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Q.

15 In rodents, there are described seven single gene
mutationis that result in an obese phenotype; five of which are
present in mice. Of these seven rodent models, one of the most
intensively studied is the obese (ob) gene mutation in mice,
identified in 1950 [Ingalls, A.M. et al., J. Hered. 41, 317-

20 318 (1950)]. Mice homozygous for this ob gene mutation are
profoundly obese, develop type II diabetes mellitus, and are
hyperphagic and hypometabolic, as part of a syndrome
resembling morbid obesity in man [Friedman J.M. et al.,
Genomics 11, 1054-1062 (1991)]. This ob gene is mapped to the

25 mouse proximal chromosome 6 and encodes a protein (i.e., ob
protein) expressed in adipose tissue [Zhang, Y. et al.,
supral . Mice homozygous for the ob gene mutation have little
to no production of this ob protein, and accordingly have
defective regulation of body weight leading to obesity.

30

The murine or human ob proteins may be administered to
patients suffering from defects or mutations in their
corrésponding obese (ob) gene, which defects or mutations
prevent or interfere with the production and/or function of

35 the ob proteins in modulating body weight. These proteins may
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correspondi ng obese (ob) gene, which defects or nutations prevent or
interfere with the production and/or function of 35 the ob proteins in

modul ati ng body wei ght. These proteins may therefore be used as a
hornone-1i ke substance to cortrol, prevent- @r-treat -obesity and its related
di seases and conditions in man and animals. 5 - To use the nurine or

human ob protgins in this manper, these proteins can_be adm nistered
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in a biological active and soluble state, and thereafter purified to
honpbgenei ty RAEEFICTIY Fetivjedormn €6 pat PRI MIR i%R), preventing

or practitioners in the field that contaminants present in

15 injectable medication can often lead to toxic side-effects or

adverse immunological responses.

While the murine ob gene sequence is disclosed in Zhang,
Y. et al, supra, no methods of expressing the murine ob
20 protein or its human counterpart have been reported, much less
producing these proteins in a biologically active and soluble
state from which the proteins can be purified to homogeneity.
Therefore it is important, and is an object of this invention,
to express and produce the murine or human ob proteins in a

25 homogeneous, soluble, and biologically-active state.

It has been discovered that recombinant human and murine
ob proteins can be expressed in a biologically active and
soluble state; and thereafter purified to homogeneity suitable

30 for injection to patients for treating, preventing or
controlling obesity and its related conditions and diseases,
such as type II diabetes mellitus, hypertension,
hyperlipidaemia and the like.

35 In accordance with this invention, the human and murine
ob proteins can be produced recombinantly in a biologically
active form and purified to homogeneity by first constructing

novel expression vectors for Escherichia coli (E. coli).



controlling obesity and its related conditions and di seases, such as type
Il diabetes nellitus, hypertension, hyperlipidaema and the |ike. 35

In accordance with this invention, the human and murine ob proteins can be
produced reconbinantly in a biologically acgive formand purified to
hoaneneity by first constructing novel expression vectors for Escherichia
coli col i -3- These expression vecgtors contain a pronpter and a
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and transloc usl on proteln Into t eri asn1c space
(i.e., betweeRre@ecingethenkiolngicaldy ar?é‘-ﬁﬂleaﬁé§°8¥°1¥1ﬁ§ Efoxm| pf the
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the o rotein jn._a so e_and, bi ol ¢gi cal | form
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bi ol ogi cal I y arprysesion nam&ttxa:eéllod‘anﬁeﬂm tthiel Eukbohnprotednnimto othé he
host E. cells,to cold OSHD{IC shaqc 3 i ch Qi int_the ob proiflns
are purlf d PoT TR He TRREY the s’eg’f r‘f’teeﬁl S 1BPSANPBR BRERANGR
chr omat ogr aphyembyanephobi the rE ereaxdtii ori crolorgand smd paabgwhpdly potngethe
filtration, fl '{Eté}?é s(g&j%r TQﬁ PLES Ly epLi 9 nd Seid SOy
directed to 1§{%% ek%g%sgé%n vectg? Conngh ne % Sgh& enco%é %.¥u5|on
protein protein in a soluble and blologlcally active form. Next the
ob proteins are efficiently secreted in soluble and
15 biologically active form into cell free medium following
treatment of the host E. coli cells to cold osmotic shock, at
. which point the ob proteins are purified to homogeneity by the
sequential use of anion exchange chromatography, hydrophobic
interaction column chromatography and gel filtration, carried

20 out in that order.

The present invention is also directed to 1) an
expression vector containing the DNA encoding a fusion protein
comprising a sOmpA signal peptide and a human or murine ob

25 protein; 2) to a host organism transfected or transformed by
such expression vector; 3) to the DNA sequence encoding the
human ob protein; and 4) polyethylene or polypropylene glycol
conjugates of the ob prqtein.

30 The present invention is further directed to methods for
expressing recombinant human and murine ob proteins in a
biologically active and soluble state, and for producing these
proteins in a purified homogeneous form suitable for
administration to animals and humans.

35 _

The method for expressing and producing the murine ob
protein in accordance with this invention is achieved
utilizing the murine ob gene as reported by Zhang, Y. et al.,



conprising a sOmpA signal peptide and a human or nurine ob 25 protein; 2)
to a host organismtransfected or transfornmed by such expression vector; 3)
to the DNA sequence encodi ng the human ob protein; and 4) polyethyl ene or
pol ypropyl ene gl ycol conjugates of the ob prdotein. 30 - The present
invention is further directed to nethods for expressing reconbi nant human

d b t bi ol || t d st at, f
P oduci ng. t neSBearst SRS SPARBE P HPIShOURei % OUA SAREaBRaT SPD)
adm ni strati omuicdeantiidiel segqnednbenbdent BHidd chemssirochsf (SEQexcrmr ¥osi ag FThds
D ea%ut '+ PENAC o RRE' ELALA- 8 SORIANCE, W (P JoUNGY Qufice or

achieved utilizingt
-4- supra, t h@pgaqer@ndengoﬁrmﬁchog’éhesii:@rtalrmzlvm@ ;%;iawrt( Feronuekeot i de

sequence | denidhedeigkess aAaSECbhthdlind will & BHdD eodrsRenBRIuERS e

conprlses a 501 bp caodi ng, ,sequence or open reading franme (ORF) startlng
with a start 8denard bafiageBptuanstated IRFURNAAT AF WOt §h§t 8p eBdon’ at

nucl eoti de 532ngandrhavorg bbhtanss ok esh Seslusnaes Fedieinke! FeoR naBlebtide
ends. The ORF ontalgs a 63 bp signal sequence from nucleotide 36 to 98. 10

This nurine of g ERe? equence (SEQ ID NO 1) encodes the nurine ob protein
“(plus its signal sequence) whose ami no acid sequence is 167 amno acids in

| engt h an s identjf.i_e EQ. | h r f [ 2,
the first dléil am notlglm dg‘urgglfolrge%ng {.}%)ess?m d @Ed%n@e%g? ?ﬁeéggroid%l\logge
protein. 15 Tharimeupdb puetednokppustiis s(m&iomeqqeslcsa)gwabsseqméneeycid

extends from agiande! 4s226¢ Vahind CadB4 % R0 hakdy i3k 38dntified as SEQ
ID NO: 2. In this protein of SEQ ID NO: 2, the first 21 amino
acids represent the signal sequence of the murine ob protein.
15 The mature murine ob protein (without its signal sequence)
extends from amino acid 22 (Val) to amino acid 167 (Cys) and
is represented by SEQ ID NO: 3.

The method for expressing and producing the human ob
20 protein in accordance with this invention is achieved
utilizing the human ob gene, the sequence for which gene is a
690 bp nucleotide sequence identified herein as SEQ ID NO: 4.

Zhang Y. et al., supra, report the human ob gene as

25 highly homologous to the murine ob gene, and disclose a
conventional method using oligonucleotide probes directed to
the murine ob gene which can be utilized to 1) screen a cDNA
library of clones derived from human adipose tissue, 2)
identify those clones having the human ob gene, and 3) isolate

30 and sequence the human ob gene sequence. When sequenced by
conventional means, this human ob gene sequence is determined
to have the nucleotide sequence SEQ ID NO: 4.

As with the murine ob gene, the human ob gene comprises a
35 501 bp coding sequence or open reading frame (ORF) starting
with a start codon at nucleotide 37 and terminating with a
stop codon at nucleotide 538, and having an untranslated



Is represented by SEQ ID NO 3. The nethod for expressing and producing the
human ob 20 protein in accordance with this invention is achieved utilizing
t he human ob gene, the sequence for which gene is a 690 bp nucl eoti de
sequence identified herein as SEQ ID NO 4 5Zhang Y. et al., supra, report
t he human ob gene as 25 highly honol ogous to the nurine ob gene, and

di scl ose a conventi onal t had usi ol igqnucl eot i propbes directed t he
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derived from biignal aslepoarce | fisore, mildotdidie BY tho98.cl ones having the
human ob gene, and 3) isolate 30 and sequence the human ob gene sequence.

When sequenced by conventional neans, this human ob gene sequence is
determined to haveThhe hunirodh drene EeauencSEQSEDQ MD N@: Ay encadedeanuri ne
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reading frame (ORF) startin ] start codon "at nucleotide 37 and
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sequence) extlendSE@rBnX®: &6 no acid 22 (Val) to amino acid 167 (Cys) and
Is represented by SEQ ID NO 6. Zhang, Y. et al., supra, report 84%

identity between the . )
Zhang, Y. et al., supra, report 84% identity between the

murine and human ob proteins. Zhang Y. et al., supra, also

15 report that variants of the murine and human proteins exist,
one such variant being characterized in both species by a
deletion of glutamine 49. Approximately 30% of c¢cDNA clones in
the libraries derived from mouse adipose tissue and human
adipose tissue have the codon 49 missing [Zhang, ¥. et al.,

20 supral.

The following terms shall have the definitions set out

below:

25 Murine ob protein (mob) refers to the protein of SEQ ID NO: 3
whose bioclogical properties relate to the treating,
controlling or preventing 6besity or its associated conditions
and diseases. Specifically, a murine ob protein is defined to
include any protein or polypeptide having an amino acid

30 sequence which is substantially homologous to the amino acid
sequence SEQ ID NO: 3, and further having the following

.biological activities:

1) When the protein or polypeptide is administered by

35 ' intracerebroventricular (ICV) injection to 16-18 hour
fasted mature obese ob/ob mice having a body weight of at
least 30 grams at a dose of 20 Mg or less using the



murine and human ob proteins. Zhang Y. et al., supra, also 15 report that

variants of the murine and human proteins exist, one such variant being

. characterized in both species by a deletion of glutam ne 49. Approximtely

30% of cDNA clones in the libraries derived6f«om nouse adi pose tissue and

. human adi pose tissue have the codon 49 m ssing [Zhang, Y. et al., 20

| supra]. The foIIovm S hav he defi Qns et _out bel ow. _ 25
Miri he ob protein ’(“ Fe?g gai%yt?‘ré‘?ﬁ# c&‘f éE@ I D3N0?8§r96ﬁ883' 15,

bi ol ogi cal propert Mslseknsﬁﬂ p tihe presdimepr eulypelpitideg:or preventing

obesity or its associated conditions and di seases. Specifically, a nurine

ob protein is defined to include any protein or polypeptide having an am no
acid 30 sequence whi ch i(8)subetunesafbgd himipdrlogolitring tehé dvuro feeiddng

sequence SEQ ID NO 3, and f 4N r{wmg@r I [FaYe
activiti esE 1) When t he prgt%?ngorgy% %&g%oéi%dg\%%%egtlgge?
ik

i ntracerebroventricul ar (| C\/F°Pﬁ}f@ét%ﬁet hdRdUcnce Fopgk &Pé;aiiﬁése
ob/ ob m ce having a body weighfy of at |east 30 granms at a dose of 20 [err]g
or less using the nmet hods of Hal ey and McCorm ck, Brit. J. Pharnacol.

12, 12-15 (1957), the protein or polypeptide: (a) reduces food intake
during a 5 hour feeding(b) reduces body weigist dairﬁ@%mrgoa:&md 24ohoalriscl e

i nj ected qsntrol m ce (ED50 ff8i1§§9éf§ ﬂgeff&? i&teaé% OH %n\md (tb)]ha%qé% body

wei ght gain during the 24 hodur
injection by at |east 50% corpapadedoteerekticle mm@@éem’t@olmse( KBEB6O

for reducing body weight gain);
or

15 2) When the protein or polypeptide is administered
intraperitoneal (IP) to non-fasted mature ob/ob mice
having a body weight of at least 30 grams twice a day at
the beginning of daylight and again at the 3 hour point
of the dark phase, for one week, in a total daily dose of

20 20 pg or less, the protein or polypeptide: '

(a) reduces 5 and 24 hour food intake by at least
20% compared to vehicle injected control mice
_ (ED20 for reducing food intake); and
25

(b) reduces body weight gain during the 24 hours
following the first IP injection by at least
20% compared to vehicle injected control mice
(ED20 for reducing body weight gain).
30

As used herein the term murine ob protein includes such
proteins modified deliberately, as for example, by site

directed mutagenesis or accidentally through mutations.

35 Human ob protein (hob) refers to the protein of SEQ ID NO: 6
whose biological properties relate to the treating,
controlling or preventing obesity or its associated conditions

and diseases. Specifically, a human ob protein is defined to



for reduci ng body weight gain); or 15 2) When the protein or

pol ypeptide is adm nistered intraperitoneal (I1P) to non-fasted mature ob/ob
m ce having a body weight of at |east 30 grans twice a day at the begi nning
of daylight and again at the 3 hour point -0f7 £he dark phase, for one week,
in a total daily dose of 20 20 [err]g or less, the protein or

~ pol ide: (a d 5 and 24 hour food ijntake b | 2096
Compar 60 1o vERTERES: HREcPRatR (9 SRS R8RS P ROCRRAR B St ake)

and 25.(b) redegesntedyhiwh ghs spbstahtiialdyt hem@dofousstdbothevwamine hecidr st
| P injection 20%0 r l.cl e_Lalec I ce
(ED20 for redg%gﬁ%ntggéé%elgﬁ?9ggﬁh%guggk%§ﬁﬁgegakg?gi%ﬁghgg?%éﬁin rine ob
protein incl udeelegtpapracelvisti®Rrfi fied deliberately, as for exanple, by
site direcged nutagenesis or accidentally through nutations. 35 Hunman ob

protein (hob) refers to the grotein of SEQ ID NO 6 whqse hi gl ¢gi cal
properties relate tb t hEREReERENBTOESHR 1 IRHYRIPLIAS, dft PRELBREERE§I0ECY s
associ ated condi ti g5S16n18 th&€ASESs t &P e thirealobesed o/EBmOBePheTEhG &4 S

defined to -7- jnglude, an otein or | ypepti de having a ino acid

sequence which is éﬁ%%t‘ﬁﬁ%&é%%h% %?ggotu?bi 3%1 ﬁ‘o\‘éﬁégd%eg@éﬁ e“SEQ

ID NO. 6, and furthesshasing tie netheils f Hadleygiaodl MaCormitkessubra, the
10 protein or polypeptide:

(a) reduces food intake during a 5 hour feeding
test by 50% compared to vehicle injected
control mice (ED50 for reducing food intake);

15 and

(b) reduces body weight gain dufing the 24 hours
following the ICV injection by at least 50%
compared to vehicle injected control mice (ED50
20 for reducing body weight gain);

or

2) When the protein or polypeptide is administered IP
to non-fasted mature ob/ob mice having a body weight of

25 at least 30 grams twice a day at the beginning of
daylight and again at the 3 hour point of the dark phase,
for one week, in a total daily dose of 20 Hg or less, the
protein or polypeptide:

30 (a) reduces 5 and 24 hour food intake by at least
20% compared to vehicle injected control mice
(ED20 for reducing food intake); and

(b) reduces body weight gain during the 24 hours
35 following the first IP injection by at least
20% compared to vehicle injected control mice

(ED20 for reducing body weight gain).



1) When the protein or polypeptide is adm nistered ICV to 16-18 hour
fasted mature obese ob/ob m ce having a body weight of at |east 30 grans at
a dose of 20 [err]g or |less using the nethods of Hal ey and M Corm ck,

supra, the 10 protein or polypeptide: §(a) reduces food intake during
a 5 hour feeding test by 5096conpared to vehicle injected control mce
(ED50 for reducing_ food i ntake); and , (b) reduces body

wei ght gai n duri ngPEhesed h%ﬂ?%nfEﬂ?(ﬁﬁ?ﬂ;hﬂﬂ?q eb PﬁP&@PPoﬁnﬁ}uﬁ?slﬁﬁg? 50%
conpared to vphbtéens rm@@ifpbd:omnﬂexrawy(,Ela&Ofae example, by sitefor

reduci ng body ai n 0 n_or. pal tide is
i ni ster od AP PECHA R CheatFain m. Al eRat EPREeR BB e or 25
at least 30 granms twice a day at the beglnnlng of daylight and again at the

3 hour poi gt giipkiendas i phaste: d 13!?16“& E}eéekobakhd@b'ﬂuéﬁéfc Oécz?@

[err]g or I|ess, € protern or po ypept| ia red uces
and 24 hour faed amlaqzea%ydaﬁemeszlomahé@ gopgthieudar npekei

control mce (EROLEOY f@fit@xﬂ@ﬁ@% itRi®) seaﬁénée) {r&ﬂysss,fmdyawel ght

gain during the 24 hour's fol|l ow,ng {he first
i nj ecti on by &¢ ?%%%?ezﬁﬁ@ﬁﬂﬁﬁ%#§6‘¥ﬁa6EhFEF@ FHP@EPEEtEBH?ro@e%?E%P?%IXRF

for reducing Q&dj{tﬂ\@hﬂhttmlrfét effedt ofswhieh Herabs taeulermmmse
E[ftee' N 196! UEES SHS P S 110 TRY Y Bl 0l RER! Sh¥er8RcL Ohn§ QB Set Y
sequences. For purposes of the present invention, sequences
' having greater than 95 percent homology{ equivalent biological
properties, and equivalent expression characteristics are
considered substantially homologous. For purposes of
15 determining homology, truncation of the mature segquence should
be disregarded. Sequences having lesser degrees of homology,
comparable bioactivity, and equivalent expression
characteristics are considered substantial equivalents.
Generally, homologous DNA sequences can be identified by
20 cross-hybridization under standard hybridization conditions of

moderate stringency.

Fragment of the murine or human ob protein means any protein

or polypeptide having the amino acid sequence of a portion or
25 fragment of a murine or human ob protein, and which has the

biological activity of the murine or human ob protein,

respectively. Fragments include proteins or polypeptides

produced by proteclvtic degradation of the murine or human ob

proteins or produced by chemical synthesis by methods routine
30 in the art.

An ob protein or fragment thereof is big;gﬁiggl;y_gg;izg
when administration of the protein or fragment to a mammal,
including man, reduces food intake and reduces the rate of

35 weight gain in the mammal. Determining such biological
activity of the human or murine ob protein can be caried out
by conventional, well known tests utilized for such purposes

on one or more species of mammals, particularly the obese



directed nutagenesis or accidentally through nutations. 5 Substantially
honol ogous which can refer both to nucleic acid and am no aci d sequences,
means that a particul ar subject sequence, for exanple, a nutant sequence,
varies froma reference sequence by one or 9mre substitutions, deletions,
or additions, the net effect of which do not result in an adverse 10
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Gener al | é hormol ogous DNA s uence can ,be
i dentified b>2 @Lgc%sé-ﬁl%‘ibﬁpél 2t EBRO uﬁ@l@rr%@%ﬁl’d}% ggin of

Conflltlons 0f20Ee o a Bl | M%@%ﬁatfﬁégﬁﬁﬂinocietﬁéhﬁniﬂimgﬁeamdydmd 1 ob
protein means any .protein_or tide, havin ami,no _acj u of
a portion or 3% mﬂ%l[ ?rﬁﬂﬁa?ibg%r%’etﬁréllrﬂ \ﬂs?n%ﬁ F’\V?alght he
bi ol ogi cal aaheviz®y t@a‘stt Iia mebemmcehasadesdnr:pbeﬂ dnanemsrtéxﬁ hugiap. or

Fr agrrents ncl ude protei r oduessh ]3;{_@

degradatlodn SRS U O% ﬁg’%gghhﬁ%ﬁgggﬁigeﬁae?n%gor produce lc %oggl

synt hesi s by mﬂ:talhmlpfr @6t I-lqt.IeOS’OlfP—t!iSt1a1§<51a€ﬂf1 ERgQ ofplbrliﬁdéiloﬂ-f& gMedght
thereof is blg(qugl cﬁalzloy#gcgg ?Le\.‘;’QenGéHQ}Qlﬁraﬂ Hed %M@dﬂiﬂiﬁ: the

fragnent to a reduces, food int ake and. reduces the
rate of 35 V\éikzjme Qﬁn’ﬁme@hblﬁ’&ﬁ’%FalD%FEHﬁWr@r%lRﬁ? ¥SSyi cal activity

of the human or nmurine ob protein can be caried out by conventional, well

known tests Hanlized ' AP RULREOEeRBNE Fe Y. YRR St RHHER S

parti cul
virus) that functions as an autonomous unit of DNA replication

in vivo, i.e., capable of replication under its own control.

20 Expression vector is a replicon, such as a plasmid, phage or
cosmid, to which another DNA segment may be attached so as to
bring about the replication of the attached segment. It
comprises a transcriptional unit comprising an assembly of (1)
a genetic element or elements having a regulatory role in gene

25 expression, for example, promoters or enhancers, (2) a

" structural or coding sequence which is transcribed into mRNA
and translated into protein, and (3) appropriate transcription

initiation and termination sequences.

30 Clone is a group of DNA molecules derived from one original

length of DNA sequences and produced by a bacterium or virus
using genetic engineering techniques, often involving

plasmids.

35 Sianal seguence is the nucieic acid sequence located at the
beginning (5' end) of the coding sequence of a protein to be
expressed. This signal sequence encodes a signal peptide, N-
terminal to the newly synthesized protein, that directs the



-9- ob/ob nmouse. Several of these tests which can be utilized to
denonstrate such biological activity are described herein. In determning
bi ol ogi cal activity in accordance with the ICV test in ob/ob mce as

descri bed herein, the human or nurine ob 5 Ifyetein preferably has an ED50
for reducing food intake of 20 [err]g or less and an ED50 for reducing body

wei ght gain 0 |_ess nati v n de erm I cal
activity of ﬁ?ﬁ%z’ﬁ ‘%%ﬁ o‘%’%ﬂ‘r °§€t|?r g’i’?l Rroﬁeé c%?‘ﬁ%ﬁce V\A%% c‘i—‘k‘?qest

i n ob/ ob ni cehast deskl inmwrtarei mnd Waikbnangoal 1peptidacimbiguatlar n
preferably hag, rEgHCi ke of 20 [err]g or less and an
ED20 for redum ng %Pc?fgnii/%{ ght galtn%n%q%g Fg%?]'g or less. Cenerally,
fragnments whi ch exhi b| t the above nentioned biol ogical activity are
preferred.s15stRepd | €@ion SRy HAWRA h@u@.ﬂ.&ﬂrEATG( mogate@lﬁsn&mb SR HPSOne,
virus) that functions as an aut Qnonous uni replicatj on in vjvo,

i .e., capabl SRS ithtd aFahsder erd aég}ft 261 the oo EgR SRS i s
a replicon, stitd Birsc M Geidhdge a0proteihdsetiaende ch anot her DNA
segnent may be attached so as to bring about the replication of the
attached segnent. It conprises a transcriptional unit conprising an
assenbly of (w iis @ aomsense sbdnanigchaeﬂngnaan@geﬁmldrxy arfolfé”ler n

gene 25 expressi m{ e r er

or codi ngi((zeg?sjen%ga 'S an e@ﬁ;%%@% %Etg ﬁgégﬁd atg“rrlan te%l nto
protein, and q@)aaqmw.im ol voeptddei ghrén-initiation and termnation
sequences. 30 Clone is a group of DNA nol ecul es derived fromone ori gi nal

| engt h of ] acteriumor Virus,usin enetic
engi neering tCRFRiRfAS r’ré Bl A4AFRE array of codon eriplets

in double-stranded DNA encoding an amino acid sequence in a

15 cell in vitro or in vivo when placed under the control of
appropriate regulatory sequences. The boundaries of the ORF
are determined by a start codon at the 5' terminus and a stop
codon at the 3' terminus. It may also be referred to as a
"coding sequence”.

20
Promoter sequence is DNA regulatory region capable of binding
RNA polymerase in a cell and initiating transcription of a
dowvnstream (3' direction) open reading frame of one or more
struétural genes. The proﬁoter sequence is usually located at

25 the 5' end of the signal sequence or open reading frame and
extends upstream in the 5' direction to ihclude the minimum
number of bases or elements necessary to initiate
transcription of the polypeptide at a level detectable above

background.

30
A coding sequence or ORF is under the control of a promoter
sequence when RNA polymerase transcribes the coding sequence
into mRNA. |

35 A composition comprising A (where A is a single

polypeptide) is homogeneous for A when there is no detectable
quantity of contaminating proteins or other endogenous
materials, as detected by conventional means, for example,



35 Signal sequence is the nucleic acid sequence |ocated at the begi nning
(5" end) of the coding sequence of a protein to be expressed. This signal
sequence encodes a signal peptide, N terminal to the newy synthesized
protein, that directs the - 10 - host <dlll -to translocate the protein
toward or through the host cell nmenbrane, and which signal peptide is

usual |y excisqg duringﬂﬁucg tranilocgﬁion 5 Start _codon is codon usual ly
ATG | ocat ed iF-3HED (fo é’@fgy &% eagﬁ}ﬁfe R %‘ﬁﬁp?%?faﬁ% *%he 5 end,
and signal s tierdntrisin,anihe taxind homogepeotsi shabljuseber 3 Gp cogmsitsicn
nonsense codg ed i syal Ly.at th ' i gfl4eNce
of a protei n,&éJergﬁgéllg I‘-:’“gs'?‘hq1 1eléng&8¥-’£éﬁg§% ﬁ%%??%%gt@d%éc%ﬁré&(%en
Readi ng Fr amd¥ eRA)glts of |theegomposiyioh tedbhatrsprate prptRigblar st randed
DNA encodifg sy aEdta el d sequence in a 15 cell in vitro or in vivo when
pl aced under 'the control of appropriate regulatory sequences. The
boundaries of the ORF are determ ned by a start codon at the 5 term nus
andda stop codon alshzéo h%)ﬁoviiefdﬁétié‘ps butManeakre ﬂaelth@agrf@d Ji_iébc&lﬁoia'lar?tlyf
"codi ng sequence". ronoter seqguence LS requl at ory regqi,on capahl.e o
bi ndi ng RNA FOTSFRSITS (4P BER ARG FHFLRG PAGFTTSTON 11 P ighegieally
downst r eam ( Ectdivee@ridpolupide ceddfigeer atetef finse arf mtheers manedalirizin
genes. Thg, pr. r..se CE,i:S,.U I 5 f

si gnal se&er?%rg)eﬁnos;e%ﬁ%agﬂh%%hf ?ié%eg%négé%gﬁﬁgé%%;}%%rlﬁel r?‘?‘{]%eﬁbe& Q%

direction to Homdasheithe Fheseustapasbareoexeupbifind dremataindseddwy to
initiate transghifldon of the polypeptide at a | evel detectable above

1) Obtaining the mouse and human ob genes. The cDNA (SEQ ID

15 NO. 1) encoding the murine ob protein plus its natural signal
sequence is published in Zhang, Y. et al., supra. This murine
cDNA has been isolated and amplified by PCR technicque using
oligodeoxynucleotide DNA primers by conventional techniques.
These DNA primers and the methods for obtaining them are

20 described in Zhang, Y. et al., supra.

The cDNA (SEQ ID NO. 4) encoding the human ob protein
plus its natural signal sequence is obtained using the same
oligodeoxynucleotide DNA primers as used in Zhang, Y. et al.,

25 supra to obtain the murine ob gene. By using conventional
technique, this human cDNA has been isolated from a lambda
phage cDNA library made from RNA derived from human adipocyte

tissue.

