; NOPQe3e4| HF6TzQa~ URATE OXI DASE *166166* The present applicati o c) ai ns
benefit of U S. Provisional Application No. 60/095,489, filed Augu 8 2003
1998, the entire contents of which is incorporated herein by reference. 5
The invention disclosed herein was made with L'.S. CGovernnent su der
Grant No. DK48529) awarded by the National Institutes of Heamuuwwmumm
Governnment has certian rights in the i nverdtion. The pr esent

rel ates, in general, to urate oxi daﬁ%&(’ﬂi{ Wsﬁrot ei ns and nuctiete* aci d
; i

nol ecul es encoding sane. In particu nvention relates to uricase 10

proteins which ar e Tpapiesensapdllcytistsdinik bagfit bOU. SeR@VRIdRL AppiRhABfiNaL es for
maki ng i nproved nodified uricase proteins with reduced i mMmunogenicity and
i ncreased bi ozﬁ@éﬂ%éﬁ?’lfl‘?‘i/‘.“*“ﬂ‘ﬁé%‘@@?’éfl“"r"é’élferﬁﬁ’ﬂief‘ﬁsé’& whidhdginsomportas heseinby t he
present i nventr%fgxtén%éjcl ude the uricase proteins covalently bound to

pol yet hyl ene glycols) or polyethyl ene oxides). The present invention

provi des, ther ef or he inventaseliglateharsn vantnabodite £.5MGokmhiens pepbftivaddr| vy

bind with the protei | ei c i | .ecyl es enodin~ t uricase proteins
ond uset ul 1 r 4G iAsRES awatied By e N RbaL i ngEe o Lol | s Gaertent

mol ecul es, hogjys 6&lids N hAhdn0Shibhe vectors and net hods of using and

maki ng the uricase proteins and nucleic acid nmol ecul es. Background 20 Gout
is the nost common Theptesentintventjon reliates, inl generd.etoj uaterexidasedpricase) ptoteinRandbenof f
| 990) . Pai nf ul uty. arthritis occurs en_an, el evat ed. bl ood | evel of uric
aci 0 (h ypencrteimes HeUSids e e s Bre Risr B PFMs iR bEEsrs
crystals qb NMpRQ&@slivHith dredfae cTTIRg iydHiiad Sfot Ekajnple intermieliafes ForfRakidhr oni ¢
hyperuzicem a can al so result in destructive crystalline urate deposits
(tophi ) ar oundmpesived modifigd diceserprajeinewith grdycedamimunegapiciyragd ircrqapes shfi el d
1996). Uric agj 1 M ik Ll LUk creted
(hype~-ieri cog’il:c(%/ {;&gn)%'l{%%n%é:e;&es% Eﬁy%&iﬁ"?t“gg&eﬁ deé%‘r%. %fgﬁel %?@é%\s{?&%n patients
Wi th certain rsdledgnbaicass proirsicodlantll polbreitk poliytetaehe [g)yep 3D oBpol y(athklenk
hyperuri cenua and hyperuricaosuria (due to enhanced tunor cel] turnover and
lysis during CHiskdt hﬁ?eapawntﬁag@nan BV idgh EheFsf YR, WTCASERIPEINS oHEIPPLiE WiiEh 1 enal
failure (Sand . : : : - 30 Fr i din&AEN - 1980;
Jones et 2? ?S%cggﬁhég’\?gr“é%ﬁg%gﬁ%lﬁb@%%é@%hdgﬁlg%ﬁlJszér:hédlg§ socCli ac?xge%;ﬁ \l/)\nte!tnl% r enal
dysfuncti on f nodusefuliiogsentatieef, vectotsudntaigingyltd msfedr aodmpleenlaphosteels-~r a~a~

r ,au,~ 2 prevent. organ allograft rejection st et al. 1987; .
Venkat aseshan caftisine owsionngi taiinddlof Ghasintie Gt ulass ot ndeautbife and
Mandel | 1995) .acidysiédaldscem a can result from both orate overproducti on and
underexcretion (Hershfield and Seegm |l er 1976; Kelley et al. 1989; Becker
and Roessler 1995). Wen 5 nmild, hyperBaskgmind can be controlled with diet)
but when pponounced and as30¢t 4t 6d, Wb S8l QS diékﬁs@'ir?ﬂ»{en%9&3:1%9%6”095) s
requi res treatnment "W R rugs,  ei Pher “amircosurt ¢ agent that ®pronotes uric
aci d excreti onréubeedf €990)Vmidfhl gortadrthfitinedcu®whes ah edugmediplood tevelngf wsant hi ne
oxi dase inhibitor allopurinol, which blocks orate formation. Al ogurinol is
the mainstay @fidihweasicenie) irads ©iheenisodis ferapHar sbmicTes6Ric crvatlsiof

i nsufficiency, e, - i § : t for
hyperuri cem a nlndsf1 %gener gﬁafﬁﬂgq%ggéﬁﬁjdéﬁg@m%{ ﬁqtta%llhg@g@f mﬂg\%\g%ecrqﬁgfss%rre
patients wi threlubfin dastriaiiyk ciysadpaartaddpngtst(opha ewand jojrositin aofetisseés, anxt ory t o

all conventional therapy (Be r . Fam 1 990; ,Rgqsent hal .and n 1990.
"l er oomeels 31 PTG SRR e PERIaH IO N0 Bp 22 VR o
reactions, an@y@e[QUed GryPHRRESERR) dah ¥hdsY kRIMEYKIGER (DEQUFSadid). Gadefrd Withner
and Wallace 1986; 15 Aréllano and Sacristan '1993). This often

| i f e-t hr eat enicetpis yatigraneics particelodelenkamie anddymphemal nipskest hypefuaicéroieand and
severe skin injury.(toxic epidermal. necr is, extoliati erymtitis)
orythema mil ¢ MBS GuERPSATRL e LBl Sl i Bk Spgragh
interferes W tphset h@riow BRf b&ir, Obstag atd et fiine: @aadHerd@rat a956,6sld agd dr ugs
used in the treatnent of | eukem a and for prevention of organ all ograft

rej ect i onPOcohdiz }%BAsCohsnzbalnhiZOniasay gtk lﬂ%eﬁwﬁqedgﬁ?ran%@apgd &M APy cause
severe bout Orass%@iraf%?w?t'ﬂ bl sfﬂcer:ﬂBrli Frgrﬂ'vaxl'r# 'cﬁ?s%?,liﬂclu#ﬁ(p@};c‘fgsk)&%@tﬁeh khe
result of nutational inactivation of the human dene for orate oxi dase
(uricase) during evoultion (Wi et al. 1989; Wi et al. 1992). Active uricase
in liver peroxisomes of nobst non-human prinates and ot her manmal s 25
converts orate to allantoin (+ CO- and HZO-)) which is 80-100 mwmm\“\
soluble than uric acid and is handled nore efficiently by the“m““

Parenteral uricase, prepared from A-pergillccs flavces (Uricozyne)geoooz
Clin-Mdy, Paris), has been used to treat severe hyperuricenua associ ated

wi th | eukem a chenot herapy for over 20 years in France and Italy (London
and Hudson 197; Kissel et al. 1968; Brogard et al. 1972; Kissel et al.



30 1972; Potaux et al. 1975; Zittoun et al. 1976; Brogard et al. 1978;

Masera et al. 1982), and has been used in recent clinical trials in~ 4 Fp 2003
| eukemi a patients in the US (Poi et al. J! il ~vu ~ 3 1997). Uricase

has a nore rapid onset of action than allopurinol (Masera et al. 1982; Pui

et al. 1997). In patients with gout) uri‘tase infusions can interrupt acute
attacks and deqheasen il % c%n(}t}? B0kt A Ho8P S enRhtalshanld @B 1960 LG 8L 2l -

1975; Brogard et al". 1978) oug effective for treating acute
hyper uri ceni H99achlnlgeyectahb932 Geongs endo¥asdedN@AdY. her apy, da| ly infusion of A

flavus uricase | d be a. serio dr ck for treatln urrent or

t ophaceous goutwct:[| PEREGFPIaSAT reé&?ﬁff’é@ﬂ\%qb‘fraﬁov?qp%%“%‘r gra’f‘i‘}?‘fﬂ“shes

qui ckly in paterNER anb SedleMBan7& K dile éma@ewmeck&%u%eésh@r%@@i) YheR! -

1968; Brogard et al. 197 Escudier et al. 1984; Mourad et al. 1984; Sibony
et al. |5584)ru1$émyp@ru§ceampé&rgbec,con@@i&dwomenlmilem mg)nanm@ﬁytnéxssgcmthéve
occurred (Don"i)lg enoﬁg cli 1cal g‘(?ﬂ% uences Nprré f)igeq%%at%x%%t \%ﬁ dI | g g rd 199 PUI et

al . 1997). AN ger-ac WELESIhiy o eni c prepa e ot $€ i s

clearly need@dmftﬂzn pectmaes mctda&r@(menoxmﬁef&pmaaedmr mhctﬁﬁqsl&ﬁh&l’dl) ngtl&xogenous
enzynmes from proteases and t i mune system invol ves coval ent. attachnent

of the inertxanfisaxgase WB%WH@?’IOPH%%MI%RLQ%W@F Fermatien-dilippsringlptdy 1o the
f f S wi.th M ~
11000 to > TG STty inpafiis R loBRiok ok Rhbt inkhifc Bhes[ lienlly! dhol

reduce tive isomenngemidadifoydend. Tmmmrmlforﬂugpmmnpn Gtgenarslly asffeanwsmids,wcll-
(Abuchowsl| a et al . @977a Abuchowskj St al, 1977b;. Davis et al. 1981la;
Abuchowski dplegted. However, sgmpinatigiys with digfgpring, RAPPEINS LRRIPFROUS SUHAGE ne
deam nase (APRcioRdb hil @&v\%ttoﬁ\alp Fg (B\!LIEerQ@ﬁOFﬁxﬁﬁ%é\%serﬁ%m Rt oduced by
Enzon) Inc.) became the first 20 | ated protein to be approved by the
Uni t ed St at e¥9Fb ddbremdr, D2GgofAdnénts tsqamithdml‘op@mnql developerilergif resetianse

conbi ned i mune deficiency.di.sease due to d:cienc eld et al.
T987) | Experiaace et ERrRte USRI S0P B ASOAE R AR WISt | bodi es
can be dgt ecAearddyand Saexiktdnt 1998). Ehis Shen HfeBRhteRiab lsmfr@n@lwﬁ dagsecdeu@ni ¢
treatment with PEG ADA, but there have been no allergic or hypersensitivity
reactions; 2snaendhenatic bulurs wsksarresion iPEBIADA en&gn@g desrelygisi xfeliativgy

anti - ADA ant p &£ ug a transient
ef f ect (Chaf‘#egxgﬂ}elts ér?%%bggl ltHE}[e“lrl e%é Sglld &rg@@f&#@ﬁ?h %J’ﬁ“’i)?g‘gr eci ated
that i mmune ihutfeies oMthale mahbcﬂismanfmdt}iﬁopﬁm atlé bl mérenptopurineialrigs Wekin thot
becone normal duri ntg treatment with PEG ADA (Hershfield |99 Hershfiel d
and M t chel Itrgagaasy of lepkpayia Mﬁ«@ﬁ@@é@ﬂﬂenwowgmoaﬁét AT Cg?‘gﬂ?"fsllﬁant 30

pr obl emdon deyel &mﬁsh@eﬁﬁ%w&%gwm@ﬁ% gémruogt SiRBhIER MnaPf patients
with normal 1 mrune function , =1 374 I mmunogentity will be
under st ood Hynwive. of ordinary skill as relating to t he |nduct| on of an

PEGTDdi {1 odpr ot OB FHHEFEH RS erf PR aaisel & Farer s 1o
the reacti onyefd fRirR6AiSR0 (Wchit) Bli@RXdvehiiby (Wit moms@swmlal qov2yvel y)
antigenicity and inmunogenicity are 5 referred to as immunoreactivity. I'n
previ ous st LAittie's ugeaspigi ver perasieomesrafumast eachumant pyingies and stss sgmmales vari ety
of net hads, |_udi e or med
ant i bodiés; C%geé%éruéﬁgh asngg 0 ﬁ%((b:ea&daﬁt rgb&é%hg{/%qag&s%gﬁgﬁvygtu@gqégat ed

cl earance r ajrieacidfdn@lis Kaaplea it ¢ffigiemty e kidfxGy Patherl hacaskgeepasddown t o
reduce the i munogenicity and-prol gn %Al the 10 circulating |ife of fungal and
por ci ne uri cfmééneﬁgzgmfﬂwgﬂé@%wn@t- p-MigygRaris 5hgobesn dfedip reaig8¥ere Tsuj | et
al . 1985; Y

| ower ed serfjhr ura en%%‘o aﬂatle?%%a%@ﬁare@e éﬂh?ﬂp%ﬂ%&%ﬁ&%&%@%ﬁ@aﬁﬁ@%@

vol unt eer s (Iiahw(lonédn @d Hud&il199),; KisEéEa/zilat%d Breghhireoblat¥%; Kisstlease produced
by Enzon) Inc, S used on a _co io te basis t reat an

al | opunrl - e Vi@ QLHE o Al L9 [Pa Citon & gy‘ﬁrﬁﬁi‘f aligg’]\t%h@ﬁﬁ‘?r@gbﬂt B82hi th
renal fail urg ﬂﬁ@b&ﬁruwn@aeeﬁrdﬁmcﬁm@u(@wmﬁba@éms ul%%&JS @genkerg and
Hershfield t989) Four intramuscul ar injections were adm nistered over
about two weeks. During this brief period, hyperuricem a was controlled and
no antiuricase anti body could be detected by ELISA in the patient's pl asna.
Further use and clinical devel opnment of this preparation has not been

