCE, Product#

0031423). It was found a number of cell clones express high levels of fusion proteins.
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OTHER EMBODI MENTS All of the features disclosed in
this specification may be conbined in any conbi nation.
weamh/oissad ure di sclosed in this specification PEHUR®06/011276

repl aced by an alternative feature serving the sane,

equi val ent, or simlar purpose. Thus, unless expressly
ated otherw se, each feature disclosed is only an

2%%@8&égof a generic series of equivalent or simlar

features. Fromthe above description, one skilled in

tGIEP -3k GBATE GERSlebtyn asscgemtecaupﬁmtsaanleﬁ&es\ﬂ&ﬂeaélon culture
(C]%Br acteristics of the _present invention,

EStPhtersaBfrebyetness of ?l?neaﬁ?éprg%ws@ltﬂwkﬁé%b Ig@afﬁ l?ﬁswe

\(@EQQD&N@ hw%s@omtemgemn@@feé Msafondpbent- RS REHIGR 15 96-
@‘H it to various usages and conditions. Thus, other

vFrent Sllaved by K9 miishrienlaskdedbaish studies. (The clogey hevinag
HigH dBrsdidy Mr1Vhate s!‘ﬁe@ndéﬁh 04118y s&sperﬁléd{%‘ltgﬁ v@gs@%&)hﬁmmg

conprising a first se that 1s located at
aﬁﬁﬁuﬁbfr@wﬂwgmﬁnmh@eq medion Bpmsspmtitgnin thoernditiesalt he

S $as &{1 @d ﬁy &o?tblog anhé)xgl'aﬁf%k dﬁsﬁxtlﬁel\ﬁeabfn)\%g ftt eg f8lnd tl’ﬁté

prot el n; a 'second segnent a at t
o*airlmgwplwasewcssﬁé of the fusion protein and contains
the sequence of a second biological active protein or

pl%gjtrb %e %‘gs%r{;}%/rg{g Enle(rilgtweraeknc%dec?aio n%ﬁtgxggeﬂ} rPr(%elg 88

(pfurlﬁédab)nmsing pabteineA afﬂnhg rdsinr(Bepligen)saad (Bhnbdbjyd] Dui aegihine HCI
35 RS Ra e BUG R Pt B PhideF s Rig o Fasinive

fHC1sSmbi lastildriec@ll YD den-20 prd1 %Ilﬁhnﬁﬂxmaapll‘]iﬁo hﬁt&st&em HIErS0E,
of 4 ucagon- Iike peptide 1, anylin, or peptide YY, or

f rl ti.onal UI val ent ther eof . 4. The, fusion protein
e gy “iwgsmo Fsa¥sie plpcqnstrufedsnd pxyessed ingdpgnper FSimilar to

Wﬁdﬂﬂ@cﬂbéﬂ%b@d flﬁesfehﬁ)l&ﬁﬂblﬁf) %dﬁfed SEP-1 @}MPQ linker The
rein the secon

SR el REG N P ertem e G-

k&RIGLP- DLliriked (TG EOOBLGSH qfﬁ@f;mp(SE@ Imu@hn | PsRe

rel at ed E%Otel n, wherein the second bi ol ogi ca? active

PPRSEI Y Fiad el mkersLeptin (FRQ IONO: Kar @bthe divamerdonmpireptide
fyusgds )kaglel }f{@‘l FRNEPEAYSEQ ‘iD e} f—'j) (55’{h9 Qﬁﬂfﬁnmﬁ@rllgﬁmngQ

prot el n. fusion pr ot ei n of

é@ é%?}éﬂ)b@ Ifft?g?i"@ﬁller Bem |Oﬁ@n]drrblﬂréiehlg€drﬁ0dpwsl EHE ID¥dAake
@) tRERohdhdNRrmlof G8-GLP1-3Gly-leptin (SEQ ID NO:16); and (8) the dimmer

form of G8-GLP1-3xGly-IgG1 Fe-leptin (SEQ ID NO:17).

Example 4

GLP-1-3xGly-IgG Fc-leptin was purified. The above-described media were filtered
and purified using protein-A affinity column for binding (Regeneron) and 0.5 M
arginine-HCl at pH3.5 for elution. The purified protein was studied by SDS —page gel.
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7. The fusion protein of claim®6, wherein the fusion
protein contains the sequence of SEQ ID NO 4, 5, 10,
wa19074a8610r 17.8. The fusion protein of clai mBCT/US2006/011276

wherein the first biological active protein contains

the sequence of anmino acid residue 3-36 of peptide YY

3f SgQ ID NO 19. 9. The fusion protein of claimS8,

“the fusion protein contains the sequence of
SEQ ID NO 12 or 13. 10. The fusion protein of claim

Fhe WhRERENGLIE-FGIE s GF Clepi W& cha@bteMadPTIRS @blBcular
contains the sequence of ameaﬁ) acj d resi dues 1-36 of
&

