VARI ANT FORMS OF URATE OXI DASE AND USE THEREOF CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] The present application clainms priority to and benefit
of U S. pwowneiamab application Serial No.: 60/670, 573, pCirlusdoosm1sspei| 11,
2005, the disclosure of which is being incorporated by reference herein.

FI ELD OF | NVENTI ON [ 0002] The present invention relates to genetically

nodi fied proteins with uricolytic activity. Mire specifically, the
invention relates to proteins conprising truncated urate oxi dases and

met hods for proguginovt eRyBAGKFRORAE : BRR3]y The terms
urate oxi dase amnd u 2 3 T At erehange 5y =t e Oxi dases
(uricases; E.C 1.7.3.3) are enzynes which catal yze the OXI dation of uric
acid to a nore soluble product, allantoin, a purine netabolite that is nore
readily excreted. Humans do not produce enzynatically active uricase, as a
result of SeveralIn¢£$*§¥£§24ﬁé£%gﬁ§iikl a % uired during the
evol ution of higher ‘Mﬂéﬁl S 34: 78- 84,
|ncorporat ed herein by reference in its entirety. As a consequence, in
suscep& E |V|duaL lexces ive concentrations of uric acid in the bl ood
(hyper U1 10¢Eni a) el FFefbarplicaiqng ?’ffTﬁlpr‘é?Fl%‘iol"WFi?e(lﬁHtﬂfP S dirgvisigusliapglicatiane
deposi gs _(5\35 %) and renal failure. In sonme affected individuals, available
drugs SEEH Nes: 401643074 .rfded pmADIAK 008 the flislosure af nlichyin bhiag irspruradd be
treatment-limting adverse effects or do not relieve these conditions
adequaﬂéb@nmﬂmmde KR, et al, (1984) AmJ Med 76:47- 56; Fam AG (1990)
Bailliere 's din Rheumat ol 4 177-192, each incorporated herein byreference

inits entirety. Injections GIEWD QFqNVENTf@NT ease hyperuricenm a and
hyperuricosuria, at |least transrenflTy.” Since uricase is a foreign protein

| N UNREB2] eV erhel & chi 1h§éntioﬂlr Gl ?&%&‘{CUE{!E’ lﬂ&ﬂﬂg@ I)f'oef‘ems%) Wﬁé él{}g?lg{lc PePnt of

Asperglllus flavus has ind uce anap I'c" reacttons

treate Leukem a 11:1813-1816,

i ncor pgirogggéjc?%ﬁfecrg% tH‘lme tfdélrrgt%eé % Hrq(t‘flgs “e‘%\'?li’rr‘sé‘i‘%/‘)"uncé éW%ﬂﬁ@p%Ia@d
response,ﬁ1 gét 4@ ity for chronic or intermttent treatnent. Donadi o,
D, et sse Med 10: 71 1-712; Leaustic, M et al, (1983)
Rev Rhum I\/al CBteoartl c 50:553-554, each incorporated herein by reference
inits entirety. [0004] The sub opt i mal erformance of avai l abl e treatnents
for hyperuriceni a has beBf cREHIND OF DI ¥ ) P¥ades. Kissel, P, et

al , (1[968; Nat ure 217:72-74, |ncorporat ed here| by
0003] The terms urate oxidase and uricase are used herein interchangeably. Urate oxidases

10  (uricases; E.C. 1.7.3.3) are enzymes which catalyze the oxidation of uric acid to a more soluble
product, allantoin, a purine metabolite that is more readily excreted. Humans do not produce
enzymatically active uricase, as a result of several mutations in the gene for uricase acquired
during the evolution of higher primates. Wu, X, et al., ( 1992) J Mol Evol 34:78-84, incorporated
herein by reference in its entirety. As a consequence, in susceptible individuals, excessive

15 concentrations of uric acid in the blood (hyperuricemia) can lead to painful arthritis (gout),
disfiguring urate deposits (tophi) and renal failure. In some affected individuals, available drugs
such as allopurinol (an inhibitor of uric acid synthesis) produce treatment-limiting adverse
effects or do not relieve these conditions adequately. Hande, KR, et al., (1984) Am J Med 76:47-

56; Fam, AG, (1990) Bailliere’s Clin Rheumatol 4:177-192, each incorporated herein by



reference inits entirety. Simlarly, the possibility that certain groups

of patients with severe gout m ght benefit froma safe and effective form

of i nj ectwbl2eoaunbsiase has been recogni zed for many year #CTD®82006/013660 et al ,
(1978) in GB Broun, et al, (Eds.) Enzyme Engineering, Vol. 4 (pp. 169- 173)
New York, Plenum Press; Nishinmura, H et al, (1979) Enzyne 24:261- 264,

Ni shimura, H, et al, (1981) Enzyne 26:49-53; Davis, S, et al, (1981) Lancet
2(8241):281-283; Abuchowski, A, et al,-Z-41981) J Pharmacol Exp Ther

219: 352-354; Chen, RH L, et al, (1981) Bi ochi mBi ophys Acta 660: 293- 298;

Chua, : ) : - " nher, M., et. al,
(1935) "ReATeRTb i anesT pigonty Mt bbbl KRB i rrdiieo fhiale
its entr . Ui cases derived. fr.om ani.mal organs ar early insqgluble in
o vent &of IRty SRRP et b ordiEL Bibtrin St ot Bt Ingser oaHe U S
Patent No. 3,61 6,23 1, incorporated herein by reference in its entirety.
Cer t ai MOdEigsaRolgE Qo spergiHus mrshasinducedaianbylsetioeartions impeyersd percent
soluble in nedically acceptable solvents. However, injection of the

m cr obioétltre@tndyn@@‘fsqéum@-ﬁ, ey ¢ BY7) wewireolio §i :¢ 813-1 85) dmeesoritbdherembyl ead t o
life-threatening allergic reactions or to inactivation and/ or accel erated

cl er aneferente irhies antiretgs and fromuhdiogic iréspuhss liant itDailagitsr chédni@bs infek@8ioht
Leaustic, et al, (1983). Enzynes based on the deduced am no acid sequences

of uri eReSerk TWRBRMLS/, REISGNAe P} 382q¢rs120 Nseet ch
as, for exarrrlpl e, aDr osophciilg ne?anglégg%g%m%gq%rb@g?p}%i F%Ju%fs?%nt%’o%%gtﬁrg?y

(Mal I'r , , £:190Q) ! I Biol 10:51 14-5127 incorporated

her ei nq%g Rh g eﬁflgél(ggb?aﬁ&%? Q@é%!tglg %"efi%%‘ ,IHCHQD\?éatﬁcher lélébﬁ' rgﬁ?f?@ﬁll%ﬁ%%‘ﬁﬂﬂéfat es for
clinical use, due to problens of inmunogenicity and insolubility at

physi ol peH cal . . [.0005] .Previ ousl i nvesti gators. have used i pj ected
uricas 46@5‘?cat ’g#‘_%/ -QngAaégﬁ&WDSﬁXJB?Vﬂﬂﬁﬁg tr&%ﬁ“&?“f%foéﬁ}’%‘t‘r&)‘iemlil Hasvli’e\fiﬁ. See
Pui, et al %%%g?) This is the basis for the use in France and Italy of
uri casé&ePg SPYRiRuscatsesdiighaly Rie! ol I B6S) (ot irne 2y v 74 ncotpopated bereindyy
tenporarily correct the hyperuricem a associated with cytotoxic therapy for
heh@it orefgieaceril itsgméinaty c¥malady.tthe posaitslityribdt yertad gomips ef patéentsyypieh soviessegoua i n
patients with gout. Potaux, L, et al, (1975) Nouv Presse Med 4:1 109-1 112;
Legoux mifht tehefif frorh 2382)and eBlectiveGbamol Gf¢ B8O u&EO had bedn r&RBRES fot 38R, 518
and 5,541,098, each incorporated herein by reference inits entirety.

Becausgeb. i HP06alGi 1578} A GBBrbiA. hITEEdL) g@g@@&%@%@%ﬁoﬁ%@%‘} -

injections. Furthernore, it is not well suitée

b ' j L GLEY: s t.aj i ] seful f
o epar R R P o RO L < G P A EF oL ey Sy it
(both LF cflle, r(ll’ﬁﬂ) tEtijzzyailnse %E@-SEPDE\IAS,%%Z@ alF ,Q%%Sale%%fzée? %I(éz\é/l15—:;581;{_833?14()1)1{180}1(1‘)‘%1{{8 of

15 A, etal., (1981)J Pharmacol Exp Ther 219:352-354; Chen, RH-L, et al., (1981) Biochim

Biophys Acta 660:293-298; Chua, CC, et al., (1988) Ann Int Med 109:114-117, Greenberg, ML,
et al., (1989) Anal Biochem 176:290-293, each incorporated herein by reference in its entirety.
Uricases derived from animal organs are nearly insoluble in solvents that are compatible with
safe administration by injection. U.S. Patent No. 3,616,231, incorporated herein by reference in
20  its entirety. Certain uricases derived from plants or from microorganisms are more soluble in
medically acceptable solvents. However, injection of the microbial enzymes quickly induces
immunological responses that can lead to life-threatening allergic reactions or to inactivation
and/or accelerated clearance of the uricase from the circulation. Donadio, et al., (1981); Leaustic,

et al., (1983). Enzymes based on the deduced amino acid sequences of uricases from mammals,



uricase having increased protein half-1ife and reduced i nmunogenicity. U S.
Patents 4,179, 337, 4,766,106, 4,847,325, and 6,576, 235; U S. Patent

Appl i cat iwo 20uebiipsiat i on US2003/ 0082786A1, each i ncor por aCedish@wcaisschy
reference in its entirety. Conjugates of uricase with polynmers other than
PEG have al so been described. U S. Patent 4,460,683, incorporated herein by
reference in its entirety. [0007] In nearly all of the reported attenpts to
PEGyl ate uricase (i.e. to covalently cauple PEGto uricase), the PEGis
attached primarily to am no groups, including the am no-term nal residue
and the _gvailable l.ysine residues, In.the.uricases.commpnly used, the total
number TBAPSLE REECPBAOH, of FrOPHESl, PGS T SRS RSP AP R 9
(Aspergillus flavus éU.S. Pat ent 5,382,518, incorporated herein by

" of or erid@seRlikaseutaobicay s Al 38 eialy ([AR) Mel Cell Bipl 10:7168997pr oc Nt |
Acad Sci USA 86:9412-9416, incorporated herein by reference inits

ent i r etiggorporsieddersin bheefergnieriodts antrety) aveve nabbeenfsoitablE@yd dadaitasrfor elirtidud
native confornmation of the enzyne. The npbst conmon approach to reducing the
i Munogee) duktty pablanis sfdfentiegedicignaddinesiutilisy 4t phggologizhlesIs. of strands of

| ow nol ecul ar wei ght PEG This has invariably resulted in |arge decreases
in the enzymatic activity of the resultant conjugates. [0008] A single

i nt savgmmsq | NPR&AJUGR, RivedtigRfodPRdvAtus@Ninfictddanfbastaoehialyz8 th¥ dmReBionRkigd to
5 kDa PEG reduced serumurate to undetectable levels i'n five human subjects
whose -4 Nk eckl .Ser At 1.S. 6. 1.dls; i.ch
R e A S R e S S
an additjonal injection four weeks |ater, but their responses were not

r epor t ddicaxdren thelyagwssdsper gitusomes (leieozmecq tearevent|os idmpramy cowediile (and
| ast) injection, using a relatively insensitive gel diffusion assay. This

r ef er erhypemepeniredsarmtedewith tptofaxomthetapp fivrcheoratcd ogic lnvatighanciasead etrarsiantly
human patients or experinental animals. [0009] A preparation of uricase

from Artducebewsehypeiaihas i fitietQ wthetbut. PobaukDR, HEE, 1BF51NEG Prsiempr arily
control hyperuricema in a single patient with | ynphoma whose pre-injection

sef gMm U Afs. LQNCEJAL R 08 aiz.,Sgb@zmbﬁ,kCh%;g%mx%gs-gkm; tﬁ.é?ﬁégms Bagausg a&? f the

critical condition of the patient and t shor uration of treathnent our

i njecti ring.l4 it 1S not possible to.evaluate the |long-term

ef fi cac@gh@r%a & ;}n%ofr&fa}é%a & Srr?jsnu%ya{e e.relf%d%t]s ePtrlrrﬁﬁyo T sreo()[fététsF% C??Lg?ﬁqgmmne
recognition is enabl gd by nodifying each uricase subunit with 2 - 10

st r anddifefiméipicompine Uk quireselaigi tnj gaEong. SBurkrmort2 ikib)t veadl fuéted fatlorg-teral. S.
Pat ent 6,576, 235; (1994) Adv Exp Med Bi ol 366:377-387, each incorporated
her ei n thyrapyeberaesead its immunogenicity.