pur sued.
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20 To date) no formof uricase or PEG uricase has been devel oped that has a
suitably long circulating life and sufficiently reduced i mmunogenicity for
safe and reliable use in chronic therapy. The aimof this invention-istt@ sans
provide an inproved formof uricase thatg in conbination with PEGyl ation) “**
can neet these requirenents. The invention is a unique reconbi nant uricase

of manmal i an1ghn.i ViddabOlas aihdre Fapithensbestracon thartilfopeighdd YMadraét 20N 9B P, Fui manner
t hat has been shown to enhance the ability of PEG ylation to nask
potential |y Fiihl98deH Raueps Withgaut. BiFATR FYUSANS CHEInieRyRIACHSRtaeksiand | s g

general obj eglcrle hbSi-BLPREA'KIANRLL e PofL¥!F 975 thadth kPASRBY OF €1 NS

and nucl ei ¢ aci sequences encodl ng sane. ~ ~ '~ s anot her
obj ect of the pr Elenigh ieffewive fanmrehingcotei hyperariceatihidutingfa shorichyrisaof

reconbi nant | roduced,unease proteins, such as those described herein. It
is a furt%ergfzfg]omapaf d%"ﬁﬁ%l@_gaﬁf@ﬁammq%we_dbmﬁn&ss THERHIAT of
reduci ng thetr@dmg'ﬁécuﬂém%k h@ebeh ¢dhe.3n B@HYon, Eﬁ'cEEgQJ‘fAﬁiﬂml:asz

adm nistering a conposition 5 containing a uricasSe proteln of the present
i nvent i on t odittheisheagquigkly ih patiegtsyweto develop enti-ofjascantibbdieh&iprebstahtl 968 vent i on

to provide agti bodie ‘the wuricas roteins ribed herei It is

anot her obj egf(’gS'fdettﬂgl%&e?éﬁd‘ef ﬁ\fghﬁgghﬁ%mgF%@ﬁ?@“vﬁ%ﬁfg aar]igmﬁ‘ost cells
cont ai ni ng t p&idusali@bie rakiithsSREMBMERGaghoRkis| 06 oftateld (DeHAdio ek egs,; of usi ng
sane to 10 produce the uricase proteins coded by sanme. The present

i nvent i ol pr Mengaracying Sgkidingerokd8P nBuighilc HWothy lsegargeiing ispiaarogenic

substanti al | re&grgt Jnmgg%?%%%aﬁgﬁﬁ%&(ﬁd% ecﬁrc;ntr&%erg ains all or nearly all of

the uricolytic aCE|V|ty enzynme.”'Lrricolytic activity is
expressed herei n Ofe dppicaeh fdrisauadterdiiy dxogdnobl erpgmhedfiorn pedieises mddelieei N an | U
of uricase activity is defined as IS the ampunt of enzynme which consunes
one ni cr onoi BYBENE Y PEMARY Ve £PVARDA BiLashmeptof Hiedregh PORAVE ROYBK'pr ovi des a

recombi nant. HphGASRRPAYEH el o - TRTR) AR SREEICE RSB di 1 ed

to insert one or nor e residues.” Reconbi nant protein) as us her ei n,
refers th anif9a).tUskio€ PEGE with Micklc@ld tp-d0,80hwasersi showtn s¢ protpmgsieed from

naturally praoduced oteins (i..e., that are.produced in tissues of an
ani el that S5 [AE8 B e e aERHEY LA HLPIGEE FUTEot oi n of
interest). PrAughdivikN& M A8972; Abuchowski et al. 1977b; Davis et al. 1981a; Abuchowski et
al. 1984: Davis et al. 1991). In 1990, bovine adenosine deaminase (ADA) modified with
PEG of Mr 5000 (PEG-ADA, ADAGEN®, produced by Enzon, Inc.) became the first
20 PEGylated protein to be approved by the United States Food and Drug Administration,
for treatment of severe combined immune deficiency disease due to ADA deficiency
(Hershfield et al. 1987). Experience over the past 12 years has shown that anti-ADA
antibodies can be detected by a sensitive ELISA in most patients during chronic
treatment with PEG-ADA, but there have been no allergic or hypersensitivity reactions;
25  accelerated clearance of PEG-ADA has occurred in a few anti-ADA antibody producing
patients, but this has usually been a transient effect (Chaffee et al. 1992; Hershfield
1997). It should be appreciated that immune function of patients with ADA deficiency
usually does not become normal during treatment with PEG-ADA (Hershfield 1995;
Hershfield and Mitchell 1995). Thus, immunogenicity might be a more significant
30  problem in developing a PEGylated enzyme for chronic treatment of patients with

normal immune function.



peptides and am no acid sequences. The reconbinant uricase proteindf ftthe 2003
present invention may be a chinmera or hybrid of two or nore manmal'i an
proteins, peptides or am no acid sequences. In one enbodi nent, the present
i nvention can be used to prepare a recorrgl nant uricase protein of a
mammal i an speci es, which protein has been nodified 25 to increase the
number of |ysines ghowh nmymuw%&rs@ﬁwgn G HbiAhdy QR 104 r[:lgﬁ%/t%ciﬁmb' nant
uricase protein, the P d uricase product 1s substantia
enzymat i cal | ynduetipnef aasminhvae iesporge b dn injdcted peepamation bitanPREGgtatsech asribhse
product is not ceep tably i nmunogeni.c., Jruncated forns of the uricases of
t he present Qfléllﬂet ‘&ro “ﬁpggm%ﬁ’%geﬂ)t ‘é{?‘&oﬂ“ﬂ,ﬁe@?%f}’r{eéﬁ% RANSTTAGUSR OL A boxy
term nal endsﬂnﬁ’éentw;m PHEERATS aHBORE. cemecbeelpraﬁﬁgaatmyBﬁ@hﬁﬁamgémcwﬁreurI case
is not truncated to the extent that |ysines are renbved. One
of ordinaby swletred igias immppereasitiaity Itnmvmunemérsﬁpﬁm@emwgm m@nwmcmléf
conpl ex nust Qt . Son |n SO Lo, S} bstantia r e ucethe
enzymat i c actV V|a§sesscé vanet CQ lé(ét&'l%(?s gle 31 PE: thf: realg %zn vz oo# i’l?G-un
unaccept abl y withrprerogrsd aﬁmb&ixes‘ ﬁreadmlreyx)entsfwumoasudumab@imvhiheglgtaadn at Ieast
about 70% to about 90% of the uricolytic activity of 5 the unnodified
uri case prot éF‘F?l"\Kﬂ‘qu@e%éficﬁda‘ﬁﬁ)‘if@rﬁi’ﬁﬁ?cbmle%%ﬁ that it retains its enzymatic
activity on stora I gi cal
ompor &t ur e, as. conoeloPATTRER SbuRl 8RR by RRERER A BMBREURT, 0 o o
| east abdot 8G8slatmgdiieof fu8ssloand porhiee umasc:shyhmmaac(fhm tr;al Moal Baveca et al.
accept abl e. ver preferred e d he c ugat e prqvides a
subst anti al | &lgé‘ggrﬁﬁléﬁt nk"?gﬁo FAneSE el aﬁgﬁoﬁg qﬁéﬁﬂ]@‘?’@g‘@‘? ieyra?’ﬂlé’n t he
unnodi fied Ui} cASEseRIR LR 0 dnaeream@rzbggi;nmhmﬁmnﬂ FRRAH vdl &R i on
provi des a uricase protein described herein which can be nodified by
attachment t ¢Davinernl tlgfitD,. Pﬁﬁﬁamﬁﬁ;ﬂwg@qtec)lnthapm'mdtbv@nmy e eeptwdl e
carrier) such as P ova s~nes
Cont &t ned- | nopAzelprEielte SR o dy AT Do TR mabie Raal mabarh T
nodi fi ed 1by %%%@%te@@ttﬁ@&ﬁﬁ&iluk@n@nﬁ%dhﬁfeﬂd&é@ﬂﬁ@hhﬁedzﬂsﬁ)%han about 10
| ysines of its amno acid selguence Attachnment to any of 2, 3, 4, 5, 6> 7)
8, or 9 of t Gwednhergmad HarsbfielsrdPeNplawr intramyscalar iesaions weisnminisierad everThe
uri case prot h N ] whi ch
i ncl udes seg?‘r%gt%o %’C&Srplél&ﬁi@ %H‘CP@%F%&O%}q]yf)ig/rgqucetrj“rglggja;gégmﬁ &er%]ag,?o %g%rmd fied
baboon sequenfieasé sm&:loap chUl@ve deckted by EIISAdnihe gaientt pla‘s'lhﬁ Raresant andivent i on
provi des a 20 _chimeric pig-baboon uricase (PBC uricase (SEQ ID NO:2)) which
i ncl udes ani RBNigA dgveiqranent pf hiscpreparabion Besfiet bRep PYSREE SEQ ) D NO: 7) and as
326-304 gj baboonTuame%efoﬁ%@uAQsé\&@c&ﬁ&.ee r@ls%gerﬁ&%ﬁsg@mma&gure 5). In
anot her enbodi ment, the present iInvention provides a chineric pig-baboon
uri case (PKSSturabtydgng)cmul:mho|hfacdnddef§1castlﬂrcmdMpmgc;nweylﬁwnschaadand as

289-304 of b Tr t. d t 25 PBC d
oRe ore ol sorlaRE e i am BRAPEANEET PUNS IMERTYS figy i BhiRafie e "

proteins trugeaicst hex, Hedodiinfioh Weth PEGS 1afod Fhi eé@hdte RuirdfieMe Byei ds or the
3 carboxy term nal am no acids, or both. Representative sequences are given

in SEQ 1D NQinvgnt{qhiga amn@rqcmhmamte\dyqse of prBO2LaY deoivption: wiechthespeen10 ( PKS
am no trygpca nd | 1. (PKS car bo nca Each o C uricase,
PKS wuri cgge ang?fie ?'rm r’(l?rrfc"é ear ed)&%/atha% %a%}‘gq')n 1 e'?nan?e &etagrr‘t?)’F e§I ysi nes than
are found i nPBGhRtionmRMEKipatentillyCiamamogdnatepliapes. been cl oned. "4 ~ F ~~
~~G3 7 The present invention provides nucleic acid (DNA and RNA) nol ecul es
(sequences), including isolated, purified and/or cloned fornms of the

nucl ei ¢ aci d mol ecul es, whi ch codéumaiary ¢fdha Inveniies proteins and truncated
protei ns described herein. Preferred enbodi nents are shown in SEQ ID NO |
(PBC uri 8@se) andltmdnbral DBES of PiKPraserit dawm)ion Mepduds nd ek priess poteimsnd

cl oning) i ncI u thecfe nucl ei c S\Ci d nol ecul es are al so
nuc iC acl sequences encoding same.



provi ded by the present invention. Moreover, the present invention provides
host cells containing these vectors. Antibodies which specifically Bifidit® .,
the uricase proteins of the present 10 invention are al so provided. Yoo 2003
Anti bodies to the amino portion to the pig uricase and anti bodies to the
carboxy portion of baboon uricase, when fised in conjunction) should be

useful in detectiﬁg PBC, or. other simlar chinmeric, proteins, Preferably)

the antibody to tH& BRBOHET Of BR PEFCT HYCRIMTR PrRYiderd eeiaed ehafyngot

recogni ze t hg aRbiAGRYrbdeBd mcawgm&a@%eh WS hERIRs M4 b arly) the

anti body to the carboxy portion of the chimeric 1S uricase should not
recogni ze t he carloa/fupbertabeat afithe presept gventioo &sprovilib n engircef efiredilcing the

anti bodi es are provi ded. i%h speci fi cal | g}i ng PBC or PKS but, do not bind
the native pPBREY ALUTICErinAbosY Ui ofieavertyt Gy A0mieriaes commpoRiighner
enbodi Mend ) EdieaiRhe 8 BAkask PHRSIH b%e?ﬁ@ex@ﬂwﬁm thheRhBRALE a pharmaceuti cal
conposition for reducing the anount of uric acid in body fluids, such as 20
urine and/ or ser ultisoretgnetbersmbiecbefithe presegt iaventionsq prowide ofitihddéesie thease
proteins or uricase conju descri bed herein and a pharmaceutically
accept abl e cgl?cralgee%ategfsldﬁsec(f;l'([%%ﬁcree%i pi ent. The present invention also may be
used in a nmet hod It @&ranbedtichjevg of dhe pAREnY Rvetionlis povideivactofs ddddistfcklld ds of a
mammal . The nethod includes adnmnistering to a manmal 25 an uric

aci d- | ower i ngPrermiag the/aclipirid SeﬁPe%e%@ﬁﬁg%‘iitthﬁw g meahads RGUsngPamed8e
protein ug i Ehkgﬁﬁ - Qf ent invention and a diluent)
carrier gdr eéﬂg?%%gtrlﬁc@w IC éf"gc‘é‘?@?"ﬁgﬁ?‘y a pharmaceutically acceptabl e
carrier) diluent The paehpnention progidennmimbke protebs whichahsdbd ssegrepredadslay a

human. The adm ni stering step nay , .for exanple, injection

i nt r avenous, SUSERRGAILY %B%W“?S@ﬂﬁcpﬁ‘i’ﬁ%ﬁgfhaf HEW#F%& %lf?fi tR%/r aperi t oneal
routes. The gk@walcaekiHly dF uRCinthddfialefizyiRY Wifolytic REORY iOExHEsELRer@AGh MY be
associated with ‘gout, tophi, renal insufficiercy, organ transplantation or
mal i gnant di beamsasional Units{IUH per ing pratein whersinanll af wrigase abientyapefttiedent , t he

present | vertl]ti on Br gvi des a]Hrhzt hod fsor islgrloato' n uggd igr rprtrJnrniuL:yi ng a uncase
froma stt ut P'HATSF P ERYE CHHEHIIH 5 P MERENS1% "I ETT BF g subcel | ul ar
debris from for Eeai®ertinfentios prvideanteconbiEbi ubiofe PFAREA DS a nhihehARaAbl y, the
5 nethod of punficat~on takes advantage of the |[imted solubility of

nmammal i an uripeeisewhich havbegpimodifisddg inggrt gnie or mppolysing yesidiishi Rerombaiapt ude

r econbi nant t pjority of
the protei nsﬁ?%glﬁgg?%aggﬁc%fegggfob %ﬁiag?cha\?lvy %Waer%er?te\&\)%gpga g@&ggﬁ ve Y

urcase is sofrotanhmedly-producklifrbeins (e ah&nadprydiwed inuisseearof omatienabthaf er, at a
pH of abgout 10-1 1, preferab ahout 10.2. The sol ubilized act uncase nmay
Phen bo &b asstesest ol Gl bl e 8¢ B POHRY: SLHIEHRs PECTEn SBAFEEs ose

col um,  whi C&pll@es%ﬁrﬂﬁﬁ]ndqcm éegﬁ%n&&_. hihg Recd Rbinafi AR Prola iy fredenat a pH of
about 8.5, after which purified uricase is obtained by eluting with a

sodi um chl oringentign aiydata chnsasalwhmbod oboraerendse friagymadinn groghns bepiisesier 10 to

about 11, pref.erahl,y about 10, 2. ]
8gF

he. .be f. h fied b |
filtrarion cHPORATOGFESATSat” %{'eﬁp?-gtggmggégng%i%?%dn%ﬂ{ ﬁr{ Eafl.re ,&lfj ; {oﬁ;rg & égg?

the enzyme naycddbifgntiudedsd @rotdin bf § hamniiYiad gpeeies, Mhidhhroteir Hae badiobdified o
|l ess to selectively precipitate uricase, but not nore sol ubl e contam nates.