AT olpprested m‘cmvvf%det?f&lm redyesdand e edupedoy estern
Blod hmglﬁRpoa §‘h ét&i b6t SndiHugRn mgs@lt Bl (PIEROL, %&mdﬂms 1423),

seqguence of D NGO 14 or 12. The fusi on

B tapti-hugan epin mt@odlﬁum%ﬁys@m@@té AR398, adrHRd-conjugated
%@QH@Q{U éd\%ﬁgd éﬁ'tlﬁ&dlésl'(gar;td CRL bﬁﬁ&ﬁﬁ&l&gﬂﬂ@' éalﬁ#?scsﬁ%@)n thbbit

segment rein i nker segnment I's capabl
@nﬁn@Llel angbodi, (ATIﬁ)e dfaﬁmsbﬁ Interpational, G4t €1L]1 ﬁnPlan HRP-

r

ol 1S SRl PRI B Ry TR o
2&04)11lhwa£ fwnd)thaphotmrqssezdfGIgR a-|3ptGIbBLgG\/Roel|emnwashecogmzed by
TR b it ThP syt Hamolhiedh B il R g Beps iR
leptih gGre ekPressele f usi on protein of claim 15, wherein
the Fc fragnent contains SEQID NO.: 3. 17. The fusion
%régél@iﬁﬁ of claim1l, wherein the fusion protein further

s SEQID NO: 9 or a functional equival ent
t hereof before the secretion. 18. An isolated nucleic
aGbepubiBpEtivity BGRP SIS Fhabtiehaodesed he fusi on
protein of claim1.19. The nucleic acid of claim18,
wherein the nucleic acid contains the sequence of ane
birspeyrrnsriignsal siogse ilgrange GE LS T RS craduRtd {hestiildt dice
aptifh s @btichl Al gMchS- de%eﬁdenﬁnﬁ%ﬁtse&&ioh BB, indLRBlddd glucose
nucl eic acid of claim18. . A nethod of producing
PeF fsepradaeing cammitycs Plegd gkmse siring 4 hleodhgarplewps obéqmed
GoR dhdusd tHrBugﬂ tHPS‘lbé&HgUW&lr 0021, Lk 9‘2%1%’&? G‘El‘ltlbcﬂﬂptm or
expression go ypept i dé encoded Kwe nucl ei c
819! prafein lrwmanflg h§c fragmand Meredpiesterdipf digtely @fiertthg ed
ﬁﬁécltloﬁ%r 0 tzl?ﬂ? of@g]ré{&l ?gcogpﬁfat‘élewlutlog %vas g?:ﬁ@fﬂa ?r%ﬁge.

COI’TpOSItI on conpris fusion pro el n
One and two hours later, another blood sample was collected in the same manner for

glucose measurement. Byetta (0.025mg; commercial name of GLP-1 analogue E4,
Amylin Pharmaceuticals Inc) was used as positive control. The results are

summarized in Tables 1-4 below:

Table 1. Effects of Byetta on blood glucose level

Byetta Blood glucose H20 Blood glucose
(X£SD)(n=5) (X£SD)(n=5)
Before IP glucose 89.44+21.9 96.4+17.9
injection
1 hour after IP glucose 127.6+£70.4 320.8+177.3
injection
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1 or a nucleic acid encoding the fusion protein; and a
phar maceutically acceptable carrier. 24. A food

W@ 0uposictd on conpri sing the fusion protein of PCHUS06/011276
or a nucleic acid encoding the fusion protein; and a
dletarlly acceptable carrier. 25. A nethod for

uuu.ﬁ body—wed Apri-StHhg adni“'efﬂr:ﬁ" +o—-a
?@%@Pgﬂﬁﬁégﬂ th@pggﬁ%a: ef fect i ve %%%ﬁp ? t he

MM nrotein ofl claim1 or—a nuclei

v

the fusion protein. 26. The nmethod of claim 25,
further conprising concurrently adm nistering to the
subject the first or the second peptide or protein.
zlebleé PRtOOS . (Qﬁngt(ﬁﬁﬂt-lbdjﬂgt% HRbESuERIRLEIST NY
admnistering to a subject in need thereof an
effective anount of the fusion protein of claiml or a
AB gluebse telciancedest odl G§Pt-He-ldptisi on pr ot gFacod8ol The

met hod of cl ai m 27 Bioud ghiesse ¢B#pr i si ngBlootglurose iXy
adm ni stering to th8DXuiect the firstSBntHHe second
Befidre tleglocospinpdcdom | 92298 net hod of 1 p&.Bi@diSng t he
Nalolir Aftck € giicade r ecON1H.83A04.0t her apeut | C2yaaptioTe or
pjedtdhn i n a subject, the method conprising: joining a
neeaaten @nglutdier apesd.o2protein to a segneni3
Ggedtmhni ng SEQ ID NGO 1 or a functional equival ent
thereof To forma tusion protein, and determ ning the
half-1ife of the fusion protein in a subject, 30. The
nmet hod of claim 29, wherein the therapeutic