[0006] Certain uricases are useful for preparing conjugates with poly(ethylene glycol) or
15  poly(ethylene oxide) (both referred to as PEG) to produce therapeutically efficacious forms of
uricase having increased protein half-life and reduced immunogenicity. U.S. Patents 4,179,337,
4,766,106, 4,847,325, and 6,576,235; U.S. Patent Application Publication US2003/0082786A1,
each incorporated herein by reference in its entirety. Conjugates of uricase with polymers other
than PEG have also been described. U.S. Patent 4,460,683, incorporated herein by reference in

20  its entirety.

[0007] In nearly all of the reported attempts to PEGylate uricase (i.e. to covalently couple
PEG to uricase), the PEG is attached primarily to amino groups, including the amino-terminal

residue and the available lysine residues. In the uricases commonly used, the total number of



inits entirety). This strategy enabled retention of >75% enzymatic
activity of uricase fronvarious species, follow ng PEGyl ati on, enhanced the
ci rcul at iwgQ 20edfaos1b uri case, and enabl ed repeat ed i nj ecrrconsedosinsseenzy e
wi thout eliciting antibodies in mce and rabbits. [0011] Hershfield and
Kelly (International Patent Publication WO 00/08196; U.S. Application No.
60/ 095, 489, incorporated herein by reference in its entirety) devel oped
means for providing reconbinant uricasg._proteins of manmalian species with
opti mal nunbers of PEGyl ation sites. They used PCR techniques to increase

t he nunber of avail able |ysine residues at sel ected _points on the enzyne
whi ch 1¥singedn eara Pl ths loHn @thaiae}%l@as rSé@b\@?ﬁnt%SdAswgtlﬁlé fia SRatem " aft er
subsequent PEGyl ation, while substantially retaining the enzyne's

ur i col Y1382,54 81 invorpgrateddieecin by réfeiencaini itsentirgdy)o ared A (rig €W Hneteal e (1980) t he
carboxy and/or amno termni. They do not provide for directing other

speci f iPeocgembAcadBeiyI$ AGa e 2941 &riadorpurated hetehebyprefdrende. in [itd @AZdety) ) Sohies
application, the term"imunogenicity" refers to the induction of an immune

res pon%ﬁﬂ@dyﬁﬂesi 4 Bedvataté eRFEt1abnah (REERR dbhfoftatiin HNADEIALRITHE | case
(the antigen), while "antigenicity" refers to the reaction of "an anti gen

with p ISkl ' i . ' " ' .G ' nicity
o r o el bt et bkl G BER bt Kol o AIREET 2
i mrunor eacti vi.ty i sessed a. et y, of netha i ncl udi ng: t he
Fonot | GRBHS P sl BREn et otialf REG: Xnadanenh semed MfteatbihBon
of induced antibody synthesis; and 3) accelerated clearance rates after

r epeat ddthegpavnatispastivitp of 9 resuliontseaiugeiegnpt s to elimnate the

i mrunogeni city of uricases fromseveral sources by coupling various nunbers
of strands of PEG t hrough various |inkers have net with |limted success.
PEG ur i[@8ds warsigld ingravetions Ingersidn loff a BrepBeatins of frdndiga yrilinvidease pelpddtior

col | eagues. Davis, et al, (1978); U S. Patent 4,179,337; N shinmura, et al,
(1979) 5 kInpRpe seluced sortus bite WO IGR @b H2vaDdQVBye haaahsubjrcorplarsatedager ei n
by reference inits entirety. The conjugate disclosed in U S. Patent

4,41d9, %?ezinﬁ &tidN Bé8SUrAREoRYenti886: {sHR ﬂflg'ycﬁ anRicRfs WBRGES Adrafil RihbeliMavid, th a
2,000-fol dni ol ar excess of 750 dalton PEG indicating that a | arge nunber

Sleﬁﬁ! %é?-r?@?g?’- Pt e %’?*g@i%fﬁ @?}@?‘%’?&?ﬁfﬁg&i?@% RSS! Bl e (o
o cf or SHFS SeliptaoRb bl B A amete Heere flleavae R secolent Bl ubi e

non-i nmunogeni ¢ conj ugat es of _various pol ypeptide hornones and enzynes

i ncl udilkigction BoRed Idetiebsinsemitiysisechdiffusionassay sThys eefgreneqepartedagassds | n
addition, U S. Patent 4,179, 337 enphasi zes the coupling of 10 to 100

pol ymerfrost elanulis opswbalmdnée rbasments of hymen patiedts drexpetimentalominglsat | east 40%
of enzymatic activity.

15  [0009] A preparation of uricase from Arthrobacter protoformiae coupled to 5 kDa PEG was
‘\
used to temporarily control hyperuricemia in a single patient with lymphoma whose pre-injection
serum urate concentration is 15 mg/dL. Chua, et al., (1988). Because of the critical condition of

the patient and the short duration of treatment (four injections during 14 days), it is not possible

to evaluate the long-term efficacy or safety of the conjugate.

20  [0010] Improved protection from immune recognition is enabled by modifying each uricase
subunit with 2 — 10 strands of high molecular weight PEG (>5 kD — 120 kD) Saifer, et al. (U.S.
Patent 6,576,235, (1994) Adv Exp Med Biol 366:377-387, each incorporated herein by reference

in its entirety). This strategy enabled retention of >75% enzymatic activity of uricase from



No test results were reported for the extent of coupling of PEGto the

avai |l abl e am no groups of uricase, the residual specific uricolytic
activity,wonoadaosionmunor eactivity of the conjugate. [ 00P&r/USR006NE366@OUS
publications, significant decreases in uricolytic activity measured in
vitro were caused by coupling various nunbers of strands of PEG to uricase
fromCandida utilis. Coupling a | arge nunber of strands of 5 kDa PEG to
porcine liver uricase gave simlar resiyts, as described in both the Chen
publication and a synposiumreport by the same group. Chen, et al., (1981);

Davis, et. al., (1978).. I n seven previoys, studies, the

i munor' @48ty ?ﬂe?\%s’%?ﬁ%wliné %%‘(%r?ﬁlas“opeﬁﬁ?{l%e@ “E% C%@qﬁgﬁlﬁgé’gﬂnwem%}?l%n and
was elimnated in five other studies. In three of the latter five studies,
the el i'FRsatadiipiscténm ofithe prayarcvyithaut glisinganiihedies dnmigerandppllfisund decr eases
inuricolytic activity - to at nost 15% 28% or 45%of the initial
activity. Nishinmura, et al., (1979) (15% activity); Chen, et al., (1981)
(28% adg(?lli]t y) Hergh¢ld mnd & ellg(IntdrngtioqnabBaynt (Pablcaoni WDt G0)08196; Ulte fourth
report, PEGis reported to be coupled to 61% of the avail able |ysine

r esi duespplioatiort e, 604305183 insppoidi¢Chereinibyirtférdnse Hoits &ltiaétePdevilped maskd , et
al ., (1981). However, a research teamthat included two of the sane

sci ent ifst srodidchoUs €5 bR St HERRA t hait ' xt ent of
coupl i ng rophe oSt atgﬁgﬁe{%&tg?ﬁ?ﬁly 23%1{2%133?&%%,%@?&2?3“ fgss‘%. The

1981 p ' | QE ' o an al - indicate that. to
+educs Tt aldnse Aol METOR Kol o in@PReHChihod see bt B3
appr oxi ely, 60% of the availahle Jysing residues. The fifth pyblication
i GRS R Op BT ey afh dedaaliosntlh o s FgosRiyen Bbig immune

el imnated does not disclose the extent of PEG coupling, the residual

uri col y¥§temegdiar subspquest PERylatigpuvkilofubstaatipceisining the engyikegaricalgtionese,
FM et al., (1997) in JMHarris, et al., (Eds.), Polyethylene glycol)

Cheni staetyvign §oBic olf duiivaicagppiotedst dro trencatdSit SyrgolsixyranSér iapsnGBfminpThey
182-192) Washington, DC. Anerican Chemical Society, incorporated herein by

refer edoaot proivide fendirdotiby otHeP§HkbificGRARIGHYiAducell aRE& s i s mbleg. fraction
of the lysine residues in uricase reduced but did not elimnate its
i mmunoreactivity in experinmental animals. Tsuji, J, et al., (1985) Int J

| MTUNOPERAIEC Ol this APl aB8n, th &P HnBluBdedidi B RefRls thehEmBRGHHN JF ahlifnfAL| I €1 Y
(28-45% of "the am no groups coupled); Yasuda, Y, et al., (1990) Chem Pharm

Che. antepOnR Rt QERARRLA S PRCEMDaiNa L LEhBATRY Wl g abliE S diE ™ ©f

the ami no groups coup e resi I'C activities
correspondi ng. agddyct anged from <33% (Tsuji, .et al.) t.o % (\Yasuda, et
o o etshii et fo [teagon v Arbien it BresyfineduibediSpeelii ehse
conjugates with 7.5 kDa and 10 kDa ) o
antigenicity and immunogenicity are referred to as “immunoreactivity.” In previous studies of
15  PEG-uricase, immunoreactivity is assessed by a variety of methods, including: 1) the reaction in

vitro of PEG-uricase with preformed antibodies; 2) measurements of induced antibody synthesis;

and 3) accelerated clearance rates after repeated injections.

[0013] Previous attempts to eliminate the immunogenicity of uricases from several sources
by coupling various numbers of strands of PEG through various linkers have met with limited
20  success. PEG-uricases were first disclosed by FF Davis and by Y Inada and their colleagues.
Davis, et al., (1978); U.S. Patent 4,179,337; Nishimura, et al., (1979); Japanese Patents 55-99189
and 62-55079, each incorporated herein by reference in its entirety. The conjugate disclosed in

U.S. Patent 4,179,337 is synthesized by reacting uricase of unspecified origin with a 2,000-fold



PEGs, in addition to 5 kDa PEG All of the resultant conjugates are
sonmewhat i nmunogeni ¢ and antigenic, while displaying markedly reduced
enzymat i cwaebiwviibsies. [ 0017] A PEGyl ated preparati on of pamiusa®e/of366m
Candida utilis that is safely adm nistered twice to each of five humans is
reported to have retained only 11%of its initial activity. Davis, et al.,
(1981). Several years later, PEG nodified uricase from Arthrobacter

prot of orm ae was adm nistered four times to one patient with advanced

| ynphoma and severe hyperuricemn a. Chua et al., (1988). Wiile the residual

tivit ty t d,, Chua, .et_al ..
Gemonst 1 aRce PRl r R0 MR PE Rl WARe PRl MRR oEPo il BiopShdi et um
| i nked
e AN i@@&‘&' t %ttlﬁ%%a‘f‘%%%ﬁi?ﬁ??ﬁ%%@%‘ T e opEdy ampna e atice

shom1t cat tlc activity is markedly depressed by coupling a sufficient
nunber QLR éortytenpsémot? vidlemeleselar weightsrnii$ep éa20,000 taltawometerdbiyal | v .
Furt hernore, nost previous preparations of PEG uricase are synthesized

usi ng rb@ItH00 ity 5068 dalters, yovide actiiel onieteolublel n@zin@ustichicaohp@ates of
(2,4,6-trichloro-1,3,5-triazine) that has been shown to I ntroduce new

ant § gevariowbgiodypeptianhemangs el er2gheeidchRidosNabARiRts 3P
rabbits, Tsuji, et al., (1985). ?00119] Jétﬁgg?teser Patenst Nté\}hl&%qllr%gi 80%1% A