30 The human or mouse ob c¢DNA may be obtained not only from
¢DNA libraries, but by other conventional means, e.g., by
chemical synthesis, or by cloning genomic DNA, or fragments
thereof, purified from the desired cell. These procedures are
described by Sambrook et al., in "DNA Cloning: A Practical

35 Approach", Vol. I and II, D.N. Glover, ed., 1985, MRL Press,
Ltd., Oxford, U.K.; Benton and Davis, Science 196, 180-182
(1977); and Grunstein and Hogness, Proc. Nat. Acad. Sci. 72,
3961-3965 (1975). To obtain the human or mouse ob ¢DNA from



background. 30 A coding sequence or ORF is under the control of a pronoter
sequence when RNA pol ynerase transcri bes the codi ng sequence into nmRNA. 35
A conposition conprising A (where Ais a single polypeptide) is honbgeneous
for A when there is no detectable quantity pp contam nating proteins or

ot her endogenous materials, as detected by conventional neans, for exanple,
stai ning of polyacrylam de gels. For_ purposes of this inventjon, the term
homogeneous sﬁQ&P LePERTEESA Ehﬁp6§$@| %ﬁﬁﬁﬁqEQQﬁ;%§r§FH§g ¥rotein or

pol ypept i de V\fﬁeﬁvéhth.eﬁ&l BiiAo hybabd Pt 1dn tteriodgues byorhesmehnbdsi 66l e
protein or BOl Beptlﬁ b The follow gg?nsﬁﬁe S tou.tl i_n ?_ﬁe met hods_f or
reconbi nantly 8?% Bs8Pfg PR&S huRER  3n 5?‘ Sl i) 8?8F8gically
active and sohusbhg pehherseprepared byemewérsﬁltmanm@uﬁptﬁan o@ podveins,
from whichsth [ C I g y eps
are exenpl|f|§88gxﬁég%glgﬁ%n§$ %Q%%%W%dﬂﬁﬁ%sqg% %%% ?%gi%nﬁgﬁggﬁﬁ ﬂ

ob genes. ThethENmurSE® P gSnRIO Cllqn%s\dfqu?fg hmuﬁ}rzmé%bhmrémﬁrﬁl age

its natural saaaﬁ&zéaqwnfsstﬁl@e@éﬁ b1 c1¥avBled! agagdBEageThi s
muri ne cDNA has been | sol ated q% |f|ed by . PCR technlque usi, ng
oI|godeoxynuc?éSFFH@PER$F§FFnE?§ b@d Brvaifth dhhT I ZRhqle SXPFRATENERA

prl mers and thessathedss bootobj aimmgvi:tyarﬂw %]Ié(&uie@hbucbeddl prZiaaﬁg Y. et
plus.
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priners as useDNAnpZbbeg, theehybwldlzlng segment of one clone is subcloned
and sequenced by conventional techniques.

Clones derived from genomic DNA may contain regulatory

15 and intron DNA regions in addition to coding regions: clones
derived from cDNA will not contain intron sequences. In the
molecular cloning of the gene from genomic DNA, DNA fragments
are generated, some of which will encode the desired gene. The
DNA may be cleaved at specific sites using various restriction

20 enzymes. Alternatively, one may use DNAse in the presence of
manganese to fragment the DNA, or the DNA can be physically
sheared, as for example, by sonication. The linear DNA
fragments can then be separated according to size by standard
techniques, including but not limited to, agarose and

25 polvacrylamide gel electrophoresis and column chromatography.

Whatever the source, the human or murine ob gene may be
moleculary cloned into a suitable vector for propagation of
the gene by methods known in the art. Any commercially

30 available vector may be used. For example, the mouse cDNA may
be inserted into a pCDNA3 vector and the human cDNA may be
inserted into a pBluescriptSK~ vector. Appropriate vectors
for use with bacterial hosts are described by Pouwels et al.,
in "Cloning Vectors: A Laboratory Manual®", 1985, Elsevier,

35 N.Y. As a representative but nonlimiting example, useful
cloning vectors for bacterial use can comprise a selectable
marker and bacterial origin of replication derived from
commercially available plasmids which are in turn derived from



25 supra to obtain the nmurine ob gene. By using conventional technique,
this human cDNA has been isolated froma | anbda phage cDNA |ibrary nade
from RNA derived from human adi pocyte tissue. 30 The human or nouse
ob cDNA may be obtained not only fromcDNA 13 braries, but by other
conventional neans, e.g., by chem cal synthesis, or by cloning genom c DNA,
or fragnents thereo urifie fronlthe desi T ro ures are
descri bed by ﬁﬁWﬁ&% ou € & 9?“?]@??§Qﬁn3%§§gﬁ gb&EFlggﬁfég A%%gﬁach ,
Vol . | and Ilcoﬂnélrcﬂabveect@ds :Lricﬂﬂﬁie ViorPresamplel, dpKKZRB 6B d (Phhimacia
Bent on and 8 1) Ss,
Proc. Nat. Eﬁg%ﬁeSme&?ggl%QGp %3‘7%9’3 an%bgg%d Ebghﬁ?rgnd%wﬁ%&e ob
cDNA from Mad®sonc[Nlitsti bridsdkes, the CDNA libraries are screened by
conventiongl DNA hybridization techni gues by the nethods of Benton and
Davis, supra, or Gunstein and_Hogness, supra, using prinmers prepared by
reverse transcript TBR BEChePhids sprmisneac®RiGhe Sane @Tf MBFLRAr PRegene

adi pose cel | sjge8t8:8i 8 ﬁﬁ@séwdxﬁ&é&qa@meavglqaaaeméebobybeaﬂlB@ to the
prinmers are anal zed b% rest tlon endonucl ease ¢ eavaggc,i a%arose
?.r

el ect rophoresV%r ka HARWH i P 56n 28k pe PYnER o’&‘t‘%‘?‘%tlde
bl ots") i nvolye@@eﬁdafngle@éhmm:ﬁsased primers. 10 After isolating several
cl ones whi ﬁh hybri di zed to the nuri ne cDNA probes, the hybridizi ng segnent
of one cla e is subcloned and sequenced by conventional techniques. C ones
derived from genondthéN/muejetomaids rdmil aicdiey fo¥ sbdprntednsDif spgcbes

in addition tg. ﬁQP'&Qﬁ {k? ﬁcrﬁﬁ%.lshedﬂa V%% Uﬁ-%@ ﬁ@@#&“ | Ac88Ea £ %
intron sequences ecu onin e gene rom enom C
DNA fragnentsWhlle specific DNA has been cloned and sequenced in relation
to the human and mouse ob gene, any animal adipocyte
15 potentially can be used as the nucleic acid source of the ob

protein.

2) Construction of a ression Vector for the human and .

murine ob protein. The human or murine ob gene cloned in
20 accordance with the methods described above are used to
construct the expression vectors for the human and murine ob

proteins, respectively.

For expression of the biologically active human and

25 murine ob protein by a transfected or transformed E. coli host
cell and for secretion of the ob protein into the periplasm, a
novel expression vector can be utilized. This expression
vector includes a promoter and a DNA sequence encoding a
fusion protein. The fusion protein consists of two parts: the

30 first part being a signal peptide for the ocuter membrane
protein A of E. coli (sOmpA) and the second part of the fusion
protein being the human or murine ob protein {(minus their own
natural signal sequences). The DNA sequence encoding this
fusion protein also consists of two parts: a first part that

35 encodes the sOmpA peptide and a second part that encodes the
murine or human ob protein (minus their natural signal
sequences). The first part of the DNA sequence that encodes
the sOmpA peptide is the signal sequence described by De



are generated, sonme of which will encode the desired gene. The DNA nmay be
cl eaved at specific sites using various restriction 20 enzynes.

Al ternatively, one nay use DNAse in the presence of nmanganese to fragment
the DNA, or the DNA can be physically shearb#l,- as for exanple, by

soni cation. The Iinear DNA fragnments can then be separated according to

si ze by stand techpi qu I ncl udi ut. no aro and 25
polyacrylanidg g%ﬁ ?gpﬁ%réé# i? H7hrgh§§gér38ﬁ gﬁ%ver t he
source, the hntraﬂ:eotldar sequeﬂmcgeaﬁ Sm/ 1 NQ)I chrl‘hley sebonédpantooﬁ the

sui tabl e vect r g r§55 ds..k I Qs t
Any connerC|a?Py §%rgvg$ %%ggvec% e use %%rﬁgXQQW%n % €§°€é£ns
cDNA may be i A8€rhag Fheonachepnigde v%%qltﬁn%@ft ﬁ@%ﬁﬁaﬂOCDNAonai;E@eID NO:

inserted iBgtoga Pégyééeweb%nyﬁﬁé OEhatA&focﬁ?errﬁfo% ‘taet aﬁéléehaéesée;ﬁénce
bacterial hosts are described by Pouwel s et al in "Cloning Vectors: A

Labor at ory MakR&F"engedes f?%e%?%PGC%EYQQnPtQQﬁlaSPSBPés§ﬁﬁH RG8S but
nonlimting exanple, useful cloning vectors for bacterial use can conprise

a sel ectabl e markeg, and.bacteri ri Ilcatlon derived from
commerof ally avai | BResPaSH BEStie Ehraded 1B Hh eoRpa Sipta sediaace
t he wel | knomchE@ D N@ctbrhwm a(:dﬁi'EﬁCa&i@lé)equSncb SEBQNEDCNQAl ®emsors

i ncl ude, fl?Pr gpl__gd %Iékgg %tégzharl%céta )sggg i cal s, Uppsal a, Sweden)

and pGEML rson' he nucl eoti de sequences
of the human or nurine ob gene inserted in these commercially avail abl e

vectors can be verighiefdoh¥l "BkPLESs KW Wedtbd E dhlis R¥vehRRdar dsnucheebede

sequenci ng techni ques.
by inserting the promoter and DNA sequence encodlng the fusion

protein into a conventional expression vector suitable for

15 expression of recombinant proteins in E. colli host cells.

In constructing this novel expression vector in
accordance with this invention, any promoter may be used as
long as it is capable of controlling transcription of the

20 fusion protein comprising the sOmpA peptidé and the ob protein
in the E. coli host cell. When the sOmpA is used as the signal
peptide, it is preferable to use both the lac-operator
promoter (PO;..) and the lipoprotein promoter (Plpp)' Other
useful promoters for such expression in E. coli include the T7

25 RNA polymerase promoter described by Studier et al., J. Mol.
Biol. 189, 113-130 (1986), the lacz promoter described by
Lauer, J. Mol. Appl. Genet. 1, 139-147 (1981) and available
from the American Type Culture Collection (ATCC) as ATCC '
37121, the tac promoter described by Maniatis, in "Molecular

30 Cloning: A Labo:atory Manual®, Cold Spring Harbor 1982, and
available as ATCC 37138, the alkaline phosphatase (phod)
promoter, and the txrp promoter described by Goeddel et al.,
Nucleic Acids Research 8, 4057-4075 (1980). Other promoters
have been discovered and utilized in E. coli and details

35 concerning their nucleotide segquences, enabling a skilled
worker to ligate them functionally within the expression
vector of this invention, have been published (Siebenlist et
al., Cell 20, 269-281 (1980).



10 G her nucleic acids that code for ob proteins of species other than
human or nurine may be used herein. Accordingly, while specific DNA has
been cl oned and sequenced in relation to the human and nouse ob gene, any
ani mal adi pocyte 15 potentially can be usedi$s the nucleic acid source of
the ob protein. 2) Construction of an Expression Vector for the human and
muri ne ob protein. The human or nurine ob gene cloned in 20 accordance

wi th the nethods described above are used to construct the expression
vectors for the hugpecatfiicallypeanbepprésditn wezdppacicdomplriseBor expression
of the biologically active human and 25 nurine ob protein by a transfected
or transformed E. coli host cell and for secretion of the ob protein into
the periplasm a naYeh pxpmeterosegeenaos, cand be utilized. This expression

vector inckudes a pfogDLgh é@?uén%&é&ﬂlﬁ% ?gfs?.%n%x%tgﬁﬁi,oﬁhﬁéﬁt eh0i0
The fusion protein consists of two parts: the 1rst part _being a signa
pepti de for tRECbGLRrcoEpbisee hoteuring ¢ Profgein e§0FER) IBNNOt he ’tcHqe

part of the fusihan gHOpEbeliel S MP MW @, BMG BReOBighal CpBpt fEEUSor
their own natural signal sequences). The D@A seggﬁnce encodi ng this fusion
protein al so EBRsPYUEST GremARReeteln i &f Far £olRat 35 encodes the sOnpA

peptide and a second part that encodes the murine or human ob protein
hat - oncodls he- SERBA' pEBTI BRI ER{ FeF ST SChaich S i BV BBy LRI on -
14 - Sutter, ¥ectorais,K dépemilied. TGP MEAho094) famtthkusdehaibed| tot thie
sequence of Sﬁgéﬁ£héﬁ?aﬂa &gﬁié%génghifﬂaﬁf%% bhgnd 3. First, the coding
sequence of the human or mouse ob gene (minus its natural
signal sequence) is incorporated into a plasmid containing the
15 sOmpA signal sequence, such as the plasmid pTl1l0sOmpArPDI. This
pT10sOmpArPDI plasmid and iﬁs construction and preparation is
described by De Sutter, K. et al., supra. Once incorporated
into this plasmid, the human or mouse ob gene is fused to this
sOmpA gene to create a “hybrid gene sequence® in this plasmid.
20 The sOmpA gene must be upstream of the 5' region of the ob

gene coding sequence. Thereafter, promoters as enumerated
above, and preferably the lipoprotein promoter (Plpp) and the

lac promoter-operator (POj,.), are incorporated into this

" plasmid containing the hybrid gene sequence to create the
25 expression vectors of this invention. Two embodiments of these
expression vectors are identified as pLPPsOmpA mob and
pLPPsOmpA hobl and are depicted in Figures 2 and 3,
respectively.

30 Any method or procedure known in the art to construct
such a plasmid may be used. Moreover, the order by which one
fuses the sOmpA and ob gene sequences, incorporates the gene
sequences into a suitable plasmid, and incorporates the
promoter to arrive at the expression vector of this invention

35 is not critical. For example, the sOmpA gene sequence can be
initially fused to the murine or human ob gene seguence
directly to create a hYbrid gene sequence, and then this
hybrid sequence inserted into a plasmid having already



two- part DNA sequence encodes the nmurine or human ob proteins and has the
nucl eoti de sequence of SEQID NO 1 or SEQID NO 5 4, respectively nmnus
that portion of the nucl eotide sequence that encodes the respective natural
si gnal sequences. The signal peptide encodeggby the sOwpA signal sequence
of SEQID NO 7 has the anino acid sequence SEQ ID NO 8 as 10 reported by
De Sutter, K et al., supra, The novel expression vector of this invention

i s achi eved b}nFﬁg@PF?ﬁﬁdtﬁéeﬁﬁbﬁDFE? PR PP &%eR) IRITRIC t&FEodilivg i€he f usi on

protein into @e@@géaﬂylaaabvexptaaalanevgmﬁpn Satid e b apptesamoatof
reconbi nant pr te%ns |% E. gﬁ host ceII§? In constructing this novel
i n SR 8Fa5he

expressi on ve ™WF tH®t AT s°F BT i BIEVSARF pronot er nay be

used as long as it is capable of controlling transcription of the 20 fusion
protein conprising.th p i el coli host
cell. V\hen%Phe sOm ?lg%%% 8R%ﬁg$§§§§a{:ﬁ§to$¥§££ 1 rgl"lsé}lp%%r eerliabl e to use
both the | ac- @pm)mtssrmpr veoter, (@sfaty) mtxcnelan,pdpmtsemg ghenstionalPlpp) .

Qt her usef ul hBbasHENeREPEGRSA O Tehd) dhur S loal berdtedns NA
pol ymerase pro %?Bh%%egcrl g& tu%ﬁ%r et al rl \t %h&%lo 1 5 T138130
(1986), the | &&n bﬁo#ﬁﬁéﬁleé%? bkd %@emelaJsm%|spa,%| wheggefhe signal

139- 147 (1981be§'&(idéV§b| apbeoﬁfﬂatéhy émawé&m%ﬂelgoi&it&& ¢hkl BGinkANor
(ATCC) as %TCC 37121, ﬁ% ter descrltglﬂéiﬁ t.i "Rblecular
50 & bt nd ATRESGRPEr FERb RGP CACBIP SR e LR SIS TVCHINE o
ATCC 37138, thetabbaEbnm pbneehﬁnasbl$p@eﬁ@plusmﬂn<spao&ndthbeobrprptemnéer
described by Goeddel;gl aly, Melsicr ALl i, Rosedr Gl A081:4078.(1980) ¢

Q her pronDters *have covere and §15%ed tari 8535
concer ni ng t hethenunhunal ianspyoeates, umlﬁuh@ca:mg It&:edhmrtkeeltte kEbgate
them functi onabhy %ﬁlﬁtﬁlct Qﬁoéﬁpréésxbl‘i’{b iy e N Hriotednl @dn Bave been

publ i shed %Slebenlls 20, 269-281 (,1980)
purified to homogenelty in a blologlcally active form.

3. ressing the H r Murine ob Proteins in Transformed

E. coli cells.

20 Next, the expressién vectors constructed in accordance
with the above described procedures are inserted into a host
E. coli cell to transform the E. coli cell. Any strain of E.
coli may be used, such as E. coli K-12 strain 294 as described
in British Patent Publication No. 2055382 A (ATCC No. 31446).

25 Other strains useful in accordance with this invention include
E. coli MC1061 [Casadaban and Cohen, J. Mol. Biol. 138, 179-
207 (1980)1, E. coli B, E. coli X 1776 (ATTC No. 31537), and
E. coli W 3110 (ATCC No. 27325) or other strains many of which
are deposited and available from recognized microorganism

30 depository institutions.

The transformed E. coli cells are grown to an appropriate
cell density and cultured by standard methods. In so growihg
and cﬁlturing the transformed E. coli hosts, the expression

35 wvectors of this invention efficiently and effectively allow
expression of the murine or human ob proteins and
translocation of these same proteins into the periplasm of the
host E. coli cells in a soluble and biologically active form.



- 15 - Specifically, an expression vector conprises: a) a pronoter
sequence, and 5 b) a DNA sequence encoding a fusion protein, which
fusion protein conprises the nmurine ob protein of SEQID NO 3 or the hunman
ob protein of SEQID NO 6, and thé signal Ifepti de for the outer nenbrane
protein A of E. coli. 10 Next, the nmethod for constructing this novel
expressi on vect L S des_criaggd. Thi_s (rﬁt hod is furth

or gr detailed in the,

Exanpl 65 and TR SRR | $199%)MRPIdEnd 130 ki PSTE +HRE CHRE i SERRI GRS he
human or nousks ofl geved (ddniigy itranddoeatlonl giathse efinehne)pret et Qi athad
into a plasm d confaining 15.s A.sign se nge, .such .as. I 1 d
b Os i Py PSR A Tahal Bt P01 8e80R11 5 PGUENFE of b Frdd BT
prepar at i on isctles onanyel ian Pe-o®etingr orkKpodypebt jdesipripedtieca igor pdveat ed
into this pl ] t ﬁ&ﬁmf e, LS | zgmﬂ e
to createg %Ey }??%I &g e sequler?cgigﬁﬁggﬁﬁgg I%g%%gsg%c#%ié%%) geneg’rqr:nust
be upstream dfEiRe Pbess)iRHPtein KEegh oferbhesonamakife RECteinNg eaf t er

pronoters as ehpeidLtbpsadE preferably the |ipoprotein pronoter
(Plpp) and the lac pronoter-operator (PO ac), are incorporated into this

pl asm d containing the hybrid gene sequence to create the 25 expression
vectors of this i nyenéémstraddtireaediespiiessibnt testorXiiehsd G paiictiexr ar e

i denti fi LPP A npb LPP: A _habl.. and depicted in Fi
2land 5, TRoRbIvEY At o B ReuRnrR anera B e T R T e e ¢ o
construct sucfusiq gemteimcdiprised. SEQr EDVEQ; 3 her GSERrIMWNGhi&h 2ok the
fuses the sOWA-BII Qb GERP AINRACES o NRARRPLAL Sr 1IN S A HIRATS 1 Nt O

a suitable plas , I ncorporates t i i
b) inserting the expression vector into an E. coli host

cell to transform the E. coli host Ceil;
15 c) expressing the fusion protein in the E. coli host
cell; and
d) treating the E. coli host cell with cold osmotic shock
buffer to liberate the murine or human ob protein free of

other mammalian proteins and free of the signal peptide.

- 20
The recombinantly produced human or murine ob proteins in
a soluble biologically active state in the periplasm of
transformed E. coli cells are thereafter purified to
homogeneity.
25

The recombinant human and murine ob proteins translocated
to the cell periplasm in accordance with the procedures
described herein can be effectively secreted outside the cell
by subjecting the host cells to cold osmotic shock by methods

30 known in the art and described by Koshland, D. and Botstein,
D., Cell 20, 749-760 (1980). The use of cold osmotic shock
liberates from the E. coli the ob proteins in their
biologically active state free of other mammalian proteins or
polypeptides.

35

The human or murine ob proteins located in the osmotic
fluid following cold osmotic shock of transformed E. coli
cells, in accordance with the above described procedure, are



pronoter to arrive at the expression vector of this invention 35 is not
critical. For exanple, the sOwA gene sequence can be initially fused to
the nurine or human ob gene sequence directly to create a hybrid gene
sequence, and then this hybrid sequence inserng8ed into a plasm d having
al ready - 16 - incorporated therein the appropriate pronoters. It is

necessary however that the sOmA gene sequence be_upstreamat the 5 end of
the nurine or %%%&Yeﬁ(?&lv§ and &a tbﬁagmﬁé%hg i%%ﬁ?@?‘iﬁfnc%y pping a
usi ng such noveaombiptaSiiro LV @ation, egbHahge paslamin | cHixonytdtitaithyt,he si gnal
sequence encodin h A .the murine or human ob proteins _can he

Cranel ocat od_t CRPRRGRS 2o et ScEibh" &0 fum (REoe R ke

appropri ately diiddusdticeayvitmjonneachange andunydromiobig iirtetaqiriatei ns
therein in S E%Q&' | L.call Lye r ' hi Lol I C
space, the gsb ;C)grﬁcﬁggfans _ara%h-.1 f?lgiéli g%t TX?gg%%er‘e?"fég {% %ge%fe%ﬂf rhe%é"%gerg e
envi ronnent fr a@eofoletidthernmisti piegedecvas fpb¥ratdgrecting the host cells

to cold osnotic shock, at which tinme the ob proteins can be 15 purified to
honogeneity in a biologically active form 3. Exnressina the Human or

Murine ob Proteins iTReTPHHOFoRHEHAPIeCEERIEFRR, Po(rarTied gk by he
expr essi on vectprfredidhalc nedns) TREOHHEDELr#d tdolitn iy erfies( exkeange
el |- Ay skl ol PSP dy Bel SeRAoEref teot gl Pt Bhiranid) o
described in Brairtiicgh e_E?@ﬂnangePuhirbmatpgnapby ﬁ@&’&&;ﬂd&T@@ﬂ%uSS 1&&@)11.1102&
! o Jacg cHaR g I b VL R BB
B, E. coli X 1T@elroxypcoryl)sninoethyhd(QAE) groups. The matrices can be
acrylamide, agarose, dextran, cellulose or other types
15 commonly employed in protein purification. A particularly
useful material for anion exchange chromatography is DEAE-~
Sephacel (Pharmacia, Uppsala, Sweden). When media containing
DEAE groups are employed, extracts containing murine or human
ob proteins are applied at a weakly basic pH, e.g., pH 8.1.
20 The bound murine or human ob proteins can be eluted in more
highly purified form by application of a salt gradient in a
suitable buffer such as Tris-HCl. Generally, the
characteristics of the gradient can be determined by
preliminary elution experiments involving a small quantity of

25 recombinant protein.

_ The material containing the human or murine ob protein

j obtained through the use of anion exchange chromatography,

; when anion exchange chromatography is used as the first stage

g 30 of purification, is next subjected to hydrophobic interaction

| chromatography. Hydrophobic interaction chromatography is a
separation technique in which substances are separated on the
basis of differing strengths of hydrophobic interaction with
an uncharged bed material containing hydrophobic groups.

35 Typically, the hydrophobic interaction columm is first
equilibrated under conditions favorable to hydrophobic
binding, e.g., high ionic strength. A descending salt gradient
may be used to elute the sample.



E. coli W3110 (ATCC No. 27325) or other strains many of which are
deposited and avail able fromrecogni zed m croorgani sm 30 depository
institutions. The transforned E. coli cells are grown to an appropriate
cell density and cultured by standard nethod9.-1n so growi ng and cul turing -
the transformed E. coli hosts, the expression 35 vectors of this invention
efficiently and effectively-all ow expression of the nurine or hunman ob
proteins and translocation of these sane proteins into the periplasmof the
host E. coli celIs.Anywhyﬂﬁaﬂhabi@ndnhbahogioalbylammi@anfbarused The The

sOnpA si gnal tf’t%qre@u rar %r %ng: %1%}3% %gs%e”% ; g% Clh%%%r,“_” ng

transl ocati on sron ng the
bi ol ogi cal | y émxuwle SEPharoses |¢anr adsof bgtwéxlhmdmllrarawdaw srith the

pol ypepti des. ;SRRGATiIdA! Ithe hia%élaﬁt EQHtQinPﬁQdH‘?é %&&@ﬂ&:ﬁakﬂu}fﬁa@ oye

reconbi nant hurman OI’ muri ne .obese gl’Ot eln free  of other mammal i an ,prot EI ns

conpri ses t he Bmags Qi Protedsnwbich: hag Brerxplesed e dity apdemds golumn
pronpter 10 se@anRied@tthtd ENGoIafiHeB6AtLIADAY Y Paldtsivailyisthr@ing Which

fusion protein c rises SEQ I D NO 1 6,.and the signa
bopt e for -t M RO G en EU5RoPePRORY b SEERREPFS - (50 BSBIEG f he
expressi on vedfyatroptobian interakctibaswitk| the diydrostabin tded ,Ea collivemtstis
cell;. 15 essl] . [ [ t.cel ;
and d) treddi rlllgsﬁa]e ghcg:l%lln@%éég #? 89?118}[5%1 osrm% I’Js:aﬁ'loc%l(%J ﬁﬁafojé'r tt%oo'4
li berate the mmmrdmnhmmdgfa@b,pwotbl a. 4rMeJO©ing)tmfm~ﬁal iTimsprtdweei ns
and free of tRRIUGN TP R Ymp?8 are adjusted to 0.4 M ammonium sulfate
in 50 mM Tris buffer and the sample applied to the column. The
column is washed with 0.4 M ammonium sulfate buffer. The ob

15 protein is then eluted with solvents which attenuate
hydrophobic interactions such as, for example, decreasing salt
gradients, ethylene or propylene glycol, or urea. A preferred
embodiment involves washing the column sequentially with the
Tris buffer and the Tris buffer containing 20% ethylene

20 glycol. The ob protein is subsequently eluted from the column
with a gradient of decreasing ammonium sulfate concentration
and increasing ethylene glycol concentration in the Tris
buffer. The collective and sequential use of anion exchange
chromatography and hydrophobic interaction column chromato-

25 graphy, in any order, yields human or murine ob protein
routinely at an estimated purity of 90%.

The gel filtration chromatography step follows the anion

exchange chromatography and hydrophobic interaction column

30 chromatography steps outlined above, and can be performed by
any conventional gel filtration procedure. The ob protein
eluted from the hydrophobic interaction column, or the anion
exchange columh, whichever column is used last, can be
concentrated and dialyzed to a small volume by using a

35 membrane with a cut-off molecular weight of 10,000 (AMICON-
YM10 membrane). The concentrated material can then be loaded
onto a column containing gel filtration media such as G100-
Sephadex (Pharmacia, Uppsala, Sweden). The ob protein can then



The reconbi nantly produced human or nurine ob proteins in a soluble
biologically active state in the periplasmof transformed E. coli cells are
thereafter purified to honpgeneity. 25 The reconbi nant’ hunman and nurine ob
proteins translocated to the cell periplasmpn-accordance with the
procedures described herein can be effectively secreted outside the cell by
subjecting the host cells to cold osnotic shock by nethods 30 known in the
art and descridfeFeRprIRSSHd F¥9m prhgrjceptarinanty on (e bagis of i4e

(1980). The us@ldculeld weSgdltl BySBeakdhirbetatesidudsnddihd sosiradehe ob
proteins in their biologically active state free of other manmalian
proteins or polypeptides. 35 The human or nmurine ob proteins |ocated in the
osnotic fluid fol | ciengaidlettdsming skquential rassfof netidn exadhame | s, in

accordance mt escl e e - - 3Rl i
active and écl:man&’bxlé)q%t} ?’%%%5‘ g’t’o%@%@%ﬁé?g y%?%%ggl%% r%?lr%r?} S rkl1 lyo %%g%%!pw’
exchange col udn lgedndfiidgrasipn houkdpadyi viehde hundrorpr gupime ob protein
chromat ogr aphy, rard 0 fiitht.rati on. Ani on exchange and hydrophobic

i nteraction 5 chromatography can be carried out in any order, however, the
use of either nust precede gel filtration. The ani on exchange stage can be

carried out by conwpiididlalmeaisio 2BedAPsELREAREINE ObENEhd GurtiFida exaliage

10, ch ot SBy soR 9 SEBIRI0SE LoBL FLou oLV o RO, e

di et hyl am noetdnyt, EDGAE) byr edeethptréfisfer according to the methods of
Laemli, U.R., Nature 227, 680-685 (1970) or by the procedures
described by Matsudaira, P., J. Biol. Chem. 262, 10035-10038
(1987). Internal sequencing can also be done by methods known

15 in the art. For example, peptide fragments may be generated by

digesting the M band (on nitrocellulose) with endoproteinase
Lysine C and then separated by an HPLC system.