F I j Apeutic
B e S
nglug&x% tél@rahdéﬁes M ERp Y FQleptin L TETaPEULT ol ! ”cw'

e 'gfawi@ ke her aggs%%c&s

or recorrbl nant pro1§ nt cpo,

N VY n=|| o r
Hord) §v%%%fl%?0,%f% A errin of £ cacy
PPt HyQBﬁmﬁrota(wﬁ#ﬁ 4 subject. Séﬂnfﬁg4¥%thod of

tuygthpQ1 wherein he therapeutigc

T \Aluuu

?é@Bf‘r&ﬁeﬁgm Uit ei (338218 ther apeut ic 1ezf2f3é‘%1§! 8on
duei®hes or obesit y. 33 A pharnaceutical conposition
conprising (i) Leptin or a functional equi valent; (ii)
one of d ucagon-like peptide 1, anylin, peptide YY, or
a functional equivalent thereof; and (iii) a

Plble duBents o412 ye SEEEFcAtntia opdlaod ghicose level.

+
LY

IP glucose tolerance test GLP1-Fc-leptin Fc control
Blood glucose (X Blood glucose (X+
SD)(n=5) SD)(n=5)
Before IP glucose injection | 84.4+20.5 76.6%24.8
1 hour after IP glucose 113.0+£16.2 255.24205.2
injection
2 hour after IP glucose 82.046.2 174.4+112.1
injection

As shown in Table 1, injections of Byetta, 0.1 mg GLP1-Fc-leptin, and 0.2 mg GLP1-
Fc-leptin significantly inhibited blood glucose levels (P<0.01, 0.05, and 0.05,
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34. A food conposition conprising (i) Leptin or a

functional equivalent; (ii) one of G ucagon-Iike
w@epriotsid, amnylin, peptide YY, or a functionaPCT/US2006/011276

equi val ent thereof; and (iii) a dietarily acceptable

carri er.35. A nethod for treating diabetes or reducing

adm pistering to a supject in
feRke b the SRvErr Rl rar B Co | iR et feal
a&m@&n Hldodrglebseclbddldin 3Aose3depeichBhdiner. f or treating
di abetes or reducing body weight, conprising
aﬂF nistering to a subject in need thereof
SOPYREPEFBR Pradtertal WP hBLBerdapen 0. %@ﬁb@éﬁ! il Gaforstthe

1B BRerandd testPAlTP %ﬂxc&é%’l@ﬁhéé e \)\8959?1%&&@&1& at day-1 and
reconbi nant lactic acid bacteriumthat produces and

sBrr2aespeetivalyr Uhs wanlis et ummagizeddn deble 2 betowa f unct i onal
equi valents; and a dietarily acceptable carrier. 38. A
f i.c.iacid
et PO PR A0S it O R REAIDH DA thGR e
| ong- acti nq version of the first together with the
dBgbredseor a |yl GEP1Hg ver Papd QifPliHve sedmmd. Fc38ntrdd
ftolednesompiosi tle@im conpri si ngleatim econbi nant] Blawtgheoseo(iXe:
bact eri um t hiddlopd gldusegX-anBied phitsse (K L&m)inrsor a
functional €dfi)ee5ent t oget BBYnwi)th (ii) |[one of
@afcrad®n- | | ketdpepdisde 1, ahyl.ésms.3pepti de |V 6+D1.8 a
falwwosd onal €qui val ent thereof. Sequence |ifsting Ceneral
iimtatomat i on:| (i) Applicant] Hui, Mzhou. |(ii) Title of
Irhsanife@mP A 1aBlores.d ¢ ther apmiting 7agent . [0k4 b doohgmber
@ucseguence:| (iv) Correspopdence address: (A)
AmpdtRhi en Cdgrporation (B) Street: 355 N Lantana Street
B0 &ffek IO 152 0kgmar 1 1170 (s Satier Cal i 1 gF A 1o )
B y: Unijted States (F)| ZIP: 93010 Information for
tioR No: | (arri no acid sequence of matuyre human
reptin) (1) Sequence characteristics Ay tength—1i46
am no acids; (B) Type: amno acid; (C) Topol ogy:

lA's'}ﬁ@\{/n in Table-5, one injection of 0.2 mg GLP1-Fc-leptin inhibited blood glucose

level and last for at least two days.

The effects of GLP1-Fc-leptin on body weight were studied. Mice were injected with
0.1 mg of GLP1-Fe-leptin or human IgG1 Fc fragment in the same manner described
above daily for seven days. At days 1 and 7, the body weight of each rat was

measured and recorded. The results are summarized in Table 6 below.