Sano, oF ke exalPQ! Hpéc@tltﬁql RS BafbnPy, 176587 €A ?ﬁasﬁ%s Iyt ??%B#:"@r &t 2’}) tr?gl §C| 0ses

nodi fied proteins, incl udlng uricase, derivatize

nol ecu f that sh r educed e y and "inpr.oved
or ol ongas Pt fer digfeeulted sh e, Jd et ol Ml fudimaseactiin:
Howeve ere,are no dis ures regarding strand counts, enzyme assays,
bi ol og'rrNcOa{[Fsh[tr%S%Jttg Wote teﬁaft?F&fﬁ Slt?gexéefm ®g tRIPGve af BEGIte ﬁlgeeayallalﬂap@rr@sgom nt s
55-99189 and 62-55079, each incorporated herein by reference inits

ent i r eMgicasgahe resitugl sneaidis, urigplys estévitys prtheémoompregeativty qitbpeotdubard. t h

PEG triazine or wPEG triazine (denoted as PER), respectively. See

Ni shinura, et al, (1979 and 1981). In the first type of conjugate, the

mot @c u [0 4he | glntpsemuStm:@hm@msm@nﬁcanbaecameﬁmhmotym|ab@v1tymemre<a3ﬁ@/tt¢o
only 5 kDa PEG is used. Nishinura, et al., (1979) reported the recovery of

15% of weteecausddctnyl gtuipling @i otis tnymdtiseit strlelisfdr PG fé%r&%sé‘@(/ﬁl@anﬁﬂl@ uBK@i | abl e
lysines with linear 5 kDa PEG while N shinura, et al, (19 81) reported the

r ecoveCyuplingHlife Rttt of sttd@s UF § 'a)PtE'CP Oa‘%%déé fxf%gl%%?ge !sfrfnf & ésgt[til%t];s e36%

or 36% of the | ysi nes, respecti ve evioust

rica or reconbin roteins. wever,

o oS RARLEH IR Tk IS Ui we%smwgt% VB sMuEENE Ghasertle of
(1981); Davis, et al., (1978).

15  [0015] In seven previous studies, the immunoreactivity of uricase is reported to be decreased
by PEGylation and was eliminated in five other studies. In three of the latter five studies, the
elimination of immunoreactivity is associated with profound decreases in uricolytic activity — to
at most 15%, 28%, or 45% of the initial activity. Nishimura, et al., (1979) (15% activity); Chen,
et al., (1981) (28% activity); Nishimura, et al., (1981) (45% activity). In the fourth report, PEG is

20  reported to be coupled to 61% of the available lysine residues, but the residual specific activity is
not stated. Abuchowski, et al., (1981). However, a research team that inctuded two of the same
scientists and used the same methods reported elsewhere that this extent of coupling left residual

activity of only 23-28%. Chen, et al., (1981). The 1981 publications of Abuchowski et al., and



unexpected | ow nol ecul ar wei ght peptides which appear to be degradation
products and increasein frequency over tinme. The present invention is

rel at ed twormdsanvsipeconbi nant uri case protei ns havi ng t Pomaskeosnsscand
enhanced structural stability. SUMVARY OF THE | NVENTI ON [ 0021] The present
i nvention provides novel reconbinant uricase proteins. In one enbodi nent,
the proteins of the invention contenplated are truncated and have nut ated
am no acids relative to naturally occurring uricase proteins. In particular
enbodi nents, the nutations are at or around the areas of am no acids 7, 46,
291, ang 301.. Conservyatijve . mutations anywhere i.n the pepti.d e also

cont empihah Shiladnioi R etk By S yicern SoaBaftieht. Tty a6

provi des a nutant reconbinant uricase, wherein the uricase has been

t r uncatc@8Plpg torappraramateling)’a of the ayadatletysing sesigues uFhechaity prllicatien in whichthet he
natural ly occurring uricase. The truncations are at or around the sequence
t er mi niimgwohrepétatityt dferrisasstie raportay taclmve dicen ¢lireinatetlidoas potalischnse Hei eksent dhiese
mut ati ons and truncati ons nmay enhance stability of the protein conprising

such MPBE ¢@ipbing,[tHO 23]dubhurédddititekti Gith @ ieature b thePFRSPRtein MrRAdd. ON t O
provi des a neans for netabolizing uric acid conprising a novel reconbi nant

urigas i [N F LG Al Vi AL L I | & b ol ed
e o n R s R LI HAGIaR AL (B, B GRS Chorishp e
[ 0024] } I:nventd furth [.oxindes ell with the capacity
for pr c})%@?lgﬁglb %8 ﬁ&%ﬁagglgség[%ﬁy OSShbnggﬁﬁ?srét?Qgﬁ ‘e ZE@EQW afbmé’mnn@ da B Lt 1316
has nut at ed ino acids and retains yricolytic activity. [0025] In an
enmbodi ’En,lcaigo?lgﬁ’r mearporaiehietein by P 4hFIEH¥e i s  provided conprising
a mammal i an uricase am no acid sequence truncated at the am no term nus or
t he carboxy term nus, or both the amno and carboxy term ni by about 1- 13
am no a0918d andomingatioaf SHSH tost sweplien fiaskianldbe lysingmetiduesdn vicase resess but
position 46. In particular enbodi nents, the uricase conprises an an no

t er m nalid sotichoinate ds innen@keactivity imexpeointeatabamialalsa Mswia Jaet ., (1984) i ne,
glycine, proline, serine, or threonine. Al so provided is a uricase wherein

t heo e ISnAnsplsinatelt7: 05-730, aleotornedhére@rbydefanrch it s eanthyg28459] gmhee. In
an enbodi ment, the uricase conprises the am no acid sequence of SEQ I D NO

8. In @Hlil%@‘%qbﬁ&ﬂﬁsled%h?asﬂfl&,cﬁ%?af.,s(_l oS CHRAH Bichrd k11 98:PO3 Ao, frﬁof‘p%'fam:d for

exanpl e, a polyethylene glycol - uricase conjugate. In particular
enbodi l. . b, - Lcase j Lhse 2 to.12
pol yet ef-urey Bt MISRGRLLGR o Hp hRRCEAN SRRAR SRFRIAREHAEIT 1o
pol yet ggtlivel 165 ogf #e génergg(l)r? 11% g(?du%’%rranged from <33% (Tsuji, et al.) to 60% (Yasuda, et al.)

of their initial values. Tsuji, et al., synthesized PEG-uricase conjugates with 7.5 kDa and 10 kDa

15  PEGs, in addition to 5 kDa PEG. All of the resultant conjugates are somewhat immunogenic and

antigenic, while displaying markedly reduced enzymatic activities.

[0017] A PEGylated preparation of uricase from Candida utilis that is safely administered
twice to each of five humans is reported to have retained only 11% of its initial activity. Davis, et
al., (1981). Several years later, PEG-modified uricase from Arthrobacter protoformiae was

20  administered four times to one patient with advanced lymphoma and severe hyperuricemia.
Chua, et al., (1988). While the residual activity of that enzyme preparation was not measured,
Chua, et al., demonstrated the absence of anti-uricase antibodies in the patient’s serum 26 days

after the first PEG-uricase injection, using an enzyme-linked immunosorbent assay (ELISA).



uricase subunit. In particular enbodi nents, each pol yethyl ene gl ycol

nol ecul e of the pol yethylene glycol - uricase conjugate has a nol ecul ar

wei ght bewaeets/dtwiat 1 kD and 100 kD; about 1 kD and 50pPkDusaiwewnt3cso kD and
20 kD; or about 10 kD. Al so provided are pharmaceutical conpositions
conprising the uricase of the invention, including the polyethylene

gl ycol -uricase conjugate. In an enbodi nent, the pharmaceutical conposition
is suitable for repeated adm nistratioems.- [0026] Al so provided is a nethod
of reducing uric acid levels in a biological fluid of a subject in need

t her eof, npr{.si N 3 Ni i t he phar utjcal c osi tion. conprising
the ur i[(?:%@z off)lieﬁlg ??\t\g‘gﬁﬁ Pih_ﬁé?’%%g ‘151&?% S%ﬁ%ﬁgé:ﬁt?@gicr?@ﬁ%y {SHBargF(HVogi cal
fluid i,s blood. [0Q27] In_.an enbqdi nent, the uricase conprises a peptide
havi ng dFWéS%@SfM@%B@H@%a %’g@?l?‘?"dw AT lostiagds of 1k sedemreasr §fs KBMBROIERHIID NO
14). [0028] In an enbodinment, the uricase protein conprises an N-term na
met hi osubséantiply. Fusthermera) mesterdelismeenarations ofPEGayasoarp syathesizedesigi no
acid sequence of SEQ ID NO 7.[0029] Also provided are isolated nucleic

aci ds @bpadtivated vathmyaheicclhwidt, s adprémeaterivhiiveh(2ehé-atiddora- 13,5 edssne) thdt he
invention, for exanple, uricases having or conprising the amno acid

seqsiengeshézh shbkh kdinodude neSFidtigbhid@eteBmina? ah®tdNAdudeZin® forglatoh BFNO. 13. I n

an enbodi ment, the isolated nucleic acid is operatively linked to a
hetero%&g&w§$q£9ﬂﬁﬁgrTm}p%tgxgﬁgkﬁ, the osnB pronoter. Also provided are
vectors conpri sing Uri cdse encodi g nucleic acids, and host cells
conprising such vectors. In an enbodi nent, the nucleic acid has the

sequen S I LRV i.s.a, method for, producing a uricase
conpri i‘lﬁ)nlgi t hg“(a) g%@ﬁgp%ttez%Nu t%?‘llér?gg\s%gheéj O 15’8?11130{%%%?6?%18??3?#&“&%6 Yich
that uricase is§.express t he host .cell and, i,solating the expressed

uri casds e@ﬁFE’FE‘BE@g%lﬁ‘ﬁgﬁ%ﬂtW%M%maﬁwgwmew@ liEq?IhPY@B Pates the
structure of plasmd pOUR-P-DN-ks-1 . Nunbers next to restriction sites

i ndi camolenylar swighdef hdikDathat shewaeduced notigeénity asidt émproeed grodangdd aaction,
Restriction sites which are |ost during cloning are marked in parenthesis.
[ 0D31] aid gethed? ofimpking suthderDhldvainetptifes. didusver tiaore ae racdistissaepseageding f

Pi g-KS-DN uricase (SEQID NO. 9 and SEQ ID NO 7, respectively). The am no

aci d nyiRer dodits] hAyh@Wssayd, HiSlosRhiakdtY 6r the mMdaRingdTPlebBved froWnke@se
sequence. Following the initiator nethionine residue, a threonine replaces

322? U igpaftlePafen®! 55199189 Gnd63-556R), SRAUR Forattl BefeiPhy FlienS: iﬁiitts%ﬁtilte%t are

both to Y Inada, disclose uricase conjugates prepared with PEG-triazine or bis-PEG-triazine

(denoted as PEG9), respectively. See Nishimura, ef al., (1979 and 1981). In the first type of

15  conjugate, the molecular weights of the PEGs are 2 kDa and 5 kDa, while in the second, only
5 kDa PEG is used. Nishimura, et al., (1979) reported the recovery of 15% of the uricolytic
activity after modification of 43% of the available lysines with linear 5 kDa PEG, while
Nishimura, ef al., (1981) reported the recovery of 31% or 45% of the uricolytic activity after

modification of 46% or 36% of the lysines, respectively, with PEG».