The biological activity of the purified human and murine
20 ob proteins of this invention are such that frequent
administration of the ob protein by injection to human
patients or mice results in decreased food intake and
decreased rate of weight gain compared to non-injected or
control groups of subjects.
25 .

The biological activity of the human and murine ob
proteins, or fragments thereof, obtained and purified in
accordance with this invention can be tested by routine
methods, e.g., by repeated or single intracerebroventricular

30 (ICV) injection in ob/ob mice acéording to the procedures of
Haley, T.J. et al., supra, as described in detail in Examples
13 and 16. Based on this ICV test, the ED50 for reducing food
intake and the ED50 for reducing body weight gain can be
‘determined. In addition, the biological activity of the

35 purified humen and murine ob proteins or fragments thereof can
be determined by repeated IP injection in ob/ob mice as
detailed in Example 15. Based on the IP test, the ED20 for



hydr oxypr opyl ) am noet hyl (QAE) groups. The matrices can be acryl am de,
agarose, dextran, cellulose or other types 15 commonly enployed in protein
purification. A particularly useful material for anion exchange

chromat ography i s DEAE- Sephacel (Pharnmactal Uppsal a, Sweden). Wen nedi a
cont ai ni ng DEAE groups are enpl oyed, extracts containing nurine or human ob
-proteins are applied at a_weakly basjc_pH_e.g., pH 8 1, 20 The bound

muri ne or hun’é%g‘é“bl%?o RhsI %@"é ED¢ OngpE ﬁFgHFgrn%JP?‘FYe‘ﬂe*%?’fn by
application ofadnseah ¢ adkwdtminmed. suitabl e buffer such as Tris-HO.
Generally, the characteristics of the gradient can be determ ned by
prelimnary elution experinments involving a small quantity of 25

reconbi nant pr ot ei ke Theohegieahl acitidiniofy thiee hnmannaod murine ob protein
obtai ned t I‘Obl:ggt us | xﬁ.}% C r y. { . on
exchange cﬁromat o%%%hy%gﬂidgﬁd%a}?et e fl (r%sft %%?§§%8§OQ§$ Iéﬁl\ft\?)??%gﬁrgn i's
next subj ect eRCERFFFRPD PR Cthift drtenitdieonc kRonad 8gr Bphgeteymirgthobi c
interaction dﬁﬁ:ﬂéﬁ@éo‘g{md@s FaRRRANHY iR Beehnieqye, | Redbheing Uhsd ances
are separated opn the basis of differing. strengths of _hydrophpbic

i nteracti on vk TR cPar fRlF ep S feggrf"é(?ﬁgnﬁvh? Frat s,

35 Typi cal |y, thdeolhyshropdindi o itHee lobedsed hudahu st Sshbf et teqtibhparred etb IV
under congjti . fayvorabl e tao hydr.qphobi ¢ _bindi.ng , | gh. i.,oni.c
arrengh 10 RERGRALG 'S BAAR et if0ectefaml M e
19 - Any hydroptiveds ¢hilerahiasmeol BivE.cat B -usdd. JThePhysiel r2aD, 672-
hydr ophobi ¢ cod Ty 91 Phemd .%@%&&%edh‘iwe&‘é%ai?uiﬁw 9S£a Cagl & B0
be utilized. In accordance wiith the 5 invention, the mater|al contai ning
t he reconbi namttekRatieveyy, the ability of the purified murine and human ob
proteins of this invention to reduce the rate of weight gain
15 (e.g., induce weight loss) can be determined by repeated IV
administration to obese human test subjects according to the
methods of Drent, M.L. et al., Int. J. Obesity 19, 221-226

(1995), as described in detail in Example 18.-

20 The murine and human ob proteins of this invention when
purified in accordance with this invention have biological

activity in that:

1) When they are administered by intracerebro-

25 ventricular (ICV) injection to 16-18 hour fasted mature
obese ob/ob mice having a body weight of at least 30
grams at a dose of 20 ug or less using the methods of
Haley and McCormick, supra, the protein or polypeptide:

30 : (a) reduces food intake during a 5 hour feeding
test by 50% compared to vehicle injected
control mice (ED50 for reducing food intake);
and ' -

35 (b) reduces body weight gain during the 24 hours
following the ICV injection by at least 50%
compared to vehicle injected control mice (ED50

for réducing body weight gain);



human ob protein which has been eluted fromthe anionic colum is | oaded
onto a colum containing a relatively strong hydrophobi c gel such a phenyl
sepharose. To pronote hydrophobic interaction with the hydrophobic gel, a
solvent is 10 used which contains, for exalple, greater than or equal to
0.4 Mamonium sulfate, with 0.4 Mbeing preferred. Thus the colum and the
sanple are adjusted to 0.4 Mamoniumsulfate in 50 M Tris buffer and the
sanpl e appliéﬂ“@o the colum. The columm is washed with 0.4 M ammoni um
sulfate buffer. The ob 15 protein is then eluted with sol vents which

attenuat e hydrophabj c ipteractions s . for .e [

gradi ents, ethyl eg@ or %’-b;ﬁcléer}g a1g eyc%‘o ,1%'(§)"r8t3rggg. éﬁgg%lé?]ér r‘g%g%fnbg%%é

i nvol ves washi ng triwn-ctAsted sedquet iokl/lop wick havingis edy erekeht tdfe & i s
buf fer cond ai ni ng f&%@tﬁ%@@ 9loLCal gadN8t0PnB" BL&ifhnify YD RAMSYHY
eluted fromthe colum w th a gradient of decreasing ammoni um sul fate
‘concentration and andragaim@tetihd Sn&oyryBeintoRf chbe #20H BPhATSre tAY Lne

buffer. The col | echdae, agyl Saptant idalilysaost 3B 00 g chANEs ChriaiRgsaiy
and hydrophobic interaction colum chromato- 25 graphy, in any order,

yi el ds human or mR¥ RPBPRTGIIE ™ routinely at an estimted purity of 90%
The gel filtration chronmatography step follows the ani on exchange

chr omat ogr aphy and hydr obj c.int eract i cQl ch aphy S
outlined L@ove, and canP%Q p%??%?%%ﬁbaf{(gnrbf %Sﬁ\grﬁg%gqgﬁggg%og{'lfgga%lééﬁp
procedure. The ob protein el20%ddmeanaehdhmsbdsischilnieatedacenbrot dhias,

or the ani on exchange col um gNéy Hediidi foodU3e8eakast . ap@n be
concentrated and dialyzed to a sm vo? umallﬂbB; usi ng aa35§manbrane with a

cut-off nol ecul ar wei ght of 10,000 (AM CON- YM O nenbrane). The

concentrated material cay) thefudss IBEEedldhe Fatal QaRifgnthée N2Hchgets
filtration nmedia such as GLOQ-_ Sephade (F?Ihar ma%i a,. Up@%al a,bvaegeT%. t‘:l'he
ob proteihscan t hen following the first IP injection by a as

20% compared to vehicle injected control mice
(ED20 for reducing body weight gain).

In addition this reduction in body weight and food intake
20 even take place at doses below 20 pUg or less, even at a dosage
level administered ICV of 1 g or less especially when these

proteins are purified to homogenity.

The biological assays described above and detailed in the
25 examples for determining the biological activity of human
and/or murine ob proteins can be ﬁsed to determine the
biological activity of fragments of these proteins, whether
these fragments are produced by proteolytic degradation of the
ob proteins, by chemical synthesis by recombinant protein
30 expression of a portion DNA sequence for the ob proteins or by
any other means known to the skilled artisan.

_ In accordance with a further embodiment of this
invention, the murine and human ob protein of this invention
35 can be conjugated with polyethylene or polypropylene glycol
homopolymers which can be unsubstituted or substituted by
etherifiéation of the one of the hydroxy groups at one of its

ends with a lower alkyl group. These conjugates provide the



- 20- be separated fromother contam nants on the basis of its nolecul ar
wei ght by standard techni ques using SDS- PAGE. The collective and sequenti al
use of anion exchange 5 chromat ography, hydrophobic interaction colum
chromat ography and gel filtration routinel\3yi-el ds human or nurine ob
protein at 95%purity. N-termnal am no acid sequencing of the purified

i 10 b, prot ei _ forned b t ho 0 i he art,
e | by ol octh GRS RE SRS ABBRONE DR LUeRf | LEe% of SRt o
227, 680- 685 $ASTEnxor [Bh tadipierrdithes udesofi bhdsbycdif sgalees aforthed J.
Biol. Ch - 3 A™ (o] 0 one
by et hods. ki S RA ShasivEel o B BroBR Al et AR R
generated by pifeesie mpeatse Mbhdmgreasingt tbeechblfotefe wt htlee dupriotidinade
Lysine C agd {lenysehasaliad by die Ei%gg}dsy%?%?ﬂtﬂﬁrél LRI L Lorifildatlde/ Of

the purified human and murine 20 ob proteins o IS inventionare suc
that frequenthaitRribaen rkaunsh tor previgs pAgibiangd adyartages t19humh

pa_tiﬁ?ts or rﬁﬁ&é@ﬁﬁd tgt SHe AW _iqta% aaaoeliitraﬁiageiaﬂdtﬂsfr&@saﬁeb_ {at ezof -
wei ght gain c ared to ngn-injecteq or_ coptrol groups. of subjects. e
bi ol ogi cal acq?r%"’lliﬁ‘ﬂ'fl‘i T o ) ﬂﬁb{?%i"ﬁ]ssﬁ cf?e‘f SRS stie

t her eof , obt aintdthagehimirdy icfd the akcerdaatn. W Thes8i Segyl£tdd b gafotdns
tested by, soutine et hods .q. r ated_pr singl .

i ntracere éov%anr% rarlcsLﬁ g?e ﬁ?a%]%‘y) alg%fgg’%goﬁni ﬁﬁgbﬁ%%g?n?%%d%c%%q’ (ﬁrnogi’ Jtdoe t he
procedur es ofindatenged ubtakte din theuplapdasydeemri bed in detail in Exanples
13 and 16. Based on this ICV test, the ED50 for reducing food intake and

t he ED50 for reduci ng body wei ght gain can be
The preferred polyethylene or polypropylene glycol

homopolymers which are conjugated to the ob protein have

15 molecular weights of approximately 15 to 60 kDa, to produce a
protein which can be mono- or poly-pegvlated with polyethylene
or polypropvlene glycol molecules._ In the preferred case, the
ob protein is either mono- or di- pegvlated to form a
conjugate with polyethylene or polyvpropvlene glycol units,

20 which units in the conjugate have a total molecular weight of
from 15 to 60 kDa, most preferably from 35 to 45 kDa. In
general, the conjugates are produced as mixture (composition)
of polyethylene and polypropylene glycol conjugates since
polyethylene and polvpropylene glycol starting materials are

25 sold as a mixture of different homopolymers having different

" molecular weights. The molecular weight set forth above is
average molecular weight of the mixture of ob conjugates thus
produced. These mixtures can be separated into the individual
conjugates, if desired, by conventional means such as by

30 column chromatography which includes HPLC. However, for

treatment, generally this conjugate is utilized as a mixture

The polyethyleneglycol or polypropylene glycol polymers
[PEG] can be attached to the ob protein via the free
35 N-terminal amino acid of the protein to form the conjugate by
any conventional means. Methods for attachment of the
polyethylene or polypropylene glycol to form the conjugates
with the ob protein can be by any of the many known methods



determined. In addition, the biological activity of the 35 purified hunman
and murine ob proteins or fragments thereof can be determ ned by repeated
IP injection in ob/ob mce as detailed in Exanple 15. Based on the |IP test,
the ED20 for - 21 - reducing food intake4and the ED20 for reduci ng body
wei ght gglg can be determned. The biological activity of the human and
murine o proteins, or fra nts. thereof, obfained.and rifi.ed |

accor dance vvi%"f?lc]’rﬁlé'-%nvg&ﬁ gg‘ié’ﬁﬁhg §Beb%fc%‘?bm9%gf§nf$ Qfﬂli\ﬁ’é:r?& %‘?wngfahods
][<n|<)\|An in tlh\e/ c’i{j\iaylé_htg.y bma&drf thgotigh thduttermirial estineacidiodkéhe

ol I owi ng a nistration.of th b |

subj ects conpdr®f Ty A7 T@ﬂ&dﬁfsnf’lg?ga?ﬁ%ﬁ‘a%n%%‘?i‘%%%ccg%?l ", Lngri“}gtcs?'oatru ance
with the nethedsief ddigpraiteiinen, N.E. et al., Am J. Physiol 260, 672- 680
(1991), and as described in detail in Exanples 14 and 17. Alternatively,
the ability of the purified nmurine and hupan ob proteins of this invention
to reduce the rat Adttiamgidygaithel pojweshylenaues BRIYPROTH NS

det er m ned by, RRRALRL SV r@dRi %bh&hb&ﬁe&%@bﬁ&@ Shiprotiest wuliectosr
according to the nethods of Drent, L. et al_, Int. J. Obesity 19, 221-226
(1995), as d@h Hamatiogedailinking, grppes 18, 1B groducing MGRAT e "and hunan

ob pr?_t eins qioﬁbﬁétlshﬁwtdxo@_om@pnopmynéhedgync@bdmmmuﬂamn ledrjiugates,
et 0§30 S 3SR LA o), e dilgas i oL
rr;at g (r) e[ ce)lr)(ra]se c]ﬂ;ﬁpigauedetimam:g fanbcdlgna.éi ghoupfohtthimstingeey mharems &bfose
Br otein or go -ytég%?\.ﬁi&éi:s I8 e Rt 00d3e9l 58! e P LY BUEK 0 55 W o he
protein can be conjugated to the other functional group of
this linker. Tri- or poly- [polyethylene or polypropvlene
15 glycol] polymers, conjugates with the ob protein are formed by
using a tri-functional or poly-functional linker. The
homopolymer can be conjugated to two or more of these
functional groups with one remaining functional group of the
linker being attached to the ob protein. Among these linkers
20 are those poly-functional linkers having amine and carboxy
functional groups. Amine groups can conjugate with the
functionalized hydroxy group of the polyethylene or poly-
propylene glycol to form an amide linkage. Carboxy groups can
conjugate with the amine groups on the ob protein to form an
25 amide bond and with the functionalized hydroxy group on the
glycol to form an ester. Among the many types of linking
groups which can be utilized to form the conjugate between the
ob protein and the PEG are those disclosed in U.S. Patents
Nos. 4,902,502, 5,034,514, 4,609,546, 5,122,614 and
30 4,847,325.

In accordance with an especially preferred embodiment of

this invention are those conjugates of the formulas



30 (a) reduces food intake during a 5 hour feeding test by 50%
conpared to vehicle injected control mice (ED50 for reducing food intake);
and 35 (b) reduces body weight gain during the 24 hours
following the ICV injection by at |east 50%2%nmpared to vehicle injected
control mce (ED50 for reducing body weight gain); - 22 - and 2) When
they are adm nistered intraperitoneal (IP) }0 non-fasted mature ob/ob m ce
havi ng a body wei ght of at 5 | east 30jjgrans twice a day at the

begi nni ng of daylight and again at the 3 holir point of the dark phase, for
one week, in a tot ROCH,CH(OCH,CH,)20—f@rT§—orNHess, the protein or

pol ypeptide: 10 (a) reduces 5 and 24 hour food intake by at

| east 20% conpared to vehicle injected control nice (ED20 for reducing food
i ntake); and (b) reduces body weight gain durin e 24 hours 15

following the first IP injection by at |east 2 ared to vehicle

injected control mce (ED20 for reduci ng body |ght gain). In addition
this reduction in body wei ght and food intake 2 even take place at Idoses
bel ow 20 [err]g or less, even at a dosage | evel mnistered ICV of 1
[err]g or less espeC|aIIy when t hese proteln purlfled to honogenity.
The bi ol ogi cal assays described above and det in the 25 exanples for

det er m ni ng thgd@pi@]g%(g@Hzmzr)nw—t-yooi—m,mand/ or —otr Broteins can

be used to determ ne

O

and

@)

RO(CH,CH,0),CH, CH; NH P I-B

Q

5 where P is the murine or human ob protein described herein;
and n and n' are integers whose sum is from 300 to 1200 so
that the average molecular weight of all PEG units is from 15
to 60 kDa and the total molecular weight of the conjugate is
from 30 kDa to 80 kDa; and R and R' are lower alkyl.

10 '

The compounds of formula I-A and I-B can be prepared from

the known polymeric materials

o

O
Z
b o

R'OCH,CH,(OCH,CH,)z— 0

(CHy,

AN ___0__:,
0

(9]

ROCH;CH,(OCH,CHy)y; o)

o}

15 and



bi ol ogi cal activity of fragnents of these proteins, whether these fragnents
are produced by proteolytic degradation of the ob proteins, by chem cal

synt hesi s by reconbi nant protein 30 expression of a portion DNA seguence
for the ob proteins or by any other neans k2éwa to the skilled artisan. In
accordance with a further enbodi nent of this invention, the nurine and
human ob protein of this invention 35 can be conjugated w th pol yet hyl ene
or pol ypropyl ene glycol honopol yners_whi ch can bg unsubstituted or
substituted by etherification of thie_.&one of the hy®gQxy groups at one of

Its ends with a | ower al kyl group. ese conjugates de the - 23 -
ob protein in stable formand inprove the half |if ese protejns. In
addi ti on, the BROECHCHRO:E LG uGaTeS Tormed Trom Po ernein@El or
pol ypr opyl ene gl ycol honopol yners provi de nmeans for easing the half
life of the activity of 5 the ob protein in the hogf. Furthernore, these
conj ugat es have been found to provide additional "advant ages such as

increasing the stability and circulation time of the therapeutic ob protein

in the body il e, al cr L ng..t.he I L.t t Qf €] 1.4
These pegyl at e ocborf)ér%fsgﬁlr?s%%&“cg’r#a gg@g}éﬂ?gﬁgi %/ %‘ﬁ‘ggdrrl b%g ;%]51%1181 ﬁ\lcl'uérqnatt—'r]i'1 s
body and prbviiderenicians ednybcakyent iphalbiretliod yef ereadtingrast édtdyated
pol yet hyl ene %%t;@_l WRTIP L R igley €Q] £BLAPRA! WiBES kb bk Al todIgatRd e

the ob protein have 15 nol ecul ar weights of approximately 15 to 60 kDa, to

produce a protk8artine i ldastFateshaboye, pbhe- preirht Etedi TUFGHa Rl et

pol Kpr opyl ene 1 é&:@emr@:'ﬁxg}‘ﬁp bfautshggptﬁéeamﬁde Cﬁéﬁﬁaﬁi’tlﬁipb mféxtéeiﬁhé s

SIO][ yg: Oggrgheoc&?wﬁl ) cf]grﬁliit goernm % I%r- ?scggjj.fggé %tprcpgue/eett e'%noei‘np%rund
10 of formula I-B, the reaction with the murine or human ob

protein of this invention is carried out in the same manner
described in connection with the conversion of the compound of
formula II-A to the compound of formula I-A. These
succinimidyl esters such as the compound of formula II-A to

15 produce conjugates with proteins are disclosed in Monfardini
et al. Bioconjugate Chem., 6, 62-69 (1995).

In the case of the compound of formula I-A, the sum of n

and n' are from 300 to 1500 so as to produce a conjugate

20 having a total average molecular weight of PEG units of from
15 to 60 kDa and preferably from 35 to 45 kDa. In the
preferred embodiment of formula I-A the sum of n and n‘ is
from about 800 to 1200 with the average sum of n and n' being
from 850 to 1000. Generally, the preferred ratio of n to n®

25 in the compéunds of formula I-A and II-A is from 0.5 to 1.5
with from 0.8 to 1.2 being preferred. In the case of the
compound of formula I-B, n is preferably between 300 to 1500
to produce a compound having from 300 to 1500 PEG units with a
total molecular weight of from 15 to 60 kDa and preferably

30 from 35 to 45 kDa. In the preferred embodiment n is from
about 850 to 1000.

The human or murine ob proteins prepared in accordance
with this invention may be prepared in pharmaceutical



20 which units in the conjugate have a total nol ecul ar weight of from15 to
60 kDa, nost preferably from35 to 45 kDa. In general, the conjugates are
produced as m xture (conposition) of polyethylene and pol ypropyl ene gl ycol
conj ugat es since pol yethyl ene and pol ypropy2%ne gl ycol starting nmaterials
are 25 sold as a mxture of different honopol yners having different

I I i ght Th L ght t forth
1ol coul ar wel SREBGFERGRR FUAFAPLF BT U SATR TS TR STBBEdE Phese
m xtures can bha&mp&eatédaumyOatheptahuewchmﬁlemnnugamaﬁlelbydmetheds by
convent i onal SHCRRES A 3Rnd LU QIR AALANLE WLEHs R LUAlCRHPLC

However, for rea ment ,” general 'S conjuga ersu 85 §%i Xture
The pol yet hyl wtddhiged. hepgaypxtepym@ter@ﬁtl/mn gt mmgplnEG) orapnprganic
attached tg t g0 guak%%nf&agabsréieepééc@térfédw%r Pardfcaeld of the

protein to forn1t e conj ugate conventional means. Methods for

att achnent ofaﬂménﬂéﬁyéthpenéubF VREPLeEHdnflpds waberor gedpEin, gum
conj ugates W phabhe, OQaEEBE@ Ns€aRcRE Iﬂag@éyl@& ddwraey kaown gehhedsle -

24 - available., _The p ene ropyl_ene Qval ent |
bonded througﬁlgﬁe Rpggéﬁ%ﬁiﬁnﬁngﬁ% gﬁ? i £¥ %Féﬁﬁ'aggyﬁgFli é €al so d

th[ougﬂ The vaurehfrhpsenethespﬂaemTcéutiuaﬁﬂpﬂuparaﬁiog& Adglbbn?ahhypthﬁe
ol yet e 0f _po [of0) 0 Q o_the
ol Vel Gt ShpRRHRLERXAShs BbYEs ROMERS| MRS b SasRRk AR kol
pplyethy!ene 6ﬂapouypngphgénns.g@tesérvanmxﬂsAnaaahmiqzagabesmulslfylng

di - functi onal ghﬂEgrSﬁﬂkﬁﬁkéegn&mghéhfiié”ﬁayﬂﬁeﬂéadéa 4ANLUgRLAdnEE @9En

functional grodp ker ereas th
accepted practices of pharmaceutical compounding. Among the

preferred carriers for formulating the homogeneous ob proteins
15 of the invention are human serum albumin, human plasma

proteins, etc.

Administration of recombinant homogeneous ob protein, be

it human or murine or a combination thereof, results in

20 decreased food intake and weight loss in obese humans and
animals. Therefore, administration of the ob protein
replenishes this protein which is important in the regulation
of body weight. The pharmaceutical compositions containing the
human or murine ob proteins may be formulated at a strength

25 effective for administration by various means to a.human or
animal patient experiencing abnormal fluctuations in body
weight, either alone or as part of an adverse medical
condition or disease, such as typé II diabetes mellitus. A
variety of administrative techniques by injection may be

30 utilized, among them subcutaneous, intravenous and
intraperitoneal injections. Average quantities of the ob
protein may vary and in particular should be based upon the
recommendations and prescription of a gualified physician or
veterinarian.

35

The human or murine ob proteins prepared in accordance

with this invention may also be used in screening methods for
identifying ob protein receptor(s).



N-term nal amno acid as well as the lysine group of the ob protein can be
conjugated to the other functional group of this linker. Tri- or poly-

[ pol yet hyl ene or pol ypropyl ene 15 glycol] polyners, conjugates wth the ob
protein are formed by using a tri-function@8 or poly-functional |inker. The
honopol ymer can be conjugated to two or nore of these functional groups
with one remaining functional group of the linker being attached to the ob
protein. Among these linkers 20 are those poly-functional |inkers having
am ne and car boxy ThGtstzomsllesg prtvdidednbedogr anpsnotnixvendefhtte il tt e

functionalized hydr.oxy .group, of the polyethylene or poly- propylene glycol
to form an arﬁ%gq%’?ﬁ%d‘g’. a&r B8¥y groups can conjugate with the anine
groups on the ob protein to forman 25 am de bond and with the

functional{ Z%Mrﬂ%ﬁrﬂﬂﬁo%ﬁ Q.gEgbﬁgYa&Nég forman ester. Among the nmany

types of I1nki'ng groups which can be utilized to formthe conjugate between
the ob protein and the PEG are those disclosed in U S. Patents Nos.

4, ?gZ 502, 5,M3fuAl4 st %D%d&éﬁanbtgplaﬁ, 6hé owd Slodes4floxd3Xhamdm ckccor dance
Wi an especlally preferred e iment_of this inventiqn are thase,

conj ugat es ofPXHEH Y iy BOP. “’Slé an e]r'lf#’ gfl]é\,he‘?’ 1@ | SCRR AT %pd'r‘:thurran
ob protein desg ilhnshidioneiand aydes afidrestaietiohegbtas ilmseteslimt $Ha Gh

300 to 12 1) t the average.,nol ecul ar [ Il PEG units is from
15 to 60 ﬁ(ga ?Hii%a‘heent% (ﬁfer'f'g’l%emp \?%i ﬁﬁﬁﬁoggéﬁgﬁ%%hj ugate is from 30 kDa
to 80 kDa; and Rand R are |lower alkyl. 10 The conpounds of fornula I-A
and I-B can bg pLaPd 64 T WBhematic of the construction of the pLPPsOmpA

mob expression vector.

15 Figure 3 is a schematic of the construction of the pLPPsOmpA

hobl expression vector.

Example 1

20 Obtaining the Human ob cDNA.

The human ob cDNA was obtained by screening a
commercially available lambda phage cDNA library ("Clontech")
made from RNA derived from human adipocyte tissue. From this

25 library, two lambda phages each containing approximately a 2.5
kilobase fragment corresponding to the human ob cDNA seqﬁence
were obtained through hybridization of lambda phage libraries.
By this technique, two clones were identified, i.e., hobl cDNA
and hob2 cDNA. The human ob gene was subcloned into the

30 plasmid vector DNA pBluescriptSk~ commercially available from
Stratagene. The resulting vectors containing these human ob
gene sequences were called pBluescriptSk hobl and
pBluescriptSK hob2. -

35 The human ob gene sequence in this pBluescriptSk hobl and
pBluescriptSK hob2 were verified by nucleotide sequencing. The
amino acid sequences of the protein deduced from the
nucleotide sequencing corresponded to the human ob protein



the known polynmeric materials [err] - 26 - [err] by condensing themwth
the murine or human ob protein of this 5 invention. Any conventional nethod
of reacting an activated ester with an amne to forman am de can be
utilized. In the reaction illustrated abev29 t+he exenplified succinimnm dyl
ester is a leaving group causing the am de formation. V\here t he corrpound of

formula Il-Bis e ce,the COIM, ‘ f

reaction wt ﬁqq?ger#_'hy %Ebr Iﬁ) n& 06 %?%t i rﬁ%%p ven gﬁ i carrl ed
out in the sampmnﬂme e@dasclvégtSk"bobhhebad on Trd mmﬂﬁé:m\ﬁéﬁgroﬁhéf stre
compound of T e e kALANEPRATPRHIC AbedO1N | fodurhedTHES e1eUQGY BEdY!

esters such &8 % he conpoun ormJ A to 15 produce conjugates wth
proteins are tdhes(Stou"ed‘elsr‘r-rwﬁﬂ-aﬂdFhFee?t]aﬁrWBi;%cR#ﬁ‘in%Ft%i EReRe PEesgRtgdn

(1995). 115 theLagR1otlibe %%g;ﬁeﬁed 8k fepnul gs | £di1dwe: sumof n and n' are
from 300 to 1500 SO0 as to produce a conjugate 20 having a total average

nol ecul ar wei ght of PEG units of from 15 to 60 kDa and preferably from 35
to 45 kDa. | mdhhe preferred enbodi nent of fornula |-A the sumof n and n'

is from about 8QQ, 8(&%# Qq‘ig%wé&éﬁef&t erage sumof n and n' being from 850

to 1000. Generdl epreferred rati'o of n to n'" 25 in the conpounds of
formula I -A and @lly BAyss sftopm 0.5 to 1.5 with from 0.8 to 1.2 being
preferred, .l n the case of the conpound of fornmula I-B, n is preferably

bet ween 3{)9) to 1500 to roduce a conpound having from 300 to 1500 PEG units
with a total L of from 15 to 60 kDa and preferably 30 from

35 to 45 kDa., | edderatf S regtcntydient n is from
Gly Cys stop

15 pBluescriptSk—hob2
. .GGC.TGC.TGA GGCCT TGA

Gly Cys stop

Since this mutation in pBluescriptSk hobl is located
20 after the stop codon of the human ob cDNA sequence it does not
lead to a change in the amino acid sequence of the human ob

protein as published by Zhang, Y. et al., supra.