Table 6: Effects of GLP1-Fc-leptin on body weight

Day GLP1-Fc-leptin Fc control
Body weight (X& SD)(n=5) | Body weight (X+ SD)(n=5)
| 24.7+1.3 23.542.7
4 23.742.2 23.7+3.0
7 21.9+1.4 23.743.2
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(ii) Mol ecular type:
SEQ I D

descri ption:
woredoanesenuman | eptin

No: 1:
)

pr ot ei n.

(ii1) Sequence
(am no acid sequenc

e of
PCT/US2006/011276

VPl QKVQDDTKTLI KTI VTRI NDI SHTQSVSSKQKVTGLDFI PGLHPI LTLSK
I\/DQTLAVYQJ LTSMPSRNVI Q SNDLENL RDL L HVLAFSKSCHL PWASG

RGBT SR eI APRBToUL SRR AT SO e agh

n(atauoﬁ) Inusaastint-bbdy (eipht3esy wan obseoka itgice ifjedtddosith fuian

TeReFBGyEmpiinbiRe

Sedliee 6@, weger i ptio

© P15 djp

i.ds;

n: SEQ

I D No:2: (am no aci

sequence of mature human G.P-1) (7-36)
KEFI AWLVKGR | nformation for SE

HAEGT FTSDVSSYLE
NRex8. effectpphByetfail

frﬁﬁﬂgle Ftv)a n(lbr})
22 an no aci

IT}Wé’ﬂﬁly weight was| @@amrac} 01’(
SEQ I D No: 3:

OEBRI7 RIdWN:

amno acid; (C To

(am no acid sequenc

human | mmunogl obul in Fc fragnent)
DKTHTCPPCPAPEL L GGPSVFLFPPKPKDTLM SRTPEVTCVVVDVSHEDPEVK
HiebieVDB(ES P RTRPREBOYNSTIMRYVSVL TVL HQDW. NGKEYKCKVS

NKALPAPI EKTI SKAKGQPREPQVYTL PPSRDELTKNQ\/SLTCLVKGFYPSDI A

II NCIHYCQ vl T\ /NG

b Sy B s o e o

d

Edgnepgte Fgp omberyrsighieeroTtetied in ereme

ééﬁlcmee&a: %&ﬁ%ﬁ@& §iR6 bthinfobise e dafP @1 days.

pol ogy:

é 1, fopust Bilhpe ﬁsult% arsgEyB#ezed in

e of

[AAY Y AN/ CACQ)

Aﬁf&N@@PENWKTTPP
yHNHYTQ(SLSLSPG ﬁ

Prat

Lo B,

I_I_L TTOINLC T VINO

SR

ody weicht

e iEheeeR

\.)\.A.)VIVI T

B KsoNmes)

'
T

D

Ilyl LI
|

Iu§¢;3.‘;

i \

2L
%]

AL6E78

I

Tnnnl faYa LVA

2R

nflnn

nmature _amno %3"2# %pnupnr‘p of

D_No:4: (t ran
GP-I -3xdy-leptin
HAEGTFTSDVSSYLE

)

KEFI AW.VKGRGGGVPI QKVQDDTKTLI KTl
It was found that the administration of Byetta had no statistically significant effects on

body weight as compared with IgG1 Fc fragment.

In the above experiments, during the 7-day period, blood glucose levels of each

mouse were measured and recorded on each day one hour after injection of GLP1-Fc-

leptin (0.1mg) or IgG1 Fc fragment everyday in the morning. The same test was

performed using Byetta (GLP-1 analogue 5ug; twice a day). The results are

summarized in Tables 8§ and 9 below

Table 8: Effects GLP1-Fc-Leptin on Everyday Blood Glucose Level

Day GLP1-Fc-leptin Fc Control
Glucose mg/dl (n=5) glucose mg/dl (n=5)

1 98.0+13.2 94.,0+19.0

2 119.0+25.8 126.04:24.9
3 91.4+44.6 126.6+27.8
4 116.0+£34.3 134.6+48.6
5 95.6+33.9 128.44+25.2
6 102.3+25.7 126.0425.5
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VTRI NDI SHTQSVSSKQKVTGLDFI PGLHPI LTLSKMDQTLAVYQQ LTSMP
SRNVI Q SNDLENLRDLLHVLAFSKSCHLPWASGLETLDSL GGVLEASGYS

WA BEVALSERL QGSL QDMLWQLDLSPGCI nf or mat i on for SEQCDUN®I&011276
(i) Sequence characteristics: (A) Length: 406 am no
acids; (B) Type: amino acid; (C Topology: linear. ( i

;) Wotecutar typel.l w “: .
o RS o e S o P

\VFLFPRPKPKDTLM-SRTPEVTFCOAADBVSHEDPEVKENWVDGVEVHNA

K%Q/PREEQYNSTYRVVSV EYKCKVSNRREPHS! EKTI S
KAKGQPREPQWTLPPSR@E%%N@@ TVKGFYPSEINPFEVESNGOP
ENNYKTTPPVL DSDGSEEL YSKL TVDKSRAWIQGENVE SCRHERD HNHY