20  [0020] Previously studied uricase proteins were either natural or recombinant proteins.
However, studies using SDS-PAGE and/or Western techniques revealed the presence of

unexpected low molecular weight peptides which appear to be degradation products and increase



for the various steps of subcloning are indicated. The 3' untransl ated
sequence is shown in |lowercase letters. The translation stop codon is

i ndi cat edwbyo@niesaderi sk. [ 0032] Figure 3 shows rel ati vecaltisgmwaenscof the
deduced am no acid sequences of the various reconbinant pig (SEQ I D NO
11), PBC-DNC (SEQ ID NO. 12), and Pig-KS-DN (SEQ I D NO. 7) uricase
sequences. The asterisks indicate the positions in which there are
differences in amno acids in the Pig-KS-DN as conpared to the published
pig uricase sequence; the circlesindicate positions in which there are

differences in amno acjids in Pig-KS-DN as .co red to,PBC-DN. Dashed |ines
ndi catoeReReY SYF BmeatihBrest AL e 37 e 6 PR (RSB MATATE RIS BRBRTORS pi o
uri case and the highl urified uricase variants produced according to
ExanplE%anhﬂﬂwﬂmﬁ%mﬁﬁﬁgﬁﬁﬁﬁéﬁuﬁaﬁéNPW#H&h/ year) and the rel evant |ane
nunber for each sanple is indicated in the key below. The Y axis is |abeled
with the weights of nolecular weight markers, and the top of the figure is
| abel ed with the | ane nunb®b} iy ANEHEaWNY BN I1OIN ows: Lane 1 - Mol ecul ar
wei ght markers; Lane 2 - Pig KS-DN (7/98); Lane 3 - Pig (9/98); Lane 4 -

Pi g KS[Q02A1P9) ; THegmeseht inventmpnkEo(id¢sodvel teeorabidant upicgselmoieIsoB)oneLane 7 - Pig
KS-DN (7/99); Lane 8 - Pig KS-DN (8/99). [0034] Figure 5 depicts the

phag maembodigicht; iy mbdicigofdie infkédtioatceteiiPratéd BlruRtgeKdMdve mtats amino at S
following IM(intranuscular), SC (subcutaneous), and IV (intravenous)

i nj ect LQRSyel AR ¥ hALAIN A cRYinPRAELAR Prat6inS A YR chfar 8fbbdintahts) theh@Gbons

sanples. Uricase activity 1n plasma sanples, which are collected at the

i ndi ca i j,nt i er m j{n i rj ivity
val uos bt SOy eees oF pRSIE S0 Hthd 30, €U ARE RadiE Bypie
reaction per 1 m of plasma | e. The bioavailability (anmount of drug

r eachi Hyhe REPTLAer4G PSP F%‘HWB@%%@ Rag Ogﬁhq MVEHI8et i on) of uricase injected
was cal culated fromthe area under the curve of the graph. [0035] Figure 6
depi cts the pharmacokinetic profiles of PEGyl ated (9x10 kD) . Pi g- KS- DN

ur i cas @241 r abbhiersybrest nyeHtiog DrarigesH PHisEPRPantaricass, BhGtahdE HEPaseARg | v
(intravenous) injections, as determ ned by nonitoring enzymatic activity in
blobd bespiwsatedibydas20 aminowdcids and rgshias the wiknhitiesciéuh efchedatatally lpgcurring
indicated tinme points is determned using a colorinetric assay. Activity
val uesuficadkl Ehetrirdchti@ldsmne hiesraeoundithSequenpeesatihi dubke thaatle @btemNAyyTedritain
reaction per 1 nml of plasma sanple. The bioavailability (anmunt of drug

reachi B Jifi@ate! dnilb aiHOTHes! Rlda¥bnd é?ldéiﬂmbMidﬂ@jn%ltérﬂ%ﬂﬂce%ftaﬂiﬂﬁtg%&% prBieget ed
was cal culated fromthe area under the curve of "the graph.[0036] Figure 7

depi ct : Eqﬁ :netic profiles of PEGylated (9x1 O kD) Pi g- KS- DN
uricasgmﬁﬁﬁﬁgggLE 0 @%@?ﬁg I M (intranuscul ar), SC (subcutaneous), and |V
(i ntravenous)

[0023] In another embodiment, the present invention to provides a means for metabolizing
15  uric acid comprising a novel recombinant uricase protein having uricolytic activity. Uricolytic

activity is used herein to refer to the enzymatic conversion of uric acid to allantoin.

[0024] The subject invention further provides a host cell with the capacity for producing a
uricase that has been truncated by 1 — 20 amino acids, and has mutated amino acids and retains

uricolytic activity.

20  [0025] In an embodiment, an isolated truncated mammalian uricase is provided comprising a
mammalian uricase amino acid sequence truncated at the amino terminus or the carboxy

terminus or both the amino and carboxy termini by about 1 — 13 amino acids and further



injections, as determned by nonitoring enzymatic activity in blood
sanples. Uricase activity in plasma sanples, which are collected at the

i ndi cat edwoi2o®/pp0819t s, is determ ned using the col ori nePcrwsSaesay3ce®ct i vity
values (MAU = m || i-absorbance units) represent the rate of enzymatic
reaction per 1 m of plasm sanple. The bioavailability (anmpbunt of drug
reaching the circulation relative to an IV injection) of uricase injected
was cal cul ated fromthe area under theijgurve of the graph. [0037] Figure 8
depi cts the pharmacokinetic profiles of PEGylated (9x10 kD) Pi g- KS- DN

uricase in s foll J nt cuLar C uta \uUS nd 1V

(i ot r aoemSpd anpgiad wid Siosbhisad of ARIERHF 4G T ah g s I DREb bR vi ¢y i n
bl ood sanples. Uricase activity in plasma sanpl es, Whl ch are_col I ected at
the i ndFigaResqmprifgs JHANHAG | tem%n%ém@m%dvmsquﬁ erqing Hravnahapineacidisay
Activity values (mAU = m | |i-absorbance units) represent the rate of

enzy nmatlaninegglytinesprpkne, enme, of thpdoménea Adsovpiloarided hea biicase abierdn thieteyis @anount

of drug reaching the circulation relative to an IV injection) of uricase

i nj ect edbstidgiohak abdhapesitibn sewitheh@beide onglenint htn SlignBodimeht) ehegirRpde.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0038] Previous studies teach that

wheg ac§fn9ﬂhés'tﬁ@£}hldoea‘éi&3§e 9 ckBf SEQ I!UW@”QQﬁPérPéthocﬁﬂl%tofheaﬁﬁéﬁéFs‘ C' ty of

ur LC&SG i'S achi eved [ ati on, is invariab y assom ated wt
t f d
T e S o Y S S S8R

decreases, i . pote and th resultant need to jngre
e oo o Richlir b edinkRle POy FByans alvaSl cair e SO GomRE e L oo polsCihylene
alternative neans for Iovverl ng el evated levels - of uric acid in body fluids,

i ncl udighigobmelsauler pe eprhayisase subvaibtirefarabhol ikl yare glyedmmrlpemes per
uricase, wherein the uricase has been truncated by 1 - 20 am no acids at
ei t her ulrih&easubmrdt.tlerpairttwktr@mbbdimemw, bashypolyethyileneglywil mwdedu]e eliibie
substantially retains uricolytic activity of the naturally occurring

ur i.6as @olylefI&RE glifdotasficas@obiagste hey £mdlecula Weiids bétadeiy hisiiall kuman doskD;as
well as the tetramer, unless otherw se indicated. [0040] Mutated uricase,

as usedpHarai and 5o EDSaEd?xt lsrm:aﬁezmieb b 0ARD. nms%?r@@d@&ws exchanged

Wi th other am no aci ds 41] conservatl ve mnutati as used herein, is

a nut at g‘%%ﬁ %];, t?qa?c %ﬁ comlp8§1%§ < urg%%] &r thél {nQIFHtgon 1&?1?&11% ﬁ)lg PO }J%ﬁ{yle% es

not sulg

glycol — uricase conjugate. In an embodiment, the pharmaceutical composition is suitable for

repeated administration.

15  [0026] Also provided is a method of reducing uric acid levels in a biological fluid of a
subject in need thereof, comprising administering the pharmaceutical composition comprising

the uricase of the invention. In a particular embodiment, the biological fluid is blood.

[0027] In an embodiment, the uricase comprises a peptide having the sequence of position 44

to position 56 of Pig-KS-AN (SEQ ID NO. 14).

20  [0028] In an embodiment, the uricase protein comprises an N-terminal methionine. In a

particular embodiment, the uricase comprises the amino acid sequence of SEQ ID NO. 7.



enbodi ment, the uricase conprising at | east one conservative nutation has
the sanme uricase activity as does uricase w thout such nmutation. In

al t er nat everzhasdiinsant s, the uricase conprising at | east ®O0E/USIsAI3sEEI Ve

mut ati on has substantially the sane uricase activity, within 5% of the
activity, within 10% of the activity, or within 30% of the activity of
uricase w thout such mutation. [0042] Conservative am no acid substitution
is defined as a change in the am no acig- conposition by way of changi ng
amno acids of a peptide, polypeptide or protein or fragnent thereof. In
partic enbodi ment, t he has ,one, ree ar

Ponser Jifiole nﬁfsat%‘ﬂééd SR oot RITeiE ROt Tatsia WFISE PAY soiehoqhishal |y
simlar properties (f ., acidic, basic, aromatic, size, positively or
negat i wa¢ades pariges of ghst laventiosntop skample siricaseshaying s cempESing the asmigo aeidnot
substantially alter peptide, polypeptide or protein characteristics (e.qg.,
char ge sequekgesaffiSEQ Iy NQavi 8ED Non8 SERID oF). 1QoirfiiQ IDWO.d3. dotanvi ty.

Typi cal substitutions thatmay be perforned for such conservative am no acid
subst i tepibo@indiB)thd BoRreaNgictdiadid Bliperativelgtinked cd Bigerdtogbad hrowmter| 264 3]
glycine (G, alanine (A), valine (V), leucine (L) and isoleucine (l) [0044]
aspar t iegard €l'edth€ Iatmﬁr]&oabtet i p?@hgec( &b vt&%%nﬁtam rt@mg@encaﬁﬁg ﬁﬁclén%) and

threonlne histidine (H), lTysine ( d arginine (R

aspar agiie o F%gggf&tﬁmlgg Lgcgvgtﬁ g amsl%xdata@'tﬂeent&gm attrhagth@e (0 and

trypto aving

substitutions ructuy stab a d can cat aI ction
even t REAFRCT @Wﬁ%ﬁ%& |P§°Vﬁéft%J 1B Héneég‘?# e GIURE %P?Pﬁtsﬁlgl ©
protein. [0050] Truncated uricase, as used herel n, refers to uricase

mol eculstess Rbeulging saeh @hest ol prder gordiiions saeh that Brease iexprespasiiyysthe hpg cell
possi bl e truncations are truncations at or around the am no and/ or carboxy
t er m niand Spéatingitle ¢xpuesset wrorase.of this type nay be such that the ultimte
am no acids (those of the am no and/or carboxy term nus) of the naturally
occurring protein are present in the truncated protein. Am no term nal
trupcati ons may begi n BRIEFSDESCRIRTION GF THE DIOAWINGES ef er abl y, the am no
term nal truncations begin at position 2, thereby |eaving the am no

te (r]I ”} Ngho3ugt hi Figiuﬂel iMidrates B tt@biufeoNAYsnkig PO MM PeANRS- N ORimbcfamad &l | onal
nmodi fication. In

restriction sites indicate nucleotide position, relative to Haell site, designated as 1. Restriction

sites which are lost during cloning are marked in parenthesis.

[0031] Figure 2 depicts the DNA and the deduced amino acid sequences of Pig-KS-AN

15  uricase (SEQ ID NO. 9 and SEQ ID NO. 7, respectively). The amino acid numbering in Figure 2
is relative to the complete pig uricase sequence. Following the initiator methionine residue, a
threonine replaces aspartic acid 7 of the pig uricase sequence. The restriction sites that are used
for the various steps of subcloning are indicated. The 3' untranslated sequence is shown in

lowercase letters. The translation stop codon is indicated by an asterisk.