After wedhi rig iRaredseibiepumorr &)lysines (e eeisewhaeiafentEeyaue o288 at a pH of
about 10.2. . &ﬁ&n%%ﬁ@z}sé’ggq?e?ﬁ%ﬁé% B%griéaggﬂoggct?s;%lﬂtmgﬂl % Met hods known

in the art of pharnaceutl preparation, suc r exanple, any one of
hi gh per f or nemagmaticat]pdctideras fetuvaiodidéd/ur{chiielac) thedrH@ylatednxenat popdagihis aot
et hods, unacceptably immunogenic. Truncated forms of the uricases of the present invention
are also contemplated wherein amino and/or carboxy terminal ends of the uricase may
30 not be present. Preferably, the uricase is not truncated to the extent that lysines are

removed.



20 light scattering, centrifugation and/or gel electrophoresis. Brief ‘
Description of the Drawings Figure |I. SDS-nercaptoethanol PAGE (120/<i"gél FED 200
analysis 25 Figure 2. Crculating |life of native and PEGyl ated PBC uncase.
Figure 3. Relationship of serumuricase activity to the serumand urine
concentrations of uric acid. Figure 4. M# ntenance of circulating |evel of
uricase activity (measured in serun) after repeated infection. 30 Figure 5
shows the deducedPaarbominagy sellydhpseciste hatgharopiigated Hiipasecerrigr famplex ( PBC

uri case) (SE " 2). oy ' t akni t.at:i; R291 K
and 1301 S (PR et B GhRokaRy b SRR AR LB B K BV E Y
NO: 7) and ba?Mc@ﬁE@tcbc[femirﬁ:)agesequsmes:ain unicéeptably immundgellic PrEfegiblye 6.
Conpari son of ammp aci d._sequences PKS_(SEQ I D NO: 4). and. pig (SEQ I D NO:7)
uncase. Fi gult® CPUVERAIAH iR ableash APyt aé%_do w&h@%eéif t*mwsb%e SEYWSINO: 2)
and PKS(SEQ Iy MeichifiedRirfch@rteid wiHRPRAL R stiHle, BRANAG BradRIERERTaRI PBC
(SEQ ID NO:2) and pig (SEQ I'D NO: 7) uncase. Figure 9. Conparison of ammp
aci d sequencectfitypngtaragec ismarfuBEE@n| dhshi@: aniy/ ossedirDaHh &Gl ogicaNOnBsratukd, gur e 10.

Conpari son of ammo,acid se nces of PBC (SEQ.I D NO: 2 nd D3H(SEQ I D
N0y Fr gur €omaRe B yRRGHARE Goalk proteie RertoRr ol a8 R Lo O ORoch ng
sequences of gl @RMEoRfic RKify SRR B Nsptbled MoRbwr, (SERdB0: 12) uri case.
Figure 12-1 and 12-2. Bestfit (GCG software) conparison of codlrgjggsequences

of the CDNAs cobodiRent $EBQONLN PBYidana swhslboly rsiaced immugrogs)icitr indkse. 15
" 0u e 1303 Mot B PR B R By el eagonces
invention provides a uricase protein described herein which can be modified by

attachment to a non-toxic, non-immunogenic, pharmaceutically acceptable carrier, such
as PEG, by covalent linkage to at least 1 of the lysines contained in the uricase protein.
Alternatively, the uricase protein is modified by covalent attachment to a carrier through

15  less than about 10 lysines of its amino acid sequence. Attachment to any of 2,3,4,5, 6,
7, 8, or 9 of the lysines are contemplated as alternative embodiments.

The uricase protein of the present invention is a recombinant molecule which
includes segments of porcine and baboon liver uricase proteins. A modified baboon
sequence is also provided. In one embodiment, the present invention provides a

20  chimeric pig-baboon uricase (PBC uricase (SEQ ID NO:2)) which includes amino acids
(aa) 1-225 of porcine uricase (SEQ ID NO:7) and aa 226-304 of baboon uricase (SEQ
ID NO:6) (see also sequence in Figure 5). In another embodiment, the present invention
provides a chimeric pig-baboon uricase (PKS uricase) which includes aa 1-288 of
porcine uricase and aa 289-304 of baboon uricase (SEQ ID NO: 4). Truncated derivates

25 of PBC and PKS are also contemplated. Preferred truncated forms are PBC and PKS
proteins truncated to delete either the 6 amino terminal amino acids or the 3 carboxy
terminal amino acids, or both. Representati_ve sequences are given in SEQ ID NO:s 8
(PBC amino truncated), 9 (PBC carboxy truncated), 10 (PKS amino truncated) and 11
(PKS carboxy truncated). Each of the PBC uricase, PKS uricase and their truncated

30 forms have one to four more lysines than are found in other mammalian uricases that

have been cloned.



Figure 14-1 and 14-2. Bestfit (GCG software) conparison of codi ng sequences
of the cDNAs of PBC (SEQ ID NO 1) and baboon (SEQ I D NO: 13) uricase~ £¢fp 2003
Det ai |l ed Description of the Invention The present invention provides uncasée
proteins which are useful intermediates for inproved uricase conjugates of
wat er - sol ubl e polyners, preferably pol yethyl ene glycols) 25 or polyethyl ene
oxides), with uricases. Uicase, as used herein, includes individual
subunits as wel | Tas prehent irventien previdesmucleicipalddDN AoadeRMNAS molegdies at ed.

Alth h h d K i i MRNA. [ h
AR e S R S e e e

possi bl e t haholedulss, WkiBRBode! foEMS @ritdsa ptdinsiing trah@utdd preeing Uedrib&Vigfeihf t he
pepti de products were not full length or were unstable, they coul d be
processed byPrefairedamnbasitaaEnare shpveein SEQHUNE AFBS wisate) prd aﬁééprh@ﬁng t he

i munl ogisc rgﬁgQ@Fgeio an exogenous uricase used for treatnent. It may, in
t heory, be pgossi e To reconstruct and express a human uncase cDNA by

el im nating the tVisotoks(exgressimnsd sioning) iatluding thekonweiesd acid moldoelesiieanoe of
selective pressure, jt is very likely that del eterious m ssense mutations
have accurrulpé?"é‘gedfﬁyt‘h%p@?“ﬁ 1%8ene during the mllions of years since the

first nonsense myf@tdvep tﬂ@&cé-emig_@%%ﬁ rdvMis ﬁést@ég}s co8RingWeBlvedbrs. 1992) .

I dentifying and "correcting” all nutations to obtain maxi nal catal ytic
activity and pr otretihodiesasiich specifigulfyobitdtovbe yriadsef frowinstof the present~- ~ f ~' a~~3
| 0 The present j.nventors ha reciated that there.is.a high degree of
ool ogyO( sPREPAPT o pRR SNt §REorien Bk P pamibei g He Pt 81 hurman
uricase to thgsRlidflio NeafbdRppériShdh badbsh ARG WhémRH in &AYanclise8hodtd gur es
6-14) for exanple of nmeasure of simlarity), whereas honology (simlarity)
bet ween hundn usefdl ipdeteeting RB Gy ror etisesimyars hinagivopr¢teias. ekreferably, gigmantipedydy et

fal : |9.88; Weo ﬁ';[e ﬁlino %o%ﬁ%q)otj'tﬁgﬁﬁéwegé urzﬂaSe %\%glﬁgnoy}lécc?clniz%!the gr%%gl)pog;gn%f present
i nvention provides reconbi nahf [y produced chimerrc uricase protelns from
two differ entic taboordicavdianadhithidacs, the anitdag tgihe darbex yarli@ssf thehimerieact i ve to
humans than nore distantly related fungal or_bacterial enzyne. Use of a
manmal i A ulFiEas showdd PoLdejognize hegatbary BULPLOfRe P8 ECae c MarapieEatY pat i ent s
and 10 their g&m %ﬁ% idEXRRIch SRCRicRRPLIRE PR of BRE RELS Nativath REGR;RUCh as
have been us?g tosrra e ‘IgEG ADl,g\ g‘%& ltcg];f,ysrmldi fy gt her proteins attach Vi a
primary am mpootgngupsh a3fpig el/@armab@ntugicasenal resi due (when present and

unbl ocked) and epsi |l gg%anhn(ggﬁro#]?s of Lysines. This strat g‘%y is useful
both because mi | & FIOHSF FOROT B 1F BFFSSTE AN CHION £2R Y USEHdO BEPATLe 15 positvel y
charged | ysipAgsnat@midalicompesitior itk eduéing thiamsuitfof a6 a@ll iPbclyeiuids, suthas | at t er
is inportant since for any therapeutic ﬁrotei n tBe desired effects of

PEGy| at iZ8n WFINF ARAYTSARIM oF Rasma. eniaipiag BHEAseedl 8¢ PRESOProfqies BEBCHE! yrer
(e.g. nass) cbagahafs@ibed ABERANGA A GhSirdedut Bly 28¢cptabledarive] dilvefit @n t he number
and distributiifon of PEG attachment sites of the protein relative to the

epi topes an&*¥P¥letural el ements that determne 20 function and clearance
of the protein. Anshleddn®ehitn AN YeBed 1@ rddhdd fol reabiciRERE agloubft 0
'mask' epitopes and reduce i mmuno~enicity by semi -sel ectively introducing
novel | ysi nericeeddubslyfftnidsoftaennimil. PEGMathdd incbidenadmibistening ¢/ magumal
(Hershfield et al..l991). This strat enpl oys nmut agenesi.s. to _repl ace

ol ect edSar 4 RacidRRRE s TS b St B Do S TR FRRRE iRt B R e i s
posi tive chatigde abgjudidsofithepidBdnt RivERIDh a6 a Auedn FieLor dXCHMNG vtk i8di ces  of
surface probability and antigenicity (useful when only anmi no acid sequence
i s known) ., Recferpblyr peammeseitiglly acseptedie qamiies dilupnitas gycipiewe o bt MAMMAHO col |
puri ne nucl j I (EPNP) (Hershfield et al. 1991) has been
used. Arg-tg-g%%‘g%ﬁ%get%?{ag@i}ﬁoh%gﬁgt 3 sites were introduced, increasing the
nunber of | ysi neThpadmisiskaing step mambk Aot exaihple, Dfecion bpintrasdrioes,i ng catal ytic
activity, The purified triple-nmutant retained full actiyity after,

modi f i p§9i oPtBRemb bt EBIESCH ST TR R e Cliseelevated Ui

di succi nyl - BEERORR may be iff blood oftdine, and may be associated with gout, tophi, renal

insufficiency, organ transplantation or malignant disease.