As far as the nucleotide sequence of the c¢DNA present in
25 pBluescriptSK hob2 is concerned, it was demonstrated by
restriction enzyme analysis that this plasmid has the Stul
restriction site located after the stop codon of the human ob

cDNA sequence.

30 In addition to the fact that pBluescriptSk hobl has a
mitation in the Stul restriction site following the stop
codon, the pBluescriptSk hobl also has an EcoRI restriction
site after the ORF in hobl cDNA which is absent in the hob2
cDNA (See Figure 1.).

35



about 850 to 1000. The human or nurine ob proteins prepared in accordance
with this invention may be prepared in pharnaceutical - 27 -
conpositions suitable for injection with a conpati bl e pharnaceutically
acceptabl e carrier or vehicle by nmethods -kBOw in the art. Any conventi onal
carrier material can be utilized. The carrier material can be an organic or
I norganic 5 one suitable for enteral, pgrcutﬁn us or parenteral

adm ni stration. Suitable carriers incl ; gelatin, gum arabic,

| act ose, starch, magnesium stearate, talc, vegetable oils,

pol yal kyl ene-gl ycals, ., petroleumjelly h I% %f% rﬁ@g@nnre, t he

phar maceuti c 5 cr 4o Tor 99 Sl £l ceutically active
agents. Additional additives such as flavouring agents, preservatives,
stabil1zers, el Y410 B0y JIUSER! 302R8 . | Rowak KptBinde Bldate | 1
accordance with acceﬁted practices of pharmaceuti cal _caonpoundi ng., Anong t he
preferred campieredvns ofoZhangti ¥g eheahonogereaused thereaifer fnsentsd

i nvention are humR SeicHNadl REBRr BURBreiasIR ML RibRe fidh Invitrogen
Adm ni stration of reconbi nant. honbgeneous ob groteln, eit h n or murine

or a conbi nat (%R Haasot Caldferrda nUSH) decTRASBF 10 PR R wei ght
0SS in obesesuMmERe sk Y¥emlts cHRSEehet cthadekpi sés i areatiort he ob

protein replenishes this protein which is rtant.in t equl at i of
body wei gh .Fﬁﬁ?ﬁﬂ%ﬁﬁﬁ&E&EtCEé@xgﬁﬁﬁﬁéPPiShs Bt at ?%dﬂ¥§§&huﬁﬁh %ﬁﬁb iri ne
ob proteins nyidedfandiaredeator ahdehyshc@dseffietioweld gletaddiad sty ati on
by vari ous nmeans to:f.hunan or aninmal patient experiencing abnornal

fluctuations i ]gﬁy ‘wei ght, either alone or as part of an adverse nedica

The first stage of construction was to achieve the fusion

15 of the signal-coding sequence from sOmpA gene to the mature
coding region of the murine ob gene, i.e., without its natural
signal-sequence. The DNA fragment of 501 bp encoding the
mature murine ob protein inserted in the pCDNA3 vector was
amplified from the vector by the polymerase chain reaction

20 (PCR) using Vent DNA polymerase (New England Biolabs), a
forward primer (primer 1) starting with the first nucleotide
of the codon encoding valine (which is the first amino acid in
the mature mob) (Zhang, Y. et al., supra), and a reverse
primer (primer 2) corresponding to the region of the mob

25 containing the stop codon of mob. Primer 2 also contained a

sequence corresponding to a Hind III restriction site.

Primer 1: 5' GTG CCT ATC CAG AAA GTC 3'
Val Pro Ile Glu Lys Val
30 _
' Primer 2: 5' TCCCAAGCTT TCAGCATTCAGGGCTAAC 3'
HindIII stop

The amplified 501 bp DNA fragment was purified by agarose
35 gel electrophoresis and phosphorylated using T4 polvnucleotide
kinase ("Boehringer") and next digested with the restriction
enzyme HindIII to create a 5' protruding end at the position
of the primer 2. The obtained fragment had a blunt end



condition or disease, such as type Il diabetes nellitus. A variety of
adm ni strative techniques by injection may be 30 utilized, anong them
subcut aneous, intravenous and intraperitoneal injections. Average
quantities of the ob protein may vary and- 8lparticul ar should be based
upon the recomendati ons and prescription of a qualified physician or

veterinarian. 35 The man or [ipe.o [0 ei ns. prepaned | accaordance
Wt et A sRECLRcdIRR 2o THE! 3508 RLAELDR SRR difpteReianes
ob protein recEime sob, and 235" PhetEndimy esndramimsspdrsling doe ancfleaved
i ntended to |iggifyife spyention in any way. 5 BRIEF DESCRI PTI ON OF THE

DRAW NGS Fi gure IS a schematic of the two clones for human ob protein;
i.e., hob cl1 and hob c12, which schenmatics depict the |location and types

of restricty on sit gfedtoCahRd stmphNplasmid BRUoSOmSAESDOIoNthE dd Y @heC DNA
sequence. Figure_ 2 |sO% schemati c of theﬂ%fnstructlon of 1he pLPPs A gnb
expressi on ve&&ihodes Of; D SUSLEE JKschbndt i ¢ SHPYde Wosh tont8e PR

PLPPsOnpA hobletxpies sireatecat priose@pmnhed lpPosiid AiTu ngudrie tHisnsugh ehbA.
The human ob ¢ DINA vas ob%ained 9§a3§reen'r$%§§connerci%u!é{avaiIqhhe | anbda
phage CDNA | i Bt}grf COBCEN: ¥eR- $LRae $Yo P& trom BAFEn ‘tadtPocyt e
tissue. From tEnglaEl-Bibdaby,' )t wotdabhe pPhesmpleRI c@tamDig which was
:‘gngﬁLgﬁtﬂ Y ghetridushOR3§8LEAORERL CRE SSRGS LRV RRR 108 1GDNA
HindIIT by methods known in the art [Sambrook, J. et al., in
"Molecular Cloning: A Laboratory Manual® Second Edition, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, New York,
1989]. This pT1l0sOmpArPDI plasmid was derived from plasmid
15 p714 [Parker and Wiley, Gene 83, 117-134 (1989)]. This plasmid
contained the cDNA encoding mature rat protein disulfide
isomerase (rPDI) cDNA fused to the sOmpA sequence.

This fusion of the last codon in sOmpA (alanine) to the
20 first codon in the c¢DNA of mature rPDI (glycine) created a
Nael restriction site which after cleavage with Nael released
the last codon in the sOmpA sequence and the first codon in
the ¢DNA encoding rPDI sequence as blunt ends.

25 NaeI
5' ..., GCC / GGC ........ 3
Ala Gly
sOmpA c¢cDNA / mature rPDI cDNA

30 A HindIII site exists at the end of the cDNA encoding rPDI.
Therefore, further digestion of this plasmid with HindIII
released the major part of the rPDI c¢DNA and created a 5°'
protruding end compatible with one of the ends of the PCR
fragment. The resulting plasmid where the cDNA encoding the

35 zrPDI was replaced by the cDNA éncoding mature mouse ob was
called pT1l0sOmpAmob and is depicted in Figure 2.



wer e obtai ned through hybridization of |anbda phage libraries. By this
techni que, two clones were identified, i.e., hobl cDNA and hob2 cDNA. The
human ob gene was subcloned into the 30 plasm d vector DNA pBl uescri pt Sk
comercially avail able from Stratagene. Theyyesulting vectors containing
t hese human ob gene sequences were call ed pBl uescri pt Sk- hobl and

pBl uescri pt SK- hob2. 35 The human ob gene sequence in this,

pBl uescri pt Sk- hobl Thedlpgprted PiHtwae Hepx d/én B-egoby ALERLBLNGEO61

sequenc! ng. Tﬂ@iﬁ@i 80ardh 3 SETREISorft ildne aaaottabnoﬁeaﬂﬁed E6DOMLiEE were
nucl eoti de SE%t:Jenm%%Eorr sponded to the

uman Qb prgtg n - 29 -
encoded by SEEFTEF™ T 2 EEPBTS IR Mnige 9o BNAfragment by he
pBl uscri pt Sk- habtribatien Terzyms afnalysdfd.eClohe pTapsongamobf hadetlobl cDNA.
This mutation_r |t ed | he 1.gss _of e yl restriction si 0, [W se
oredi cted Po BeSarabsphfoddfy R st puithe BB BLERLRR BhAEa TR
hob 1 ... GGG Fap1@@e G3BAIF@A.sOmpA.y Cys stop 10 pBl uscri pt Sk- hobl
...GEG TGC. TGA GBCCC TGA... dy Cys stop 15 pBl uescri pt Sk- hob2
... GEG TGC. TGA GCCCT TGA Ay Cys stop Since this nutation in |
pBl uescri pt Sk- hobl Nexst} oble etpRiesgiant afhaokh 39 EodeR1ldf irhEhh&iman ob cDNA

sequence it dges0s0hpARSS wak I erider! ReabbRBrati §f SBEtERNEIe Of the
human ob 19 1jpoprotein promoter (Pjpp) and the lac promoter-operator

(PO15c) - To do this, the hybrid gene sOmpA-mob sequence was

transferred from the plasmid pT10sOmpAmob to the plasmid
vector pLPPsOmpArPDI by standard procedures described in De
Sutter et al., supra. The pLPPsOmbArPDI plasmid was derived,

15 as already mentioned hereinbefore, from plasmid p714 [Parker
and Wiley, Gene 83, 117-134 (1989)]. For this step, the
plasmid pT10sOmpAmob DNA was cleaved with the restriction
enzymes Xbal and'HindiII. The fragment containing the sOmpA-
mob encoding DNA was then ligated into the plasmid

20 pLPPsOmpArPDI from which the sOmpA-rPDI encoding DNA was
previously removed by cleavage with the restriction enzymes
XbaI and HindIII. The resulting plasmid was called
pPLPPsOmpAmob.

25 : Example 3

Expression of murine ob protein in E. coli (MC1061)

Expression of the murine ob protein in E. coli was

30 achieved as follows. The pLPPsOmpAmob plasmid constructed in
accordance with Example 2 was inserted by electroporation into
an E. coli strain MC1061. The E. coli cells (MC1061) harboring
the plasmid pLPPsOmpAmob were grown up overnight at 28° C in
Luria-Bertania ("Difco Laboratories®) medium supplemented with

35 the antibiotic carbenicillin (100 pg/ml, "Beecham"). This
culture was then used as an inoculum (100-fold dilution) for a
30 ml overnight culture at 28° C in the same medium. This
culture was then diluted 100-fold in 3 liter (e.g., 6 x 0.5 1



protein as published by Zhang, Y. et al., supra. As far as the nucl eotide
sequence of the cDNA present in 25 pBluescriptSK-hob2 is concerned, it was
denonstrated by restriction enzyne analysis that this plasm d has the Stul
restriction site located after the stop cod®h -of the hunman ob cDNA
sequence. 30 In addition to the fact that pBluescriptSk-hobl has a
mutation in the gty restr ction nge foIIqun the sto odon, the

pBl uescri pt Sk*Robl +4F€F ﬁﬁ eomeyer laskd) Qi e eetUhe™ akedobl
cDNA whi ch iSaabseﬁtCIﬂnthENéwbErmﬂ§Widkﬁﬁiﬂ35yﬂk2rl(BDOBEpm) foBOabolxadpl €
2 Plasmd Congbhyst 1ARii 04 &&Eé elms(rae,b)o 3 was rehbhb8e RP €N
of SEQID NO 1 was obtained by e pro iure of Zhang Y. et al., supra,
and t hereaft etimasethedlant prometaCHss insbicmd bynadddtabhyofvai iMbfenédt om

I nvitrogens(S r #ﬁéL _He ned
was used to cgﬁ??%ﬁg?aF eégrgiéér eé%gy%fgug%ggcgnﬁgggﬁgg$aé ??ﬁ?%55|on
of the muri ne"BerFbtléﬁﬁ"ln@%)deqwﬂéo%i(ﬂrfb% SutEert 6t ahd i S¥PE¥BASTRAcCti on

is detail ed 'Be.lF.!LQU{v@rg fdhendt ISl de @@@su ¥okl @BoWRS5t Rodsdi @neil he
fusion 15 of g %ﬂ’faéeﬁgﬂéggré&&&@é‘% Iy B %hout ogﬁr'%- t@ekﬁetﬁété!éfls

coding region o e muri b gene, S na
si gnal - SequenﬁéreTbelm@tédeﬁﬁlﬁﬁhtﬁmrﬁﬁmdj Ugl0heonBi Ul BeBkihamme Ob

b0l yer asd0chEPCF LARER OB Y PRS2 g 27aR DR p) JRBr oS5 ¢ RER, B and

Bi ol abs), a (8000 x g) at 4° c. The supernatant was removed and the cell

pellet was resuspended rapidly in 250 ml icecold osmotic shock
buffer (100 mM Tris-HCl, pH 7.4 containing 20% sucrose 10mM
EDTA) and incubated on ice for 10 to 20 min as described by

15 Koshland and Botstein, supra.

Thereafter, the suspension was trensfefred to plastic
centrifuge tubes and the cells collected by centrifugation at
8200 rpm (8000 x g) for 5 min. at 4° C in a JA20 rotor. The

20 supernatant was removed, and the cell pellet rapidly
resuspended in 120 ml icecold water under vigorous shaking and
incubated on ice for an additional 10 min. The suspension was
then centrifuged in the JA20 rotor for 6 min. at 4° C at
11,500 rpm (16,000 x g) and the supernatant corresponding to

25 the periplasmic fraction (osmotic shock fluid) was collected
(approx. 120 ml). Sodium azide and Tris-HCl (pH 7.5) was added
to a final concentration of 0.05% and 50 mM respectively. The
osmotic shock fluid containing the murine ob protein was
stored at -20° C until further use.

30 _
Example 4
Expression of murine ob protein in E. coli (MC1061
35 ' Expression of murine ob protein was achieved in

accordance with the procedure described in Example 3, except
triacilline (100ug/ml) was the antibiotic used to supplement

the Luria-Bertaria medium (rather than carbenicillin).



forward primer (prinmer 1) starting with the first nucleotide of the codon
encodi ng valine (which is the first amno acid in the mature nob) (Zhang,

Y. et al., supra), and a reverse priner (prinmer 2) corresponding to the
region of the nob 25 containing the stop-clen of nob. Primer 2 also
cont ai ned a sequence corresponding to a Hnd Il restriction site. Prinmer

1. 5 GIG CCT ATC CAG AAA GTC 3" Vval Prolle Qu Lys Vval 30 Priner 2. 5
TCCCAAGCTT TCAGCATTCAGGGCTAAC 3' Hindlll stop The anmplified 501 bp DNA
fragment was purified by agarose 35 gelExaimedler aphoresis and phosphoryl at ed
usi ng T4 pol ynucl eoti de ki nase ("Boehri nger") and next digested with the
restriction enzyrre H| ndIII to create a 5 protrud| n% end at the posltlon of
the primer 2Pufh of fmugine o & Flie e gell egmeLisondi ng
‘to the fi 5stfmugheot|de of the cDNA encod| ng mature nob, and a 5'
protrudi ng end corresponding to a cleaved H ndlll site. 5 Next, the
SOWA plasm d pT1CsOnpAr PDI obtained by the nethods of De Sutter, K et

g;r;ysgﬁra OW'?S IE’B@dm%@ftheoﬂoﬁrt G@é‘ﬁifpoé%tf%& & rA thE @B@Tmnﬁboﬁb?sm d. To
S ou e np r pt, was cl ope gation.using T4 |i

(" New Engl anﬂSBPBF-Eb§h5’ckn?gu%‘P1enb %@%ﬁ%‘l&&%&?ﬂ% %Eﬁ REE %Jed
pr?\él gusl y dasesbeﬁowst hThée]r.T%@aﬁI |@gmmcemmms fﬂla&ld andthiinilhg| the

met hods own in the art [ Sanbroo cytLapoCho. Js50A
Labor at 059 VBHGAPE g?cBﬁaL%h?t‘?’%%kt%‘f%&?nféi G r]]'-rll;o a%{é’r %t (c)%:y@{?’?e%g

Col d . Spring manbat, 1600¥orkm i@%]JA%nsoqﬂI @@O!P&NOP@I ipsainbdendsbrisi ved
_fronlplasnldThe supernatant was then loaded directly onto a column

containing a 30 ml bedvolume Q-Sepharose Fast Flow
(*Pharmacia®) preequilibrated with 50 mM Tris-HCl (pH 7.5)

15 buffer. After washing with the 50 mM Tris-HCl1l (pH 7.5) buffer,
the mob protein was eluted with 50 mM Tris-HCl (pH 7.5) buffer
containing 0.1 M NaCl. :

Next, solid (NH,),S04 was added to the material eluted

20 from the O-Sepharose Fast Flow containing column to a final
concentration of 1.0 M and the mixture was loaded onto a
column containing 7.5 ml bedvolume Butyl-Sepharose Fast Flow

("Pharmacia") preequilibrated with 50 mM Tris-HCl (pH 7.5)
buffer containing 1.0 M (NHy)3;S0,. After washing with Tris-HCl

25 (pH 7.5) buffer containing 1.0 M (NHy)5;S0,, the mob protein
was eluted by applying a gradient from 1.0 M (NH4),SO4 in
50 mM Tris-HCl (pH 7.5) buffer to 20% ethylene glycol in
water. The mob protein eluted from the Butyl-Sepharose Fast
Flow column at the very end of the gradient, while most

30 contaminants eluted much earlier. The purity of the mob
protein at this stage was 90% as estimated by silver-stained

polyacrylamide gel electrophoresis (PAGE).

The mob protein in the material eluted from the Butyl-

35 Sepharose Fast Flow containing column was then further
purified by gel filtration chromatography. To do this, mouse
ob protein was concentrated at 4° C to a volume of 1 ml on a

YM10 (“"Amicon") membrane using a 8MC concentrating unit



15 p714 [Parker and Wl ey, Cene 83, 117-134 (1989)]. This plasm d contai ned
the cDNA encoding mature rat protein disulfide isonerase (rPDI) cDNA fused
to the sOmpA sequence. This fusion of the last codon in sOrpA (alanine) to
the 20 first codon in the cDNA of mature 133 _(glycine) created a Nael
restriction site which after cleavage with Nael released the | ast codon in
the sOmpA sequence and the first codon in the cDNA encodl ng rPDI sequence
as blunt ends{"#&gicon”), and was applied to a columpe(ls0 cregee 30 @

........ 3" AbnfdinirdN3h NGO orslephadeRDl " PRAMANSE1 £ HMéciu:Sllitkﬁ:ﬁ?@&t S

ol asnid wi 7 RIS ST A8 RGP Spal PooFEhE TPDIC LRGP Pt o

5' protrudi ngewrieigomte Hhennvpololede anfl the pndseid ¢¢1mé2ﬁtfi’attreﬁgrmnta The

resul ting A alcTe e n he
cDNA encodpngﬁ&rr&aqjure rrrgat}{sé; %Dm%égc%?%ggg ‘T-‘P%s Aﬁ%tand I's depicte r%n
Figure 2. SR pureHs |eisg=aﬁr@&e§th\/a§GEn@néd ttver sRinigg . AN%RRARC1061
usi ng st andargh-RlLdd P YiHIIN clihepahiakpedrcob op®s were screened for
the presence of the nurine ob fragnment by restriction enzyme anal ysis.
Cl one pT10sOmwpAnob had the 5 sequence encoding the mature nurine ob protein
- fused to the sequence encodi ng sOpA NBxampldéesexpression of nob in E
~coli in tms pTl GsOmpAnpb was pl aced under the control of both the 10

| i poproteln pronoter (Plpp) and the Iac pronot er - operator (POlac). To do
this, the hylRequenge i sigplofo mynd boprotein

N-terminal amino acid sequence of the murine ob protein

obtained and purified by.the procedures of Examples 2, 3, 4

15 and 5 described above was performed according to the procedure
of Laemli, U.K., supra. After electrotransfer of the
electrophoresed proteins to a poly(4-vinyl N-methylpyridinium
iodide) ~-coated glass fiber sheet as described by Bauw, G. et
al., J. Biol. Chem. 7, 194-196 (1988), the band of protein

20 with Mr 15,000 was excised from the membrane and the N-
terminal amino acid sequence was determined by Edman
degradation on a 470A gas-phase sequenator equipped with a
1202 on-line phenylthiohydantoin amino acid analyzer ("2Applied

- Biosystems"). The N-terminal amino acid sequence of the murine

25 ob protein was obtained by the above described procedures was
Val—Pro—Ile—Gin corresponding to the mature murine ob protein
of SEQ ID NO: 3.

Example 7
30

Construction of Expression Vector for Human ob Protein ob

The human ob gene obtained in accordance with the
procedures of Example 1 was utilized to construct an
35 expression vector pLPPsOmpAhobl for expression of the human ob
protein. This construction was similar to the construction of
PLPPsOmpAmob described in Example 2 and is detailed in Figure
3. A three-fragment ligation was required to complete the DNA



transferred fromthe plasm d pTl GsOmwpAnob to the plasm d vector

pLPPsOpAr PDI by standard procedures described in De Sutter et al., supra.
The pLPPsOnpArPDI plasm d was derived, 15 as already nentioned

herei nbefore, fromplasm d p714 (Parker andgg\.l ey, Gene 83, 117-134
(1989)]. For this step, the plasm d pT10sOmpAnob DNA was cleaved with the
restriction enzynmes Xbal and Hi ndl Il. The fragnment_cont al ni ng_t he sOmpA-
mob encodi ng mttwq’r%&h%te&tﬁﬁ@ B‘ngﬁﬁd hypan | PpepHiReD from
whi ch the sOngdeidiide encodi ng DNA was previously renoved by cleavage with
the restriction enzynes Xbal and HindlIl. The resulting plasm d was called
pLPPsOrpAnob. 25 Exanpl e 3 Expression of nurine
ob protein in E chhitli&MHDAE) dhagpeessi mheofcohlse:runti, ne hbbpnm)tbbé@ticmeE

coli was 39 h LB ISt ed in
accor dance waf%g\é&de agtgzgln?\%ns%lr t%(la% eI eg}gggsgjf'g I on | 0 %é\g . coli
strain I\/ClOGlenqmter' e | Lty §If(1m1@©i}i dr bbei matuhe pimamicb protein
pLPPs QrpAmDD Pugé)o‘%héll%d%%{ @ogflhea%lé%‘if-&l:d&b“ %?ﬁéﬁc@effé}ﬁ” y Difco

Laboratori es”) nedium supplenmented wt the antTbiofic carbenicillin
(100 [err] g/ nisOmmec HERDhatTHhe SOMPAr SSRUSNEReHS URRETERAM P ddtil mend

(180-fol $ di |¢Jf§ |t§1{l§ Hol rmtca(édﬂldé/@rogu?gg sféqhteﬁ&e grrllﬁf[mxlfﬁgnﬁ%ﬁm%ae%rrﬁ
nmedal um S ure S t.e WA lter e, J. .y
0T 00 dia i 5P At latioh 100RBCE plPure | Sndiding iy
28[err] C i n pBINeysdiriptSH dlokdi r\&lm&k@NA( polQymprhsé pramd otiwo Jorhimerss Urthid a

density of AGAQ 0% (G 00k VASLRAC 0o AL LAI 55 LA Bne  HErd GRS IR e 68

i nduced by a ) oncentration o
i sopropyl - B- Fheniangidrmcnseding $hee firPrGamino acid of mature human ob

protein, and the reverse primer (primer 2) contained the

15 sequence of the human ¢DNA containing the stop codon. The
amplification reaction vielded a DNA fragment of 501 bp
containing the sequence encoding the mature human ob protein.
The 5' end of this DNA fragment was then phosphorylated with
T4 polynucleotide kinase and digested with the restricition

20 enzyme HindIiI, yiélding a 353 bp DNA fragment having a blunt
end corresponding to the first nucleotide of the cDNA encoding
mature hob (position corresponding to the primer 1), and a 5°'
protruding end corresponding to a cleaved HindIII site. This
353 bp DNA fragment was purified by agarose gel electro—

25 phoresis and cloned in the pT10sOmpArPDI plasmid which has
been previously digested with the restriction enzymes Nae I
and HindIII. The resulting plasmid pT1l0sOmpAhobl (partial) has
the DNA fragment encoding a part of the mature human ob
protein (amino-terminal part) fused to the sequence encoding

30 sOmpA.

Primer 1l: 5' GTGCCCATCCAAAAAGTC 3°
Primer2: 5' TCCCAAGCTTTCAGCACCCAGGGCTGAG 3'
stop
35
In a second step, the DNA sequence encoding the carboxy
terminal part of the human ob protein, i.e., fragment 2, was

ligated to the DNA fragment encoding the amino-terminal part



| I Boehringer") as described in De Sutter et al., supra. The cells were
further incubated at 28[err] C for about 5 hours until the cell density
reached A600 of 1.3 to 1.5. Next the cells were collected by centrifugation
in a JA10O rotor (Beckman 10 centrifuge nodeg% -J2-21 or J2-21M for 6 mn.
at 6750 rpm (8000 x g) at 4[err] C The supernat ant was renoved and the

cell pellet was re ed ra |cecol osnotic shock buffer
(100 mM Tri s- 81 ® g geﬁd’% n‘?q'f% %ﬁﬁfg'EB‘fﬁ? W P uBak ¥ on
ice for 10 tomaﬂuma nheb si@rmasndmcfdgedlﬁ:d(dmel aodlpAnﬁaBotsansfermqbrrao
Thereafter, t fer s jand
the cells coI f% clg%%%lﬁlq%n%g %%2(%8(13 gg%ggogg%&;&# eh‘gyg? 1§lat
4[err] Cin apnmelmo%@rE ael 2ndamdhen tc@mtr@ésoﬁehbeeblpgmﬁotﬂmcel I

pel et 1 apsdl yrofistiepeatekid flhuind (eaCodriRbel URGCHo VEREE DU shaki ng

and i ncubate on Ice for onal he suspens] on was

centrifuged iR ?W@WQWA#@?]- sdadntiady) wepsr digeshed (WithXbak gnd, 000
X g) and the supR@rNAtaNd €0 AR B iDNA tf&aaﬁ.ehlaelpeflnbaswag {ssrdt&d by

Tri o G ( pH 398 HET S P SPIRTT E AEBATPRE b o VEF Do R A0

ris S

respecti veloy pBhee ocnixh t 8K JHolsk v\faisudleta&mﬁawmtthﬁ.hdImmam BdoRL ptand tles
t d at ty t

b pr ot of A0 nt B0 T el e By WRrody BET BageronRoFegl I Sradiinl e

achi eved i n a2torBimzklwi tthe Imlé}ﬂm@eml’é’smumédwaﬁ Ekeape@ vmthexiﬂwl

triacilline (108[grsgo/ ratc}]vi’?.rfe LG ey fQ"a@hbfitu Ql&?e&“}@?'é‘é@fﬁsé Nfe1

Luria-Bertaria ned um ( er than carbenrci
electrophoresis (fragment 3). The D fragments 1, 2 and 3

were then ligated to each other and the ligation mixture
15 introduced into E. coli strain MC1l061. The colony containing
the final plasmid construct pLPPsOmpAhobl was used for

expression and secretion of mature human ob protein.