QKSL SLSPGVPL QRvQOr$BetHBKTI VTRI NDIL SHT WVTGLDF| P
@& HPI | TI SKMDQTL AVYIE34ETSRPSRNYI QF SNDL ENIGRB20 AVl AFSK
SCHL PWASGL ETL DSL GOVIESAST¥ STEVVAL SRL QGSLTINUNGL DLS PGC
4f ormati on for SEGSIBING: 6: (iv) Seqpéleo®@29.7
characteristics: (/89.88dgth: base pair 836.(2B).1Type:
odDNA; (©) Topol ogy:10bidrem2z (v) Ml ecu| g35.8pa: CDNA.
(Wi) Sequence desclriopii08)2 SEQ TD No: b13AdMNAsSequence
of tPA-GP-1-3xdyleptin)
ATGGATGCAATGAAGAGAGGGCFCTGCFGTGTGCFGCFGCFGTGTGGA

c el ey T@%T@é@%%%@@%%@ T%%ﬁ etta had
GTAAGTTCTTATTTGGAAGGCCAAGCT GGAG' [TCATT
davesideod atysesdarnisibmubardieretnito Ol AEEaenn

TGACACCAAAACCCTCATCAAGACAATTGT CACCAGGATCAATGACAT

e I A LT

Atrerrctrat CTHEORAEABATCAT GACCAGT A TGOS TOr COM@ARAGNbinant

SRR A ORI o

7 days. The results are summarized in Table 10 below.

Table 7. Effects of Leptin on Body weight

Day Human leptin Fc control

Body weight (X+ SD)(n=5) Body weight (X+ SD)(n=5)
1 20.942.0 21.34+3.7

20.7+£2.3 21.443.3
7 20.1£2.1 22.243.9

As shown in Table 10, Leptin resulted in less than half of the weight loss that GLP1-
Fe-Leptin induced.

Similarly GTT assays were also conducted in rats and rabbits in small numbers. All

the results support the inhibition of GLP1-Fc-leptin on blood glucose level.
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GAGACCT TGGACAGCCT GGEEEGTGTCCTGGAAGCTTCAGGCTACTCC
ACAGAGGT GGT GECCCT GAGCAGGCTGCAGGGGT CTCTGCAGGACAT

W@EIDGI BERAGCT GGACCT CAGCCCTGEGTGCTGATAA | nf or nar¢DOS1006/011276
SEQ ID No:7: (vii) Sequence characteristics: (A
Lengt h: base pairs; (B) Type: CDNA, (C) Topol ogy:

G SR ) M RO IR R B FNBRE G

3%&@ lgeelbsgﬁtmmwélgpﬂosm}ffect when comparing with commercial GLP-1

AT PR S CrT e dre

3 CTB%@FEMIBT@ Tfkoh less

%@%E%T@Iﬁ%m%%a
AT N BT RCSRAT AT ALt

WM@@W@W@Q&%@M@@MGC@M@C@A
AGGGCAGCCCCGAGAACCACAGGT GTACACCCT GOCCCCAT CCOGGGA

TGAGCTGACCAAGAACCA GACCTGCCTGGTCAAAGGCTT
CTATCCCAGCGACAT GCGGCCAGCCGGE
AGAACAACTACAAGACCACGCCTCCCGT C-ICT GCGACTCCGACGECTCCTTCTTCC
TAIT ACREFANS lifabYo5ed T (AN in any
GGAACGICTTCT CATGCT ccar TGCATGAGGCT CTGCACAACCACT
ACROEAAEA Kas B sissrapbereptcaiy an
ANGhSEARACA] G0d1 %Mm%%%ﬁless
TCAATGACATTTCACACACGCAGT
e@;@swmtth OSEUA PO RGAGTTA eric
GAGLGTACCAACAGATCCTCACCAGTATGCC
TTCCA CC‘AAATA'IrCC‘AACGACCT GCGAGAACCT CCGGGA

From the above description, one skilled in the art can easily ascertain the essential
characteristics of the present invention, and without departing from the spirit and
scope thereof, can make various changes and modifications of the invention to adapt it

to various usages and conditions. Thus, other embodiments are also within the scope

of the following claims.
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TCTTCTTCACGT GCTGGCCTTCTCTAAGAGCTGCCACT TGCCCTGEECC
AGT GGCCTGGAGACCT TGGACAGCCT GEGEEGTGTCCTGGAAGCTTCA
WOBOTAGRCCACAGAGGT GGT GGCCCT GAGCAGGCT GCAGGGGT CTEITRUS2006/011276
CAGGACATGCTGTGECAGCTGGACCTCAGCCCTGGGTGCTEA | nf or mat i on
for SEQ ID No:8: (x) Sequence characteristics: (A
Length: base pairs; (B) Type: cDNA, (C) Topol ogy:
IGIndBMS (xi ) Ml ecul ar type: cDNA. (xii) Sequence
description: SEQ ID No:8: (cDNA sequence of human |Igd
‘@ %C%g CACACATGCCCACCGT GCCCAGCACCTGAACT CCTEEEEEG
CCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTC
(CCGACBE b TCADBAEInET GGT GGT GGACGT GAGCCACGAAGACC