11 Titration of reactive am no groups before and after PEGyl ation sugﬂe 1 ed
that the triple nutant coul d accept one nore PEG strand per subunit Ttla E8 2063
the wild type enzyne. PEGylation increased the circulating |ife of both the
wild type and nutant EPNP enzynmes in mce from-4 hours to >6 days. After a
series of intraperitoneal injections atg 5 weekty/biweekly intervals) all

mce treated with both unnodi fied EPNPs, and 10 of 16 mice (60% injected

with PEGylated wild type EPNP) devel oped high | evels of anti EPNP anti body

and a mar ked ddelangikeriembediment] the praggni infention progder a methdd fonisglatiizbpd pi ce (17%
treated with ' Had | evel s of

anti body in P\Eﬁg@%ﬂ’gg&%F%E@Ncﬁ%'{rj‘%ﬁg%g%t{‘ﬁg ’?‘r”?&‘ @#‘?’%éﬁrl.“fag?‘” Thi s

strat egy was subaellilat @elisdoes §frigkaniple, s udvombmentprddyctrangdorsiessg Prefarabodleni cit y

even though j i T .er ment

W th acti yat D9l Alpct b SR NS e IRSATETEN, o FmBARETubLER 00 0
am no aci ds, 139plb{Canteychal( 1978), byl washirgiibadrudeGesopdirdniesiradren plj of aberst. 7
Initially atte i ce.. ? - i i i e cl oned
cDNA for babgoogrw%tﬁ'%tggén?&\%%%i? %Oéﬁg%rgghg ?h L?? %E&l%l%‘%ﬁﬁ?@ 4%%“%43(3 u colon
at position 208gaftehaaive igcakaiowslutiibzeden abifies, preferable sérlivmarerbomagalgdfegene,
resulted in an,expre t &l 0, Whi ha r reduced
uri case cat afl%}yio)égbé)élf%ﬁ’g%ﬁ%ﬁ %Qgﬁp%af@%tsg‘*‘%%ﬁﬁﬂs? uggaﬁgfn?@rﬁ bf hat the
ability 19 napphtdiomnuanion asdampezylumnawth as & Q Sgfhemse erlynm whehtowisiel ne

mut ati on of ngi R, ENA } e .
Subsequent | y%vtl}lﬁt1 wns hﬁ%‘r‘ Cl §tt§ar§9? a'?(?itaa ngf‘ag%}n?&r?gfst% uethguf%%crl]u? 1€ baboon
uricase is | ypabnpeedbytlutiigewitior sodsiposidiiridg gradentdo eodiym pirgpnats bafferiaha pd. The
Apal restict] i ng_ laNAST; i t a
chimeric uri ég%gi 1&)?3\%0@}?@ hlgke?albﬁg%bl&é@# am no acl g:%sa‘}g% glgt&tgﬁu\g@géw %e?n t he

pi g cDN. A anéltizhen daerhasxgraphe pird plabf apoutadddo aleui Ve dAtftpstegehise badymomayDNA.  The
resul ting. pi g: £hj i R r AR es 30

| yei nes, Tone oo AR PR bk e okt WobGR TS & Rl il BRERERES

t he PBC uri chgeaof rsore heltible tentdnigadieso Aiftepwashingrat inf fHe(7s8) ftlreomictmanstherur i case at
4 of 79 amn I S| r i i Lffier at 10 in
t he sane reglg)oélﬁb?llzgd %rtgaoé éljjf:%m\l/t\gpgi §ﬁ§%x$ a%é%&%é%ﬂgg@sldejghﬁ%fﬁfﬂ%%nb tructed,

whi ch mai nt amethodsHamowen inr the iy sf phermmceytioal iptdpenati® sucane fotchanple.svy difdfer s from

pig uricase g iU i J resi due 301
(" pi gKS" wuri fé’ngé éer%@%.cgggﬁg ? ﬁf)U#QBFe%&ﬁg&igi O’Pﬁfe&?érg%}%%%gée@%}rll ed in the
pr ecedi ng0 palighysegitaring eendriifugation enddbr gyt Hlestropharesit i ons of |ysines ." ~ F~
~; ~~ ~.t~J3 12 were deleterious to activity, it was unexpected that the
PBC and PKS chinmeric uricase f . i conpared to the

unnmut at ed native pig uricase \gﬁé e Aol DS, than four fold active
t han unmnut at ed nagi bahe! ' ¢ o £ javention provides a
reconbi nant pi g- bg grgr%'gﬁ?%&#@%ﬁ%@%@éﬁgﬁgg%osgf&,g%f portions of the pig
and babodn |iver Highedseirgdayng liteeof natoenéREGyrted BBCyedse.a chi nmeric uri case
contains the firsg; ) I RG] i equence (SEQ
1D NO 7} and thelEllgﬁ%f3 ' gghtgb?rlls}ﬁ}gb%gfu S r%)e%%ttl‘ﬁfe} tﬁé‘%%%ﬁﬁ‘ﬁﬁ?cﬁ;‘g“si sequence (SEQ
|1~ NO 6) (pingenrabensnf wnidasise) or PBC uricase; Figure 6 and SEQ )D NO: 2).
Anot her exanpl e Ofo SOV BinGlhdlE bf GreWlaliGAR Gl R A R B ksl P8R No
acids fromthe 10 porcine sequence (SEQ ID NO 7) and'the last 16 am no
aci ds from t#er sapaseshnsetisnence (SEQ ID NO 6). Since the latter sequence
differs §5om the BELEiRRNAAINEAEEdBRHM ERNRRSE bik WABoonltiiiend @ | ysine
(K) in place of ar~inine at residue 291 and a serine (S) in place of

t hr eoni ne at uricassi (HBe ugerpe) (FRRID NN Aand jperemgugipgse gortagmpg; the prgtakons R0 1ojamd
uricase. 15 VRAEQPSS (Sakd) e AHNG, &)Hﬁgﬂeﬁghth!t&&]o%ef‘(QEbﬁﬁ NBI9) £l 6atR6h BEQ
nol ecul es coding the proteins of the present invention are al so provided.
Preferred veltBP®) peggensele t hose exenplified herein. One of ordinary skill
w Il appreciate that nucleic acid nolecules may be inserted into an
expression vector, such as a plasmd, in proper orientation and correct
reading frame for expression. |If necessary, the nucleic acid (DNA) may be
20 linked to appropriate transcriptional and translational regulatory

nucl eoti de sequences recogni zed by the desired host, although such control
el enents are generally available in expression vectors used and known in
the art. The vector may then be introduced into the host cells through
standard techni ques. Generally, not all of the host cells wll be
transforned by the vector. It may be necessary) therefore) to sel ect
transforned host 25 cells. One such selection nmethod known in the art

i nvol ves incorporating into the expression vector a DNA sequence, wth any
necessary control elenments) which codes for a selectable marker trait in

o o - - - - . Y s = - I




30 pronoter, such as a prokaryotic pronoter capable of expression
(transcripton and translation) of the DNA in a bacterial host cell) ‘SLIC?]E_@SZGQS-
E. coli) transfornmed therewth. - 4 F ~ ~ 03 13 Many expression systens

are avail able and known in the art, including bacterial (for exanple E

Coli and Bacillus subtilis), yeasts (fg@r exanple Saccharonyces cerevisiae),
filamentous fungi .(for anpl.e r Qi I ..cells and

i nsect cells. Sui F %Bfee& \e/de(ocrE(B)rrlssonlr%g%gﬁnﬁé%lﬁ%gh%{]cggr%igag%g@q?gg%ir{@%, such as

Col EI ori) f(BEQlpNOpagatason in, for exanple) a prokaryote. Typical

prokaryotic vecto I 1ds are pUC 1 ) 9 avail abl e
fromBt orad Labzg}ggfegf {Eé)? p(‘ R°C ﬁﬁ%rﬂ' ?g(&%%a;%n}‘iggpoﬂ% ?@iggﬁg%@%g 3

avai |l abl e fr pREEEQ IDEEOA).(Pi scataway) NJ). A typical mammalian cell vector
plasmd is pSVL avyail able from Pharnmaci Pi.scat Y, B ctor uses
the SV40 ? ate pr oﬁﬁ’reefgbtcg)md’ﬁls\% Og%ﬁlrn (égcs}?(sn ! gsc %\r%g 55 nie)sl\,]d-'?L%d\f hi ghest

| evel of expr&E3ilNObBBuncasé.ound in T antigen-producing cells) such as COS-1
cells. An exanpl e_of i nduci bi e mamal i an_expressi.on k! G also
ovai Tabl o from PRERYE 4 oRiTon JERPED s sabeis CEe Budte (SRELPNOMBE) o
pronoter of DhHSEUHENOe)Mary tunor virus long termnal repeat to drive
expression of the_cloned gene. Useful yeast plasm,d-v e PRS- 103- 406
and pRS413-~ 16, Eﬁarea?’ecg’@ﬂ%%résg?f’ya B0 %c\}(g?eﬂ‘é%f%sog? g%@fégl?z\ggi e"Cl oni ng
Systens (baJDBHOEWA) NOB)asm ds pRS=103) pRS404) pRS405, and pRS=106 are

Yeast Integrating_plasmds .(Yip ihcorporate th |l e
markers H 25, TROFEEL d ROk AN IAR Bl pf B0 SRBELF

Cent oner e pl arrDiB\s(OYEKS YSEQAD NOv® npd b ¢SED H3NOL12) nvesd.i on provi des host
cells containing these_,vect . rr.ed host cells jncl e
exenplified and Makoagh b r‘?%gﬁ‘ﬁ(ec'ﬁ???"ggsarép‘b"r“c‘r‘{aé‘?"r?s"%c")w’t?%%g‘ger"é%g’?nt

i nventi on mayhekPNaGRE BYA{SED U NOzB) bndbabgorc@EQMDIN@H B)ayricasent oxi ¢, coval ent

| i nkage to a rel atively smll ,n st.ran Ny t he

bi ol ogi c&f hal f- | Febfe i R %5{‘%&{ ?%’tétwﬁrreg e

i mMmunor eact i WetcPNASwE ABCi(3EQ@ {2 0P ynd prg (Skde I NE: Hamecaée ar barmat e) | i nkages,
secondary 25 amne, || es), ,an ] i nka 10 | EGS
suitable for su®ﬁ%£g8 Eétél n@éﬁ?ﬁ%@? g}o aiéoﬁwﬁl%ﬁp%ﬁﬁﬁﬂi%oﬁ%éﬁxﬁg%roglat er
Pol ymers, HufESATYSS SH I NGRAET &% arféo y g'e gsto pr epar e
pharmaceutical conpositions of the uricase proteins as conjugates. These
conjugates are substantially non-inmunogenic and retain at |east 70%

preferably 80% and nore prefﬁertggl ab Loenaosftthe out. 90% or 30 nore of the
uricolytic activity of the umm&#m&@nzwe% ; =sol ubl e pol yners
suitable for use in the present invention include |linear and branched
poly(ethyl ene  4Thke fresentihvéaBorgrogtssawicasy potenpobhyat aigy hsefid intetinddatyy fonl |
commonl y known_ as PEGS. One ex i [ ' f US
Pat ent 5, 643}%”/’%‘@Iuﬁl ca()sﬁgonélf%%a?{r%ﬁ% %ﬁlﬂ) {@%\% R{%?e(%t?f?ﬂy}e@gi'g‘?é agggctolnszrrber of
| ysi nes i2fisent mlly(pbylenerdxales)ewsuimumasds. Usicdsetapmssd hiremnuictides mdividuabr ef er r ed
enbodi nent, {he nu I.f] | - i case subunit is

bet ween 2 an(szfﬁgfnpﬁatqb“%giaﬁgwgﬁt e(r?ést%algggﬂ{ﬂﬁ%%éﬁ!teﬂ§§enlﬁgi_aet%H' of additional |ysines
shoul d not be so withgughdumansisie nat rdakerah pgive engymehericasetraRyAjtansgopts bavey of t he
uricase. The P 1 heRGRM e Y p&8BicYgat ed

t hrough | ysi P\%egggﬁﬁtlﬁdgﬁ%ﬁ;ﬁ%@%é protgngﬁ%}i%@%fgﬁgeﬁgﬁF% 1%/‘r)woug(;;ah a

non- nat ur al | yonpctoxman myjcdsy Sanseripty aré frayishited; evian hhepgpedepsedycts wereg@tfdd i nt o
the portion ' r ' ' LAk H Ak Laa Rlen a

| ysine af't h%ﬁ’gtgé’g.&?‘]ie%ﬁs%g‘egf gg%h%‘pr%%ﬁp ggﬁ%;g?gvﬁeséja et ho%ni)f ¢

i ncreasi ng t medegevminingfhesinmombbgicatspeise tesanREeapsaEicpre seddpr teostment- & ur i case
protein whereip . [ | A ekSedU SRS Apiranner so as
to int roduce%g ’"I?g]gs ’%: é’%%}glaﬁgco?ge@%ﬁﬁgetﬁgr ein. Plrlefaer abl y,ynts_lhi s et hod

i ncl udes r eptlisisatngtthadfvodnpimpmesnsqntiationgsilepeayer, IBhegheense oEwisstivon] ugat es
utilizing th S M vel hitQeiBffold Shlskhse hitfanbRVRNE AQuhbgel gViGES (1. €.,
reduci ng thesrae%%ﬁeh?)%vgwﬁ%%hgcfd qu?l t%ﬁes bl ood and/ or u?j neeo_f manmal s,

pr ef er abBy hbwraansgenadiging ghe milliens efeyeatsetne te firyt apnspesa mugitiop vay@irediced i ¢ aci d
level s assocj ' h 1084)S 1deliEty ME A" SRk het APRhtatidn RAbLai

i nsuffici encg/\,%g&é’?gg?.rvgﬁg%?'éﬁ%gt }dgﬁﬁgng el Pnant di sease. 20 PEG uricase
conj ugat es mayxibel ¢atelytigdeiteld apdiprotem staRaVORADE MYy dBedisi ve uric acid

| evel s by any of a nunmber of routes, including oral) by enenma or
suppository) intravenous, subcutaneous, intradermal) intranuscul ar and
intraperitoneal routes. Patton, JS) et al.) (1992) Adv Drug Delivery Rev
8:179-228.