Example 8
20
Expression of human o otein in E. coli C1061

The pLPPSOmpAhobl constructed in accordance with Example
7 was used to transform E. coli'strain MC1l061 for expression
25 of the human ob protein in soluble biclogically active form in
" the periplasm of the host E. coli cells. Insertion of the
plasmid into these host E. coli cells was performed by
electroporation. The E. coli cells (MC1061) harboring the
plaémid pLPPsOmpAhobl were grown at 28° C in Luria-Bertania
30 ("Difco Laboratories") medium supplemented with the antibiotic
carbencillin (100 pg/ml, "Beecham") to the proper density,
after which the lac promoter was induced by addition of 2 mM
final concentration of isopropyl-R-D-thiogalactopyranoside
{IPTG, "Boehringer") as described in De Sutter et al., supra.
35 The cells were further grown until the cell density reached
1.3 Aggp- Next the cells were collected by centrifugation
(8000xg at 4° C) and the cell pellet was resuspended rapidly
in icecold osmotic shock buffer (100 mM Tris—HCl, PH 7.4



- 34 - Exanple 5 Purification of nmurine ob protein fromthe E. coli osnotic
5 fluid The nmurine ob protein located in the 120 m frozen osnotic shock
fluid in accordance with Exanple 4 was purified as follows. The 120 m
osnotic shock fluid containing the 10 nuri-n88o0b protein was thawed and
centrifuged at 4[err] Cfor 20 mn at 16,000 rpmin a JA20 rotor to renove

i nsol ubl e debris. The su nat ant was then-| o directly.ontq a cqlu

containing a I‘rﬁalﬁ'&a\?oﬁﬁ%eS@chBﬁa?’aéef&%tE&f&Na(“‘gﬁé’r%ﬁ’&tﬁ%) ice ror
preequi | i br at dd wiinh as0 dekcTibedHbBYy KpshTand hid Bidsdreindf tsmpraashing with
the 50 MM Tris-HO (pH 7.5) buffer, the nob protein was eluted with 50 nM

Tris-HO (pH 7.5) buffer containing 0.1 M NaC . Next, solid
(NH err]) [ err] SO[ eMHersaftegdeheocehésnuerei agabn weeklexted &m t he

Q Sephar ose F%%ht'ijﬁ‘ﬂg&%%ﬁ' Qb”ﬁbSGéU%dtﬂmé‘ ééi‘ﬁ'péﬂ@@%@%‘e@ﬁs@%n&e@ Mn

and the m xture was onto a columm_contai ning 7. bedvol une
But y| - Sephar 0§€e|:§§tldFP"§\FveF" prdr Aaevrhatedrdrgire |fEﬂrat1éH I%nt hThe SNSPERsipr

(T pH 7H5é|) ggfz Wﬁsg(&%eﬁi) efb?grifﬁg%/a(%lres rﬂli:{xeraﬂNaﬁ fad [x Ta%gi washi n?hvv' t hb
ris p u r cont ai err er.r, e _no
protein was elsﬁPgﬁnﬁﬁaﬁ‘ﬁpl YERG acg%]"aa&é fg?’lr\%% a[ ‘idj(lﬂsﬁ % L‘I“SBFéfiF]

in 50 nM Tri s-akdl TepE- EC&) (pHf 7eB) tﬁaﬁoaﬁéédhyttceme @lnadolconcemraltloiihefrmb

protein eI e(a fos%mtge 3 éonggﬁgnan\%f% u?}ﬂ é/gngqj_ %"‘ tﬁ very end of

t he gradle Whi'l"e m)s epurlty of
t he nob protemn&alnhng thegbunan obopretein was es;q;gedsm/e.zo& & pogil

pol yacryl am de,geheg! gekr ophoresis (PAGE). The mob protein in the materi al
eluted fromthe Butyl- 35 Sepharose Fast Fl ow containing colum was then
further purified by gel filtration chromatography. To do this, nouse ob
protein was concentrated at 4[err] C to Examlene® of 1 m on a

15
Expression of h ob protein in E. coli (Mcl061

Expression of the human ob protein was achieved by using

the procedure of Example 8, except triacilline (100 pg/ml) was

20 used as the antibiotic to supplement the Luria-Bertaria medium
rather than carbenicillin.

Example 10

25 Purification of human ob protein from the E. coli osmotic
fluid

To purify the human ob protein in the osmotic shock fluid
of Example 9, NaCl was added to the fluid to a final
30 concentration of 0.1 M and the fluid was then loaded directly
onto a column containing a 30 ml bedvolume Q-Sepharose Fast
Flow ("Pharmacia®) preequlllbrated Wlth 50 mM Tris-HCl (pH
7.5) buffer.

35 Next, solid (NHy);S04 was added to the flow-through

material eluted from the Q-Sepharose Fast Flow containing
column to a final concentration of 1.0 M and the mixture was

loaded onto a column containing 7.5 ml bedvolume Butyl-



YMLO (" Ami con") menbrane using a 8MC concentrating unit - 35 - -

("Am con"), and was applied to a colum (1.0 cmx 50 cm containing 39 mnl

GL00- Sephadex ("Pharnmaci a") preequilibrated in phosphate buffered saline.

The fractions containing the nob protein wgg% -t hen pooled and the protein
concentrated on a 5 YMLO nenbrane. At this stage, the nob protein was nore

t han 95% pure_as, esti ed PA nd_sil.ver staining., SDS- PAGE r aled a
S ngl o pr ot o1 SCBUREONE KR5GS, L EHATIRE I8 ] 0D ERE AP RASY A Lo G ne

ob protein NTeiarRal of nd- Bk Esy eoadadninge 1allr Un&NBp) pF Q4 ei ML ai ned.
and purified b h rocedur e 4 1 nd. scr). bed above
was Berfornedwé%%lolrg%ﬁ’]b gyflhe—%lo%wé%éf %Eggﬁﬁ °°§f%g”§%g’rea5 fter

el ectrot ransf éNHet 280 cHRR (AW IRFALSIR Yest elnESEoPY PBPIYIRY 3 gradient

N- et hyl i dipj i ©Ck d . i ber sheaet 56 IhbetL
G et )altl I.OYSJ. fﬁél)fglnjf'%hqgmm%,f%%fg%%ﬁg%i?tshgegaégﬁo?'§foﬂt)e| n l%t(%?\na%q;% M
15, 000 was exerbBylenre YRl rignifahex -afde RePNPreEeaR ngluted nkram i the

sequence was ggt$l TbaskhRys&drmt dadadahiuehn 8B 8nd 7Pérgasn@heseciequenat or
equi pped with a 120A on-1]j neNE)henyI t hi ohydantoin am no acid apal yzer

("Appl i ed Bi cSHRELRE) Whte ek GORberRARs Sa et odeh cer bt 1ehe THE i ne 25
ob protein wasuebt@i ey Hdle privmed ndekcthbedspageedas eS0%ass estimated

Vel o 46 SELELERTELG KV UL R UL e S0 BBl 2L, G MO
(hob) :
The hob protein in the material eluted from the Butyl-
Sepharose Fast Flow containing column was then further
purified by gel filtration chromatography. To do this, human
15 ob protein was concentrated at 4° C to a volume of 1 ml on a
YM10 ("Amicon") membrane using a 8MC concentrating unit
("Amicon"), and was applied to a columm (1.0 cm x 50 cm)
containing 39 ml G100-Sephadex ("Pharmacia") preequilibrated
in phosphate buffered saline. The fractions containing the hob
20 protein were then pooled and the protein was concentrated on a
YM10 membrane. At this stage, the hob protein was more than
95% pure as estimated by PAGE and silver staining. SDS PAGE
analysis of the eluate revealed a single protein band at Mr

15,000.
25
Example 11
Purification of human ob protein from the E. coli osmotic
£luid |
30

To purify the human protein in the osmotic shock fluid of
Example 9 the procedure of Example 10 was used with the
following exception: Prior to adding solid (NH4)2S04 to the
flow-through material, the following steps were carried out
35 with regard to the osmatic shock fluid of Example 9.

The human ob protein in the osmotic shock fluid of
Example 9 was loaded directly onto a column containing a 30 ml



The human ob gene obtained in accordance with the procedures of Exanple 1
was utilized to construct an 35 expression vector pLPPsOrpAhobl for
expression of the human ob protein. This construction was simlar to the
construction of pLPPsOrpAnpob described in EBQaaple 2 and is detailed in
Figure 3. Athree-fragnent ligation was required to conplete the DNA -
36 - fragnent $ |n|g? th entire natu U8 ob COdtég q}ence. In the
first stage dPStH TIRR a%?ﬁﬁﬂgaﬁﬁcp 8W| PRarmantat Lt éf%ﬁ? t he
first nucl eotwileh 50 trne mh}mcano(w g 54 hbuElféSt Afitep washing with tearsd
human ob pr ot vaI sed to th 8l Lng seqgu e OmpA
(sOmA), so that ’% Cgrp(,? sequ ne%élflfs?r egﬁﬁo? ﬁ%ng ?lfct?i gb
nucl eoti de cozld n@dsmgmﬁm (BH & . BmAbhtfégnenbnMSniﬂgo@thlhﬁeMi(by
anplificatéon in a PCR m xture containing plasmd pBl uescript SK-hobl, Vent
DNA pol ynmerase, and two priners. The forward prinmer (prinmer 1) started with
the first nucleotide of the codon enco 12/ r st anino acid of mature
human ob protein, and the reverse priner (primer 2) contained the 15
sequence of the human CDINA c.ontaIJ he stop codon. The anplification
reaction yie ‘ ] g-1v f T I ng the sequence encodi ng
t he mature human ob proteln The 5' end of this DNA fragnent was t hen
phosphory> ted wit T4 0l nucLeotideéﬁinase and gDﬁﬁ d mnt the
restricition 20 e 117 84§ F555%08 = f PRGRR k%’f/?%eg”é
bl unt end corptam:m& rend ehtlednfeidr by thel poocddunés tdif E:wpleemo'l:hlrﬂg mat ur e
hob (positio t

rlié’é’c! P #Hﬁ"%ﬁt ?:%r%&:iﬁ%& %&eog@gn% é%Nt%’ié) S QAN ¢

COI’I’GSpOI’]dI n site ragnent was
purified by ggggggb gk ol edprg- After electrotransfer of the

electrophoresed proteins to a poly(4-vinyl N-methypyridinium

15 iodide)-coated glass fiber sheet as described by Bauw et al.,
supra, the band of protein with Mr 15,000 was excised from the
membrane and the N-terminal amino acid sequence was then
determined by Edman degradation on a 470A gas-phase sequenator
equipped with a 120A on-line phenylthiohydantoin amino acid

20 analyzer ("Applied Biosystems"). The N-terminal amino acid
sequence of the hob protein obtained by the above described
procedures was Val-Pro-Ile-Gln corresponding to the mature
human ob protein of SEQ ID NO: 6.

25 ' Example 13

Biological Activity of Murine ob protein:

Intracerebroventricular (ICV) inijection in ob/ob mice

30 The biological aetivity of the mature murine ob protein
purified in accordance with Example 5 was determined using the
ICV method as follows. Infusion cannulas were implanted into
the lateral ventricle of the brains of anesthetized female
obese ob/ob mice (age 6-13 weeks) using the following

35 coordinates (2 mm lateral of midline; 0.6 mm with respect to
bregma; 2 mm down) based on the methods of Haley and Mc
Cormick, supra. The end of the cannula was mounted on the
skull using a jeweler screw and dental cement. Mice were



25 phoresis and cloned in the pT1GsOmpArPDI plasm d whi ch has been
previously digested with the restriction enzynmes Nae | and HindlIl. The
resulting plasm d pT10sOnpAhobl (partial) has the DNA fragnment encoding a
part of the mature human ob protein (am nod4desnm nal part) fused to the
sequence encoding 30 sOmpA. Prinmer 1: 5 GIGCCCATCCAAAAAGTIC 31 Pri mer 2:

5" TCCCAAGCTTT GAG 3' stop. 35 In a secqond. step, the
sequence enc&d}%%e&ﬁﬂi Hé{?gbé‘?tc?ﬁeﬁ Wéf%h%ﬁ:r?eo%’cﬁre&sei 9 foog
f ragment 2,3 \Amcié;gﬁ'tm tthet hd ghlApkiagneot IEVcoj extitdd samidhoerattenni nal
part - 37 5 mat ure hob. a h t] agnent '

entire mat urgijriltc)ibowslé’(ﬂjérr?gé) %ﬂeggto%)n ?Héséﬁrpig\?\a/aését ransﬂoéf%g'qb{g&p?%gm d
pLPPs OnpAr PDlirttake iangl dodvewsiightogaimt unbceuvere ciryHadion isevRréd |
under the §xngéé§sfgn§!F5#¥dwaﬂbokﬁbniﬁtP&QQf@ﬁEo@gﬁkfﬂEhlar (Iev)
| acpronot er -operator. To do thi's, the plasmd pTi10sOrpAhobl (]g#a}:r_tlal) was
di gest ed wi t Hinisatign of ddHl oina@nenetsbbephe MAgRTh SPIHELES fwas

i sol ated by agarose gel electrophoresis (fragment 1). Next the plasmd

pBl uescri pt SK- hobl__ was cl eaved with Hindlll and EcoR, and the 10 450 bp
was isol ated by agdr ’g@"l@ dphoresis (fragnent 2). Finally, the
]Pl asm d p!_PPlsOrpﬁrﬂleamdeaaa\Mt\Moﬂ' hs¥hatiangd EcoRlI, and the vector

r agnment ol ate ar.ose .gel,electropharesi fragment 3). The DNA
f ragnent siqs[, 2 and-’% %rpgqt 16 I(iog'(g?%& ?ougélgﬁﬁ%?ﬁ’er&gnd the)l i gation

m xture 15 introdukecha nimfusicgol i strain MCL061. The col ony containing the
final plasm d construct pLPPsOmwpAhobl was used for

The injection of one of the above test solutions ICV into each
mice was followed by 1 pnl of artificial CSF to clear the

15 cannula. For purposes of this experiment, the bacterial
control solution was an sample identically processed and
prepared in accordance with the procedures outlined for
Examples 2-4, except that the plasmid inserted in the E. coli
bacteria was absent the murine ob gene.

20

Mice were fasted for 18 hours (overnight) prior to ICV

injection. Mice were lightly restrained and a 10 pul Hamilton
syringe fitted with a piece of precalibrated polyethylene (PE)
tubing (PE20) was used to inject 1 pl of the test solution

25 into the cannula placed in the lateral ventricle. Mice were
then immediately placed in a test cage with a food dish
containing a pre-weighted amount of pelleted mouse chow and a
water bottle. Mice were visually observed and food intake was
measured for the next seven hours. Food intake measurements

30 were obtained at 0.5, 1, 2, 3, 4, 6 and 7 hours post-ICV
injection. Body weight for each animal was measured prior to
the ICV injection and 24 hours later. Successful cannula
placement was documented by an increase in 2 hour food intake
following ICV injection of 10 ug Neuropeptide Y in 2 hour

35 fasted mice according to Morley, J.E. et al., American J.
Physiol. 253, 516-522 (1987).



expression and secretion of mature human ob protein. Exanple 8 20
Expression of human ob protein in E. coli (MC1061) The pLPPSOmpAhobl
constructed in accordance with Exanple 7 was used to transformE. coli
strain MCL061 for expression 25 of the hund® ob protein in soluble
biologically active formin the periplasmof the host E. coli cells.

I nsertion of the plasmd nt o e E._.coli cell S rped by

el ect ropor ati on. It? Egl E@ (fef%io%ﬁth FHoTY eéist eovﬁo%%%dg%
pLPPsOTpAhobeo\mngr own at 28[err] Cin Luria-Bertania 30 ("Difco
Laboratories") medi um suppl enmented with the antibiotic carbencillin (100
[err]g/m, "Beecham') to the pr oper denS|ty after which the [ ac pronoter
was induced By & opfoFgeds Inkakeoncentrati on of '
| sopropyl -4B- D-t hi ogal act opyranosi de (IPTG " Boehrl nger") as described in De
Sutter et aI , supra. 35 The cells _were furthe rown until, the ceII
density reached 1D§rA6’&)thﬁe)€f‘-r§ﬁe3ee1“¥-§u9\%$ef e dFY TIRsh fgat i on

(8000xg at 4Laq&[{o]st0)a1§n9ueaeaesl4uaﬁlée§hms Iaﬁﬁétﬁﬁﬁmilﬂl domgiutled i n i cecol d
osnoti c shock buffer %eix Tris-HC
d

ts 09
sucrose and BOPVOEBTR cHhaMed %ﬁg?c"&h]ﬁ}? %eﬁ\vﬁa gl%g sI ?a':cwﬁ%bé%
Koshl andf and a%tﬁtl@lal egpr agnﬁrﬁﬁﬁedr tereat hehismighoute theagaxt 665 hougle by
5 t at i ve an e r

centri %? EE%Q gﬁglgecygyiigl & % ﬁﬁe In i8S q?@ﬁ@?@&%ﬂs N eCahd

wat er and suspensi on was "t hen centrlfuged
for 5 min. attnl@dii®asty &he mheesu;geahadamtl( Mﬂ®%&W IstroRPefias

col lected. S @fa-%,;@ apge gk gﬁao(ﬁﬂl? 468 sldedid Qi .Ndhus,
concentrati o%%&# A)'nged %gs res e%r'?(?'ve The osm)g?l c sho%k fl UI d
their cumulative food intake remained suppressed over e next

6.5 hours at approximately 0.5 grams (Table 1). Mice receiving
15 the vehicle control solution ICV also stopped eating after 30
min., and only began'eating again between 6 and 7 hours.

B. Reduction in Bodv Weight Gain

20 The 24 hour change in body weight of the mice injected
with vehicle control was slightly reduced from that of
artificial CSF injected or non-injected mice (Table 1).
However, the percent change in body weight of the mice
injected with ob protein was near zero and was significantly

25 reduced compared to the vehicle control injected mice
(Table 1).

C. Conclusion

30 The observed effect of direct administration of
recombinant mouse ob protein (1.1 pg/mouse in 1 pl to the
brain) was a sustained and significant reduction in food
intake and body weight'gain of female ob/ob mice. This
demonstrates that ob protein can act directly on the brain and

35 ig consistent with the effect of the ob protein when injected
intraperitoneal. This example also confirms the biological

activity of bacterially expressed recombinant murine ob



containing the human ob protein was stored at -20[err] C until further use.
Exanpl e 9 15 Expression of human ob protein in E. coli (Ml 061) Expression
of the human ob protein was achi eved by using the procedure of Exanple 8,
except triacilline (100 [err]g/m) was 20 -ud8d-as the antibiotic to

suppl ement the Luria-Bertaria nediumrather than car beni cillin. Exanple 10
25 Purificatian uman ob prot r E. coli tic tl.u.d, Jo

ouri Tyt he huRKPRSHEbrst Seels” PRESss RBIPR ik 1 dr et it Pao
was added to timerddtiich.to a final 30 concentration of 0.1 Mand the fluid
was then | oaded directly onto a colum containing a 30 m bedvol une

Q Sepharose Fast Fl ow ("Pharnacia") preequilibrated with 50 mM Tris-HO (pH
7.5) buffer. 35 Next, solid (NH[erﬁ¥é¥¥E#%SO[err] was added to the
flowthrough material eluted fromt he Q Sepharose Fast Fl ow contai ni ng
colum to a f | U M and tne m xXtur e. was | oaded ont o
col utm cont ai|ffineptmentd  bedvol u cg;ﬂy'Hnta e . 39 - SN JRiahds G
("Pharnmaci a")| preequilibrated w tjhy@G mvTris-HC (pH (o4 s er

containing 1.JU M(NAerrJ)[errjogerr]. Ater washinggwith Trisf HO (pH
7_5) buf f er antaini ng.1 nJ\A{TI\_II-I[ * i
el uted by apqlapigigiadr agrent 5 firom 1t 0.2/ i‘ﬁd[e”]\)Nthe”]ﬁ(H e fliom SO0 mV
Tris-HA (pH{7.5) buffer to 20% gt hyl ene gljycol in er, The hpb protein
el uted from tjhe Butyl - Sepharose Hast Fl ow clol um at the Very end of the
Vehicle Control 0.9 + 0.3}28.1 2.9 x|76
0.2
ob Protein 0.5 £ 15.6 0.3 + |8
(lpg/mouse) 0.1* 0.5*

* jndicates significant differences between ob protein and
artificial Cerebro Spinal Fluid (CSF) groups with p<0.05.
** jndicates percent of control

10
E 14

Biological Activitv of Murine ob protein Intravenou I in
ob/o ice

15

The biological activity of the murine ob protein obtained
and purified in accordance with Examples 2, 3, 4 and 5 was
tested by intravenous (IV) injection in obese.ob/ob mice as
follow.

20 _

Male and female obese ob/ob mice (6-13 weeks old) were
implanted with chronic jugular cannulas under pentobarbital
anesthesia (80 mg/kg body weight) according to the method of
Mokhtarian A., et al., Physiol. Behav. 54, 895-898 (1993).

25 Mice were individually housed in plastic cages under constant
environment conditions with a 12 hr dafk/lz hr light cycle.
Body weights were measured in fusion daily and the patency of
cannulas was verified and maintained every other day by



gradient, while nost contam nants elute nuch earlier. The purity of the hob
protein at this stage was 90% as estinmated 10 by silver-stained

pol yacryl am de gel el ectrophoresis (PAGE). The hob protein in the materi al
eluted fromthe Butyl- Sepharose Fast Fl ow-cpht-ai ni ng col uitm was t hen
further purified by gel filtration chromatography. To do this, human 15 ob

protein was copc ntrated a 4[e Ctqg.a olune of n1 on.a Y
(" Anicon") nenﬁ?g HE10Ri A ’E% aﬁﬁP{SF cﬁﬂl§tl%ﬂd(§ﬁiulml

applied to a cﬂhutmg%lsé)limz)( SK)ftma) conilate rgcdVetrly EiOR- Sephathe X

(" Phar maci a") sphate ffer Lin T [
Comnar el a7 BRESOULAT B et (L ARRSIALE il ied RaLLNEaadlS {E2F8TR0Ers
concentrated ohoaem@hbnﬂfhmenem mdnns.ns;t,agecq Iwerhowepgbeél m@mlmé in

t han 95% puke S e ey f%e ysi s
of the el ua%e ?%\s/g {;é%@% féi?]ﬁg e pr ot el n%b % %ﬁhe%%g%gp%g anple 11
Purification ofXhe¥iRerb. pFatey (Was vaidabie @@ntla§ﬁ§@-1fe ¥oyse O g¥ptein
purify the humgBugrihed niimlx her eaimguals Redkmel vifdvehi&Xxanpbetol her
procedure of Exanple 10 was used with the f.ol |l ow ngﬁexce tion: Priaor to,

addi ng solid (T’\HH‘?] 5?9??} SR AT INIGREER dBGRaNRE ‘é‘ﬁ‘w"laY Rvygke mice
fol | ow ng st epgeiner Bightly etesttafedrand 0eGammd ﬁﬁshmenosymnge§h@@i<ef1hsadi

o EXTBLE1; SHCYRNERE 900 AP i UG, RIR BrobB oLl A, of ol ©
Q Sephar ose Fasép#&t o 4 Phee ey i@l mege Iaebaa:a@ed by at least 3 days. M:Lce
were then immediately replaced in the test cage with a pre-
weighted petri dish containing a pellet of mouse chow. Mice
were visually observed and food intake was measured'for the
15 next seven hours at 0.5, 1, 2, 3; 4, 6 and 7 hrs post-IV
injection. Body weight was measured before the IV injection
~and again 24 hrs later. Two separate groups of cannulated mice
" (11 ob/ob and 12 lean) were used in five individual trials.
Most mice received mouse ob protein and one or both control
20 injections in counterbalanced order. Two separate preparations
of mouse ob protein were used in this experiment. The data
reported here are a combination of the results of these
individual replications.

25 A. Results
The results of the above experiment are as follows:

During the first 30 minutes following IV injection most
30 obese and lean mice ate with a short latency and consumed
approximately. 0.3-0.5 grams. Food intake in saline and vehicle
control injected obese mice increased throughout the
experiment. The cumulative food intake of obese ob/ob mice
injected with vehicle control was not different from the food
35 intake of similarly fasted obese mice that were injected with
saline. In contrast, the food intake of the obese ob/ob mice
injected with recombinant ob protein was significantly reduced
and remained suppressed at 57% of control (Table 2). No other



with 50 MM Tris-HCO (ph 7.5) buffer. After washing wth the 50 mM Tri s-HC
(pH 7.5) buffer, the hob protein was eluted with 50 nM Tris-HCO (pH 7.5)
buffer containing 0.1 M NaCl. 5 Exanple 12 Sequence Anal ysis of hunman ob
protein 10 N-term nal am no acid sequdSce of the human ob protein
purified and obtained by the procedures of Exanples 7-11 descri bed above

was perforrred ord| ng t procedu e of pra. After
el ect rot r ansf & q'e e&éﬁ‘%ﬁh&?ﬁ?eﬁ ﬁ?ﬁ?ﬁ%nﬁnt%h% ‘f)%f’ﬂ Wroj' Znd ob
N- et hypyri di rpméﬁa icnmthgbe) theraughogtashef 7her sheetvasi ate pexied Bs Bauw

et al., supraclhie.hand ol Brotel Bkt Qng/gc&‘éoﬂ%a@ L) B 5%1:

menbr ane and t am no uence was eterm ne
Edman degr adatdidffenend 4lmmga§r9a§gt@n§eqnems of Tl p'%ﬁedi% t4e é'—hPZGAmlted

on-line phenyl4 i ANEAYOIR3TN8 261 §12818N8YVESTud "SPRAdNE BLoprdaim.) -

The N-term nal amno acid sequence of the hob protein obtained by the above
descri bed procedures was Val-Pro-l1le-A@ n corresponding to the mature human

ob protein of BREQ@JH2INGidns 25 Exanpl e 13
Bi ol ogi cal Activity of Murine ob protein: Intracerebroventricular (I1CV)
I niection in ob/ob mce. 30 The bi ol ogical activity of the mature

murine ob protein [Fhede arksul tac dembasteatet thkaxrqad:mﬁlmmst detwsernialed

usi ng the I n JdO the
| at er al i(?/ﬂﬁe Jg’t @tnorflazl'%\r%ﬁ?t%# %%é‘g %i%rr\yﬁ esedaégb gg! m ce
(age_ 6- 13 wee lesring tIWea%lF‘éﬁntﬁatSBncé)%rmﬁé‘P‘é%e 2‘-1?'rrﬁ eﬁe‘e % meie.

m dl i ne; Iy Aol d@tﬁ&ﬁs of
Hal ey and Me Cn?oﬂr = ﬁ%p I%%gmeﬁggﬁ? ﬁe c%a was m)unt ed on the
skul I using aeréwéqeerlrs@E@ﬁeaﬁ@/ebnmapeceﬁeﬁwsm%@wéﬁth the food intake

results obtained following repeated IP injection of the ob

15 protein in obese ob/ob mice. This example also confirms the
biological activity of bacterially expressed recombinant mouse
ob protein in female obese ob/ob mice.

TABLE 2
20
Table 2: IV Administration of Murine ob Protein in ob/ob Mice

Treatments Food Intake Body Weight Gain
(0-7 hr) : (0-24 hr)
g el g 3
Saline 1.8 £ 0.2 2.9 £ 0.3
(n = 4)
-] Vehicle Control 1.4 £ 0.3 }100 2.2 £ 0.6}100
(n = 7)
ob Protein 0.8 £ 0.2*} 57 1.4 £ 0.6] 64
(1 pg/mouse)
(n = 8)

Data are mean * sem. n = indicates the number of individual
mice, sem means "standard error of the mean", * indicates

25 significant differences between ob protein and artificial CSF
groups with p<0.05. '
** indicates percent of control



- 41 - individually housed in plastic cages wwth free access to food
(except for the night prior to ICV injection) and water. Follow ng recovery
fromsurgery as assessed by daily food i ntake and body wei ght gain, mce
were studi ed on several 5 occasions follow 4§ 4+he intracerebroventricul ar
(ICV) injection of 1[err]l of one of the follow ng test solutions: 1)
artificial CSF;, 2) bacterial control solution; 10 3) ob protein (0.6
to 1 {err]g/nouse); or 4) no infusion. The injection of one of the above
test solutions ICV into each nmice was fEkampbel by 1 [err]l of artificial
CSF to clear the 15 cannul a. For purposes of this experinent, the bacterial
control solution_was an sanple |dent|caIIy processed and prepared I n
accor dance wi BAolreigadcdghivity el Mugrins o Brotein: Bepgs Lednd® the
pl asm d i nger ggebalbhelg ob@bb hdsderi a was absent the nurlne ob gene. 20
Mce were fasted for 18 hours (overnight) prior to ICV injection. Mce were
lightly restrained and a 10 [err]1l Ham lton syringe fitted wth a piece of

precalibrated pol yehaybesgogPEalt abi;mlﬁPEi’Q)twanuﬁetk o ipijotetinl obekihdd

of the test solgtron 5 i,nto the c nnul a pla d i %aterah ﬁ ér cle.