20  [0032] Figure 3 shows relative alignment of the deduced amino acid sequences of the
various recombinant pig (SEQ ID NO. 11), PBC-ANC (SEQ ID NO. 12), and Pig-KS-AN (SEQ
ID NO. 7) uricase sequences. The asterisks indicate the positions in which there are differences

in amino acids in the Pig-KS-AN as compared to the published pig uricase sequence; the circles



particul ar enbodi nents, the amno termnal nethionine is renoved after the
uricase is produced. In a particular enbodi nent, the nethionine is renoved
by endogewmousodnacgieri al am nopepti dase. [0051] A truncatret/useoocasisso Wt h
respect to the full |ength sequence, has one or nore am no acid sequences
excluded. A protein conprising a truncated uricase may include any am no
acid sequence in addition to the truncated uricase sequence, but does not
include a protein conprisinga uricase-s$eguence containing any additional
sequential wld type am no acid sequence. In other words, a protein

conpri sj Ay .yricase rein .the.truncation ins at position 6
(e, SRR ot eR e BARLSLR hafid RS e bl Bicdiued 1

i mredi streamfromthe truncated uricase, whatever am no acid that
the w %@ﬁ‘ébﬁgﬁfhegjg’és Hyglcatg gf‘ﬂﬁlﬂ"tqf@ﬁm@@ agidH52] Unl ess ot her wi se i ndi cat ed
by specific reference to another sequence or a particular SEQ ID NO ,
reference to the nunbered positions of the am no acids of the uricases
descri h¥¥3her eFigured ﬁ}amets\ﬁ%&PA@ﬁpéfmlg icash enchthetheglily gunified wécaaervar@ansci ds

of the pig uricase sequence. The am no acid sequence of pig uricase and the
nunber gtbduosd adcoriingio Exaempdes Ino3.ditiedsoduetipn Hate t@ohihayea paidehe eclemyt hge f ound
in Figure 3. As used herein, reference to am no acids or nucleic acids
"from pombeid o cathtsampRsis indiehtod inTBSRS) Bdlew C PAS YOHGUS 1HRMISHES tHRSMHI SN pﬁ_ at
position X and ending at position Y, including the am no acids or nhucleic

aci ds aloiheid V@@gﬁit Ha‘i’l@s,ém@ ﬁg: n‘gég lok %%%JIHSH%?&@O\?W% | dm%l%&? i "Elgeblgrge\:/nse

been identified Tn sever i an ecl es, exanple, pi(g,

oro i A bR e 5 WBRERP wRRLRlnehe Bad? T A RS (YRbld s KaulE®®

accessi nunbers, .as fol | ows: qgi|50403728| sp| P25689; )
gi | 2051@5@4?18%??32&@5@(9@; Ig%ﬂ[ﬂ%?ﬁ%lgd‘f%(ﬂ/ AbEgE - Pig-AN (6/99); Lane 7 - Pig
gi|20513654|db'kBA891557.1; i | 47523606] r ef | NP_999435. 1;

gi | 667§§@©Nr(&3ﬁ P-208 850012 1S-gIN B7433| enb| CAA31490. 1;

gi | 20127395| rer ] NP__446220.1; gi|137107| sp| P1 1645; gi|5 1458661

| refj XP_497688. 1; gi|207619| gb| AAA42318. 1; gi | 26340770| dbj | BAC34047. 1; and
0i 1674 883dhb| CRiR@8 38lepitts thapharofactlinste sefilee nf PBEGalackdt(Bel 0 kRyPRtRSiANS i n
t he public databases accessible through the National Center for

Bi ot eclricdse@yraisfollowatg Ivd (int¥eBlidcul ), ISTC@ERERL66) P d T @EERESousNinidcBions,
entirety.[0054] In an enbodi nent of the invention, the uricase 1s truncated

by 4 - > e y . . _
rvent o A BCHORGing oy RALE Qg T Btk shilpRR HRRGRTRR LR
termn n..e i f the inpyention, .the uricase ig truncated by 4
T D ROARO e G ERL A D5 T o ABSBL R

assay. Activity values (mAU = milli-absorbance units) represent the rate of enzymatic reaction

15  per 1 ul of plasma sample. The bioavailability (amount of drug reaching the circulation relative

to an IV injection) of uricase injected was calculated from the area under the curve of the graph.

[0035] Figure 6 depicts the pharmacokinetic profiles of PEGylated (9x10 kD) Pig-KS-AN
uricase in rabbits following IM (intramuscular), SC (subcutaneous), and IV (intravenous)
injections, as determined by monitoring enzymatic activity in blood samples. Uricase activity in
20  plasma samples collected at the indicated time points is determined using a colorimetric assay.
Activity values (mAU = milli-absorbance units) represent the rate of enzymatic reaction per 1 pl
of plasma sample. The bioavailability (amount of drug reaching the circulation relative to an IV

injection) of uricase injected was calculated from the area under the curve of the graph.



[ 0055] In an enbodi ment of the invention, the uricase is truncated by 6
amno acids at its amno termnus. In an enbodi nent of the invention, the
uri case iwotzesmaetied by 6 ami no acids at its carboxy tePgTruss006l0mecan
enbodi mrent of the invention, the uricase is truncated by 6 am no aci ds at
both its carboxy and amno termni. [0056] In a particular enbodinent, the
uricase protein conprises the amno acid sequence fromposition 13 to
position 292 of the am no acid sequencegyof pig uricase (SEQ ID NO 11). In
a particular enbodi ment, the uricase protein conprises the amno acid

sequen 0sitiqn .8 to positi QN 287

PBC- DNi&Pé | B J’%%B“’ts the &’aﬁ‘aﬁ‘"ﬂ ‘B}?P&Prgﬂ%‘g%r@me@@d@r@} Tﬁggreé{%;i n
conpri ses the am no acid sequence fromposition 8 to position 287 of the
ani no #EFasede degsfobowmedM (IRsamrscuBEQS Criswiontapgous), @m@i}/ (infraxensuglr

enbodi ment, the uricase protein conprises the am no acid sequence from
positi dnjeati@n‘s,ms plesihined bSGnafitoHng ek&midkic (aSEQ! D tidd shdjplesT irisaseengtiviny mf

uri case has honol ogy to sequences within the tunneling fold (T-fold) donain
of uri pasa samplehashith hikidolledtedatHé BidicafedaimPpsihisi BMetdniMet RisingsReCt to the
native pig uricase sequence. This nutation surprisingly does not

si gg f'cSl%HHe}’n@eLs 8. ARGt "vblﬁésgﬁ?&fﬂ“ eﬁ!u fi¥%abSdrbht Lmr@tlgbrasermgﬁé den an

enbodi nment e |nvent no aci s at or aro any of am no acids 7,
46, 291 nd..30 t.ated. | f
nvent LG pall §1 8 sl St BSRLRBBRES arfe rolfing e

mut at ed, [ Q059] [ n partigul ar i pents, e pro encoded b

nucl ei elrgﬁ %orrlﬁL@rwthea B migptin) %&rﬁ%ﬁ mrréregiwq@r uiaﬁﬁ%m grea paler the
N-termnal nethionine is followed by a codon that allows for renoval of

t hi s Ncwvef Hiel grapt hi oni ne by bacterial nethi oni ne ami nopepti dase (MVAP).
(Ben-Bassat and Bauer (1987) Nature 326: 315, incorporated herein by
reference in its entirety). Amno acids allow ng the nost conplete renoval
of t he [00X7¢r mi Fighra® tlepion itheeplarmaalkartio erofgésyafi REGylaed (9016, kIX)dtigKes - Adnd

t hreonine. [0060] In an enbodi nent of the invention, the amno acids at or
arpoind ugessetih pi3s follawids OV @firaanRcslihsSSC (dibestakoub BRIV (iBtravaabié)i Si ngly,
the enzymatic activity of truncated uricases prepared with these nutations

i's simhadtiohe atsral@ferrﬂfnea e n‘i@f‘t‘ohh%' REALSHicSREViRBn Yl let,sh@rrlc H{n ﬂlt of

the i nventl on t he am no”aci d ations conpri se t reo I ne, I’EOI’II
| ysi ne ﬁllfdi &y ons and. 301 . res ctrv [0061]
The. tr GHERE SR Rlhrigh P AREBIRRLE i uldRariine PO REy PRI DY ce
colorimetric assay. Activity values (mAU = milli-absorbance units) represent the rate of
enzymatic reaction per 1 pl of plasma sample. The bioavailability (amount of drug reaching the

15  circulation relative to an IV injection) of uricase injected was calculated from the area under the

curve of the graph.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Previous studies teach that when a significant reduction in the immunogenicity and/or
antigenicity of uricase is achieved by PEGylation, it is invariably associated with a substantial
20  loss of uricolytic activity. The safety, convenience and cost-effectiveness of biopharmaceuticals
are all adversely impacted by decreases in their potencies and the resultant need to increase the
administered dose. Thus, there is a need for a safe and effective alternative means for lowering

elevated levels of uric acid in body fluids, including blood. The present invention provides a



met hi onine at the amno term nus. The penultimte am no acid nmay one that
all ows renoval of the N-term nal nethionine by bacterial nethionine

am nopeptwoas&/(1dAP) . Anmino acids all owi ng the nost conplCetus20emmssad of t he
N-term nal nethionine are al anine, glycine, proline, serine, and threonine.
In a particul ar enbodi nent, the uricase conprises two am no term nal am no
acids, wherein the two amno termnal am no acids are a nethionine fol |l owed
by an amino acid selected fromthe group-consisting of alanine, glycine,
proline, serine, and threonine. [0062] |In another enbodi ment of the
invention, the substituted am no. aci.ds have been rep] aced, by thregnine.

[ 0063] BB HESGr ERE Ho BB b8 TPLSLaY T o 20 TRpRaran
uricase.[0064] |n an enbodi ment of the invention, the manmalian uricase
conpr i $&8ertheaming ferpiauner he caibasy tassinugcor beth, nad sibstratialbnreataineuricplyticase.
[0065] In an enbodi ment of the invention, the uricase is a chineric uricase
of two agtivitppoftheraatoellyarccuring asiesse. [ 0066] | n an enbodi ment of the

i nvention, the mammalian uricases are sel ected from porcine, bovine, ovine,
or baboon liver uricase. [0067] In an enbodi nent of the invention, the

uri casq0@3gypr i Besasehss wed herie irtludeEQdiEdNDsuinits 04365411 dsthafdtahRF, unless
enbodi nent of the invention, the uricase conprises the sequence of SEQ ID
NO. 513.0ihPRE8kndiEesUD] €ct i nvention provi des uricase encodi ng nucleic
acids conprising the sequence of SEQ ID NO. 10. [0070] In an enbodi nent of
the invention, the uricase conprises fungal or mcrobial uricase. [0071] In
an_ erboms ment y . I : : . :

popor ooy 11 Sk CPy e A s R, SRPR) weRasblcBR hathy ARG dohls e
[0072] In%%n (gnb[ﬁdi ment .of the invention, the uricase conprises an

i nver t SEMARECE IR QUIST alpAGdY b a1 “enbodi ment of the invention, the

i nvertebrate uricase Drosophila nel anogaster or Drosophila pseudoobscura
uri CaSﬁ %13074 In an enbodi ment of the invention, the uricase conprises
plant UP94dse. PoORETVatYe IRntatam, 4% sk hersin.iha muiaboRf ORe oF MEreAmRe agidsise
is dycine max uricase of root nodules. [0076] The subject invention

provi dé&s apund elpesitionchy dosgnelrrubstantodlyiatigr the eraiein's dskavior. In a preferred

10 embodiment, the uricase comprising at least one conservative mutation has the same uricase
activity as does uricase without such mutation. In alternate embodiments, the uricase comprising
at least one conservative mutation has substantially the same uricase activity, within 5% of the
activity, within 10% of the activity, or within 30% of the activity of uricase without such

mutation.