The effective dose of PEG uricase will depend on the level of uric acid and
the 25 size of the individual. In one enbodi nrent of this aspect of th Fro
invention, PEGuricase is admnistered in a pharmaceutically accept abffe £8 2003
excipient or diluent in an amount ranging from10 pg to about 1 a. In a
preferred enmbodi ment, the anount admini 3Pered i s between about 100 pg and

500 ng. Nl ore preferably,. the conjugate i case.is,.admnistered.in an

anount between 1 °P5?F8X‘i‘ﬁb""r‘?d§ R%Jﬁéﬁprgg?e‘?g\attﬁ?ﬁﬁ%‘l‘@,gggé%?° mlo8Yy or SO
ng. |1~ assegirgilafiey) teteed @aieuARbMoSachl sefltac MRS ARAE Sse 1@ fRke $fig he

anount of protein in the conjugate. ~ ~~ ~ ?703 i s Pharnmaceuti cal

f or mul at i ons(aberBalm iand;dabeap (Abpetdd8) e, Higurpy &phrfetiexsinpteorfesesite 0fl

t echni ques, . i i.ngt.on. s._Phar t4jcal $Sciences) (
1989) tact ort B R RS ARl Y e @n HORGTRACK A% wRH

prepar ation o40% (eeet albl$88S Rediyi 0 BiS 1988¢ Mucke al. 1 989; &xgounlee pl. PO Wpdtal.
buffered saline, |lactated Ringer's s solution, water, polyols and glycerol.
Phar maceut i cH192 s BEesent smentios pravresecambinantly srodpesq chumgsici wisase

phar maceut | Cblohs BRACRIAEreR Bihifls IAARHT: (Uen ROARRENGHL RS | QUi ds)

di spersions)® suspensi ons, or emnulsions as we as %terl e powders for
reconst it ut i iomunoraacsteand hhmansthacheadsldistandy udlatedBingal odbsqaia exaysie} Usdé pri or
to use. These fornul@%}i ons e&%n contain adcgi g?iﬁonal congagent s) such as, for
exanpl e, pr e DPYTTGEAR uricase A5V 1$exPaBedio b5 Mars acsPtabip fq PGS 48 s,

enmul si fiﬁys,thgyyﬁy@[&ansanti oxi dants and diluents. PEG uricase may al so be
provi ded as controlled rel ease conpositions for inplantation into an

i ndi vi dual to corfxpaterce hacthowndhat adtivotad BEGs sich aaba tieew usest th maks¢ ood and
urine. For I | i cid,. l.ycolic aci regzner at ed

ol 15 en. " porsr A RE M plbinb BB uX PR AT b BN B58 s

nul ti | amel | aerminPQeHARI waBEl pleSeniBrityundlobkdd) aRNepsiléd-anib ce@pebf fysmedl| at i ons
conpri se bioerodible or biodegradable materials that can be formulated with
bi ol ogi cal | yTeetraR8ycopss64 ibpihgﬁsquscrméééeaﬁ%&necpnémgvs GAR &f Upep RrthResalser

i nj ectedy gr I 1§ - I ' t he

surr oundlisng E?Ogggell e%{hal?:‘grﬂqgsi%grp%gﬁgg%@?&n%?%@g& g‘&f agrgl%:%%g%t la%'ﬁﬂﬁqéig%}%uri case
conpri ses t hienporamodndadifecinysedapentid prbieinRae ddsired ddectssofPESydakron willi ch i s

her eby incorporated by 20 reference. Th se, of bi oerodible i odegr adabl e
and ot her de‘%@?“q"Brpﬁﬂlo_at‘}?etﬂ‘ﬁ”i:@"ﬁigﬁ%@gﬁgd@ _ '%ct”éﬁs'ibﬁarlch%db?fr esent

i nvention. ThrdhekedtuchRE Lo PR vRIMRSn HRGUIBES dnt JRR B RBABR PESY:Sth&ifent OF
delivery of PEGuricase is also within the scope of the present invention.
PEG uri case sitayofahs protaitv sefittivg émihs kpitdpes andotrogien! ¢lemente iat dsteroning | posones.

Li poso enc ul ati,on technol o is,well kno in the art.

Lo o erefen Ty ARt hegtienep ey B Hhabflad Bl o R e
Press. The REGnM;IkiefcpaspesQhafdm@@iﬁrh&@gemw%m-mnda Giiddeeinfaswt n Wil |
decrease the need for henodialysis in patients at hijh risk o

ur at e- i nduc dgsipergaidugsgps Rﬂ*@)ﬂab%’/@(? addigiepalins beanrriepisedh (Hargdielst @t 493ee

Venkat aseshagp,. . ) : . Lents with
sonme nali gn:mls SXI éeé”g%rengoy P H](u [S%??eg%’tt&s\%\%ﬂ% ﬁ&ﬂ%g8§%8‘3§%%4°§?9’6tﬁ3§% 30
crystalline aodersea §uteptatidn thatmhinpimposceuthiataland bagxamirhal @ffecdnl | | npr ove
the qualjty of life nore rapidly than currently avaj|able_treatnents. ~' ~
F~e133 16 THOMPYICFETdifFdR ﬁﬁoééyrfaﬁﬁpaﬁaba@@ AP ENHEIGEY E%ﬁ@ﬁ FREROE 11 i ¢ ng
the inventi ofnihda@iYedtee id kidwihrate the various aspects ci~sclosed above.
EXAMPLE 1 5 A Constrqucti on of PBC. PKS and rel ated uricase cDNAs. Standard
met hods, and wherds aappbéroadita tésheft this ctritegys resorppinkm cE. logli prneranlghside ur er s of

reagents, were used f epar | tota@ | 1 ul ar RNA)gofor qu’f lLification
(U.S. Pt entPrRERISSase P oy idd s 199 T tps Be wed MpeusS s Shoiliige
at 3 sites were introduced, increasing the number of lysines per subunit from 14 to 17,
30  without altering catalytic activity. The purified triple-mutant retained full activity after

modification of ~70% of accessible NH; groups with excess disuccinyl-PEG5000.



10 orate oxidase cDNAs, and for cloning and sequenci ng of these cDNAs

(Erlich 1989; Sanbrook et al. 1989; Ausubel 1998). PCR priners for pig aanJ 2003
baboon orate oxi dases (Table 1) were desi gned based on published coding
sequences (Wi et al. 1989) and using the;PRINE software program (CGenetics
Computer Goup, Inc.). 15 Table 1. Priners for PCR Anplification of'Llrate

Oxi dase ¢ DNATijtratioh \O€ FeablfiveCaSifio ; beBdt6 @id after PEGylation suggested that the triple

gcgcgaat t ccATGCCTCATTACCGTAAT ACA 3'. ntisense: S

gcgct ct agaa~ @%%&@m@?@m@ﬁ@ﬁm%wbu@m@alﬂmld fypeenaynmiecase cDNA:

eocccat got ol By HLRHETE CACKAEH Hecet S ¥ig Bk 305 BB ences

(| ower case) leﬁlztyhib@mﬁﬁheat-orﬁ he haursl® xH day 1A fRE b Wes oﬁﬁx&aﬁ@ﬂ&@a(xﬂjelnc&t@ dt
baboon) EcoRI and _ Ncol: antisense Hindl ||, Xbal; 20 antisense

(baboon) Rco™eeklybirgeklyiateryss, Hé@&@rﬁmgéﬁ%%ﬁﬁpﬁhn@md&fﬁé EPREs pndd@eh LGAC

As t at I d
W R CAC (i e e E e s T i e AN i T T
codi ng sequeiEtPNPcahtxbcbrb' dmdraamrbfrdadceluwxndmeéatmgéxfnjbgma(twmyetzmﬂ mick992) . For

this reason t reco a 17 baboaq rate ase gener at ed
fromthe use({}%/ gb”b‘rh ‘ﬁ@f’%‘%&é@ﬁn‘?ﬁ@ﬂpe@gﬁ”gﬁg f Vﬂinase
Total cel I ul ag ut {he58 Rice dRINdt &%&%@wlm VidubatiNe Sifd. ?Mf%rs%@reg aasmid bed using

a 1st strand kit (Pharmacia Biotech Inc. Piscataway) NJ CR anplification
usi ng Tad05 E)lm\eq@ﬁllyrnmba@enz(llﬁrt;bxgm&mmumgsmﬂféxmItlugrbbgnlyc;a@ftthrei sburg, MD)

was perfornme therma ler (Erico CA) with the program
[30 s, 95C g”d‘"SS e geelific 'f”ez‘él"%’v&‘@gb“‘fagﬁ%%d by [30 s) 95C 60 s,

74] 10 cycl es. Thiehebaioen exd @lgsﬁ@@&@&@&@ﬁ SordBt 6f 30U aastestidy, 29ofECORI and
Hindl Il and cloned into 53 and were also cloned directly (pig and
D3H baboon) M@wﬁ@%ﬁenmm&llemsr@ Ea lusines) Inirialy atmpts TOntaducs BAHS @A) . cDNA
cl ones were t 0 e, La
Soi 1) Cry. HYARELAUERG hBfe oiedeonpElor kb Thfedt: bndalib o S UARENT

t he eDNALS nsEyifose@lem@nvmpoﬁmlwz,edhﬂyxs&hmmlwlﬁ ai.gdnxhe ltuermhmnqase Cl ones

t hat possessed the bl i shed orate oxi dase DNA uences (except for
the DBH subsEfeutesHFdim b S LPdee ba&zqoaﬁ@e*aé@@iwg&r Tedyred yrcasger e
constructed gpgd zléaaffvr[yf 18fhsiy ifer? %fnen%s ef eﬁH}aﬁﬁﬁmﬁg ab?ltu?l?é mheh andar d

r ecombi nant DNA met hodol ogy. The pig and [§’3H baboon cDNAS contai ning full

| engt h codi ngrigegermyoescugymiienargoiede tysina el obsp megwhdrmiBe or s
(Novagen, WMadi son, ws. The D3H baboon uricase cDNA was exci sed

o A SaeTte P Ao HE R e and Baut

20 Subsequently, it was appreciated that amino acid residue 291 in the baboon

uricase is lysine, but the corresponding residue in pig is arginine. The Apal restiction
site present in both cDNAs was exploited to construct a chimeric uricase in which the
first 225 amino acids are derived from the pig cDNA and the carboxy terminal 79 are
derived from the baboon ¢cDNA. The resulting pig-baboon chimeric (PBC) uricase (SEQ
25 ID NO:2) possesses 30 lysines, one more than either "parental” enzyme. An additional
feature of the PBC uricase is that its "baboon" portion differs from human uricase at 4
of 79 amino acid residues, whereas pig and human uricase differ at 10 in the same
region. A modified version of PBC was subsequently constructed, which maintains the
extra lysine at position 291 and otherwise differs from pig uricase only by a substituion
30  of serine for threonine at residue 301 ("pigKS" uricase (SEQ ID NO:4)). In view of the

results described in the preceding paragraph wherein several other insertions of lysines



restriction enzynmes and then subcloned into the Ncol and BanH cl onimngd FEg 200
sites of the 20 expression plasm ds pET3d and pET9d. Full length pig -7 €ud3
uri case cDNA was excised froma pUC plasmd clone with the EcoRl and

H ndl Il restriction enzynmes and subcloned into the EcoRl and Hi ndlIl sites

of pET28b. The pig cDNA codi ng regi on wag2al so i ntroduced into the Ncol and

Bl pl sites of the expression plasm d pET9d after excision fromthe Ncol and

Bl pl sites ofwgrEdglgtsriopaoThidvilyi i Wasbrsaspectdd thasitze RBG@)d REBlchivesic soerse r uct ed

by excising the by Ncol-Apal restriciton, fragnent. of H _baboon . uri case
cPNA Trom & pETSATBARBERG ceRBHe] SITRAR bR e Bt SaamReRRh

segnent wi th h&e teerfoesip RNt RdthPdnoiMattle fdtvABaooh @8ikdseci t on fragnent of pig
cDNA. The resulting PBC orate oxidase cDNA consists of the pij orate

oxi dase codons 1- ZX0S PFeSER{aBVEnROrT praviges: areeralinant pigebabgomcimstic BE¢ASHN or at e

oxi dase. - = = Jd o~k S 1,0- ra: X] i Blr\lAwas
const ruct esd bcf “l:f()?:eidsqf Sg{oﬁséog%gp%ggﬁg%q%f’ @5% u?:tggs{: (rg? ul(g?%ﬁ' ﬁﬁ gg@rﬁlgo D3H
baboon uri cassaclcbbifimdetio nticasp EdndndMFisatzrosmiad adidy) fréh thet poeting efdaseci ng t hi s
D3H baboon sleﬁ%rrent with the corresponding 864 by Ncol-Ndei restriciton

fragment of @ue_@mEQrﬂ%NPézmdithfg{a#R@aavwf@idéﬁioaa@sbewLsicessﬁgqugw‘se of
the pig oral qs@w BANe: EPRNBabbort Bitak® bPPACI LAt Byt 8 2HPARNADARE2504 of

baboon orate oxi am no aci d sequences of “t D3H Baboon, “pi g, PBO)
and PKS or at Amthatasasplepsushowhinieric Bricase eorfaingtbe fitse 2 SE@UEMGE db frEmltNG) .

St andard techni ques were epare, 15% gl.ycer ol . st qcks, of each of
these tralr‘?sf(ﬂpﬁ‘g?ﬁSf,qu?i‘ﬁﬁ(ﬁ(zg%i\@é%ea'%dﬁ"s]%trlg)&%ﬁo qc?%é'ro%ﬁg 3B of these
speci es was %@&%@E(%@Nﬁﬂe). IR 1afdHse RRAE B ers SRAhe HorcihaRéferde) t he
pig, PBC chinera, and Pi gKS uricases had very simlar specific activity,
whi ch was appt oxlyvue epsjtiapsshavisiga lysingHED in plage of peginipedtirediducaidtl japd o yeripe
reconbi nant gon uricase. This. order S L j everal her
experinments. t@ﬁ‘en gs?zbcg S |5c &r%onér}:et%? \r/cl%tdillc g@’ H@%nﬁgﬁgggeéé%%edﬁ 2{? gld’ylg'f%sr g\ci/{teS ral

different prageederes varied 15 over a 2-2.5-fold range. Table 2: Conparison

of Expressed Reconbinant iVIammalian Uricases ConstructSpecific
Acti vi t y*IRel at i ve Vectors (expression and cloning) including the nucleic acid molecules coding

Activi ty(Uni bl Bmfdhr RS Resthdvenlntard As8 Ko lidtd 1pRedrRR vediBrs RfaRApQL - 360. 19
exemplified herein. One of ordinary skill will appreciate that nucleic acid molecules
may be inserted into an expression vector, such as a plasmid, in proper orientation and
correct reading frame for expression. If necessary, the nucleic acid (DNA) may be

20  linked to appropriate transcriptional and translational regulatory nucleotide sequences
recognized by the desired host, although such control elements are generally available in
expression vectors used and known in the art. The vector may then be introduced into
the host cells through standard techniques. Generally, not all of the host cells will be
transformed by the vector. It may be necessary, therefore, to select transformed host

25 cells. One such selection method known in the art involves incorporating into the
expression vector a DNA sequence, with any necessary control elements, which codes
for a selectable marker trait in the transformed cell, such as antibiotic resistance.
Alternatively, the gene for such a selectable trait may be in another vector which is used
to co-transform the desired host cells. The vectors can also include an appropriate

30  promoter, such as a prokaryotic promoter capable of expression (transcripton and

translation) of the DNA in a bacterial host cell, such as E. coli, transformed therewith.