M co wer ot hoRRRnRaaLERer, S atseraaree nelit EBbmla 255 bas heske

containing a pepeateghLndrapenntonéabe(IEﬁemhmamtmen:huwobadeaohﬁbbrmboetas

M ce wer e 4 gh;g gbserved and food i ntake was neasured for the next seven
a

hour s. Foo |nt € measurenents 30 were obtained at 0.5, 1, 2, 3, 4, 6 and
7 hours post-1CV injection. Body weight for each ani mal was neasured pri or

to the ICV injecti gR,aRdgeduPQUEE &£k Cfematls (il oA WiRe were studied.

Mice were housed in plastic cages (three per cage) under

constant environmental conditions with a 12 hour dark/12 hour

15 1light cycle. Twenty-four (24) hour food intake and body weight
were measured every day. Following an adaptation period to
environmental conditions and daily handling and injections,
the mice were sorted into three treatment groups. Each mouse
received two intraperitoneal (IP) injections each treatment

20 day (shortly before the beginning of the dark phase of the
dark/light cycle and three hours into the dark phase) of the
0.1 ml of the following test solutions:

1) saline (0.9%);
25 2) bacterial control solution; or
3) murine ob protein (3 ug/0.1 ml).

The bacterial control solution was a sample identically
processed and prepared in accordance with the procedures

30 outlined for Examples 2-4 to obtain and purify murine ob
protein, except that the plasmid inserted in the E. coli
bacteria was absent the murine ob gene. Mice were treated
twice daily for five days and then received no treatment for
two days. Food intake of each cage was measured at 2, 3, 5 and

35 24 hours following the first IP injection on each treatment

day.



pl acenent was docunented by an increase in 2 hour food intake follow ng I CV
I njection of 10 ug Neuropeptide Y in 2 hour 35 fasted m ce according to
Morley, J.E. et al., Anerican J. Physiol. 253, 516-522 (1987). - 42 -
The results of the ICV test described aboveqpere as follows: A Reduction
of Food Intake 5 During the first 30 mnutes following | CV injection al nost

all mce ate with_a sgort | at ency and consuned approxi mately 0.5 grans.
M ce whi ch reét t jection or artificial CSF continued to eat

t hroughout the next 6.5 hours 10 and reached a cumul ative 7 hour intake of

3.2 granms (Table 1 n_contras m.ce treated wwth ob protein ICV
st opped eati ng afté‘eéf"rfé St U T ad %Orﬁ arBEB 8 not eat again. Thus, their

currul ati ve food intake renai ned suppressed over the next 6.5 hours at

appr o et &Y s P eEAC AL oM 8 EFCELIL " Yhd NN 6 Bl o
solution | al so stoppe Ing a ver 3 on €gan eat1ng again
bet ween 6 andCDnm@@ﬂs1nBeCReéum@cenonntfxﬁgmauﬂgﬁnd<agn7tyaatment dhysz4

hour change '%g%%g%h%'tgtéhe bobhgelk oot b W 3 i) & ) ClefofeRial Ol

slightly redu omthat of arti or non-inj ecte n1ce

(Table 1). Howdkeke WrRe pefuerf tRaHpe ‘-ﬁwwmmtaslf WifE 6 els PRj ect ed
with ob prOteb&oW%in”@ﬁrt%ééﬁméﬁé sStEEBJ HBHE|ﬁhe?%x&%&ﬁﬁ%ﬁtcoﬁﬁéred to
t he vehlcbgkcontrol |nject§ Hg] é able 1 C. COnclgslgn %0 The
observed eCPyCtEPPelp ZRfniRERkS WS fbserved at and 24 hours
after the first injection on treatment days in the mice
receiving ob protein group compared to the bacterial control

and saline control groups.
15 Reduction of Body Weight Gain

The cumulative body weight gain over the five treatment
days of the ob protein group was -3.3 +/- 0.7 grams compared
to -0.9 +/- 0.2 grams in the saline and -0.7 +/- 0.4 grams in

20 the bacterial control groups (Table 3).

Conclusion

This example demonstrates that two daily IP injectidns of

25 Dbacterially expressed recombinant murine ob protein (6
Mg/mouse/day) resulted in a significant, sustained reduction
of food intake and a significant decrease in the rate of
weight gain of treated female ob/ob mice compared to saline
and bacterial control treated ob/ob mice. These results

30 demonstrate the bacterial expressed murine ob protein is
biologically active and has the expected anti-obesity effects
on genetically obese ob/ob mice in accordance with this
invention. In Table 3 the 2 and 5 hour results are the mean
daily food intake while the 24 hour results shown are the 5

35 Aday cumulative food intake.



reconbi nant nouse ob protein (1.1 [err]g/nmouse in 1 [err]l to the brain)
was a sustained and significant reduction in food intake and body wei ght
gain of female ob/ob mce. This denonstrates that ob protein can act
directly on the brain and 35 is consistent 48th the effect of the ob
protein when injected intraperitoneal. This exanple also confirns the

bi ol ogi cal activity of bacterially expregﬁggﬁégconbinant muri ne ob - 43
- protein in fermal e obese ob/ob mce in nce with the invention.
TABLE 1 5 Treatnents Food I nt ake Body Weight Gain (0.7
hr) 224.h oy . %: ALt L :

5% 4 0.2 10808 j kipgficed 1p apmitigtrauibn of wuthfl! bp! ERbefHy 5p
2.9 + 76 0 .obépbPMbecei n 0.5 + 15.6 0.3 + 8
(1[err] g/ mguse) 0. 1* 0.5* * indicates significant

di fferences | PTOCEr I ald Al Ul HoGh Bnteke €T O Spr mar rror g

groups with )<0.05.n* i ndi cates percenbraMs/gamicep! 10 Exanple 14 lyeight

Bi ol ogi cal Agtivity of Mirine ob protein Intravenous (IV) in ob/ob M#fa 17

The bi ol ogi cgl activify of 2tﬁe muri pe ob psrgtel n ofjt ai nea'24
X

hr hr rams
g % of g % of g % of
control control control
No 5.5 £ 14.5 % 44.3 % -0.9 £
Injection] 0.5 0.5 3.5 0.2
Control 7.0 £ J100 i6.5 £ }100 49.5 £ |100 -0.7 %
0.5 1.5 6.1 0.4
ob 3.5 £ 50 5.5 % 33 25.5 & 52 -3.3 £
Protein 0.5* 1.0* 4.6* 0.7*

Data are mean * sem for six ob/ob mice in each group. Food
intake is mean cumulative intake for cages of three mice
during the five days of treatment at 2, 5 and 24 hr after the
first IP injection. Body weight gain is the cumulative change

10 in body weight during the five days of treatment. * indicates
significant differences between ob protein and vehicle groups
with p<0.05.

Ex, e 16
15
Biologi ctivi £ Protein: Intracerebr
ventricular (ICV) Inijection in ob/ob Mice

The methods used to determine biological activity of
20 Human ob protein by intracerebroventricular ICV injection in
ob/ob Mice were the same as Example 13 except that the test

solutions were:

e Recombinant human ob protein produced in Example 11
25 (0.051g) in phosphate buffered saline (PBS) containing

0.1% mouse serum albumin; and



and purified in accordance with Exanples 2, 3, 4 and 5 was tested by
I ntravenous (lIV) injection in obese ob/ob mce as follow. 20 Male and
femal e obese ob/ob mice (6-13 weeks old) were inplanted with chronic
jugul ar cannul as under pentobarbital anesthgsi-a (80 ng/ kg body wei ght)
according to the nethod of Mkhtarian A, et al., Physiol. Behav. 54,

895-898 (1993). 25 M wer e | ndivi | | used in plasti es u der
constant environmefit < ggnﬂ???%ﬁQIQQtéri%J§%4¥5 8§PFF1§eHPmIF§H ?cf%
wei ghts were neasucefltralf uas othelardlyicled ddmredt eedutdbncannul as was

verified and mai ntai ned every other day by -44- infusion of < 0.1 m
sterile heparin/saline solution (50 Unl in 0.9%saline). After conplete
recovery fronfsur &adpctianseofy Egododntakeht gain, the nmice were fasted

16- 18 hourg (overnight). The next  nor ni ng, mce were wei ghed and placed in
5 test cages for 45 mnutes for acclimatization _before the experiment.

Water was avai | abl Buebngi Foestirsthvoif aulgmtgsofeldowipar IFY injectier) or an

equal vol ume gim¥ehi £1e mokd ra@de %t&aléu&t( Qa%é@oaﬂal 88n¥\@§ed nj ect ed
i ntravenously. Awake mice were |i g tlm)“ restrai ned and nsul j

syringes wer c2PREFIPRERLY ) 2t ice P’HéCPeE'FC?bVﬁ@lBﬂ 5] SELARR by
0. 05 ni heparwﬁsﬁdméw td reae& Sthlﬂ&fdyl'malthEGﬁeh}t atslnaﬁfs3a1dayﬁeadme:& awer e

th te ] t he .t est th a tri dish
cont ai m nd0a FeivLEERTS o At B oF dePootPul RESE1EeAP dH R food

i nt ake was neaeuemm@rthélamtccsmm sodutcian 0CH, also 2$t®pe‘ki Satanl 7
hrs post-1V '? f&i'?@} mEAWe A o r)’i%s %“%%@1?8{ eéslﬁhﬁeéxb’eéﬂ'lf‘%ﬂ&% and

again 24 hrs WO Separate cannul a
hours. In contrast, the mlce treated with human ob protein ICV

ate significantly less in the first 30 minutes (0.2 grams) and

15 ate very small amounts during the next 6.5 hours. Thus, their
cumulative food intake remained suppressed over the next 6.5
hours at approximately 0.4 grams (Table 4).

B. Reduction in Body Weight Gain
20
The 24 hour change in body weight of the mice injected
with vehicle control was slightly reduced from that of
artificial CSF injected or non-injected mice (Table 4).
However, the percent change in body weight of the mice

25 injected with human ob protein was near zero (Table 4).
C. Conclusion

The observed effect of direct administration of
30 recombinant human ob protein (0.05 pg/mouse in 1jl) to the
brain to lead to a substained and significant reduction in
food intake and body weight gain of female ob/ocb mice
demonstrates that ob protein can act directly on the brain and
is consistent with the effect of ob protein when injected IP.
35 This example also confirms the biological activity of
bacterially expressed recombinant human ob protein in female

obese ob/ob mice.



(11 ob/ob and 12 | ean) were used in five individual trials. Mst mce
recei ved nouse ob protein and one or both control 20 injections in
count er bal anced order. Two separate preparati ons of nobuse ob protein were
used in this experinent. The data reporteddgere are a conbi nati on of the
results of these individual replications. 25 A Results The results of the
above experinent are as follows: During the first 30 mnutes followng IV

i njection nost 30 obese and | ean nice at E3RFEn%a short | at ency and consuned
approximately 0.3-0.5 grans. Food intake in sali ne and vehi cle control

I nj ected obe ce, | d throu hout the ex nt. .Jhe, c tiyve
food i ntake gf l%qb g’%‘?g\cﬁﬁlﬁ |trﬁ ('hé’d \%{n %%%F?o*nw(%?)t e
different fromthe food 35 intake of simlarly fasted obese nmice that were
i nj ected wi tjhrsedtnentd n contrast, tthaddInﬂanke of t hq Baldiss eledlyhtb Galiae
I nj ' ' d9.Sigmdficantly rdddced drd remained

suppressed _ No Iot he’rjL «x 49| Dbehavi or%**
ef fects weréd FHH~o—aRe-Sb—prat-diih—groups

t hr oughout th%hﬁgeaﬁs@{vatlon peri 01 Qs+enpgcf ed, the %41hH- 0.4
post -i nj ectlop b_o i n thejtreatnment |groups
(Tabl e 2) duete- eF—a—SHAge—v—baas—et

I \w a | A IT IIHI o L] v LAY | mav re ) AW A |
mouse ob pro Pa00st r atjel . t7hat or.eqarde nary
nouse ob 10 p ote

':;5 S|gn|f|cantly red ced cunul ajive 7 hr food i nt gke
foll owing | =+

111—||Fot1 St \u 1C| T ]91 ||Uuoc) ;TI \yonC UUI ULF IID; Lo TH“I'G—
ability of r|athomdy reintPranesien ob prot el @.8oxr edm‘:(F 20od intaloed 0. (Sljese)

ob/ob mce i S(f%}n%u%) with the food intake
L(n = 5)

5 Data are mean * sem. N = indicates the number of individual

—

mice. * indicates significant differences between human ob
protein and artificial CSF groups with p<0.05.

** indicates percent of control
10 Example 17

Biological Activity of ob Protein in Obese Human Subiects:
Reduction of Test Meal Intake Following IV Administration.

15 The bioclogical activity of the murine and human ob
proteing obtained and purified in accordance with Examples 7-
11 respectively, is determined by measuring test meal intake
following IV administration to humans as follows.

20 Lean and obese human volunteers are presented with test
meals of fixed caloric content in an eating laboratory on two
occasiohs using the method of Muurahainen, N.E. et al., supra.
At least one hour prior to meal presentation, an indwelling IV
catheter is placed in the antecubital or forearm vein and is

25 kept open with a heparin lock. Visual-analog hunger rating are
obtained 15 minutes before, 15 minutes after meal
presentation, and at the conclusion of the test meal. Murine
or human ob protein or saline is then infused IV 20 minutes



results obtained foll ow ng repeated IP injection of the ob 15 protein in
obese ob/ob mice. This exanple also confirns the biological activity of
bacterially expressed reconbi nant nmouse ob protein in femal e obese ob/ob
m ce. TABLE 2 20 Table 2: 1V Adm nistratienSbf- Muri ne ob Protein in ob/ob
M ce Treatnents Food Int ake Body Weight Gain (0-7 hr)
(0-24 hr) Saline

Vehi cl e Cont rB‘F1°r to mea} Ere%e%ta"fff(f‘ Ef“’é‘ Sélbé'ef(‘}ol(snm“r&c??d [ Uat
Protein as much ofl. Bhe(Ot@st mgFal ds Ahdy 6.11sﬂi14u¢1t1[leth]ag/ apase) (n =
8) Data are n I ndi eset e a ) sem
means standzg?%p'eﬁfgrgh T}tiﬁ &qn%%#,ég‘ t‘Tr}ﬁaﬂl cat egne%& i e%’?%a% r%%??erences
bet ween ob prétlbbﬁcanélsalmaﬂlm?@l wxgs@mﬁmtmnpr@cssveﬁ infussanesof
percent of scoptifbr humafifob FXGE@L r@L %W\%&g ?(Ooﬁxuk*ﬂﬁe'\/l-)ﬁ' ne

ob Protein: Repeated IP 5 Ini ectlon in ob/ Ical _activity
of the nurinePERtELBt &P nd BT LKG PR JWHAEh ), éﬂ-’ |Sﬁ1&@€oPH§n€Bevxﬁ1{lﬁ EXERPE es

2-5 was test ednbymbeRgabedehat f &P mdNeilgddtRAd uidest ikBBskNc6Ra$Li8RE ODs
mce as 10 follgws Thr.ee 1ggrohgshof six fempl e obese ob/ob mce weye
st udi ed. culated. In t uman or murine ob protein group, there is
a reduced amount of meal consumed by at least 20%.
10

Example 18

Biological Activity of ob Protein in Obese Human Subijects:

Induction of Weight Loss by Repeated IV Administration.
15

The biological activity of the murine and human ob
proteins obtained and purified in accordance with Examples 7-
11, respectively, is determined by measuring weight loss
following repeated IV administration of the ob protein,
20 according to the following method.

A placebo controlled, double blind weight loss study
using the methods of Dfent, M.L. et al., supra, is performed.
Obese subjects with Body mass index (BMI) greater than 27 are

25 weighed and then placed on a diet with 1500 Kcal for a 2-4

" week run-in period. At thé end of the run-in period, all obese

subjects that lost at least 1 kg body weight are randomized
into two treatment groups matched for weight loss during the
run-in phase. Subjects receive daily IV administration of

30 either human or murine ob protein (0.5 mg/kg/day) or placebo
(saline) for at least 6 weeks. Body weigh is recorded weekly.
Those subjects receiving human or murine ob protein have a
significant reduction in body weight than the placebo group
after 6 weeks of treatment.

35



M ce were housed in plastic cages (three per cage) under constant
environnental conditions with a 12 hour dark/12 hour 15 |ight cycle.
Twenty-four (24) hour food intake and body wei ght were neasured every day.
Fol l owi ng an adaptation period to environ& al conditions and daily

handl ing and injections, the mce were sorted into three treatment groups.

Each nouse received two intraperitoneal _(1P) injections each treatnent 20
day (shortly before the begi nning of thm#ﬂase of the dark/light cycle
and three hours into the dark phase) of the 0.1 m of the follow ng test

| uti I s S |3l I Q0. 3
murine o pr ofer nep R EaERFLpE IR yetnefe GRREE ColiuSRl o elhalb B A

sanpl e identical | gopi €edlsed and prepared in accordance with the procedures
30 outlin for Exanples 2-4 to obtain and purify murine ob protein, except
that the plasmd inserted in the E. coli bacteria was absent the murine ob
gene. ‘M ce were tr2hgedf B é‘@l:’d&?llypﬁéle‘?r Preparessash Agsenibad rige Brarad end

‘treatment forgdiwe €ayesudreadi w30 €1 VEES SORA TYE £Gicat (o 835) S
and 35 24 hours fpllowln the flrs nj ection on ea h treatrrent da

- 47- A Resf¥éaiRingctbEDRA- F SIuﬁP%%OB was incybgh alén%}ét%ﬁ
different in 3Me, skllivsl wich laacaskhltammml rafl 50niy mr:isrdicm (1 805X rceatamﬁng

and non-tyeat ~days_t hroughout, t he one, Week erinent, (Tabl e 3

owever . 100 B (R bt S e ARt R VR 1265

protein on trieat mienm:dtagssatrﬁﬂwghmtt séttane‘xpéﬂ'!enam;_)ené'imwas clarlfledby
centrifugation at 8,000 rpm, 4°C, for one hour. The pellet was

discarded. The supernatant was diluted with water to a conductivity of
1.8mS, and applied directly onto a colum packed with 200ml of

15 Q-Sepharose Fast Flow (strong anionic ion exchange resin),
preequilibrated with 50mM Tris-HCl (pH 8.5). After washing with the

- equilibration buffer, the adsorbed cb protein was eluted from the colum

with the same equilibration buffer which additionally contained 100miM
NaCl. The eluate obtained after treating the column with the

20 equilibration buffer containing sodium chloride was called Q-Sepharose
Eluate.

Solid NaCl was added to the Q-Sepahrose Eluate to reach the final

conductivity to 82mS. After this, the eluate was applied onto a

25 Hydrophobic Interaction Colum (HIC) packed with 200ml butyl-Sepharose
Fast Flow, preequilibrated with 50mM Tris-HCl (pH 8.5) containing 1M
NaCl. The unadsorbed materials were washed away with equilibration
buffer and the adsorbed ob protein was eluted with 50nM ammonium acetate
(pH 6.9) to produce HIC eluate. 'The ob protein in the HIC eluate was

30 determined to be 95% pure by reverse phase HPIC. The purified ob protein
was concentrated to 3.7 mg/ml using a sizing membrane (YM-10). The
sizing membrane was a membrane which retained molecules of 10,000 daltons
or greater. After this concentration step, by using a sizing menmbrane,
the ob protein was diafiltered into 100mM borate buffer (pH 8.0) which

35 was used as the ob stock solution;



10 reduction in food intake was observed at 2, 3, 5 and 24 hours after the
first injection on treatnent days in the mce receiving ob protein group
conpared to the bacterial control and saline control groups. 15

Reduction of Body Weight Gain The cunul ati-v&3bedy wei ght gain over the five
t reat ment days of the ob protein group was -3.3 +/- 0.7 granms conpared to
-0.9 +/- ggans |n1F e_sa | 0.7.+/- 0.4 grans in 20 the bacteri al
cont rol group ( TabFe=3 et usStorr—tr exanpl e denonstrates that two
daily IP injections of 25 bacterlally expressed reconbi nant nmurine ob

protein (6 [err] o/ Mugeldany &rSHhicBelnlatish FRhELICAN theS B %%éé@gﬂ@tdfon

of food intake and a _significant decrease in the rate of weiqght gai n
treated femal BB T é"hSEﬂlﬁhﬁe’cF B3 sdbenermpd Haedar é’Pn%ﬁ?%lszpr%tlQélo

ob/ ob m ce.s %né:%gyé BQ%%EB&% G ; ob
prote| nis b| gﬁogl%gﬁs tive an as t b Q%ct n??-o%e%l f‘g"le e%?s on

genetical ly oﬂ@éghf%)lﬂfo’éo AP eviiigheaso Paerhased) Iﬁmt-‘ﬁﬁr\i"aﬁ%‘nmldﬁﬂ&n Table 3
the 2 and 5 héuntseidiel Alabamd kes nedbized.| yTHisodas =t miccunki dfc PEGS-NES hour

results shown are the 5 35 d cumul ative food intake. - 48 - TABLE 3
Tabl e 3: RepedCBENYS Bfn§ qlﬁ“’éf%/ FEri MnsFe Nhe; FRHSOProtRi™ i BreRiRpkel 4.0

Tr eat nent and the sum of n 4rfl" |36} @his mixture ranged from 8203edy1dqy antys3

m ce) 10 with the aveedlmTaMtar weight of the PEG chain in this mixture being
approximately 20kDA so that the average molecular weight of the reagent
is approximately 40kDA with the average sum of n and n' in this mixture
being about 930. To 2 mg or 0.54 ml of the 3.7 mg/ml purified human ob

stock solution prepared above in part A [125 mmwles ob protein], there
15 was added 250 mmoles of the aforementioned PEG, NHS reagent solution.

This solution consisted of 10 mg or 0.1 ml of the 100mg/ml PHG,-NHS

reagent solution in InM HCl. The total reaction mixture was made up to
0.67ml by adding 100mM borate pH5.0. Final molar ratio of protein to
reagent was 1:2. This mixture was stirred at 4°C for 4 hours and the

20 reaction was stopped by the addition of 1 pl of glacial acetic acid to
produce a final pH of 4.5. The resulting reacting mixture (0.67nml) was
diluted with water to form a 27 ml solution which was loaded onto a
colum containing 1.7ml of carboxy methylated cationic exchange resin
(Perseptives, Framingham, Massachusetts). The colum was equilibrated

25 with 3.3 pM HEPES/MES/Sodium acetate buffer, pH 5.0. The diluted
reaction mixture was applied to the colum and unadsorbed PEG,-NHS
reagent was washed off the colum. The adsorbed pegyvlated and unmodified
ob proteins were eluted with step salt gradients {15 colum volumes eachl]
of 80, 150 and S00mM NaCl. 2ml of these eluates were separately

30 collected in seguence and the samples of each fraction were subjected to
an SDS-PAGE analysis. From this analysis, the eluants were classified as
highly pegylated conjugates, desired branched mono-PEG-cb (PEGy—-ob) and
urmodified ob protein. Each of these fractions were pooled into the
classifications set forth above and the second pool containing the

35 desired branched mono-PEG-ob protein. This desired protein had the
structure of campound of formula I-A wherein the sum of n and n* was
approximately 820-1040,with the average sum being about 930, R and R' are
CH; and the average molecular weight of each PEG chain was about 20




2 hr 5 hr | 24 hr grans ¢ % of g %

of % of control contr ol control No 5.5 +
14.5 44. 3 -0.9 Injection 0.5 0.5
3.5 : 0.2 Control -7.0 100 . 54 16.5 100 49.5 100

-0.7 0.5 1.5 6.1 0.4 ob 3.5
o Kilodltons. * TS pegylated prodigh s @i Avarols ROTRIA Height pE
each group. Féebdut ftaker. sTheaeot nenkaining the BRey-brwasagerceptratadeeten ce
AT e Vi
DeLtn b 1 e Al Bl b el BN R L 0
o/ b M co ThiPEeen dgl Lot midh SHERe, Erorenrt | aliCe ol THas: PRAEeS BOMET Rl b

protei n by i niegehiralr QY erbidislibaFokiaYid B-RGIHPE tHa QM 88 Mg Nek@st he
sane as Exanple 13 .except that the test solutions were: * Reconbi nant hurman
ob protein pr ERESHTRRER §4P 1t 1440 5nd the ayeyags molepybar; welshbsph gpeh o
buffered sali raﬁa:’.rlf’?& aprosinitaly RokBh NOURE fHeraye abletilar wAght of thd PEG
PBS cont alol:ﬁ P%FQE%H{%%V{)#S%SP%%U@W%“B%& n s al buvn,ésn S%E&E.rol ) as the

vehicle ¢

Example 20
iologd say of Jated Human cb Protein: Single IP Injection in
15 ob/ocb Mice
Methods

Two groups of six mice famale obese ob/cb mice were studied. Mice
20 were housed in plastic cages (three/cage) under constant envirornmental
conditions with a 12 hr dark/12 hr light cycle. 24 hr food intake and
bedy Weight were measured every day. Following an adaptation period to
envirommental conditions, daily handling and injections, the mice were
sorted into two treatment groups. Each mouse received one
25 intraperitoneal (IP) injections on day 1 of the experiment (just before
~ the begimning of the dark phase of the dark/light cycle) of the 0.1 ml of
the following solutions: Saline (0.9%); human ob protein stock solution
prepared in part A of Example 19 (30 ug/0.1 ml); pegylated control
solution (an identically processed and purified sample without human ob
30 protein) or pegylated ob protein (30 ug/0.1 ml) prepared as described in
Exanple 19. Mice were injected only once, on day 1. Daily food intake
of the cage and the body weight of each mouse was measured for the next
three days and again on day 6.



A. Reduction of Food Intake 5 During the first 30 mnutes followng I CV

I njection alnobst all mce ate with short |atency and consuned approxi mately
0.5 grans. M ce which received no injection continued to eat throughout the
next 6.5 hours and reached a 10 conul ati ve Z5hour intake of 1.8 grans
(Table 4). Mce receiving the album n control solution ICV al so stopped
eating after 30 m_nutes and only began eating again between 3 and 7 hours.
In contrast, treated with human ob protein ICV ate significantly
less in the first 30 mnutes (0.2 grans) and 15 ate very small anounts

during the ne . Qurs h t heir cunul ative food intake remai ned
suppressed ové‘& ’?ﬁg“ Eé?& . g"%ﬁ?‘?@‘& approxi mately 0.4 grans (Table 4). B.
Reduction in Body Wight Gain 20 The 24 hour change i n body wei ght of the
mce injected with Cﬂ&%kg'm@ﬁ: d Eééf%n }Qe]g R&
artificial CSF I nj éﬁ?gé or non-1 nj ecte m ce ﬁ‘abﬁ Eﬁ? wever, t ea’tlon
percent changeorrdodmieqtegimicst on thensingle Srepfenteanditrn HRERISE $16t ei n

was near zero (cdgtd 8)4) HowevdiONghily SRcaklowd Sesyd ﬁflf@étsigimgéé%ﬁected
adm nistration,of 30 r conbl nant human ob roteln é Orﬁ%Le” / nouse in

1lerr]l) to t MEtH3Y Hot r&FERion in
food intake argedentVédghs. z;alsnzafs fieml moﬂo/go)bcdﬁpeﬁe@lwoﬂﬁ salire aﬂmt ob

Bb pr ot €1 rfQun SR ICER PR 3oL MEDT ke 58T BERRR of e el Gpidted”
activity of baﬁtbrhmhh;ohepmi&sserbmmedrmbnwttrbllrﬂmmm prh.oleerthelfooﬁenaiake
obese ob/ob Mg mice injected with pegylated human ob protein remained reduced on
the subsequent days of the experiment. The reduction in food intake was
cbserved 48 hrs after the single injection in the pegylated human cb
15 protein group. The cumulative 24 hr food intake over the three days of
the experiment was significantly reduced to 49% of control in the
pegyvlated human cb protein compared to the saline and pegylation control

group.