A AR A R A R RO A g and
mmm&smwwm&qmm&mm

mm@&%@@%@mzﬂmm
S

TCTTCCT CT ACAGCAAGCT CACCGT GGACAAGAGCAGGT GGCAGCAGGGGAACG

TCTTCTCATGCT CCGT GATGCATGAGGCTCTGCACAACCACT

Cacaadhetisire pexteir affrerindonbigmthe ﬁf%?rnssmnérblqleﬂwaﬂsmvrs D

Nepie o(réfdtélﬁ lsﬁgéyﬁ&fd? pfdiah aGhRheStics: (A) Length:

amno acid Type: amno acid (C) Topol ogy:

| inear, (Xxi v) l\/bI ecul ar type: am no acid (xv) Sequence

descr ’Tm: R fon pﬁﬁ@n LRL1¥gy 29 wh(flteﬁfathé ﬁﬁpﬁi%lo?ﬁgl%fi%mtem
VDAVKRGA.CCVLLLCGAVFVSNS I nf or mat I on

(Coptpinsthgiseqieacec&lvregar liltfieptide 1 Apylire ngpwtldqw , 8t No

Mc@iﬁﬁal(&@ivﬁé’rﬂﬂiere@ﬁi no acid; (C) Topology: |inear

4. The fusion protein of claim 3, wherein the first biological active protein

contains the sequence of SEQ ID NO: 2.

5. The fusion protein of claim 2, wherein the second biological active protein
contains the sequence of Leptin or a functional equivalent or a weight loss related
protein, wherein the second biological active protein maintains a function thereof

when covalently fused to the C-terminus of a heterologous peptide or protein.

6. The fusion protein of claim 5, wherein the second biological active protein

contains the sequence of SEQ ID NO: 1.

7. The fusion protein of claim 6, wherein the fusion protein contains the
sequence of SEQ ID NO: 4, 5, 10, 11, 16, or 17.
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(v) Mol ecular type: protein (vi) Sequence description:
SEQ ID No: 10: (translated mature am no aci d sequence
wo@Roomoieie ed GLP-1 ( GB- GLP- 1) - GGEGSGEEES- | ept i nPCT/US2006/011276

HGEGTFTSDVSSYL EGQAAKEFI AW.VKGRGGGEGSGEEGSVPI (KVQDD

TKTLI KTl VTRINDI SHTQSVSSKQKVTGLDFI PGLHPI LTLSKNVDQTLAVY

QQ LTSMPSRNVI Q SNDL ENL RDL L HVL AFSKSCHLPWASGLETLDSLGG

VL EASTvsEivy ptosil ichiapyv e DItsPdss hiplpgicstastivemprdtein  SEQ
r h:

o b oh R R 3R SRS, o S I RO

l'inear. (XVI i) l\/bl ecul ar type: protel n (XVI i

equence. desc t

ga tur ?“ﬁ a%] ol p{oté?n !)ig céalral?ﬁgléé o%nl}pe %&12) g%&é’n‘?% a%sqge

@@ehc(e@SH)FPDINOG@@E&@GGGS lgd Fcleptin)

HGEGTFTSDVSSYLEGQAAKEFI A W.VKGRGEGGESGEEESDKTHTCPPCP

APELLGGPSVFLFPPKPKDTLM SRTPEVTCVVVDVSHEDPEVKFNWYVD

GYEVHNATUKBREREIMNS YRV \ASWh dreinHh M NSIb YiKATHMBNIofdtein

FESNGEPERNHKF OO BSEO R U M ORIRIBNUP O

EALHNHYTQKSL SLSPGVPI QKVQDDTKTLI KTI VTRI NDI SHTQSVSSKXK
VTGALDEl PE_HPI LTLSKI\/DO_TLAVY(IJ LTSMPSRNVI Q SNDLENLRDL L
A AFShestisiomppeis e las| | @VIEAB GRS FEOVACSH (SR
WJuehRRESEQNDANOBMI N5 for SEQ I D No: 120 (vii)
Sequence characteristics: (A) Length: 189 am no acids;
(B) Type: amino acid; (C) Topology: linear (viii)

I\I@l ec ‘Fh@fus&)ﬂ ?ﬁ}tGllP!Siﬂgleﬁﬂnrl fiirthbr RGBS 8 1 RS GEdnRint BB joREQ

ranslated mature am no acid sequence of
wimwggw gncg@y smmh@g}p ﬁlﬁ)lmker segment is capable of
% %DASPEEL NRYYASL RHYLNLVTROQRYGGEGESGEEESVPI (KV
TKTLI KTI VTRI NDI SHTQSVSSKQKVTGLDFI PGLHPI LTLSKVDQTL
AVYQQ LTSMPSRNVI Q SNDLENL RDLLHVLAFSKSCHLPWASGLETLDS

L SVLERSRGST W&%ﬁb%m&g‘lm%egmem contains the Fc

fragment of an immunoglobulin or a functional equivalent there of.