20 * Protein was determ ned by the Lowy nethod. Uricase activity was A
det er mi ned spectrophotonetrically (Priest and Pitts 1972). The assay Qva@i <803
carried out at 23-25Cin a 1l cmquartz cuvette containing a 1 mlL reaction

m xture (0.1 M sodiumborate, pH 8.6) 014 nMuric acid). Uic acid

di sappearance was nonitored by decrease in absorbance at "4 Cr;3 ~: 3~
19 292 nm Qdeny gxpeassian bysteats apmavailghle pnddmown i the artcimtadingdsctetiad (for

di sappear ance _of l,.. t f uni.c.aci er mnute. E. coli BL21(.DE3)pLysS
t r ansf or mant% A%P le%g@éf aﬁ?ﬁ@?@f—f\s ¢ f)p’ﬁscligﬂrs?xraﬁlgtésfagcqaﬁﬁﬂcﬁ 8‘ier'$f9$abl e 2
were plated faaméBowsdfangiqoneRiniplo @ seeliBes, plan adllsl Biighl &8s bedmbRbkdls! | i n and

chl or anpheni col for pET3d (pi gKS%; kananyci n and chl oranpheni col for pET9d
(PBC, pig, baboormtableeciors gy dnflydg apprkapypotc mphcasyais 4ol Nevdgen, Madi son

W). 5-nmes c L eSS ti biotics) j ' pngle

{r i or mint oy Sarortin ToR ALt bk S TR ol bRIG AR oI HE 01 o
were 10 trarpgfCig; pdCi9, plEIB2@{and pPBREMedilabie franBaormd hgbaatbried (Richmeont] bi ot i cs
and 0.1 lo lactose . (tao .indu icase. expression). After overnight growh
at 37, bact An @g&@gﬁ?@ﬂgﬁgﬁﬁav ?‘}b&fg‘f‘gﬁ fé @&ﬂc?tﬁ“"@é 1\gxlleg,-lrg extract ed
i nto SDS- PAGEitQ@hniifal il cEie ect@pthsAiteis Y5 9 ab¥1ablSrdiR PhaRICR PR RIwHACE:

this establisShed that conparable levels of uricase protein had been
expressed i MNBa€hisokctoheses-the SY40Uate promotes td driversapresdiovef)cloriEd gesesnthe ni ng

cells 15 frqoqm.,each 100 ml cul ture.were Jarvested by centrifu i-on and
Coshed 118 pRESEved 8o PresSin bithE rpirR T BleRRobtutha S8 Sigh 49T0°T
phosphat e- bukfier &sle sapld6f anfitiuéitle mBBMhlifitdXprtkibm GeclorNbMBER Sk pr ot ease

i nhi bitor (Cal biochem San Diego, CA) and then |ysed on ice in a Bacteri al

Cel | Di sruptaypilabig feora Phamgries ThEgseteruskmhe gimgecorieid-indpeblemprernetay of

(i ncluding ygi ) ~pel o ol i on ( . 15
iy, The 20" SPREmMR Mg Atk R GERYR) o081 B c e etindigted L0
extracted owensigdetulgtaséplashid dctots aof pRISHOBMAG 6Xd pR PH 310 63andTdhe gentallact S
were diluted to 10 mM wth ter apnd thep centrifuged (20,190 x g, 4, 15
min). LI e TaRla T Saasae g etied NSEBHAEHONAG On S TiENe FESI R0 ned. 25
EXAl vI PLE 2 i 2oyl i (N H]ﬂﬂ?. i liter
f er ment or pr"g{?@?’%ﬁgggﬁmd- %%’%L%Er}%gnstfe?xbtp Eagnsf Oyﬁﬂ%ndv?ggrgfﬂg{éggﬁe%%m a

gl ycerol st celketarit oagher3BISIBTRBAILED2amd URASt Riasimidy pRedrb 3l € riel Yaastand

chl or arrphenii_feﬂc%l . as_di r,%c{ d Ln t he Novaj en pET System N anual. A 200 mni
i nocul um st SFTEFEFs BATHAE f‘(j’ﬁ col ony was prepared in 4 CLn O IL 20

LB-antibiotic |i gtirtoveRdheisreRht mvér@iba?%vﬁieamE cd1R2BnthiriHg tAéseIéstordSi NG
procedures recommended in the pET System Manual to nmaximze pET plasmd

retenti 3A. Arefemeddmstcedls inzlugp thast pxeniplibipd and descripgd hgrebul t ure were col | ect ed
by centrifugatio I I . L .. Thts suspensi on
was transferred ? gggg%alsgﬁ%%%goggl?et%/rpsfeglsrr‘r\gﬁl{lggrmfégﬁgg?ﬁl?%aéa}) ? %Iters of

car beni ci | | ibiclogitullyGhibiz; asmbrecicoedlent tinkage rd auglativ8l smallinunbért dfetramispdsi t i on
of SLBH nedi u and the design and gperatjon of_ the fernmentor are described
in (Sadl er &ECHP IMppygyhe biglpgigyl hﬂ@-"ﬁ%ﬁ&déo'(b‘g“l@f Mlﬁpwman%zeéwc @8I 0p525 =

19) isopr OPHAH%QQ ti@ﬁ§.°§'éi‘1%§<h%%g%¥§@c§dg§ nk ?ca%agt}a’tggllﬁx?aéeg',qy&%d i case

producti on. not e hours acterl el l's were hafvested
by 10 céft r iafmirgdinkeges( antiGmiddlinkagds. Marinusmctividdyd Ph@s hewbledfosuoh t h PBS, and

stored frozen .at -20C. The bacterial cell 189 wWer e_r esu ded in 200
o hBs ang. COUBEGRAELoRBROATY Rl EEn st aer POUPESoHI TR O A ot
Syste:rs Soni cat @he fmventRnQRS MBAR| usédo prepardi phadhadcButichlVdondsitidngofdbe second

bursts at 100%intensity, with a 1 mnute rest 15 between bursts.,
PBS- i nsol ublugcsapentéiag asopnjugaies. nBesaresjugrtre s 8ybsigatialhenqne iragugngenic

and retain at least 70%, preferably 80%, and more preferably at least about 90% or

30  more of the uricolytic activity of the unmodified enzyme. Water-soluble polymers

suitable for use in the present invention include linear and branched poly(ethylene



centrifugation ( 10,410 x g) 10 mn, 4C), and was then washed 5 tines with

200 mM PBS. Uricase in the PBS-insoluble pellet was extracted into 80 4mfFF&f 2003
1 M NazQ03, pH 10.2 containing 1 rruVl phenyl et hyl sul fonyl fluori de (PNMSF)

and 130 Itglm aprotinin. Insoluble debris was renmoved by centrifugation
(20,190 x g) 2 hours, 4C). Al further 20 steps in purification were at 4C
(results summarized in Table 3). The pH 14 2 extract was diluted to 1800 m

with 1 mM PMBE, (o, reduce ~CQO. . t .07S Mn. This lied to col um
(26 x 9 cm @b EnbRa R allarhen vt Gy 108 Sarel it cy
NJ)) whi ch hadrdaeies FEEGIs the abRdt o 0.5, Budh7 5,608 bis:CO, ) pH 10.2. After

| oadi ng) the colum was washed successively with 1) 0.075 M ZS Na~C03, pH

10.2 until AZgo ab&beussmehedirent pfcheinveniion: the avesies duphenefripuras;inspred permiv
NaHCO3 , pH 8 ' h e H - :3) ~ mvl NaHCO,
, pH 8.5, 0. 1P§§#ngﬂc‘j“§t ‘ﬁ?gggéi‘glo@%legpggyéﬁc 8?”‘8‘.’%%‘)"\% gleomluf‘%&rﬁ? NaCl in
10 rruvl NaHCeuditigrdl 8/sines per uticie Gubunit isliktwéen\d anl@HGDeingHindlersjood that e NaCl ;
6) 10 MM NaHCO, pH 8.5; .7) . 0.1 M Na~C03, pH 11 until the effl uentﬁli)H, was
rai sed to 11. nEmhenqfypsdifipral lsinesghould not besoIpanyjas o be & ARITMENYP M BR{YUCT om 0

0.6 M NaCl _if.:0Q. cha~ e I L ;
to abtfli l?g)tﬂwm%n (L;%. @QePE@"rhcﬂlécaﬂ IBFth@%E:‘g?!%Jt%’%x? gkhtfa%nwo@\g%ted, e

AZSO- absor bi ng pe wer e pool ed separat ction"A

~ CD3 21 Fr actliroughBysifestuif ¢heldricasgrprateis emom pecdierhblpfthiogls @ npwobtsrallps t hen
precipitated by loweri.ng the pHtg 7 1 by.slow addjition af 1.Macetic acid,
ol | owed by cEWEFTIIHRT gV prRothiay? oot el heBoon ALAREIRET o vor e
di ssol ved 1pn SRR whichtiod NGy Rt adyshitch BPp@Rlichl 4C. 5 Tabl e 3

Reconbi nant Pi g- Baboon Chinmeric (PBC) Uricase Purification | PTG induced
Cel | Paste = |89. 6The present invention provides a method of increasing the available non-

ot al Urf caseTql ol SREGEG SRLARELARS! b YL LRRRE ORbIEH § HERBRHLR IR t sV

Extract 471282 miialedliAQidcta Samitasosab ikt R80id lysihe 0&idut.tRereiact i on
B180931. 74, 0802.3H 7. 1 pr ec(g?i tated &edi ssol vedfraction
A59835. 01, 7488refrpblyt this meshosgaciudes sepjepapent of anginges Niwrly9ne45, 521 10 The

P e e R e S

purification wedewtdée esducinmthedmount) ofi uriclacsl)in thedlood ahd 2R ubBXAMPoRnBals,
preferably humans, and can thus be used for treatment of elevated uric acid levels
associated with conditions including gout, tophi, renal insufficiency, organ
transplantation and malignant disease.

20 PEG-uricase conjugates may be introduced into a mammal having excessive
uric acid levels by any of a number of routes, including oral, by enema or suppository,
intravenous, subcutaneous, intradermal, intramuscular and intraperitoneal routes.
Patton, JS, et al., (1992) Adv Drug Delivery Rev 8:179-228.

The effective dose of PEG-uricase will depend on the level of uric acid and the

25  size of the individual. In one embodiment of this aspect of the invention, PEG-uricase
is administered in a pharmaceutically acceptable excipient or diluent in an amount
ranging from 10 g to about 1 g. In a preferred embodiment, the amount administered
is between about 100 ug and 500 mg. More preferably, the conjugated uricase is
administered in an amount between 1 mg and 100 mg, such as, for example, 5 mg,

30 20 mg, or 50 mg. Masses given for dosage amounts of the embodiments refer to the

amount of protein in the conjugate.