20 B) ction of Wed

Change in body weight was not different in the saline and
pegylation control injected mice on the single treatment and two
subsequent days (Table 6). However, body weight was reduced in six mice

25 injected with 30 pg human ob protein and pegylated human ob protein on
the treatment day (-0.9, -0.7 vs 0.1, 0.3 g) camared to the saline and
pegylated control injected mice. The body weight of the mice injected
with human ob protein returned to control lewels, while the body weight
of the mice injected with pegvlated human ob protein continued to

30 decrease on the subsequent days of the experiment. The continued
reduction in body weight was cbserved 48 hrs after the single injection
in the pegylated human ob protein group. The cumulative change in body
weight over the six days of the experiment was -1.6 grams coampared to 0.4
grams in the ob protein group, 0.7 grams in the saline and 1.1 + 0.2

35 grams pegylation control groups (Table 6).



- 50-- TABLE 4 Table 4: ICV Adninistrati on of Human ob Protein in Ob/ Ob

M ce. Treat nent s Food | nt ake Body Weight Gain (0.7 hr)
(0-24 hr) 9%* g %* No Injection 1.8 0.2

3.1 0.4 (n = 3) Albumin Control - 56 - 1.0 0.4 100 1.7
0.6 100 (n = 3) Human ob Protein 0.4 0.2* 40 0O 0.8

0 (1 [err]g/(rjrﬁuse! én = 5) 5 Data are nean sem N = indicates the
nunber of in L ce. * indicates significant differences between
human ob protein and artificial CSF groups with p<0.05. ** indi cates
percent of control 10 . Bi ol _ogi cal
Activity of ob Pro e?‘?i“%? g@%%%uﬁ%c?ssmﬂg%?]@) f‘ gﬁé‘lﬂed

| nt ake Fol | ownumganl bbAdwtaust(Batugfmu% resulté@enbacrt:@gmf:aiarmctmmtagn@‘ t he

nurine andghu @t a2 ngﬁth
Exanpl es 7- % ggg%%tl vg y, erm%g {L/égr#easurl n tes?&%%ﬁ aEe
fol l'owi ng 1V mﬁtﬁﬂsfmﬁﬂ—ﬁcﬂb/t?b Waf,hﬁ ﬂmcomreg to spbine amdl obese
human vol unt egeg 18t ford keseR1Ctraiitbl dr7eh el S @bsé iread1 € iahdrireQid @Rk 1N

an eating | aborat ory on two_occasions using. the nethod of Miur aha| nen, N E.
et al., supraPeiflaped fmgm obnpirteinihas Festadaed,ppaledth Biologicaldy; Rehiee

|V cat heter i|Baglheaspedtéd enBivdlReity efifedts &iRaEtICA2IY dhRbe idb/db n!ﬁeat
open with a heparin | ock. Visual-anal og hunger rating are obtained 15

m nutes before, 15 mnutes after neal presentation, and at the concl usion
of the test neal. Mirine




or human ob protein or saline is then infused IV 20 m nutes - 51 - prior
to meal presentation. Each subject is instructed to eat as nuch of the test
nmeal as they wish until they are satisfied. The amount of the test neal
i ngested by each subject is neasured. Each $phj ect then receives infusions
of 5 either human ob protein (0.5 ng/kg body weight), nurine ob protein

(0.5 ng/ kg body, wei_ght) .or sal.ine and the difference, i.n ampunt of the test
meal ingestedT%?&feﬁztf%égchﬂ?giW C?%%%%I@&Fa?’ea&m—}%% P@gy%}@gne
ob protein grHun bbeptedn dnr eflekeliqount of neal consunmed by at | east
20% 10 Exanple 18 Biological Activity of ob Protein in Obese Human

Subj ects: Induction of Wiaht Loss by Repeated |V Adm nistration. 15 The
bi ol ogi cal acEkedtmendf the nurine and hunmanFobd ginseks ns obt ai ned and

purified i g accordance with Exanples 7- 119_3%%&_ely, is determ ned by
measuring weight loss followi ng repeated |V admnistration of the ob

protein, 20 according to the follow ng nethod. A placebo controlled, double

blind weight |oss study using gleinmethods of Drggt2 ML. et al. gagupra, is

performed. Oobese subjects with Body mass index (BM) greater than 27 are 25

wei ghed and then placed on a diet wwth 1500 Kcal for a 2-4 week run-in

period. At the end of the rug-in perfod, all opese subjfects that gl ost gabf

| east 1 kg,.body wei ght are random zed i.nto two treatnent groups matched f.or
s \%m"gﬁ?fy IV et

wei ght 1038 during the run-in phaS8=8ibjects recei
adm nistration of 30 either human or nurine ob protein (0.5 ng/kg/day) or
placebo Saline 11.9 100 13.7 100 13.6 100
cb Protein 5.2 43.7 11.7 85.4 12.5 92
Pegylated
15 Control 11.4 95.8 4.5 106 13.4 99
Pegylated ob

Protein 8.2 68.9 6.0 43.8 4.9 36

Data are mean for six ob/ob mice in each group. Food intake is mean

20 daily food intake for cages of three mice on each day of the experiment
after the single IP injection on day 1. Note persistent reduction in
daily food intake only in the pegylated cb protein group.

Table 6: Change in Body Weight of a Single IP Administration of
25 Pegyvlated Human ob Protein in ob/cb Mice

Treatment Change in Body Weight
(grams)

30 dav 1 day 2 dav 3 day 6
Saline 0.1 0.6 0.01 -0.01
cb Protein . -0.9 1.1 0.2 ND
Pegylated Control 0.3 0.4 0.6 -0.2

35 Pegylated cob
Protein -0.7 -0.6 -0.9 0.6



(saline) for at |east 6 weeks. Body weigh is recorded weekly. Those

subj ects receiving human or murine ob protein have a significant reduction
in body weight than the placebo group after 6 weeks of treatnent. 35 -
52 - Exanple 19 A Preraration of Polyethy8nre dycol Conjugated ob
Protein FromE. coli Cells 5 50 g of E. coli cell pellet prepared as

d i bed i le 8 i 10 I d t.h
T e HOL - (pr B BE AR RS AP RLST A Sty GRelon THE FRETEE & $9a 5

m nutes at 37IRrinjé&tidnl ert @dyvn ohlyan Chelabe mﬁwdylx&e:@htWrMm(bwy

8.5) containi T t en ];%é] d
usi 219 a homgvgﬁgﬁgrmf%fgemeupgggotf %%@%%%B]%&zgttlﬁ%@ suspens g%ﬁ was
clarified by kasst enkdatthenpreavigted dbr pratedn apiojw; ﬂ@rlfbﬁbewe indicplsd et
was di scargledyorTRerSMBRREq At ant was diluted with water to a conductivity of
1.8n65, and applied directly onto a colum packed with 200m of 15

Q Sepharose Fast Flow (strong anionic ion exchange resin), preequilibrated
with 50mM Tris-HO (pH 8.5). After washing with the equilibration buffer,

t he adsorbed ob protein was eluted fromthe colum with the sane

equi li bration buffer which additionally contained 100nM NaCl. The el uate
obtai ned after treating the colum with the 20 equilibration buffer

cont ai ni ng sodi um chl oride was call ed Q Sepharose Eluate. Solid NaCl was
added to the Q Sepahrose Eluate to reach the final conductivity to 82nSt.
After this, the eluate was applied onto a 25 Hydrophobic Interaction
Colum (H C) packed with 200m butyl-Sepharose Fast Flow, preequilibrated
with 50mM Tris-HO (pH 8.5) containing 1M




NaCl. The unadsorbed materials were washed away with equilibration buffer
and the adsorbed ob protein was eluted wth 50nM amoni um acetate (pH 6.9)
to produce H C eluate. The ob protein in the H C eluate was 30 determ ned
to be 95% pure by reverse phase HPLC. The- 39rified ob protein was '
concentrated to 3.7 ng/m wusing a sizing nenbrane (YM 10). The sizing
menbr ane was a nebrane which retained nol ecul es of 10,000 dal tons or
greater. After this concentration step, g.)_\l sjEngI I?_‘FZi ng menbrane, the ob
protein was diafiltered into 100mM bor at e~purTer pH 8.0) which 35 was used
as the ob stock solution. - 53 - B. Pegyl ati on of Human ob Protein In
carrying dut ¢hi seneegyl BiromrTercti on,. the PEJ err]-NHS reagent of formula
I1-A wherein Ris CHerr], the sumof n and n' range from 820 to 1040 5
with the average &UnmABRLIEANBbHout 930 and havi ng an average nol ecul ar wei ght
of 40 kDa which was pédkHa¥eq Frr SRS RaRGHEPRF yner s, Huntsville, Al abama
was utiliged. This wa 2;acs: fﬁgéi?’?aﬁiﬁf[sé?:ﬁs-el\l reagents of fornula Il-A
where the ratio of n {g Wrate. @RProximately 1.0 and the sumof n and n' in
this mxture ranged f@mcBu@revd P4Qetrdas 10 with the average nol ecul ar
wei ght of the PEG chakw irostal sopg Xzopr: kek4uyoappr oxi mately 20kDA so t hat

t he average nol ecul ar (®eiT§hEPHONEL I081r e6pEN42 156 approxi mately 40kDA with the
average sbim of n and () TRLEENXS Oflxtub®8 Bai¥y about 930. To 2 ng or 0.54
m of the 3.7 ng/m ptH) FEERK:hAREAP24B6 S %8CcRIs6Rut i on prepared above in part
A [125 nnol es ob, pr.oLel t was_ added, 250 nnpl.es_of t.h

af orenent i oned P%’e%ﬁﬁ%\lﬁ% ﬁ’g’gg%’?? '\é\%?clf |%)Iﬁa.ntT%esses (fbﬁt ipg?]tet(%g%si sted of 10
ng or 0. 1pgrl of the 100nmg/ M PEJ err]-NHS reagent solution in 1mM HCO . The
total reaction pihusemsERsorratoueNrese €. 67nl by addi ng 100nM bor ate pHS.

0. Final nolar ratio of protein to reagent was 1:2. This m xture was
stirred at 4[err (i@ 6PMRUTER READARIE FARM:20 reaction was stopped by the

addi tion 1 [err]l Iéa,ﬁ‘_’%é%g?'@pé’cfihsﬁo produce a final pH of 4.5.

)
X ) gg ci
The resulTing reactingymg gi.-ﬁné Y SN Sygég 7.1 (Macintosh)
(D) SOPTWARE: Word 5.0

30 (2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 702 base pairs
(B) TYPE: nucleic acid
35 {C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
40 (iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

45
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

0 CAAGGTGCAA GAAGAAGAAG ATCCCAGGGA GGAAAATGTG. CTGGAGACCC CTGTGTCGGT 60
> TCCTGTGGCT TTGGTCCTAT CTGTCTTATG TTCAAGCAGT GCCTATCCAG AAAGTCCAGG 120
ATGACACCAA AACCCTCATC AAGACCATTG TCACCAGGAT CAATGACATT TCACACACGC 180
55 AGTCGGTATC CGCCAAGCAG AGGGTCACTG GCTTGGACTT CATTCCTGGG CTTCACCCCA 240
TTCTGAGTTT GTCCAAGATG GACCAGACTC TGGCAGTCTA TCAACAGGTC CTCACCAGCC 300
60 TGCCTTCCCA AAATGTGCTG CAGATAGCCA ATGACCTGGA GAATCTCCGA GACCTéCTCC 360

ATCTGCTGGC CTTCTCCAAG AGCTGCTCCC TGCCTCAGAC CAGTGGCCTG CAGAAGCCAG 420



diluted with water to forma 27 ml solution which was | oaded onto a col um
containing 1.7m of carboxy nethyl ated cationic exchange resin
(Perseptives, Fram ngham Massachusetts). The columm was equilibrated 25
with 3.3 [err] M HEPFS/ MES/ Sodi um acet ate béDf er, pH 5.0. The diluted
reaction m xture was applied to the colum and unadsorbed PEJ err]-NHS

t f i fi b
oo aor CRaBEda rodBrlid Hhqebiad AERL A L SHlAIH: AR || ©4s0
80, 150 and RodédRE crottrdcaf chdaserR! WAtRSrTHEA Scberiicat daiTdOreaaol | eeed

in sequence and the sanples of each fraction were subjected to an SDS- PAGE
anal ysi s. Jr GENTrOAZACENCTACSAGGCT NECAAGRATT ATHEAGAGEE ASGAAACSHT BECHTCEACE 600

pegyl at ed conjugates, desired branched nono- PEG obg&PE err]-ob) and
unnodi fied o OICHCH. ARACACRAC FRETECAGA CRTURTCHE TEAD 8 GoerECTe 660

classificati (o) a&g SE&Q ggﬁ%q l, containing the 35
desired bf@nﬁégiﬁéucﬁ%- err\{['-eo p%&g % |g8§%§i red protein had the 2
structure of Genpgsrsiafion S6x#E8 1o fovdrerein the sumof n and n' was
approxi mately 820-1040,with the average sum bei ng about 930, R and R are

CH err] and the ati9r sBeUENCE azHARBCTERESTHUS: 0f each PEG chain was about 20
-54- kil odal tons. The( REFedlpt edime algdd@ an aver age nol ecul ar wei ght of
about 56 kDA The poofBlc3¥PEi gk taﬁédPBGie‘%rn%-ob was concentrated to 3.7
ng/ Ml using a YM 10 i PRE FLFHA g menbrane which retains

mol ecul es havi ng nol et AP weght =6F D, 000 daltons or greater. 5 After
the sizing step, (G9nuetdcuak eerpRBlKt8de Was diafiltered into a PBS buffer
(pH 7.3) 20nd stored frozen at -20[err]C. This stored product was the

pegyl at ed ob pr ¢tii)nHefoTEETIANLA N6 A where the sum of n and n' was
approximately 820 to 1040 and the average nol ecul ar wei ght of each ob chain
was appr oxi mat el (A ORFPL-SEREE:a¥@r age nol ecul ar wei ght of the PEG 10
protein iJxthis ob protein conjugate m xture was 56kDA. Exanple 20

Bi ol ogi cal” Assay of Pegyl ated Human ob Protein: Single IP Inlection in

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

30 Met Cys Trp Arg Pro Leu Cys Arg Phe Leu Trp Leu Trp Ser Tyr Leu

1 5 10 15

Ser Tyr Val Gln Ala Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys

20 25 30

35

Thr Leu Ile Lys Thr Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr

35 _ 40 45

Gln Ser Val Ser Ala Lys Gln Arg Val Thr Gly Leu Asp Phe Ile Pro
40 50 55 60

Gly Leu His Pro Ile Leu Ser Leu Ser Lys Met Asp Gln Thr Leu Ala

65 70 : 75 80
45 Val Tyr Gln Gln Val Leu Thr Ser Leu Pro Ser Gln Asn Val Leu Gln

85 920 : 95
Ile Ala Asn Asp Leu Glu Asn Leu Arg Asp Leu Leu His Leu Leu Ala
100 105 110 .

50

Phe Ser Lys Ser Cys Ser Leu Pro Gln Thr Ser Gly Leu Gln Lys Pro

115 120 125

Glu Ser Leu Asp Gly Val Leu Glu Ala Ser Leu Tyr Ser Thr Glu Val
55 130 135 140

Val Ala Leu Ser Arg Leu Gln Gly Ser Leu Gln Asp Ile Leu Gln Gln

145 150 155 160
60 Leu Asp Val Ser Pro Glu Cys .

165



15 ob/ob Mce Methods Two groups of six mce fenmal e obese ob/ob mce were
studied. Mce 20 were housed in plastic cages (three/cage) under constant
environnmental conditions with a 12 hr dark/12 hr light cycle. 24 hr food

i nt ake and body wei ght were neasured every glay. Followi ng an adaptation
period to environrental conditions, daily handling and injections, the mce

were sorted i t..qar . .Each nmouse recei ved one 25
\ . {iblt) Eﬁ%ﬁu&ﬁ&} E SED ?15’@1%93- . .

i ntraperitone I'njectrons on 1 of the experinent (just before the
begi nni ng of the doylkpphinee Oiarabeerdanidd.i ght cycle) of the 0.1 m of the
foll owi ng solutions: $aj igpRctd: 998 ;arhHe®i@P protein stock sol ution
prepared 35n part A of(sEewrpt emifo (a@@dpg/ 0.1 m); pegyl ated control
solution (an identi caltcg 8 :andt pelevargd sanpl e wit hout hunman ob 30
protein) or pegylated®b T9PEE ¥H@°FRrr] g/ 0.1 n) prepared as described

i n Exanple 19. M ] ed onI once, on day 1. Daily food intake of
the cage ppd the'd ﬁ)d\)ﬁ}&\lz/'\%&%t%o& use was neasured for the next three
days and agal n legamﬁoTHETICA@SNO Resul ts A) Reduction of Food Intake 5
Daily food intake was not different in the saline and pegylation control
injected m ce on(iveAsTngEgSEY @at nent and two subsequent days (Table 5).
However, daily intake was reduced in the six mce injected with 30 [err]g
human ob ]p?ot ei n and pegyl ated human ob protein on the treatnent day (5.2
8.2 vs 11.9, 11.4 g) conpared to the saline and 10 pegyl ated control

injected mce. P)g] ?g@g&ha‘ﬁcﬁh’ﬁﬁﬁ rgE%er ’Noeﬁt ed with human ob protein

returned to cont e food 1ntake of the mce injected with

pegyl at edzduman olkipred eile cRIByEG1 €THIee 0 he tgybsequantridanws ohrt he
experinment. The rkduction in feod intake was observed 48 hrs aft® the

smglelnjectlonlnthemp | at ed human ob
Ile Val g Tle Asn Asp Ile Ser His Thr Gln Ser Val Ser Ala
25 30
25
Lys Gln Arg Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
35 40 45
Leu Ser Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Val
30 50 : 55 60
Leu Thr Ser Leu Pro Ser Gln Asn Val Leu Gln Ile Ala Asn Asp Leu
65 70 75 80
35 Glu Asn Leu Arg Asp Leu Leu His Leu Leu Ala Phe Ser Lys Ser Cys
85 90 95
Ser Leu Pro Gln Thr Ser Gly Leu Gln Lys Pro Glu Ser Leu Asp Gly
100 105 110
40
Val Leu Glu Ala Ser Leu Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
115 120 125
Leu Gln Gly Ser Leu Gln Asp Ile Leu Gln Gln Leu Asp Val Ser Pro
45 130 135 140
Glu Cys
145

50 (2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 690 base pairs
(B) TYPE: nucleic acid
55 _ (C) STRANDEDNESS: single
. (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
60 {iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO



15 protein group. The cumul ative 24 hr food intake over the three days of
the experinment was significantly reduced to 49% of control in the pegyl ated
human ob protein conpared to the saline and pegyl ation control group. 20 B)
Reducti on of Body Wi ght Gain Change in bo@y aweight was not different in

t he saline and pegylation control injected mce on the single treatnent and
two subsequent days (Table 6). However, body wei ght was reduced in six mce
25 injected with 30 [err]g human ob protein and pegyl at ed human ob protein
on the treatnment 43ysdsuinSe oEScrrptSal: dro Gp3n@)a:conpared to the saline and
pegyl at ed controﬁ injected mce. The body weight of the mce injected with
human ob pBr okerdranete roradcizace ornTcotcdeavat@aAMEd ATTIGECRAT FCTRIQFREA of t h€d
mce injected with pegylated human ob protein continued to 30 decrease on

the subsequeRICTREISCO fTTIRECCSTRIGTREFETAT TRRCCABRTTIG BEcFREath AABMFTT 2 Body 120
wei ght was observed 48 hrs after t N L.l ect.] L ted

human ob Ry oFé??f‘c@F% &AA%%TC@% @%&@Tc%ﬁggﬂﬁ %@G\%\\gﬁ&% ﬁ? C%’\%/%%E?he SI1§(O
days of tMe EXBRUIER B8 CulhSFE LB O TErhcBs&ITBCcRec oD 260

protei n group, grams In the saline and 1.1 + 0.2 35 grans pegyl ation

control groupscéttabte Mrccarcar EHCCAGMACETEICAATCThASCARCAGHT SCHCARTASTr at e§00
that a single IP injection of pegylated human ob Rrot ein (30 errc% / mouse
resul t ed i5n ATECQICER GRARCCIGAST GEAARATRATSC MRGRACETH ABARGCTBEF CRRLRECARd a °°

significant decrease in body wej t ! er t e
days conpar e§fAtHEIFE %%%ﬁﬁ%ﬁ?@%%@ﬁ‘%&gwgﬁ &3 o%f%gmﬁn@g%mesgw
fesul ts dempgtiglacl NecRRdcH aiaBeri shicotel BrbamTouscatesacpo! enuso
bi ol ogi cgld y active and has the expected antiobesity effects on genetically

obese ob/ob &keerccace GGTCTCTGCA GGACATGCTG TGGCAGCTGG ACCTCAGCCC TGGGTGCTGA 540
GGCCTTGAAG GTCACTCTTC CTGCAAGGAC TACGTTAAGG GAAGGAACTC TGGCTTCCAG 600
25 GTATCTCCAG GATTGAAGAG CATTGCATGG ACACCCCTTA TCCAGGACTC TGTCAATTTC 660
CCTGACTCCT CTAAGCCACT CTTCCAAAGG 690
{2) INFORMATION FOR SEQ ID NO:5:
30
) (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 167 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: not relevant
35 (D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
40
(iv) ANTI-SENSE: NO
45
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
Met His Trp Gly Thr Leu Cys Gly Phe Leu Trp Leu Trp Pro Tyr Leu
‘1 5 10 15
50
Phe Tyr Val Gln Ala Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys
20 25 30
Thr Leu Ile lys Thr Ile .Val Thr Arg Ile Asn Asp Ile Ser His Thr
55 35 40 45 |
Gln Ser Val Ser Ser Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro
: 50 55 60
60 Gly Leu His Pro Ile Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala

65 70 75 80



- 57 - Table 5: Daily Food Intake of a Single IP Adm nistration of
Pegyl at ed Hunan ob Protein in ob/ob Mce Treat nent

Food I ntake 5 (3 mce/day) day 1

day 2 day 3 g 0% f " -63 ¢ % of g

Y%of 10 control : control

control Saline 11.9 0 . 100 13

700 0b Protein  ValsTg 6B %*ge Leu Thr $gr et §§° SgE Bf9 Asn Vg) T shy,
Pegyl ated 15 Contr ol 1174 95. 8 4.5 106

13. 4 99 Pegyl atad 8ér Rsat &g Leu Glu Asn Bed Arg AspPBe® Leu His VA1 Geu Ala
43. 8 4.9 36 Data armoorean for six olwosb mce in eachigooup. Food

intake is mean 20 daily food intake for cages of three mice on each day of
t he experinent af t®e fee L¥EniRre CYP Hifij bt Fop BR Hky Ser %t@‘_;péi’éi'@tremu
reduction in daily food i‘ftake onl y in théz?)egyl ated ob prjc?t' ei n group.

Tabl e 6: %nge i ody, \M&i, ab, ;%zg,a%: g% $11!1 I%lédg%pbg Rh 8 9 By val

Pegyl at ed man ob Preigin in’o reat men 140
Change in Body Weight (grams) 30 day 1
day 2 day ¥al Ala ILdaysdr Sad ile@ Gln Gly Ser Leu GOn Asp Met Leu Trp Gln 0.6 .
0.01 -0.01 obi4Brotein 1500. 9 155 1.1 160@. 2
ND Pegyl at¥d Control 0.3 - 0.4 0.6 -0.2 35
Pegyl at ed ob Prot &S} Asp Leu Ser Pro §ly Cys -0.6 -0.9
165
0.6 - b8 -
(2) INFORMATION FOR SEQ ID NO:6:
20
(i) SEQUENCE CHARACTERISTICS:
(3) LENGTH: 146 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: not relevant
25 (D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO.
30 .
(iv) ANTI-SENSE: NO
35
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
1 5 : 10 i5
40
Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val Ser Ser
20 ' 25 30
Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
45 35 40 45
Leu Thr Leu Ser Lys Met Asp Gln Thr L.eu Ala Val Tyr Gln Gln Ile
50 55 60
50 Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu
65 70 75 80
Glu Asn Leu Arg 'Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
85 90 95
55

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

Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
60 115 120 125



Data are nean for six ob/ob mce in each group. Mce received a single IP

injection on Day 1 only. Change in body weight is the change in body wei ght
on each of the days of the experinment. Note persistent weight loss only in
t he pegylated ob protein group. ND in the-Tghle indicates 5 not determ ned.
- 59 - SEQUENCE LISTING 5 (1) GENERAL INFORNATICN (i) APPLI CANT: (A) NAME:

GTv. Basle (D) STA §ge&?% < CEONFRY. S e SR A B} LR Londe (A ) |

CH 4070 (O R PO ber - 685 42 SE-Tn CA) TELEFAX: 061 -
688 13 95 (I) TELRfy &&2292/ 965542 hlr ch (ii) TITLE OF I NVENTI ON:

Reconbi nant5 Cbese 146b) Proteins 20 (iii) NUMBER OF SEQUENCES: 8 (ivV)
COVPUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy di sk 25 (B)
COVPUTER: AppHé)Nﬁ@pﬁﬂﬁﬁﬁW(ﬂyi€FERRTWNG :SYSTEM System 7.1 (Maci ntosh) (D)

SOFTWARE: Wrd 5. o 0 SEQ ID N0 1: (i) SEQUENCE
CHARACTER! 3T CS: £ e T@ ’is (B) TYPE: nucleic acid
(B) TYPE nuclelc acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
15 (ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO
20

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
25 _
ATGAAAAAGA CAGCTATCGC GATTGCAGTG GCACTGGCTG GTTTCGCTAC CGTAGCGCAG 60
cce 63
30 (2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 21 amino acids
{(B) TYPE: amino acid
35 (C) STRANDEDNESS: not relevant
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
40 (iii) HYPOTHETICAL: NO

{(iv) ANTI-SENSE: NO

45

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

Met Lys Lys Thr Ala Ile Ala Ile Ala Val Ala Leu Ala Gly Phe Ala
50 1 5 10 15

Thr Val Ala Gln Ala
20



35 (C) STRANDEDNESS: single (D) TOPOLOGY: |inear (ii) MOLECULE
TYPE: cDNA 40 (iii) HYPOTHETICAL: NO (iv) ANTI-SENSE: NO 45 (xi)
SEQJENCE_IWIWWIMI D NO 1: CAAGGTGCAA GAAGAAGAAG ATCCCAGGGA
GGAAAAT KB GTCGGT 60 6% -TCCTGTGGCT TTGGTCCTAT
CTGTCTTATCG TTCAAGCAGT GCCTATCCAG AAAGTCCAGG 120 ATGACACCAA AACCCTCATC
AAGACCATTG TCACCAGGAT CAATGACATT TCACACA ) 180 55 AGTCGGTATC
CGCCAAGCAG AGGGTCACTG GCTTGGACTT CATTCCT CACCCCA 240
TTCTGAGTTT GTCCAAGATG GACCAGACTC TGGCAGTCTA TCAACAGGTC CTCACCAGCC 300
TGCCTTCCCA AAATGTGCTG CAGATAGCCA ATGACCT! GAATCT. GACCTCCTCC ., 360
60 ATCTGCTGGC CTT cmﬁé“%@iﬁ%ﬁ%é&%ﬁ%é&c O%&?G“cﬂ%@c%ﬁ%tem
420 - - 60 - cACRAESIGEA THsSREETT CHh e\ @2EHERG LT GRACTREABL AAGEILLTG
GCTTTGAGCA : cea) CTGCAG GACATTCTTC AACAGTTGGA TGTTAGCCCT
GAATGCTGAA acu‘gg‘g% G%ﬁ%% CCAGGCT CCCAAGAATC ATGTAGAGGG
AAGAAACCTT GGCTTCCAGG 600 GGTCTTCAGG AGAAGAGAGC CATGTGCACA
CATCCATCAT TCATTTCICT (LT, A CYAT SCABAGECAT FACTCCACAA
TGCTTGACTC AA o;_{: nggﬁl oF fr%%%’%g% o ON FCR SEQ | D
NO 2: (i) SECRERERTEspRAaTEISY of s84c moabein o657 taapmsntcigs 15

(B) TYPE am gRapsttet{zedRANRGRNESY fd Hetekentn( RhnmhOPSOLARRY redkanyg

(i) NU'E%LErJggESf pv? {élgg gain in mammals.