14. The fusion protein of claim 13, wherein the immunoglobulin is IgA, IgE, IgD,
IgG, or IgM.

15.  The fusion protein of claim 14, wherein the immunoglobulin is IgG.

16.  The fusion protein of claim 15, wherein the Fc fragment contains SEQ ID
NO.: 3.

17. The fusion protein of claim 1, wherein the fusion protein further contains SEQ

ID NO.: 9 or a functional equivalent thereof before the secretion.

18.  An isolated nucleic acid comprising a sequence that encodes the fusion protein

of claim 1.
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Information for SEQ ID No: 13: (xix) Sequence
characteristics: (A Length: 416 am no acids; (B)

way@aenissm® no acid; (C) Topol ogy: |inear. (xx )PCT/US2006/011276

Mol ecul ar type: protein.(xxi ) Sequence description:
SEQ I D No:13: (translated mature am no acid sequence
of peptide YY (3-36)-GEGEESCEEES-1gd@ Fe-leptin)

| KPEAPGEDASPEELNRYYASL RHYLNLVTRQRYGGGEGSGGEEGSDKTHTC

Al g ;T
VGV ER AR R P RSV T U REREJRRVEN Henee
kokloPAPT ST ITSRIACEEIPREPQVYTL PPSRDEL TKNQVSL TCLVKGFYPSDI
AVEVESNGQPENNYKT TPPVLDSDGSFFL YSKL TVDKSRWIQGNVFSCS
VIVHEAL HNHYTQKSL SLSPGVPI QKVQDDTKTLI KTI VTRI NDI SHTQSVSS
KAOKV/ T @L BietdP Ghriipiding tBKMDEIE AN EAI4iRIBPSRNVI Qf SNDLENLR
DLLHVLAFSKSCHLPWASGLETLDSL GGVLEASGYSTEVVALSRLQGSLQ
DMLWQLDLSPGC I nformation for SEQ ID No: 14: (x)
SHquerrckosc bl @adipeising & hadeic 6 of daigi 18. 192 am no aci ds;
(B) Type: amno acid; (C) Topol ogy: linear, (xi)
Mol ecul ar type: protein (xii) Sequence description:
SBQ | [A Method 8f prodiucaipsl palypeptie] dbhrigiiz BEltARE theIRGILRNGE

ofa l.in 36 GOGGES- | epti n)
&%@EM@%&@& nfgg%c%mﬁs&@%@e@@wﬁ
&E@WTHA dﬁIle}é'l'aRidl\@ld?d}F %&I\/%SSKM ki B iR ulnl e S KMo r
CgT LAéé QQ LTSMPSRNVI Q LAFSKSCHLPWASGLET
EWALSRLQGSLQDI\/LVQDLSPGC I nformati on

for SEQ I D No: 15! (xxii) Sequence characteristics:
(A) Length: 420 am no aci ds; tp am no acid; (O
pol @g&anp@qqgtéﬁal CC(H)@@FIFIPI} cqmr@gwtléﬁ- u§19}bgrotem of claim’

A HtaSuBle{o@t idehe REPUBORRIH %ﬁﬁ&h Pl Q 'ﬂhar%%&uh@l%cce]s@able

(transl ated mature am no aci d sequence of anyl
(9aLr86) - GEEGSCEEES- 1 gd  Fe- 1 eptin)
KCNTATCATGRLANFLVHSSNNFGAI LSSTNVGSNTYGGEGSGEGGESDKT

HTCPPCPAPEL L GGPSVFLFPPKPKDTLM SRTPEVTCVVVDVSHEDPEVKF
24. A food composition comprising the fusion protein of claim 1 or a nucleic acid

encoding the fusion protein; and a dietarily acceptable carrier.

25. A method for reducing body weight, comprising administering to a subject in
need thereof an effective amount of the fusion protein of claim 1 or a nucleic acid

encoding the fusion protein.