15  [0042] Conservative amino acid substitution is defined as a change in the amino acid
composition by way of changing amino acids of a peptide, polypeptide or protein, or fragment
thereof. In particular embodiments, the uricase has one, two, three or four conservative
mutations. The substitution is of amino acids with generally similar properties (e.g., acidic,
basic, aromatic, size, positively or negatively charged, polar, non-polar) such that the

20  substitutions do not substantially alter peptide, polypeptide or protein characteristics (e.g.,

charge, IEF, affinity, avidity, conformation, solubility) or activity. Typical substitutions that



[0077] The subject invention provides a vector conprising the nucleic acid
sequence. [0078] In a particular enbodinent, the uricase is isolated. In a
parti cul avoentwodsrent , the uricase is purified. |In partipcuiseoosnissds nent s,
the uricase is isolated and purified. [0079] The subject invention provides
a host cell conprising a vector. [0080] The subject invention provides a
nmet hod for producing the nucleic acid sequence, conprising nodification by
PCR (pol ynerase chain reaction) technigsies of a nucleic acid sequence
encodi ng a nontruncated uricase. One skilled in the art knows that a
desired_nucleic acid sequence is prepared by PCR via synthetic

ol i gond%a[yé?)etl?ea@“ﬂ?ﬁli %EISE? msﬁlwa%%a‘%%ﬂa?‘gﬁaﬁﬁtﬁ@%w E%P%H%gfﬂe HHPS 4y get
DNA (one .for .each strand) to be anplified. The prinmers are added to the

tar get 2BNPO pifas fRB@WS'not be pure), in the presence of excess

deoxynucl eoti des and Taq pol ynerase, a heat stable DNA polynerase. In a
series é@/ ically 30) of tenperature cycles, the target DNA is repeatedly
denat ud 35) ar ogiﬁ@lng()é), alaainedd) evkling (Vhdeysinerte) snd isplsiiciat () at 50- 60C) and a
daughter strand extended fromthe prinmers (72C). As the daughter strands

t herrs el[0@8] act asparticewijol (&) @ad hramichsriqiEgnt cycl es, DNA fragnments matching
both prinmers are anplified exponentially, rather than linearly. [0081] The

subg ectjoa43y ent Algfin® (R) s&ldfe (&) BRd thecbnlRN(TPr oduci ng a nut ant reconbi nant
uri case conprising transfecting a host cell with the vector, wherein the

host cagdﬁﬁxprﬁgt? ’ﬁe @%}Mﬂeﬁ%%ﬂ%g‘%ﬁ??ﬂ@g t he nmutant reconbi nant uricase

fromt st c ating’t d nut antreconbi nant uricase using,

for ex , Chromat g hi ¢, t echnjques, and purifying the nutant
recorrbﬁ@ﬁ ur?sgggg{neg@?g%iﬁwm?et e uricase can be made according to the
net hod(s£ deicri bed jn International Patent Publication No. WO 00/ 08196,

i ncor poP8id Heheaylalaine (&), dyresive (Y hand &yripphand?X). [ 0082] The uricase may be
i sol ated and/or purified by any nmethod known to those of skill in the art.
Expr es4@Mi9%hol yplepprottisshayfing ériesorimare gonssnvagive sgistiortiaht yetaisoltastadhiral
substantially pure form Preferably, the pol ypeptides are isolated to a

puroty stabilay ahdestcaBlfrelyrendiogleven thongh fis BINA sdyju¥ndeds aofe kdrde & that ofltB@st
95% by wei ght, and nost preferably to a purity of at |east 99% by wei ght.
I n genggiglnal sl purification may be achieved using, for exanple, the
standard techni ques of ammoni um sul fate fractionati on, SDS-PAGE

el ectrophoresis, and affinity chromatography. The uricase is preferably

EPLt S0 e SUCASPUAOh 1 ASRIR ORI,
primary amino acid sequences. Amongst the possible truncations are truncations at or around the
amino and/or carboxy termini. Specific truncations of this type may be such that the ultimate

15  amino acids (those of the amino and/or carboxy terminus) of the naturally occurring protein are
present in the truncated protein. Amino terminal truncations may begin at position 1, 2, 3, 4, 5 or
6. Preferably, the amino terminal truncations begin at position 2, thereby leaving the amino
terminal methionine. This methionine may be removed by post-translational modification. In

particular embodiments, the amino terminal methionine is removed after the uricase is produced.

20  Ina particular embodiment, the methionine is removed by endogenous bacterial aminopeptidase.

[0051] A truncated uricase, with respect to the full length sequence, has one or more amino
acid sequences excluded. A protein comprising a truncated uricase may include any amino acid

sequence in addition to the truncated uricase sequence, but does not include a protein comprising



patent application filed on April 11, 2005 having application no.

60/ 670,520 and attorney docket nunmber 103864. 146644, entitled Purification
O Proteiwe 2Watogdat i oni ¢ Surfactant, incorporated hereiPaThg2006f0e366mce i N
its entirety. [0083] In a preferred enbodi nent, the host cell is treated so
as to cause the expression of the nutant reconbinant uricase. One skilled
in the art knows that transfection of cells with a vector is usually
acconpl i shed using DNA precipitated w-i6&-cal ciumions, though a variety of
ot her nmethods can be used (e.g. electroporation) [0084] In an enbodi nent

OF e e Leenc D e RHOIE b O RE o O SRR PSR

sensitive pr onot er pro ron o

bi nds Ilatln transcr.pti of DNA into RNA. An osnotic
press uB‘ZJ Es?gé %éj RARY °°B}P6ﬁ ear r‘i‘nr‘?ﬁtteﬁ &t lggget"Y%[fﬁ?’é thejrunsatiopsbeginst ppsition 6 (i.c.,

i ncreased osnDtlc ressure as sensed by the cell.[0085] In an enbodlnent of
the in dtuﬁ’é Yor5ate &f Pesition Hislees netchayerimmpadiniely epstrgab0B6ih the:
partlcular enbodlnents the uricase of the invention is a uricase

conj ug&tvaepted wiicase, rymam@r am{ro08f thhrtheawildrtpeetiniess hafat pbsitipmgent i on, a
pharmaceutical conposition conprising the uricase is provided. In one
enbodi nent, the conposition is a solution of uricase. In a preferred

enbodi 16R] t henlssd athérevise indisated by Speific ®réeR!te ah@her SBh@GIcE BPa phificRRe
enbodi ment, such conposition conprises uricase as a solution in phosphate

buf f er S@QSHJ NE, refefereB € g bdRAposHidEs Spﬂﬂpgﬁﬁﬁd A oF R &Yéag%deléall?ed\“ al,

optionally haV|ng a rubber injection stopper. n partlcu Irments,

th t.rat f f 2
to 16 mT] 15?‘%‘&3‘*@@3’?@?@?&5%%@%?% TP Skl PR PR s O

mlligrg iter. or from6 olOmlllrams mlliliter. In a
preferr egﬁe ot al éeﬁflenctel?é PEOHBST e aBmBPLed pest HP?%%{}sjtge aming asislicent r at i on
of 8 mlli mlliliter. Preferably, the nmass of uricase is neasured
withr 8%‘38‘gstmg§‘af YRS RYDeieyad i igre)3. Bh wsedihoreim deferense tosrhion aridgbrrens
of the conp05|t|ons of the invention may be determ ned by one of skill in

t P ar puclegiacidp(*Gommeisitiandt to Hesitionsbmsansghetdeipuovergsmeobegingingan r egi men
are known to those of skill in the art. Exanples of such indicators include
nor mal peatioroK and ehding ki pgitioh V) 1&61H&mgfth@arﬁﬁb@cid@\ﬁ?hﬁcléleld&hs ﬁﬂ%tﬁ B&ﬁﬁblﬁg or
mai nt enance of PUA to 6.8 ng/dL or less, preferably 6 ng/dL or less. In a
pr ef er Keghdeywbodi nent, the subject being treated wth the conposition of the
i nvention has a PUA of 6 ng/m or |less for at |east

[0053] Uricase genes and proteins have been identified in several mammalian species, for
example, pig, baboon, rat, rabbit, mouse, and rhesus monkey. The sequences of various uricase
15 proteins are described herein by reference to their public data base accession numbers, as
follows: gi|50403728]sp|P25689; gi|20513634|dbj|BAB91555.1; gi|176610|gb]AAA35395.1;
gi|20513654|dbj|BAB91557.1; gil47523606|ref]NP_999435.1; gi|6678509|ref]NP_033500.1;
gi|57463(emb|CAA31490.1; gi[20127395ref[NP_446220.1; gi|137107|sp|P11645;
gi[51458661|ref|XP_497688.1; gi|207619|gb|AAA42318.1; gi[26340770|dbj|BAC34047.1; and
20 gil57459]emb|CAA30378.1. Each of these sequences and their annotations in the public
databases accessible through the National Center for Biotechnology Information (NCBI) is

incorporated by reference in its entirety.



70% at least 80% or at |least 90%of the total treatnent period. For
exanple, for a 24 week treatnent period, the subject preferably has a PUA
of 6 ng/ mMvoanodassof or at | east 80% of the 24 week trearoentS2@enisd) i.e.,
for at least a tine equal to the anmbunt of tine in 134.4 days (24 weeks x 7
days/week x 0.8 = 134.4 days).[0089] In particular enbodinents, 0.5 to 24
nmg of uricase in solution is admnistered once every 2 to 4 weeks. The
uricase nmay be administered in any appidpriate way known to one of skill in
the art, for exanple, intravenously, intranuscularly or subcutaneously.

Prefer q Wh t moni stration is,int.ravenous 49 0 12 of.
uricas Z&?%ﬁ] ad m&%nsetrﬁg?%g. rBrOZ% erl%‘ﬂ}‘,onv&ks HEHE lsaﬁwqﬁ‘fegtqya{”lg é)% apgno actds at
subcut aneous, . 4 to 24 ng of yricase is admnistered., In a preferred .
enbodi FEAMING JEmipus-c Jsan srabodiment; o ths iyeniipn; thepzigaseds unsatashysh—dv amise 30
to 240 nminute period. In one enbodi nent, 8 ng of uricase is admnistered
once eWeidy at ipcafaxyderminus dntancuibedinesns ofithednvention e im¢age isdmncated by 4 -
performed using 100 to 500 nL of saline solution. In a preferred

enbodi f8nrmin@acids @fbotlr itc@seoxyrand @mihé teamis. admi ni stered over a 120 minute
period once every 2 weeks or once every 4 weeks; preferably the uricase is
di ssolved in 250 nL of saline solution for infusion. In particular

enbedi 160853, t henwhditerd @ftHe ifvdntioh RS utisds iPrataedtsc @ninb@sidsants peri od
of 3 months, 6 nonths, 8 nonths or 12 nonths. In other enbodi nents, the

tr eat MaAtinPRMHhAMs. b leMERItBentat tl’ﬁ?iﬁ%éntioﬁ?‘%l%ﬁlé?sg% tritea 6 %ﬂnﬂloaacid at

particul ar enbodi nent, the treatnent period is an extended period of

time, . f to th i fe. of .subject,being.treated.
| e EaboRy iR Ot pEBRRRa R on e hOut ey ficre S it SERRREY w1
times of. no treatnent, e.g.,. 6 nonths of treatnent followed by 3 nonths

wi t houfCify @Tal?%ﬁf ?afp‘effx %ﬂ%ﬂnlﬂw ¥MYdi ti onal nmonths of treatnment, etc.

[0090] In certain enbodi nents, anti-inflamuatory conpounds nay be

prophyl actically admnistered to elimnate or reduce the occurrence of

i nf usi ¢#30kact NGrargydariesbodEnemdriha ng easa Praspinepmprisesdheaming asitksegntrsdi nent
at | east one corticosteroid, at |east one antihistamne, at |east one

NSk D, fiom pesitbionkd ogositivh@p2 of theramisoacd séquesteerfqdg utisast (SEQADtNOob)elmi ds
i ncl ude bet anet hasone, budesoni de, cortisone, dexamnet hasone,

hydr ocampaitkohe embedimenp tiechnied prdesin péragdes thetdigino REEEBHEROE frafbposition 8
trianci nol one. Useful NSAIDs include ibuprofen, indonethacin, naproxen,

aspiri fo p@mﬁpmfsmﬁ@ﬂmn%eahmzﬁ&caB#PB@Lﬁﬁequghxdﬁ@f. Wby, ARG RkRLEM nes

i ncl udeazat adi ne, bronpheniramne, cetirizine, | or pheni ram™ne,

| e i ne. dj N i .
oo RGPS A OSSR SRR iy,
orataging and RN SIS of Pig-KS-AN (SEQ ID NO. 7).