3. The protein of claim 1 comprising SEQ ID NO: 6.

4. Recombinant biologically active human obese protein
15 free of other mammalian proteins or fragment thereof, which

fragment has the biological activity of said protein. -

5. The protein or fragment of claim 4, wherein the
biological activity of said protein is characterized by
20 reducing food intake in mammals and reducing rate of weight

gain in mammals.
6. The protein of claim 4 comprising SEQ ID NO: 6.

25 7. Homogeneous biologically active murine obese protein
" or fragment thereof, which fragment has the biological

activity of said protein.

8. The protein or fragment of claim 7, wherein the
30 bioclogical activity of said protein or fragment is
characterized by reducing food intake in mammals and reducing

rate of weight gain in mammals.

9. The protein of claim 7 comprising SEQ ID NO: 3.
35
10. Recombinant biélogically active murine obese protein
free of other mammalian proteins or fragment thereof, which

fragment has the biological activity of said protein.



20 (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 25 (xi) SEQUENCE DESCRI PTI ON:
SEQ ID NG 2: 30 Met Cys Trp Arg Pro Leu Cys Arg Phe Leu Trp Leu Trp

gg: %”l[ﬂl”&llulmlmuﬂnlﬁo Ile An Lys Valé@d-n Asp Asp Thr Lys 20 o

5 Thr Leu IIe Lys Thr Ile Val Thr Arg Ile Asn Asp
IIe Ser H's Thr 35 45 d n Ser Val Ser
Ala Lys An Arg Val Thr Ay Leu Asp Phe Ile Pro 40 50
55 11.6@hel proeaihl of Rebairh elmemrmreiMEthebibySngalAsp a@n
Thr Leu Ala 6 .
80 45 VAPLiyity R SR TA{ i e SheTasrenizedo Y FREing,ford, q
85 intake 99 mammals and reduc:.r% rate mfawggghAsgaLaulm maypals eu
Arg Asp Ley Leu His Leu Leu Ala 100 105
110 50 Phe Ser Lys Ser Cys Ser Leu Pro G n Thr Ser Ay Leu G n Lys Pro 115
120 12.1FBeprotein | ef akpingip \%m&réﬁlesu SERaIBeNOEed - Tyr
Ser Thr A u Val 55 130 135 140
Val Al a Leu Ser Arg Leu Gn Ay Ser Leu An Asp . Jl.e Leu A n A n 145
150 3.168 expression vector f@“‘%ﬁ‘s * Leu Asp Val Ser Pro
G u Cys 165 - 64)-a promoter sequence, and

10 b) a DNA sequence encoding a fusion protein, which fusion
protein comprises the murine ob proteih of SEQ ID NO: 3
or the human ob protein of SEQ ID NO: 6, and the signal
peptide for the outer membrane protein A of E. coli,

which expression vector is capable of expressing the fusion

15 protein in Escherichia coli host cells.

14. The expression vector of claim 13, wherein the
promoter sequence consists of both a lac-promoter operator and

a lipoprotein promoter.

20
15. A fusion protein comprising the murine obese protein
or the human obese pfotein, and the signal peptide for the
outer membrane protein A of Escherichia coli.
25 16. A fusion protein of claim 15, wherein the murine

obese protein comprises SEQ ID NO: 3 and wherein the human
obese protein comprises SEQ ID NO: 6.

17. A DNA sequence comprising a first and second part,
30 wherein:
(a) the first part is the sOmpA gene sequence of SEQ ID
NO: 7 encoding the sOmpA peptide; and
(b) the second part is the nucleotide sequence encoding
the murine ob protein or the nucleotide sequence
35 encoding the human ob protein.

18. The DNA sequence of claim 17, wherein the murine ob
protein comprises SEQ ID NO: 3.



(2) I'NE NG 3: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
146 am no acids 5 (B) TYPE: amino acid (C) STRANDEDNESS: not

rel evant”mmmuml Jliknown (ii) MOLECULE TYPE: peptide 10 (iii)
HYPOTHET | - SENSE: NO 15 (xi¢7 SEQUENCE DESCRI PTION: SEQ I D

*

NO: 3: 20 © Nal” Po 'le A n Lys Val Gn Asp Asp Thr Lys Thr Leu lle Lys
Thr 1 : 5 10 15 Il e Val
Thr Arg Ile Asn Asp Ile Ser Hs Thr Gn Ser Val Ser Ala 20

25 - 19 .3@he5 DS sEhietd Bl cTdim A, wterdsm Rhe bueall obd y
Leu Hs Pro Ile 35. . 45 Leu Ser Leu Ser
Lys Met Asp Gpﬁ"%ﬁELnLSSmRFéS% S""r%rl‘éq?mot;%' val 30 50

55 60 Leu Thr Ser Leu Pro Ser A n Asn Val Leu @An Ile Al a
Asn Asp Ley 65 0. an E iéflia coli host i ghr ¢ d with

80 35 G u Asn Leu Ar ScﬁgglLeﬁaLcéﬁ JI'-l_i s"’ieuO geatfuﬁ a Eﬁgsggrrmfyswéer Cys
85 the expggssion vector of claygs ISer Leu Pro G n Thr Ser Ay Leu
G@n Lys Pro Qu Ser Leu Asp Ay 100 105

110 40 Val Leu G u Ala_Ser lLey Tyr Setr Thr u Val., Val. Al a Leu Ser 115
120 21~1é‘5m€€rl§°é At PHeRr11e @Wgﬂﬁ?i]iye 3&ive K e@ﬁ‘g Bgnt

Asp Val Ser Phaméh or murine oBéfe protein free of b¥her mammalian proteid$d

Gu Oys 10 comprising the steps of:

a) constructing an expression vector having a promoter
sequence, and a DNA sequence encoding a fusion
protein, which fusion protein comprises SEQ ID NO: 3
15 or SEQ ID NO: 6, and the signal peptide for the
outer membrane protein A of E. coli;
b) inserting the expression vector into an E. coli host
cell to transform the E. coli host cell;
c) expressing the fusion protein in the E. coli host
20 cell; and
d) treating the E. coli host cell with cold osmotic
shock buffer to liberate the murine or human ob
protein free of other mammalian proteins and free of
the signal peptide.
25
22. The human ob gene sequence comprising SEQ ID NO. 4.

23. A method of producing homogeneous biologically active
recombinant human or murine obese protein comprising
30 subjecting the osmotic fluid containing the human or murine
obese protein to a éombination of anion exchange column
chromatography, hydrophobic interaction column chromatography

and gel filtration.

35 24. A composition comprising one or more conjugates of
polvethvlene glycol and/or polypropvlene glycol linked to a
human or murine ob protein as claimed in claims 1 to 12 the

average molecular weight of the polvethylene or polypropylene



145 50 SEQ ID NO 4: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH: ) TYPE. nucleic acid 55 (O
STRANDE melmﬂml I TCPC]_OGY I inear (ii) MOLECULE TYPE: cDNA 60
(ii1) HYPOTHETILCAR: BO f1I v) ANTI - SENSE: NO ¢8 = 62 - (xi) SEQUENCE

DESCRI PTION: SEQ | D NO 4: Gr TGCAAGGC CCAAGAAGCC CATCCTGGGA AGGAAAATGC
ATTGGGGAAC CCT 60 TICTTGJGGC TTT A TCTITTTCTAT GICCAAGCTG
TGCCCATCCA nits i5)SEAFCRPATRIRHER SEARGRCERPEIGEORCEAERA
TCAATGACAT TTEeEAeenG15 kDaS8Bo180CQeud CAGTCT CCTCCAAACA GAAAGTCACC
GGTTTGGACT TCATTCCTGG GCTCCACCCC 240 ATCCTGACCT TATCCAAGAT GGACCAGACA
CTGGCAGICT ACCAACAGAT CCTCACCAGT 300 15 ATGCCTTCCA GAAACGTGAT
CCAAATATCC AACGACCRSEG AGAACTHOSEtGEEATEPNOTIsing G GAQBIGC KB JOGEREECHEA
GAGCTGCCAC 5 W AGTGGECCT GGAGACCTTG 420 GACAGCCTGG GGGGTGICCT
GGAAGCTTCA GAGGTGGT GGCCCTGAGC 480 20 AGGCTGCAGG
GGTCTCTGCA GGACATGCTG TGGCAGCTGG ACCTCA TGGGTGCTGA 540 GGCCTTGAAG
GTCACTCTTC CTGCAAGGAC TACGITAAGG GAAGGAACT Gy TGGCTTCCAG 600 25
GTATCTCCAG GATTGAAGAG CATTGCATGG ACACCCCTTA TCCAGGACTC TGTCAATTTC 660
CCTGACTCCT CTAAGCROCH,CH(BEHSCH, )0 ——C~——NH 690
(2) | NFORVATI ON FOR SEQ ID NG 5: 3 (i) SEQJENQ— CHARACTERI STI CS: (A
LENGTH: 167 am no aci ds

(CHy),

CH

7\

NH IT——NH— P

0

ROCH,CH,(OCH,CH,)—0

Q=—==0

wherein P is a human or murine ob protein as claimed in claims

10 1 to 12, n and n' are integers having a sum of from 300 to
1500, the average molecular weight of the polyethylene glycol
units in said conjugates within said composition being from 15
kDa to 60 kDa, and R and R* are lower alkyl.

15- 26. A composition of claim 25 wherein the sum of n and
n' are from about 800 to 1200 and the average molecular weight
of the polyethylene glycol units in said conjugate within said
composition being from 35 to 45 kDa.

20 27. A composition comprising one or more conjugates of
the formula:

0

RO(CH,CH,0),CH, CH; ——C ———NH—— P IB



(B) TYPE: am no acid (C) STRANDEDNESS: not relevant 35 (D)
TOPOLOGY: 'mmm i CULE TYPE: peptide (iii) HYPOTHETI CAL: NO 40
(iv) ANTI- ’ ll SEQUENCE DESCRI PTION: SEQ ID NO 5: Met Hi's Trp

Gy Thr Led Cfs & y"Pht L'eu Trp Leu Trp Prae9iyr Leu 1 5
10 ' 15 50 Phe Tyr VaIGInAIaVaI Prolle @n Lys Val Gn
Asp Asp Thr Lys Thr e,uIIeJ_s
Thr 1le Val %Peﬁ?bnl?elm hpan I% §W1Hes opnprgein as dalme‘&
40 1 to 1245 QAa aﬁerlﬂfﬁgeiehaS&thﬁs s(i‘nnoEySrMaI3(T¢1rt63l :yswu A5
Phe Ile Pro Ley H'S
Pro Ile Leu T‘?ﬁ’e{%%e é%?l‘i‘ix%l%t"’e&s%‘tg°$ Hhe E’S&YﬁFﬁyg%ne glycol nited
75 said comgates 88Lthivalsafy cempoiinibhebétng ThromselS Ndda Ptc@
Ser Arg Asg £ Q1389 1 1kvi. 90 95 Ile Ser
Asn Asp Leu Gab Asn Leu Ar glsAsme_eguaLeg Fis Val Leu Ala 5
100 105 110 Phe Ser Lys Ser Cys His Leu
Egg IBP Al a Ser GEZSLGUAGEHmﬂbéiif??]€§5clalm 27 wgereln #220s E?omT%bo%f

er al Leu u a Ser er r u
Val 130 611%‘53/ che average mo ec@iﬁr\fﬂﬁl%“}; ?%u ERer Arg Leu

A@n @y Ser h@ulﬁifhj&ﬁhékﬁlynﬂl'ﬁniﬂa in said conjugates within said
10 composition being from 35 to 45 kDa.

29. The human or murine ob protein as claimed in claims 1
to 12 or a composition as claimed in claims 24-28 as
therapeutically active agents.

15 '

30. The human or murine ob protein as claimed in claims 1
to 12 or a compositions as claimed in claims 24-28 as
therapeutically active agents for the treatment, prevention
and control of obesity and associated diseases.

20

31. 2 pharmaceutical composition comprising a human or
murine ob protein as claimed in claims 1 to 12 or a
composition as claimed in claims 24-28 and a compatible
pharmaceutically acceptable carrier material.

25

32. The use of a human or murine ob protein as claimed in

claims 1 to 12 or a composition as claimed in claims 24-28 for

the preparation of pharmaceutical compositions.

30 33. The use of a human or murine ob protein as claimed in
claims 1 to 12 or a composition as claimed in claims 24-28 for
the preparation of pharmaceutical compositions for the
treatment, prevention and control of obesity and associated
diseases.

35

34. The use of a human or murine ob protein as claimed in
claims 1 to 12 fof identifying ob protein receptor(s).



145 150 155 160 15 Leu

Asp Leu Se ﬁmm‘ (2) I NFORVATI ON FOR SEQ ID NO 6: 20 (i)
SEQUENCE A) LENGTH. 146 am no acids (B) TYPE: am no acid
(C) STRANDEBNESS: not r'l evant 25 0 (D) TOPOLOGY: unknown (ii)

MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: NO 30 (iv) ANTI -SENSE NO 35

(xi) SEQUENCE DES IPTIO\I SEQ | D NO: 6: Val ProIIeGIanVaI fs

Thr Lys Thr Leu Il Lyg ehiisg of an expre531qp vector as ¢ almed 1§0c aims
15 40 Ile Vali3 hm&rmlf&%md\mﬂg‘ @ubin IdrS miting 8bSproVveinSes Sediméd
25 laim 1Lé/sﬁn Lys Val Thr Gy Leu Asp Phe Ile Pro Ay Leu
Hs Pro |le 45 claims 40 45
Leu Thr Leu Ser Lys Met Asp Gn Thr Leu Ala Val Tyr An dn lle 50 :
55 0 T Pr Ak | 241
anile Se? Asn Asp Laghg use of éjﬁhAtEééﬁah§gP%s c&a%ﬁéd id é§21¥% + €o

80 G u Asn Leb9A$grAB¥PQN§ﬂmSuhumaﬁ‘mﬂ muxing gbppsotein gs staimgd B
90 claims 1905 H s Leu Pro Trp Ala Ser Gy Leu Gu Thr Leu Asp
Ser Leu Ay dvy 100 105 110

37. The use of the Escherichia coli host organism for

10 producing human or murine ob protein as claimed in claims 1 to
12.

38. Homogeneous biologically active recombinant human or
murine ob protein whenever prepared by a process as claimed in
15 claim 21 or 23.

39. A method for the treatment, prevention and control of
obesity and associated diseases which comprises administering
a human or murine ob protein as claimed in claims 1 to 12 and

20 33 or a composition as claimed in claims 24-28.

40. The products, pharmaceutical compositions, processes
and methods substantially as described hereinbefore.

25 * %%



Val Leu Qu Ala Ser Ay Tyr Ser Thr Glu VaI VaI Ala Leu Ser Arg 60

115 ' 120 125" Leu A n Gy _Ser lel - ASp
Met Leu Trp G n Leu Asp Leu Ser Pro 130 r“" . \
140 dy Cys 5 145 (2) |1 NFORVATI ON FCR7IEQ | D NG i) ey
CHARACTERI STI CS: 10 (A) LENGTH 63 base pa‘ 5. (B) —TP¥PE——pmgeei

acid (C) STRANDEDNESS:. double (D) TOPOLOGY: |inear 15 i) ECULE
TYPE: DNA (genomic) (iii) HYPOTHETI CAL: NO (iv) ANTI -SENSE:%%&QJ;
SEQUENCE DESCRI PTION: SEQ I D NO 7: 25 ATGAAAAAGA CAGCTATCGC GATTGCAGIG
GCACTGECTG GITTCGCTAC CGTAGCGCAG 60 GCC

63 30 (2) I NFORMATION FOR SEQ I D NO 8: (i) SEQUENCE CHARACTERI STI CS (A
LENGTH: 21 amino acids (B) TYPE: anmi no a@bgtlact (O
STRANDEDNES_§ not relevant (D) TOPOLOGY: unknown (ii) MOLECULE TYPE:

pepti de 40 (ii11) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 45
Proteins which modulate body weight of animals and humans

for the treatment, prevention and control of obesity and

associated diseases or conditions, and the recombinant

expression of these biologically active proteins in purified
10 and homogeneous forms.
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(xi) SEQUENCE DESCRI PTI ON: SEQIDNO8 Met Lys Lys Thr Ala lle Ala lle Ala
Val Ala Leu Ala Gy Phe Ala 50 SRR ; 5

10 15 Thr VaIAlaGInAIaZO - 65
bi ol ogi cally active human obese protein or fragnment thg {
has the biological 5 activity of said protein. 2. Thej roté’iEthrCEDagrre
of claim1, wherein the biolggical activity of said protein or fragnent 1S
characterized by reducing fo dke in manmmal's and reduci ng 10 rate of
weight gain in nanmals. 3. The protein of claim1 conprising SEQ 1D NO 6.
4. Reconbi nant biologically active human obese protein 15 free of other
manmmal i an proteins or fra nt thereof, which fragnment has the bi ol ogical
activity of sai @l protel he pr(smtl n or frayment of claim4, wherein

t he bi ol ogi cals acigs B —sai , teeri zggp Y 20 reducing
food i ntake in manmal s and redu0| ng rate of wei ght gain in manmml s. 6. The
protein of claim4 conprising SEQ ID NGO 6. 25 7. Honobgeneous

bi ol ogically active nuri obese protein or fragnent thereof, which
fragnent has they biolo ¢ act|V|t3supf sald prmoeln 8. The protein or
fragment of clgi ¥
fragnent is charac ed by redum ng food |nt ake in mammal s and reduci ng
‘rate of weight gain in mammls.

—_—
This Sheet Has

WA



.n----.‘.-i-r.n-—---

bi ol ogi cal |y active nurine obese protein free of othgFs
activity of said protein is characterized by reducing

9. The protein of claim7 conprising SEQ ID NO 3. 35 10. Reconbi nant
or fragment thereof, which fragment has the biol ogi cIT'd'§tSHEEtIy;-,,Q§

pr ot ei n. - 66- 11, The protein of claim10, whereif _the BElauxgﬂga

manmal s and reduci ng rate of vveiaﬁ%ga'gn in manmals. 5 12. The protei 'n of
claim 10 conprising SEQ I D NG An expression vector conprising: a) a

pronot er sequence, and 10 b) a DNA sequence encoding a fusion protein,
whi ch fusion protein cofiprises the nurine ob protein of SEQID NO 3 or the
human ob protein of SEGXD NO 6, and the signal peptide for the outer
menbrane protein A ' , Whi ch expression vector is capable of
expressing the f gel nin Es ichia coli host cells. 14. The
expressi on vect i ¢ wher ﬁn‘ag‘ahﬁmmmrmt er seqyance consi sts of
both a | ac-profiter operatori\fand a |ipoproteln pr A fusion
protein conprifi ng peRNAIMIMNG' obese protein %r th'#%ﬁ%ﬁt ein, and

the signal peptide for the oyter nenbrane protein ASIPPHRIMEM chia coli. 25
16. A fusion pnptein of clai/m 15, wherein the nurine obesg protein
conprises SEQ I D i erein the human obese proteip conprises SEQ ID
NO 6. 17. A DNA seg ¢ conprising a first and second pjart,

Nael / Hindlil
isolate vector fragment

Xbal / Hindill
Isolate mob fragment

Xbal / Hindlil
Isolate vector fragment
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30 wherein: (a) the first part is.the sOmpA gene sequence of SEQID NO 7
encodi ng the sOwA peptide; and (b) the second part is the nucl eo[l de ...

sequence encoding the nurine ob protein or the nucleotid -N _
encoding the human ob protein. 18. The DNA sequence ofl & fhai gREET HAMHET @1 N
the nurine ob protein conprises SEQ 1D NGO 3. - 674 - 19aEthb°
sequence of claim 17, wherein theﬂ‘g&ngob protein conped D NO 6.
5 20. An Escherichia coli hos organismtransformed with the

expression vector of claim113. 21. A nethod of producing biologically
active reconmbi nant hurpan or murine obese protein free of other mammalian
proteins 10 conpri si ngﬁheﬁn@! eps of: a) constructing an expression vector
having a pronoter #, and a DNA _sequence encodi ng a fusion protein,

n Combiiges SEQ | Dﬂﬁ%g 3 15 ofod3EQ | D NO 6,

out KinaseHlinglié protein A of E  Gglik: D) Hinam
I nserting thef/expression ve or into an E ;oll Jost—cellto transfermd he

" E. coli host essi ng the fusion prot Inh the E. coli host
20 treating the E. co||#82¥’€iﬂ°'%th cold
osnotic shock \puffer to liberate the nmurine or human ob protein free of
d free of the signal peptide.|25

ot her manmmal i am\proteins 3

Liat \’

Nael / Hindlll
isolate vector fragment

Xbal / Hindlll
Isolate hob1 fragment 1

pLPPsOmpAhob1 —EcoRl

Hindlit

—_—
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22, ,-The human.ob gene sequence conprising SEQ | D{NO Lg@mﬁmggg@rgf SG
_ mﬁpduci ng honobgeneous biol ogically active reconbijn 1‘1:‘»' Bn © g, riing

protein conprising 30 subjecting the osmotic flui ﬂﬂgl ng hug}a aﬁard
murine obese protein to a conbination of _anron exjc g% g paged 3
chromat ogr aphy, hydrophobic interaction colum C“Wﬁi} % %) =
filtrati on. 3ECOMBINZNT OBESEO(UB)S BRGFEINSID!i silng one or co"r'fj‘ gﬁ’i‘%eéi
of pol yet hyl éne gl'ycol and/or polypropylene glycql |inked to a hu

nurine ob protein as clainmed in claims 1 to 12 t he DAEE QF BRIESH .7 «ﬁ:‘r’qht

of the polyethylene or polypropyl ene - 68 - glycol units in said
conj ugates W t hi n chesli epnposrépartdikitey beetoeepommokBatt autbikDanaP?5. A

N Nl MEE

wherein P is

n and n' are 42%e432 s(IBANg Hosremtdianf thre800nt 3018001 tt Mwenlerageveigh
mol ecul ar wei ght eeé&i I.0s SAaLd es thin
sai d conposi tig{({')nl ieslérlggﬁ#r)g'rrﬂyl Q&%n%fgé%%g%aga g g E{:R[ﬁare ?gfwere%ml kyl .

15. 25.

al\ cotpA ki oimgreasas mody megéitnlﬁhé @umbq: heahth rerepken

from about 80QetQudel00: awl 440 A1 i HR Q%B@Eaﬂ@' ﬂealealtxh@rppay@iéyl ene

gl ycol units
- kDa. 20

|n sald con ate wthin saiidq c psition being from35 to 45

h as g FGPetEwH F‘ﬁeéllll’ré';uﬁnéloﬁ noRen cbﬂ?‘ﬁb%ﬁ‘ wlerpndgps

formul a: [err&iabetes mellitus), hypertension and hyperlipidaemia [Grundy,

10

15

20

25

30

35

S.M. and Barnett, Disease-a-Mouth 36, 645-696 (1990)]. There
is evidence that body weight is physiologically regulated and
the obesity (and its related conditions or diseases) are due

.in part to derangements in this regulation [Zhang, Y. et al.,

supral.

In rodents, there are described seven single gene
mutations that result in an obese phenotype; five of which are
present in mice. Of these seven rodent models, one of the most
intensively studied is the obese (ob) gene mutétion in mice,
identified in 1950 [Ingalls, A.M. et al., J. Hered. 41, 317-
318 (1950)1. Mice homozygous for this ob gene mutation are
profoundly obese, develop type II diabetes mellitus, and are
hyperphagic and hypometabolic, as part of a syndrome
resenmbling morbid obesity in man [Friedman J.M. et al.,
Genomics 11, 1054-1062 (1991)]. This ob gene is mapped to the
mouse proximal chromosome 6 and encodes a protein (i.e., ob
protein) expresséd in adipose tissue [Zhang, Y. et al.,
supral . Mice homozygous for the ob gene mutation have little
to no production of this ob protein, and accordingly have
defective regulation of body weight leading to obesity.

The murine or human ob proteins may be administered to
patients suffering from defeéts or mutations in their
corresponding obese (ob) gene, which defects or mutations
prevent or interfere with the production and/or function of

the ob proteins in modulating body weight. These proteins may
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-169‘ wherein P is a human or nurlne ob proteln as claimed in clains 1 to
F2, nis an integer having a sumof. from:300.to 1500, the average nol ecul ar
wei ght of the polyethylene glycol units in sai d conj ugates W thin said
conposition being from15 kDa to 5 60 kDa, ,and Ris lower alkyl. 28. A
conposition of claim27 wherein nis froﬁigioht 850 to 1000 and the average
nol ecul ar wepgbbMeiNAR® peEget hpBENBROLEINS units in said conjugates within
said 10 conposfttion being from35 to 45 kba. 29. The human.or nurine ob
protein as claimed in clainms 1 to 12 or a conposition as claimed in clains
24- 28 as therapeutically active agents. 15 30. The human or murine ob
protein as clainmed in clains 1 to 12 or a conpositions as clainmed in clains
24-28 as therapeutically active agents hesriRect reatment, prevention and
control of obesity and associ ated di seases. 31. A pharnmaceuti cal
conpositidh conprising a human or nurine ob protein as clainmed in clains 1

to 12 of a comosidianas lPhoiiale! Baglydienden seRAILbhel hunans
pharmaceutical |y acceptable carrier materi al

se of a human or -
nurine ob profied thes teatmeRti nPERYPREL Pt 6n§2c%?t‘é°%oﬂgo 35y e?sn‘%l ai med
gg C#ﬁ'”s 24'%§%J§¥a€é83d¥éﬁ@%@%tancehdphabﬁBceaﬁdcaEECﬂeﬁmmbinans 30
e use of a hunman or ine.Q as_clainge B or
a conposi ti ore¥regsiofe P ml!’ﬁsﬁ H§°é§9§§a¥g¥ ?‘ﬁ%nﬁ?e%ﬁ?{—aﬁ%sn I?Bp\}rlﬁejg
phar maceut ¢ c adnd Heesidrisvus fformishe treat nment, prevention and control of
obesity and associ at ed : -

FIG 1
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di_seases. 35 34. The use of a human 8r furine ob proteln as clainmed in

claims 1 to 12 for identifying ob. .pr.ot ef he'r edept or (s). 35. The use of an
expression vector as clained in claims 13 and 14 for produci ng human or
murine ob protein as clained in claing=1ltg 12. 5 36. The use of a

DNA sequence as clained in clains 17 to 19 for produci ng human or nurine ob
protein as clainmed in clains 1 to 12. 37. The use of .the Escherichia col
host organi smfor 10 produci Eighredn or nurine ob protein as clained in
claims 1 to 12. 38. Honobgeneous biologically active reconbi nant human or
murine ob protein whenever prepared by a process as clainmed in 15 claim 21
or 23. 39. A nethod for the treatnment, prevention and control of obesity
and associ at ed Q|seases B conprigggs admi ni s{ering a human or nurine ob
protein as ch; ™ g 1 to 12jand 20 33 of el congo |t|on as claimed

in clains 24-28. e products, pharnmaceuti cal conpg B i'ons, processes
and net hods substantlally as descri bed herei nbefore.

Stul Xhol
L | @ hob ¢l 2
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Figure 2
PCR
Kinase/ Hindlll mob
—> = =P
451 bp fragment
Ligation
Xbal
Nael / Hindlill
isolate vector fragment
pT10sOmpArPDI : 2
~~Hindlil
Xbal / Hindlll
Isolate mob fragment
Xbal . bal
| W ' fon,

- Xbal / Hindlll

3 2

2  Isolate vector fragment %

pLPPsOmpAlPDI . 5 pLPPsOmpAmocb
indlli

_ Hindill
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Figure 3
PCR- . hob?
Kinase/ Hindlll - il
. —> =,
pBluescriptSK-hob1 353 bp fragment .
. ‘Lg' aﬁQﬂ
Xbat Nael |
| Nael / Hindill
. S  isolate vector fragment
pT10sOmpArPDI —
“~Hindiil
EcoRt

Xbal / Hindlil
Isolate hob1 fragment 1

~~
Hindlll
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