Smal | scal e preparation and PEGvl ati on of reconbi nant PBC uricase. 5 This
exanpl e shows that purified reconbinant PBC uricase can be used to pr,?df:d,e(e 5

a PEGyl ated uricase. In this reaction, all uricase subunits were nodi 2003
(Figure 1, lane 7), with retention of about 60% of catalytic activity

(Table 4). 10 A Small scale expression &nd isolation of PBC uricase (Table

4, Figure 1). A 4-liter culture of E.coli BL2I(DE3)pLysS transformed with
pET3d PBC cDN. ~ M@W%&@b@ﬂﬁﬂa@nﬁ gentaipipg BEGresicage canbg prepayeddy 37. At 0.7

~S, the ¢ e ( ceIIs
were harvestgh gezcgﬁqg% 95\,\%&?@% gﬂgce ﬁ%tgygfggﬁlgéfuw)‘élrsec %ESI’Upt ed by
freezing and (lmemgon &d MackPablishthgv@d Sultait ecigienty fop thel fdepiratibniof U’ ~
P ~I SF. After trlfu ation (1 000x 4C) the supernatant (8~
) s i | GTREEIY B bty o PR AR R lioR] HTAEERS s, 1 1
manner si B | gpjufion, Whied Q& b 1 S Rh Rutcal &Pédg ivity from
this step was (l:lc;ncent rra eg byrgﬁé?)édsegbure@lﬂat r;tfl | t %r?”igc{;%gl%géngo
menbr ane 20 (mjmoo@nmpsewwmhyacewgally Tctteptcldnsiermltraqmwuv\axsnmknrqunmsdianblp,hed on
a colum (2. hacr, Pharmaci.a Bi ot ech, Ptscataway,
N~ that was (E‘EBFTSPBF é&e"&”%{ﬂ h"ﬁ“‘f‘ﬁmﬁ ﬁﬁ r{é“%%%f"’%ii?ri ‘"5e°°f—‘P‘BB‘E‘?“dH‘§’
cont ai ni ng urstcﬁ@aajea@bne\ébtunomr@mga@lb@qu@tﬁﬂoﬁ@ﬂ@@rrrme@,é esfmlatiBhEsnur e
ultrafiltration) as above. 25 B | ation. 100 ng of concentrated
Sepahacry| scgmelnpééuené&@@pe@nﬁg#w)ls forgxgypplf. nEgseRVaRYesgsolubilizegp| | ysi ne)
in Ol Z a excess (nol of
PEG nol urbl?cgg’gﬂ 5’3 ‘%‘gts‘ X\@eﬁg‘hé&‘a@ g‘é‘tbg‘ gﬁ‘#’g L’Pﬁz%‘dz‘?’ gl"g 60 mn. 30
The PEGyI at ed uri PESeunase fmagalo bé prmﬂeryastmnmiteﬁedené chmﬁds@thmeﬁk PEG by

tangential flow diafiltration, In this step the reaction was dllute 1 10
in 0.1 M Na~é®planigjipn §lan mngqﬂalrtoaonunuai}ytw y SISVARE utie Af Ivelsdpblpes

vol 01 M Na%ﬂ@@)ine‘”#&r@x&); Ub% 138c a§d§b t@i yc8liclridVe3 ot ea 96]9@81‘?51?;%0- 15 M

NaCl, pH 7.2. The filter-s er| I zed was stable at 4 fof a st one
nmont h. L-lysine, sodium alginate, gellan gum, chltosan agarose, mulitilamellar liposomes and

15 many other conventional depot formulations compnise bioerodible or biodegradable
materials that can be formulated with biologically active compositions. These materials,
when implanted or injected, gradually break down and release the active material to the
surrounding tissue. For example, one method of encapsulating PEG-uricase comprises
the method disclosed in U.S. Patent No. 5,653,974, which is hereby incorporated by

20  reference. The use of bioerodible, biodegradable and other depot formulations is
expressly contemplated in the present invention. The use of infusion pumps and matrix
entrapment systems for delivery of PEG-uricase is also within the scope of the present
invention. PEG-uricase may also advantageously be enclosed in micelles or liposomes.
Liposome encapsulation technology is well known in the art. See, e.g., Lasic, D, et al.,

25  (Eds.) (1995) Stealth Liposomes, Boca Raton, FL: CRC Press.

The PEG-uricase pharmaceutical compositions described herein will decrease
the need for hemodialysis in patients at high risk of urate-induced—renal failure, e.g.,
organ transplant recipients (see Venkataseshan, VS, et al., (1990) Nephron 56:317-321)
and patients with some malignant diseases. In patients with large accumulations of

30  crystalline urate (tophi), such pharmaceutical compositions will improve the quality of

life more rapidly than currently available treatments.



5 Table 4. Summary of Purification and PEGyl ati on of Reconbi nant Pi g- Baboon
Chimeric (PBC) Wicase A Purification FractionTotal proteinTotal um pgﬁeg 2003
activitySpecific activityRecovery of activitynmg~moUn n~rnol | m nl mg%r ude™ ™ ©
extract 1565 110100. 6 ~I 00Q Sephar 0se3551051 3. 0104Sephacr yl

S-20021511705. 5116B: PEGyl ati onS- 200 16

uri casel005465. 5100PEG uri case973363.562 10 Figure 1 shows a

SDS- mer capt oet hancdTherABRviag 24mpi¢s) whith lasegios todfe conanied enBmihigaheuadertioni ng
the purificati on and HS% b on. of reco |naat (?I g- baboon chi nera (PBC)

uri case. Laned:" P varigpus aggectdisclased abdver i hqyced pET3d- PBC cDNA
15 transforned ceI s (E. coli BL21{DE3)pLysS); 3= SDS extract of

| PTG i nduced pEAMEBE cDNA-transformed cells; 4= Crude extract (see Table

5); 5= concentrated Q sepharose uricase pool; 6= concentrated ~Prhacryl
S-200 uricase pool; 7= PEGylated Sephacryl S-200 reconbi nant PBC uricase.
The result t pur ified PBC uricase could be 20
modi fi ed W t WPretes > G608 eSactivity. In this

PEGyl ati on reactlon aII of t he urlcase subunlts were nodified (Figure 1)

| ane 7). In studies not shown) the PEGyl ated enzyne had simlar kinetic
properties to unnodirfdaidneBaisusmdydeee {pplicablegnstqictions-supplieddyzheg) O~ 24 ~.

| mportantly) the YR was ch nmo unnodi fi ed
enzyme at phy‘gi’%ﬁf"‘%g“f%“ Oﬁlref‘g%‘ 1 M e mé’ﬂ'gpa%" EEJFP W@Plﬂ' iht\ﬂ‘fﬁ%r | at ed
enzynme coul d @hgidicheod (0P FatehzFeks. amsd3t19ﬂhdr4emrmzl4%ﬁm&&SF(’BS)HMf? 2,
with mnimal |oss of activity. In other experinents, we conpared the

activiti el ofuremioxidasecil¥ s, Peshios Flopmg s PREEnGHIZ O4 s PNAS Rerliph 193% v us
uricase clini f.f t vus
enzynme had | é ?AZP n?ghf%%‘;ﬁ%] rrf%l( P%_ténz PQ:%;Q%E qut%%wb%d bﬁﬁoon e O\’fléifrﬂ%eg i n PBS)
pH 7.2) the REGbIPBﬁwamcﬁeugmdjaiddem rfubi ighad ccmwsm&ndesfdwﬁu echli 1988y dndase

activity by <2 fo MPLE 4 C uI t~na life in mceof unnodi fi ed
and PEG%| a%/ed.lS%éL%P}ﬁﬁ\gg tware prooram enct%s Crg)rnputcr 81‘0!.11), Inc

15 Table 1. Primers for PCR Amplification of Urate Oxidase cDNA

Pig liver uricase cDNA:
sense: 5' gcgegaattccATGGCTCATTACCGTAATGACTACA 3'.
Antisense: §' gcgctetagaagettccatgg TCACAGCCTTGAAGTCAGC 3.

3H baboon liver uricase cDNA:
sense: 5' gcgegaattcc ATGGCCCACTACCATAACAACTAT 3
ntisense: 5' gcgeecatggtctagaTCACAGTCTTGAAGACAACTTCCT

Restriction enzyme sequences (lowercase) introduced at the ends of the primers
are sense (pig and baboon) EcoRI and Ncol; antisense (pig) Ncol, Hir;d[[l, Xbal;
20 antisense (baboon) Ncol. In the case of baboon sense primer, the third codon GAC
(Aspartate) present in baboon urate oxidase (Wu et al. 1992) was replaced with CAC
(Histidine), the codon that is present at this position in the coding sequence of the

human urate oxidase pseudogene (Wu et al. 1992). For this reason the recombinant



Figure ? shows the circulatrnd Iife of native and PEGyl ated PBC ur-icase.

G oups 15 of mce (3 per tinme point) were injected IP wth | unit of_rlalpig:\gezom
(circles) or PEG nodified (squares) reconbi nant PBC uricase (preparation ;
described in Exanple 3). At the indicated tines) blood was obtained from

sets of three mce for neasuring serum yki case activity. The PEGyl at ed
uricase (described in Exanple 3) had a circulating halflife of about 48

hours, vs. <2 h@Hueid MiddsBgedsriQitrdrh 8 uSH8ttABse pHirrshas bédh HAANBIIE S

Effi cacy of PEGvl ated uricase of invention. 2~ Figure 3 shows the

rel at i onshi p bafoos eragnexidiscase activity to the serumand urine

concentrations of..urjc.aci In this eri , .

uri case-defi ci entT%ﬁ,o%zlgS@f ﬁ#&]@%m E’ Wuangiégoé’loh 'iﬁ?grg%a?@g{el%ég&g &%d l|15H}‘geacti ons,

at 0 and 72 heWksdd ef (FadndclaBiotcH e Mikaneay, NIRPCR aplificatibr tsifgTageen

PEGyl ated. The uricase deficient_knock-out nouse was used in this .
experi menf b&B¥pelymenase (CbseBRYaLiferT echnplpgies. (thershurg,dB) Wehpertormed in
knock-out mice) | OIS I [ Jseci 4p & §§4. o bl ood
and body 1 etessbitFeRhERSme YIS RIR O Fondl B0 ROTC D & S B0
urine. These sf109}) 20 eystss fdfowed by [3a| 25°Ca6G e 76Yrli0aysles. Ahanyate oxiddse PkRdneys

of these mce) which is often fat ( al,. 1994) . xperient shown

in Figure 3 (H’E‘WB%t"’F%t‘E%esfeﬁé‘f‘thrﬁctogk)%‘}di%aﬁlilaqndic’ﬂ“&%f%t%ﬂgegg ?pé° T4E ed

preparation g, rcﬁ‘)ﬁ%@l‘é%ﬁ?kpig Bd D1 6aRn) @ftdl the€UAiclonaiy syBeime@&Bfirdgen,ser um 5
IC

uricase activity, was~ acconpani ed by nmarked decline in the serum and
uri nary donc&hatistatli @As cBNAiclpresavsretrinsfoamed inwabe Edetli stp@XLhrBilse. EXAMPLE 6

10 Noni i Ci f - [ PBC
ur' case was (St (RapS e b5l TS ertfRe Sonkcad GRMERATT' 100

Wi t hout i ndugidparedar@lnelcBiNRdinsdrefancewaTmalyzad Bndtanthididdox e tcenigde.
significant immunogenicity. This was confirnmed by ELISA Fi ?ére 4_shows 15
mai nt enance &Hlores thatipessesaesl the pehlishesiuraip exidase 24 G948 Jequensst B3SPhi%er um
after repeated injection. P t P M4.Ga: A WRSERERR te@¥%nd

i ntraperi toné}éﬁ b%f‘gbéhugﬁn éq%%g%bﬁgtgf%?ﬁ#gfﬁgé Hggarbum ur ikcaogclézt af:ti \r}i ty was

det er m nag 24chQ4dris aROSEs df BitBEjuemstepEXAMBIdard7re2@miGoara DA metheikdelgey.t o
mut ational lv i ntroduced |ysine PEGyl ation of ﬂ'”ii fi eéj r econmbi nant.  PBC
uri case shoul d redht ?‘gi"ﬁdh%l?f‘ﬁ%‘rﬁ Nyks containing full length coding sequences were

introduced into pET expression vectors (Novagen, Madison, WI) as follows. The D3H

(=]

baboon uricase cDNA was excised from the TA plasmid with the Ncol and BamHI
restriction enzymes and then subcloned into the Ncol and BamHI cloning sites of the

20  expression plasmids pET3d and pET9d. Full length pig uricase cDNA was excised from
a pUC plasmid clone with the EcoRI and HindIII restriction enzymes and subcloned into
the EcoRI and HindIII sites of pET28b. The pig cDNA coding region was also
introduced into the Ncol and BIpl sites of the expression plasmid pET9d after excision
from the Ncol and Blpl sites of pET28b.

25 The pig-baboon chimera (PBC) cDNA was constructed by excising the 624 bp
Ncol-Apal restriciton fragment of D3H baboon uricase cDNA from a pET3d-D3H-
baboon clone, and then replacing this D3H baboon segment with the corresponding 624
bp Ncol-Apal restriciton fragment of pig cDNA. The resulting PBC urate oxidase
cDNA consists of the pig urate oxidase codons 1-225 joined in-frame to codons 226-

30 304 of baboon urate oxidase.



PEG to the novel lysine (residue 291). In this experinent a preparat_ig -,_o,% fon
PBC uricase 25 could be nodified by PEGylation. It can be determ ned 9‘"‘ 2683
means known in the art whether the peptide containing the novel |ysine
(residue 291) has been nodified by PEGyl ation. 30 REFERENCES . 4 ~' ~ ~
2r,,, Y :; (;~ 26 Abuchowski A, Kazo GV  Verhoest CR, Jr., van Es T,

Kafkewtz D, Nucci M., Viau AT et al (19é ) Cancer therapy with nodified

con ugat es. Cancer TBPCkSnral e ERESHANXMES Lol rSAMANDERE o
Pal czuk NC, WprNdo-Nel foatvicitorHragmefv )3 HEbAb@oih uadasatDEarexnk pBT3@DBYEt hyl ene

gl ycol on inmunogenicity, and cjrcul atj Qa life of bovine |iver catal ase. J
Bi ol Chem 252X28e@clansgandifen15alrging thay D& halaon-psempent with gthegorespopdigs Bt

(1977b) Al't enatnQm j ; %ngég n j ' umn
by coval ent a@tﬂéﬁn@fﬁ{ ﬂegﬁfﬂé g@l fge hy% %f#g" ‘g?%g?ﬁé r\?ﬁ’é@{cﬁ ﬁ%ﬁg{}h%z(%@ag%%#gwl
Ausubel FISvl coh998df e pigamate Pxidesscolians il 88dinedinerand~tolcodns 289:304%f ey &
Sons 15 Ahn KJ, Kim YS%. Lee HC, Park K, Huh KB {1992) Cycl osporine-i nduced
hyper uri cem P2BPYEH2E 8KASE  anspl ant: O inical characteristics and

nmechani sns. TransginaRindld L1 LLeHEQYSf AREDI bdbd8d, pld PBC MR PRYQrds  Sacri stan
JA ( 1993) Allopurinol hyperseénsitivi té S@drorre: A review. Ann 20

Phar macot her qxitlaggargshgwRde Kigpreniangd|t NeEdIS TR pebtandasd teghmiguesdi um
o . TomOY 4 6y e RS0 3EBRS o R s AP Bl
Hyper ur i q@m atcedlatgPOFC. Wheh efthrof ViRke $peltieB@ adk@iessd and the recombinant
enzymes isolated (Table 2), the pig, PBC chimera, and PigKS uricases had very similar
specific activity, which was approximately 4-5 fold higher than the specific activity of
recombinant baboon uricase. This order was confirmed in several other experiments.
The specific activity of PBC uricase prepared by several different procedures varied

15 overa?2-2.5-fold range.