15 [0057] In another embodiment, the uricase protein comprises the amino acid sequence from
position 44 to position 56 of Pig-KS-AN (SEQ ID NO. 14). This region of uricase has homology
to sequences within the tunneling fold (T-fold) domain of uricase, and has within it a mutation at
position 46 with respect to the native pig uricase sequence. This mutation surprisingly does not

significantly alter the uricase activity of the protein.

20  [0058] In an embodiment of the invention, amino acids at or around any of amino acids 7,
46, and 291, and 301 are mutated. In a preferred embodiment of the invention, amino acids 7, 46,

and 291, and 301, themselves, are mutated.



[0091] In a preferred enbodi ment, the antihistam ne is fexofenadine, the
NSAI D i s acet am nophen and the corticosteroid is hydrocortisone and/ or

pr edni sorwo 2pveerfiesiabl y, a conbi nation of all three (not PoEas3®&aniicgo
concomtantly) are adm nistered prior to infusion of the uricase solution.
In a preferred enbodi ment, the NSAID and anti hi stam ne are adm ni stered
orally 1 to 4 hours prior to uricase infusion. A suitable dose of

f exof enadi ne includes about 30 to abouti8180 ng, about 40 to about 150 ng,
about 50 to about 120 ng, about 60 to about 90 ngy, about 60 ng, preferably

o, a0 * P ORE e AT O RBRE b s b il e bl Biiedantio g
pr’eferggl 1000 . A sHi %eabllﬂe;}go of , h?/dr cortisaone incl hdes about 100 'Eo
about '69;%‘,‘& aﬁgﬂ?mﬁ%o FErayy e%ﬁ@nﬁﬁlﬁ BB foRpwadk ks aasionyhat0o ny.

I n one enbodi nent, the antihistamne is not di phenhydram ne. In another
enbodi REAS feryempigd obthis Nristminglemeathiondnsrsnbacteniabmpihednine mdineptdidasent , 60
ng fexof enadine is adm nistered orally the night before uricase infusion;
60 ng f(dMaetBai-Bessatrrdd Ba0er (198D Nawet326i 316 pinecrparatedatbidinibs teeRbcoOmdtd y t he
next norning, and finally, 200 ng hydrocortisone is adm nistered just prior

to she cntfeysi Amind adieallwis@ae 1S BirhoRte EROONSTANDNHLTRM mALBARL SR |5
adm ni stered the day, preferably in the evening, prior to uricase

adm ni i : 6 of predni sone includes 5 to 50 nyg,
BldnfHel %@%}é\,r?raﬁm, QBine b n@g@ﬁ%

preferably n certarn e Iments, these prophylactic treatnents to
elimnate or reduce the occurrence of infusion reactions are utilized for

subj ec ceiyi t receive, uricase,.,includi ng PEGyl at ed,urj case
and noi%lg Ial;ﬁe%qaﬁl?ﬁyog grgéem Of%h%ﬁg%nl%g T 1B 2SR £5 ?roPﬂ‘gB%sllztb%rﬁ?h%%éfgt%c
treatnents,ate iljzed f subj ects receiving, or about to receive

t her ap&it iR gt&&‘ﬁ[%{ }béf & eB‘i‘lﬂ%'?é’Wéﬁﬁhgi?”i tg%\%’éz,ynwtﬂé PEfHEE Herweped viipaseapened

pepti des aLe PEGyl at ed or_ non- PEGy| ated.[0092] I n an enbodi nent of the

i nvent "8k thessanyhtionsas eimilar t thatnfibenen-suneisdsnzyme. Ia afvitbersmbodanertag been
modi fied by conjugation with a polynmer, and the nodified uricase retains
ur}@ol yhe isventionythe pminaacid paitatioosit@npresetindonians threpaing B sineydndasene @nj ugat es
are prepared as described in International Patent Publication No. WO

01/ 590p8sitioneh 1)46, 2Apphd 8@L, iréspedibely09/ 501730, i ncorporated herein by
reference in their entireties. [0093] In an enbodi nent of the invention,
the polyner is selected fromthe group conprising polyethylene glycol,

o PR BSOS NSO SR I G
Lg?gﬂa?leﬁli@ﬂlng AR AR teQhinhd! el"lllen]ye%ﬂfdn%ﬂe allnﬂ% a%?ci%g? io}lei e gl?on\;fpsrriersn%%alzo_f 12
the N-terminal methionine by bacterial methionine aminopeptidase (MAP). Amino acids
15  allowing the most complete removal of the N-terminal methionine are alanine, glycine, proline,

serine, and threonine. In a particular embodiment, the uricase comprises two amino terminal

amino acids, wherein the two amino terminal amino acids are a methionine followed by an

amino acid selected from the group consisting of alanine, glycine, proline, serine, and threonine.

[0062] In another embodiment of the invention, the substituted amino acids have been

20  replaced by threonine.

[0063] In an embodiment of the invention, the uricase is a mammalian uricase.



nol ecul es on each uricase subunit, preferably 3 to 10 pol yner nol ecul es per
uricase subunit. [0095] In an enbodi nent of the invention, each polyner

nol ecul e wa=xoe/mmed1ecul ar wei ght between about 1 kD and a@bomts2d06013i6Bd [ 0096]
I n anot her enbodi nent of the invention, each polynmer nol ecule has a

nol ecul ar wei ght between about 1 kD and about 50 kD. In a preferred

enbodi nent of the invention, each polyner nol ecul e has a nol ecul ar wei ght
of between about 5 kD and about 20 kD, j@bout 8 kD and about 15 kD, about 10
kD and 12 kD, preferably about 10 kD. In a preferred enbodi nent, each

pol yrner ecul e ha .ol ecul ar i ght of abaqut 5, kD or about 20 kD. |In an
Dopc: APTH or el e BBH Ot et el FRAHTA G S isaa T pree AoTet &f has
a nol ecul ar weight of 10 kD. M xtures of different weight nolecules are

al so cdRtcR bayiae, oving erbabe@yoldYdeHeasst the i nvention, the conposition is
suitable for repeated adm nistration of the conposition.[0097] In a
particul ar enbodi nent, conjugation of the uricase to the polyner conprises
| i nkagd@065¢| eclneh dmimdirnérg of theupvension| bt urigasefis aclinteainaricaselod gas or wtondar y
am ne |inkages, and am de |inkages. [0098] The subject invention provides a
cel I winidmmbléancafrasssty for producing a uricase having an amno acid
sequence of reconbi nant uricase, wherein the uricase has been truncated by
1 - 20 amino acids, and has nutated anm no acids and uricolytic activity.

[ 0099] [dd6%] S Ubinest enhBHARAEA QT tIRY iaVEHARSE, e MRANSallAruritBicaRR] defdchd fidrhC aci d
using the uricase. [0100] The subject invention provides a use of a
conposi.t.i AR e i ic acid levels in a biological fluid.
[0101]p%h%gh%éwg%dlneﬁ?;@%m?ﬁgvgﬁggﬁ%{on, t he conposition of uricase is
used for reducing uric acid in a biological fluid conprising blood. [0102]

Al so prpyi-ded are novel nucl.ei c_aci.d | ecul es encodi uricas
oor yood e, i P S i et e e PR bR SR P e
known &@%th one of skill in the art. For exanple, uricase nucleic acid
sequenc®s ‘tan be nodified by any of nunerous strategies known in the art
(Mani atis, T., 1990, Mol ecular doning, A Laboratory Manual, 2d ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y.). The sequence can be
cl eaved0@48] apphomother ém}glpfﬂ@@nmt e HEgRtiqn: thegHicapriemiseatvcsguencd Pl 35Rd by
further enzymatic nodification if desired, isolated, and ligated in vitro.
| n10he IPrdQutd.i on of the gene encoding a uricase, care should be taken to
ensure that the nodified gene remains within the appropriate transl ati onal
readi ng frane,

[0069] The subject invention provides uricase encoding nucleic acids comprising the

sequence of SEQ ID NO. 10.

[0070] In an embodiment of the invention, the uricase comprises fungal or microbial uricase.

[0071] In an embodiment of the invention, the fungal or microbial uricase is Aspergillus

15  flavus, Arthrobacter globiformis or Candida utilis uricase.
[0072] In an embodiment of the invention, the uricase comprises an invertebrate uricase.

[0073] In an embodiment of the invention, the invertebrate uricase Drosophila melanogaster

or Drosophila pseudoobscura uricase.

[0074] In an embodiment of the invention, the uricase comprises plant uricase.



uninterrupted by translational stop signals. Additionally, the

uri case-encodi ng nucleic acid sequence can be nutated in vitro or in vivo,
t o creat ewenddorogiest roy translation, initiation, and/ oPCrAas2NGal3cen
sequences, or to create variations in coding regions and/or form new
restrictionendonucl ease sites or destroy preexisting ones, to facilitate
further in vitro nodification. Any technique for nutagenesis known in the
art can be used, including but not limged to, in vitro site-directed

mut agenesi s (Hutchinson, C5 et al., 1978, J . Biol. Chem 253:6551), use of
TAB(r)(gbn ers_( Phar Ci%f’ tc. [0103] The nucl eptide sequence cqding for
a urich 5Erotlé‘ia‘ﬁ cxahpdpae tﬁggﬁetl’é IHML%H ABHHIERT IS4F1¥C1BR BragSLicass é%‘i?tgr,
i.e., a vector which contains the necessary elenents for the transcription
and trasdulesion of the inserted protein-coding sequence. A variety of
host-vector systens may be utilized to express the protein-coding sequence.
These include but are not limted to mammalian cell systens infected with
virus (@7¢9], vHuciubjeat miventmon padddesd nugdgic etid squeneseambdinglthe wymsans
infected with virus (e.g., baculovirus); mcroorgani sns such as yeast
contai ni ng yeast vectors, or bacteria transforned with bacteri ophage DNA
pl asm @OMP, OrhecsubjuctinkfionTfrevideqa esdrenmpkisimg nhenadeit had sequenter s vary
in their strengths and specificities. Depending on the host-vector system
utilized, any one of a nunber of suitable transcription and translation

el esrenfeo78Ry e Aiseteuld:QibHInAY, thE uiibie iEkbla’d. knepartikalkr MbBodingst, theon of

DNA fragnents into a vector may be used to construct expression vectors

cont ai ff;pg.e 3 @p;ﬁ@af I p@EHGLaf ?rﬁﬁé)cﬁfrjeg@, @k uie eQPfsgB'Eéa and Ipuriﬁ.ed.

transcriptional/transfational contr signals and the protein coding
sequences. These nethods may include in vitro reconbi nant DNA and synthetic

t echni andi n_vivo. reconhi nat.i o tic.Lec Lnation). Expression
of nucl ]aci dh esseuqbeecﬁlclzlger%hoél d?ﬁgésu$ﬁ%ség§p§0rm ré{nﬁg %g%t%é regul ated by a
second nucl eic acid sequence so that uricase protein is expressed in a host

t r ansf it.h the reconbi nant. DNA npl | e. .For ampl e, e [ f
ur oasOOBRY bottkbRs PGy YR oRotanAeasiare B SNERE RURATRC: he
art. Pronoters which ma%gbe used to control uricase expression, inc)ude, but

ar e notomprisinggadificatipe bpPER @almergse shaindeactien) tsplraayss of amuglsis ackhnbon,
1981, Nature 290: 304-310), the pronoter contained in the 3 |ong term nal

r epeat sefueRousnceding amantrimeated Waasardne skidled an the attd@ows Cedtla dR@redamciedy) , t he
her pes thym di ne ki nase pronoter (Wagner et al., 1981, Proc. Natl. Acad.