26.  The method of claim 25, further comprising concurrently administering to the

subject the first or the second peptide or protein.
27. A method for treating diabetes, comprising administering to a

subject in need thereof an effective amount of the fusion protein of claim 1 or a

nucleic acid encoding the fusion protein.
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NWYVDGVEVHNAKTKPREEQYNSTYRVVSVL TVL HODW.NGKEYKCK
VSNKAL PAPI EKTI SKAKGQPREPQVYTLPPSRDEL TKNQVSLTCLVKGFY
WD MAEVWESNGOPENNYKT TPPVL DSDGSFFL Y SKL TVDKSRWRIAMUF2006/011276

SCSVVHEAL HNHYTQKSL SLSPGVPI QKVQDDTKTLI KTI VTRI NDI SHTQS

VSSKQKVTGLDFI PGLHPI LTLSKVDQTLAVYQQ LTSMPSRNVI Q SNDLE
LAFESKSCHL PWASGLETL DSL GGVL EASGYSTEVVAL SRL

&%}I\/L @é@g Clar of-ridthes FonsFsingEonqUeRY adpginisiesing fo)the

Seajenee fifshar tAe §Rbldieh & orpfdteikendt h: 179 amino aci ds;

(B)}é'?'ype: am no am?eb(C) %Qg%ol ogy: linear, (Xxiv)

Mol ecul ar type: protein (xv) Sequence description: SEQ

| No:a éa@t&oé}%fﬁ&%hﬁ{éﬁ‘tﬁ ﬂ@h f?mcmb@gﬁtqhe?fpgm&ewéor

nodi fi -

FM@PFWsmﬂmmEﬂmmG?%/Pl QKVQDDTKTLI KTI

SrN1 O BBCER LV A SR RS AT Bt L EASETAD

TEWA@BRmemmmmerﬁoﬁrmm o Misicprpr@EQ 4nd No:

arm no e RLBF AERRIRodR iy i R0 ogy

l'i near. (XXVI ) Mol ecul ar type pr ot ei n. (xxvii )

ue 11
I o AHE R A L P, oD s Risafficatpormbihant Bepiide or
Girdteih(heBa HeRApbytic@ietlog Habbtes brafkiity)
HGEGTFTSDVSSYLEGQAAKEFI A W.VKGRGGEESGEEESDKTHTCPPCP
APELLGGPSVFLFPPKPKDTLM SRTPEVTCVVVDVSHEDPEVKFNWYVD
GVEVHMAIR T RREEEM IS I VATt abY o FRINW DAt N in,
PAPI EKTI _SKAK@DREPQ\/YT LPPSRDELTKNQVSLT KGFYPSDI AVE

NNYKTTPPVL DSDGSFFLYSKL TVDKSRWQGNVFSCSVIVH

EAL HNKHT;
| PG HPI LTLSKND%TSN W%ﬁg&h Rﬁc\}%}% EN&Q§ \I\I{%gémg

@L%&Egﬁgchemﬁ@@_@mﬁswm s aloepvalisRnogeinpmera;
\4Rl DL SPGC

determining the efficacy of the fusion protein in a subject.

32.  The method of claim 31, wherein the therapeutic peptide or recombinant

protein has a therapeutic effect on diabetes or obesity.

33. A pharmaceutical composition comprising (i) Leptin or a functional
equivalent; (ii) one of Glucagon-like peptide 1, amylin, peptide Y'Y, or a functional

equivalent thereof; and (iii) a pharmaceutically acceptable carrier.
34. A food composition comprising (i) Leptin or a functional equivalent; (ii) one

of Glucagon-like peptide 1, amylin, peptide YY, or a functional equivalent thereof:

and (iii) a dietarily acceptable carrier.
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Information for SEQ ID No: 18: (xxviii)Sequence

characteristics: (A Length: 37 am no acids; (B) Type:
wa@pionoisaed d; (C) Topology: linear. (xx i x ) M{BUS1086/011276

type: protein. (xxx ) Sequence description: SEQ ID No:

18 (translated mature am no aci d sequence of anylin

1- 36) KCNTATCATGRLANFLVHSSNNFGAI LSSTNVGSNTY

13 or rihtietind fo treging diabeirgpor redicing,bpily weighiu eqiemsising

%ﬁ{lﬁ%ﬁﬁé t%t 'sﬁ@ect Qﬂee& BiapoPan cHtbcAd A?I%L@Pbidfﬁ F)lac-gb(tﬁb%l

am no aci d Topol ogy: linear (xvii ecu

U@p&mmpvmo@ﬂmn%QV|||) Sequence descrlptlon SEQ I D No:

19: (translated mature am no acid sequence of peptide
YY 3-36) | KPEAPGEDASPEELNRYYASLRHYLNLVTRQRY

36. A method for treating diabetes or reducing body weight, comprising
administering to a subject in need thereof an effective amount of the pharmaceutical

composition of claim 33.

37. A food composition comprising a recombinant lactic acid bacterium that
produces and secrets the fusion protein of claim 1 or a functional equivalents; and a

dietarily acceptable carrier.

38. A food composition comprising a recombinant lactic acid bacterium that
produces and secrets the first or a long-acting version of the first together with the

second or a long-acting version of the second.
39. A food composition comprising a recombinant lactic acid bacterium that

produces and secrets (i) Leptin or a functional equivalent together with (ii) one of

Glucagon-like peptide 1, amylin, peptide Y'Y, or a functional equivalent thereof.
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