Table 2:

Comparison of Expressed Recombinant Mammalian Uricases

Specific Relative
Construct Activity* Activity
(Units/mg) (Chimera=1)
PBC 7.02 1.00
PigKS 7.17 1.02
ig 5.57 0.79
Baboon 1.36 0.19 -

20
* Protein was determined by the Lowry method. Uricase activity was determined
spectrophotometrically (Priest and Pitts 1972). The assay was carried out at 23-25°C in
a 1 cm quartz cuvette containing a 1 ml reaction mixture (0.1 M sodium borate, pH 8.6,

0.1 mM uric acid). Uric acid disappearance was monitored by decrease in absorbance at
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w t h adenosi ne deam nase deficiency. J Cin Invest 89:1643-1651 Chen RHL)
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| ycol - nodi f(cabenicillinamd chieEaGiphenicd $e&)pEIad {pighhs); k& @rand ichleranephienical

ga%/i ent with. n e- I rfbl prl: . A)npn I,ntmi Led fgy??M- 7 Cnl?hencLF,
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aliquots of the cultures were extracted into SDS-PAGE loading buffer, and analyzed by

SDS-mercaptoethanol PAGE: this established that comparable levels of uricase protein
had been expressed in each of the 4 cultures (results not shown). The remaining cells
from each 100 ml culture were harvested by centrifugation and washed in PBS. The
cells were then re-suspended in 25 ml of phosphate-buffered saline, pH 7.4 (PBS)
containing | mM AEBSF protease inhibttor (Calbiochem, San Diego, CA) and then
lysed on ice in a Bacterial Cell Disruptor (Microfluidics, Boston MA). The insoluble
material (including uricase) was pelleted by centrifugation (20,190 x g, 4°, 15 min). The
20 pellets were washed twice with 10 m! of PBS, and then were extracted overnight at 4°
with 2 ml of 1 M Na.COs, pH 10.2. The extracts were diluted to 10 ml with water and
then centrifuged (20,190 x g, 4°, 15 min). Uricase activity and protein concentrations

were then determined.

25 EXAMPLE 2

Expression and isolation of recombinant PBC uricase (4 liter fermentor prep).

The pET3d-PBC uricase transformant was plated from a glycerol stock onto an
30 LB agar plate containing carbenicillin and chloramphenicol, as directed in the Novagen

pET System Manual. A 200 ml inoculum started from a single colony was prepared in
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Bal here' s O ifainteator Beaiesaibell agiadied of 6t 11 924)CAdH20 HourdNbfadewt under ©, 4990 Gout
in the transplant _patient. J Cdin Rheumatol 1:328 20 334 Gold G.) Fritz BD

(1957) Hyper b2 €&hna=d8kiseprapdiagpiaprosife(IPF@hy #exidedip O.-emRé A iadusann | nt
Nfed 47: 428- %%ﬁ?sé%rﬁu@@w Ar@r M‘r‘or qwu?g'(fd 5'25d- i\'ﬁ bS&%%elé were harvested by

radi ochem cal - -performance 11
10 centrifugation (10,410 x g, 10 min, 4°C), washed once with PBS, and stored frozen at

-20°C.

The bacterial cells (189 g) were resuspended in 200 ml PBS and lysed while
cooled in an ice/salt bath by sonication (Heat Systems Sonicator XL, probe model CL,
Farmingdale, NY) for 4 x 40 second bursts at 100% intensity, with a 1 minute rest

15  between bursts. PBS-insoluble material (which includes uricase) was pelleted by
centrifugation (10,410 x g, 10 min, 4°C), and was then washed 5 times with 200 ml
PBS. Uricase in the PBS-insoluble pellet was extracted into 80 ml of 1 M Na;COs3, pH
10.2 containing | mM phenylmethylsulfonylfiuoride (PMSF) and 130 pg/mi aprotinin.
Insoluble debris was removed by centrifugation (20,190 x g, 2 hours, 4°C). All further
20  steps in purification were at 4°C (results summarized in Table 3).

The pH 10.2 extract was diluted to 1800 ml with 1 mM PMSF (to reduce
Na,CO; to 0.075 M). This was applied to a column (2.6 x 9 cm) of fresh Q-Sepharose
(Pharmacia Biotech, Inc., Piscataway, NJ), which had been equilbrated with 0.075 M
Na,COs;, pH 10.2. After loading, the column was washed successively with 1) 0.075 M

25  Na;COs;, pH 10.2 until Az3 absorbance of the effluent reached background; 2) 10 mM
NaHCO; , pH 8.5 until the effluent pH fell to 8.5; 3) 50 ml of 10 mM NaHCOs;, pH 8.5,
0.15 M NaCl; 4) a 100-ml gradient of 0.15 M to 1.5 M NaCl in 10 mM NaHCO;, pH —
8.3; 5) 150 m! of 10 mM NaHCO; pH 8.5, 1.5 M NaCl; 6) 10 mM NaHCO; pH 8.5; 7)
0.1 M Na,CO;, pH 11 until the effluent pH was raised to 11. Finally, uricase was eluted
30  with a 500 ml gradient from 0 to 0.6 M NaCl in 0.1 M Na,COs;, pH 11. The activity

eluted in two A,gg-absorbing peaks, which were pooled separately (Fraction A and
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- pH 7 Wash 74.9
pH 10.2 Extract 4712 82.7 11,170 2.4
Q-Sepharose
fraction A 820 11.5 1,081° 1.9
fraction B 1809 31.7 4,080 2.3

pH 7.1 precipitated &

redissolved
fraction A 598 35.0 1,748 3.0
fraction B 1586 75.5 3,773 24
Total Recovery 2184 5,521 B

10 “The uricase present in fraction A began to precipitate spontaneously after elution from
the column. Therefore activity measured at this stage of purification was

underestimated.
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10 A. Small scale expression and isolation of PBC uricase (Table 4. Figure 1).

e

A 4-liter culture of E.coli BL2I(DE3)pLysS transformed with pET3d-PBC
c¢DNA was incubated on a rotary shaker (250 rpm) at 37°. At 0.7 ODs;s, the culture was
induced with IPTG (0.4 mM, 6 hours). The cells were harvested and frozen at -20°C.

15  Thecells (15.3 g) were disrupted by freezing and thawing, and extracted with 1 M
Na,COs, pH 10.2, | mM PMSF. After centrifugation (12,000 x g, 10 min, 4°C) the
supernatant (85 ml) was diluted 1:10 with water and then chromatographed on Q-
Sepharose in a manner similar to that described in Example 1. Pooled uricase activity
from this step was concentrated by pressure ultrafiltration using a PM30 membrane

20  (Amicon, Beverly, MA). The concentrate was chromatographed on a column (2.5 x 100
cm) of Sephacryl S-200 (Pharmacia Biotech, Piscataway, NJ) that was equilibrated and
run in 0.1 M Na,COs, pH 10.2. Fractions contaiming uricase activity were pooled and

concentrated by pressure ultrafiltration, as above.

25 B. PEGylation.

100 mg of concentrated Sepahacryl S-200 PBC unicase (5 mg/ml, 2.9 umol
enzyme; 84.1 umol lysine) in 0.1 M Na,CO;, pH 10.2 was allowed to react with a 2-fold
excess (mol of PEG:mol uricase lysines) of an activated form of PEG at 4° for 60 min.

30 The PEGylated uricase was freed from any unreacted or hydrolyzed PEG by tangential
flow diafiltration. In this step the reaction was diluted 1:10 in 0.1 M Na,CO;, pH 10.2
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mg pmol/min umol/min/mg %
Crude extract 1565 1010 0.6 100
Q-Sepharose 355 1051 3.0 104
Sephacryl S-200 215 1170 5.5 116
B. PEGylation
S-200 uvricase 100 546 5.5 100
PEG-uricase 97 336 35 62

10

Figure 1 shows a SDS-mercaptoethanol PAGE (12% gel) analysis of fractions obtained
during the purification and PEGylation of recombinant pig-baboon chimera (PBC)
uricase. Lanes: 1= MW markers; 2= SDS extract of uninduced pET3d-PBC cDNA-

15  transformed cells (E. coli BL21(DE3)pLysS); 3= SDS extract of IPTG-induced pET-
PBC cDNA-transformed cells; 4= Crude extract (see Table 5); 5= concentrated Q-
sepharose uricase pool; 6= concentrated S2phacryl S-200 uricase pool; 7= PEGylated
Sephacryl S-200 recombinant PBC uricase.

The results shown in Table 4 show that the purified PBC uricase could be

20  modified with retention of about 60% of catalytic activity. In this PEGylation reaction

all of the uricase subunits were modified (Figure 1, lane 7). In studies not shown, the

PEGylated enzyme had similar kinetic properties to unmodified PBC uricase (Ky 10-20
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Circulating life in mice of unmodified and PEGvlated PBC uricase.

Figure 2 shows the circulaung life of native and PEGylated PBC uricase. Groups
15  of mice (3 per time point) were injected IP with 1 unit of native (circles) or PEG-
modified (squares) recombinant PBC uricase (preparation described in Example 3). At
the indicated times, blood was obtained from sets of three mice for measuring serum
uricase activity. The PEGylated uricase (described in Example 3) had a circulating half-

life of about 48 hours, vs. <2 hours for the unmodified enzyme (Fig 2).

20
EXAMPLE 5
Efficacy of PEGvlated uricase of invention.
25 Figure 3 shows the relationship of serum uricase activity to the serum and urine

concentrations of uric acid. In this experiment, a homozygous uricase-deficient
knockout mouse (Wu et al. 1994) received two injections, at 0 and 72 hours, of 0.4 IU
of recombinant PBC uricase that had been PEGylated. The uricase deficient knock-out
mouse was used in this experiment because, unlike normal mice that have uricase, these

30  knock-out mice, like humans, have high levels of uric acid in their blood and body
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conprising a r%%‘Eo%?ﬁgﬁfepa’iaf’@h@féewf@i“hp%g UEC3$R AetltGdAR 28 CEGA8SINGRIUER has
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to claiml wherein said reconblnant ‘protein 1s a chineric protein of two or
nmor e manmal i ancoapéntratiersioff usie geid imcewicag:-deficignomense. of cl aim 2 wherein said
reconbi nant uricase chinmeric protein conprises 304 am no acids, the first
225 N-term nal portion of said 304 am no acids being am no acids |-22S of
porci ne uri casexAmpiige remaining 79 ammo acids of said 304 am no acids

bei ng am no aci ds 226-304 of baboon uricase. 4. A protein of claim?2
wherein said reconbi nant uricase chineric protein conprises 304 am no
acids, the, firgt .2 N-term nal rtion of jd 304 am no acids being am no
acids 1-28 ofl%n m%% Quentcity of Conshiricardide Complek ng 16 am no acids of said 304
am no aci ds being am no acids 289-304 of baboon uricase. 5. A reconbi nant
uricase protein selected fromthe group consisting of SEQ m Nda2, 4, 8,9)

| 0and11. 6. An i solfRC@drtethscombingnt gacﬁun@v%i“esaa?fae%rsp@&ﬂwnaodmm%ys%
reconbi nant urj e : { . o : rdfks : J cid
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purified nucl eifcigatficdntioimenugeicitpdimgwas coafiondai byaFitISat ilKase4 stiowsl ai m 4.

15 maintenance of circulating levels of unicase activity (measured in serum) after repeated
injection. PEGylated PBC uricase was administered by intraperitoneal injection at 6-10

day intervals. Serum uricase activity was determined 24 hours post injection.

EXAMPLE 7
20

Covalent linkage to mutationally introduced lvsine

PEGylation of purified recombinant PBC uricase should result in attachment of

PEG to the novel lysine (residue 291). In this experiment a preparation of PBC uricase
25  could be modified by PEGylation. It can be determined by means known in the art
whether the peptide containing the novel lysine (residue 291) has been modified by

PEGylation.
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304 amino acids being amino acids 226-304 of baboon uricase.

4. A protein of claim 2 wherein said recombinant uricase chimeric protein
comprises 304 amino acids, the first 288 N-terminal portion of said 304 amino acids
being amino acids 1-288 of porcine uricase and the remaining 16 amino acids of said

304 amino acids being amino acids 289-304 of baboon uricase.

S. A recombinant uricase protein selected from the group consisting of SEQ ID

NQOss2,4,8,9, 10and 11.

6. An isolated and purified nucleic acid molecule coding the recombinant uricase

of claim 1.

7. An isolated and purified nucleic acid molecule coding the recombinant uricase

of claim 3.

8. An isolated and purified nucleic acid molecule coding a recombinant uricase of

claim 4.
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9. An isolated and purified nucleic acid molecule coding a recombinant uricase of

claim 5.

10.  Anisolated and purified nucleic acid molecule of claim 9 having a base

sequence of SEQ ID NO:1.

11.  Anisolated and purified nucleic acid molecule of claim 9 having a base

sequence of SEQ ID NO:3.

12. A vector comprising a nucleic acid molecule of claim 1.

13. A vector comprising a nucleic acid molecule of claim 9.

14, A host cell comprising a vector according to claim 12.

15. A hostcell comprising a vector according to claim 13.

16. A method of increasing the available non-deleterious PEG attachment sites to a
uricase protein comprising mutating a uricase protein whereby at least one lysine

residue is introduced therein.

17. A method of increasing the available non-deleterious PEG attachment sites to a
uricase protein comprising mutating a uricase protein whereby at least one lysine

residue is introduced therein in the place of an arginine.
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