Sci . Ua&dAequicd #4rdpbd&) by POR vieguklatiooyigsagleide prigkrs, haidieial | ot hi oni ne

gene (Brinster et al., 1982, Nature 296:39-42); prokaryotic expression
vect or gogifethedtry RfreBiond6f ARBABIHRARLAL fdr ¥hill @rakayRrif dmplffedatlhe prifdd.
are added to the target DNA (that need not be pure), in the presence of excess deoxynucleotides
and Taq polymerase, a heat stable DNA polymerase. In a series (typically 30) of temperature
15  cycles, the target DNA is repeatedly denatured (around 90°C), annealed to the primers (typically
at 50-60°C) and a daughter strand extended from the primers (72°C). As the daughter strands

themselves act as templates for subsequent cycles, DNA fragments matching both primers are

amplified exponentially, rather than linearly.

[0081] The subject invention provides a method for producing a mutant recombinant uricase
20  comprising transfecting a host cell with the vector, wherein the host cell expresses the uricase,

isolating the mutant recombinant uricase from the host cell, isolating the purified mutant



Proc. Natl. Acad. Sci. U S. A 75:3727-3731), the tac pronoter (DeBoer, et
al ., 1983, Proc. Natl. Acad. Sci. U S. A 80:21-25), and the osnB pronoter.
I n parti owbanoearmmidi ments, the nucleic acid conprises aPoualsedos/oasba
sequence encodi ng the uricase operatively united to a heterol ogous
pronoter. [0105] Once a particular reconbi nant DNA nol ecul e conprising a
nucl ei ¢ acid sequence encoding is prepared and isol ated, several nethods
known in the art may be used to propagate it. Once a suitable host system
and growm h conditions are established, reconbi nant expression vectors can

be pro n r ously expl 'ne th
expresgg%%hbec?aguggﬁgﬁ %ggﬁp HQ éﬂn¥%8@ﬁ@§ %ﬁ 1qgg%aw%gm%% Bﬁnl tt he
follomnn %ﬁct?rs or their derlvatlves hunag ani mal viruses such as
vacci nif &P HRART gricasgfias crample ﬁhﬁélélﬁ?se\???'& gagqercygg fathig mespheds slesqyibsd t
vectors; _bacteri ophage vectors 8 Ianbda) and plasm d and cosm d DNA
vect or 41 Inteynafignal %t@ntal’wbéwm[nd‘i@éf}’ 1G0/Q81 @5+ inoerporateddisrein by refetened im itsay be
chosen whi ch nodul ates the expression of the inserted sequences, or
modi f i estimtyd processes the gene product in the specific fashion desired.
Expression fromcertain pronoters can be el evated in the presence of
certain inducers; thus, expression of the genetically engi neered uricase

pr o3 ei 10082y beTleonicass ineszl be Holdidbarinsreuridied b hﬁﬂneﬁ%ﬂtkn@%% tHb@é’ 8f skill in
characteristic and specific nmechanisns for the translational and

post t r apsrat E@?@sa@ﬁ&?ﬁiﬁ‘d@s@lo@tﬂﬁ IH@éitluBh fa?et ge%raﬁ?q&late&inys%&xﬁt% e o

cl eavage) of proteins propriatecell I'inés or os systens ca

to ens roce £ rotein
excpr ot PRTPAED, BEDOIRRBH R AL ROl BEgRE gfsatt Sl sy Bt B cssi ng
reactlon ot ti eavages to di ff t extents 0107] In
partchf @PFB% Hﬁfﬁ%feaﬁeyaﬁtr?g"/chwﬂg fndggost B ‘?ré Y(S‘faBPH'I‘EYéEf@heﬂSt %ol i
is preferably performed using vectors which conprise the osnB pronoter.
EXAVPLES %ﬂﬁ@e&emb@%@m ICRigon 1mpy be achigved usingr fos skample) the iaddaFdr  Ur i case
Expressi on [0108] Reconbi nant porcine uricase (urate oxidase), Pig-KS-DN

(ahd no tachniqierus anmerdamedlfpie gragtiodion, IDBPAGE ckplragiongisamdarfiaitiy ds 291 and
301 with Iysine and serine, respectively) was expressed in E. coli K-12

st r ai ncMBiibgraphyA The ukiesseqé profa sty bl NebusRNS tativai e fablai, 'f'@l‘téxﬂﬁplen

pOUR- P- DN- ks- 1, whi ch upon transformation of the E. coli host cells was

capabl get9f pﬁicﬁﬁﬁfn‘ dhebrffeT(CPCG AlcoPXiRE B thk Wbt dHsbfiESn copending United States
patent application filed on April 11, 2005 having application no. 60/670,520 and attorney docket
number 103864.146644, entitled Purification Of Proteins With Cationic Surfactant, incorporated

15  herein by reference in its entirety.

[0083] In a preferred embodiment, the host cell is treated so as to cause the expression of the
mutant recombinant uricase. One skilled in the art knows that transfection of cells with a vector
is usually accomplished using DNA precipitated with calcium ions, though a variety of other

methods can be used (e.g. electroporation).

20  [0084] In an embodiment of the invention, the vector is under the control of an osmotic
pressure sensitive promoter. A promoter is a region of DNA to which RNA polymerase binds
before initiating the transcription of DNA into RNA. An osmotic pressure sensitive promoter

initiates transcription as a result of increased osmotic pressure as sensed by the cell.



| sol ati on And Subcloning O Uricase cDNA From Pig And Baboon Liver [0109]
Uricase cDNAs were prepared from pig and baboon |livers by isolation and
subcl oni /yoahodhasipel evant RNA. Total cellular RNA was extrnsetssdifosom pi g
and baboon livers (Erlich, H A (1989). PCR Technol ogy; Principles and
Application for DNA Anplification; Sanmbrook, J., et al. (1989). Ml ecul ar

Cl oning: A Laboratory Manual, 2nd edition; Ausubel, F. M et al. (1998).
Current protocols in nolecular Biologyp2-then reverse-transcribed using the
First-Strand cDNA Synthesis Kit (Pharnmacia Biotech). PCR anplification was

perfor sing Ta A pol yrerase (G phco BRL, Life Technol ggies). [0110]
The oyrBasals c B b dmdinBi kR i ke, Heduonoter B adiBrs PRRlBrRoet pi g and
baboon urate oxidases (uricase) are shown in Table 1. Table 1. Priners For
PCR Amplification OF Uricase cDNA Pig liver uricase; sense 5 . .
gcgcggﬁp?f’&i ATGHOTRAGuR nEbosreiE i iopse pihe)ingniipn 151 uriggss copppagtedoyith a
gcgct ct agaagct t ccat ggTCACAGCCTTGAAGICAGC 3' (SEQ ID NO. 2) Baboon (D3H)

i ver olya&e: sense 5 gcgcgaatt ccATGGCCCACTACCATAACAACTAT 3' (SEQ I D NO
3) anti-sense 5 gcgcccat ggt ct agaTCACAGICTTGAAGACAACTTCCT 3' (SEQ I D NO. 4)
[0111] Restriction enzyne sequences, introduced at the ends of the priners
and shd®87]n | bwer enbelimantkdbheintentivar @ psanmectficaRiongrditivaebmppisiag aled
baboon) and anti-sense Ncol, H ndlll and Xbal (pig), Xbal and Ncol

( baboonyicadeis biteidedb a0 Bns nBEdiRchi)Bie cohliRsiildh idh §QE@h (AFiIcaaS Halatiréfeaed d)
present in baboon uricase was replaced with CAC (histidine), the codon that

I's presgiodhedtths s&ﬁﬁ&ﬁ {sQBerd] aﬁd‘ﬁlitﬁ@gif&ginﬁsgﬂbﬁ? NrCorflenidoQitiHIBR AT at €

oxi dase pseudogene. The reconbi nant baboon’ uricase construct generated
or oducte e HPh SEP B PRTE S R ouaR By Prrph G RBrerd iR S otdeSTEr eate
pucls -thcf E:(gmlyc{sllt?o%sig progri]cﬁ:d?ggvg ,bgp(%i%nelxﬁ}i ﬁe%zslr(lag e|13 rcu%bgrr i(r)gdelcj:’?i})n \sl\t/aogpe%.l (I)r? ga(tjrticular
embodiments, the composition comprises uricase in solution at a concentration of from 2 to 16
10  milligrams of uricase per milliliter of solution, from 4 to 12 milligrams per milliliter or from 6 to
10 milligrams per milliliter. In a preferred embodiment, the composition comprises uricase at a

concentration of 8 milligrams per milliliter. Preferably, the mass of uricase is measured with

respect to the protein mass.

[0088] Effective administration regimens of the compositions of the invention may be

15  determined by one of skill in the art. Suitable indicators for assessing effectiveness of a given
regimen are known to those of skill in the art. Examples of such indicators include
normalization or lowering of plasma uric acid levels (PUA) and lowering or maintenance of
PUA to 6.8 mg/dL or less, preferably 6 mg/dL or less. In a preferred embodiment, the subject
being treated with the composition of the invention has a PUA of 6 mg/ml or less for at least

20  70%, at least 80%, or at least 90% of the total treatment period. For example, for a 24 week
treatment period, the subject preferably has a PUA of 6 mg/ml or less for at least 80% of the 24
week treatment period, i.e., for at least a time equal to the amount of time in 134.4 days (24

weeks x 7 days/week x 0.8 = 134.4 days).



directly into pCR(tm Il vector, using TA Coning(tm (Invitrogen, Carlsbad,
CA), creating pCR(tm Il -D3H Baboon Uricase.[0113] Ligated cDNAs were used
to transfwormds/11e1bi strain XLl -Blue (Stratagene, La JecCrais26@épi13ckh asm d
DNA cont ai ni ng cl oned uricase cDNA was prepared, and cl ones which possess

t he published uricase DNA codi ng sequences (except for the D3H substitution
i n baboon uricase, shown in Table 1) were selected and isolated. In the
pCR(tm 11 - D3H Baboon Uricase clone cbopsen, the pCR(tm Il sequences were
next to the uricase stop codon, resulting fromdel etion of sequences
introd by PCR. .. a_gonseguenc, t he Xpal. and ol restriction sites
£ om ¢ M0, e B ler B PRGR A et to 24 e PReale Tt SUchon i SUHESHER 3¢S onal
cloning using Ncol at the 5 end of the PCR product and BanH which is

der i ve@VEWanPrhweskerIhajrirasy saydie. admipsicess if GRORPRIPPIEA]E &vay IRAWR R engET
Expressi on Vectors Baboon Uricase Subcl oning [0114] The D3H baboon cDNA
cont ai iskillginfthe 4rt,Ifenexample, inteeyen@sti, igrasegadade onabcitateadiyc dueferably, pien 3d
expressi on vector (Novagen, Mdison, W). The pCR(tm Il - D3H Baboon

Ur i casehs@binidllsgeséesd intrdveniNen 0. 5ang tBedk of aridask ieafitisiped.  Bvgfegatly Welten

i sol ated. The expression plasm d pET-3d was digested with Ncol and BanHl,

ands t hegndRRPinRafisRETRR RS UL, 33 21 &tk ofiBRatIR afiBRASERES INR bR IQRt ed to
create pET-3d- D3H Baboon. Pi g- Baboon imera Uricase Subcloning [0115]

Pi g- ba i : i : i rdar i j r
S oA RO, RS ph TS B! 0401000 BT Jlale
constrycted by i.sol atin he 4936 bp .Ncol.- Apal fragnment, from .

oET- ac-1RoRE Babeleel 51BE ahii g atRtrinkiedicobF syt By SGRen D BRI ERe 624 bp
Ncol - Apal fragnent isolated frompUC 8 -Pig Uicase, resulting in the

f or mat iEBWodmMantst thgdinmon cpp be pedommadasing WONR 580 mdi ok saline seliéomilg aur i case
codons 1-225 joined in-frane to codons 226-304 of baboon uricase. Pi g- KS

Ur i caserGetred embeodjment] 8Gig ¢ wicd® inrsobdise isabnioshsed octr ed 20 miontderiod omatd
one |lysine residue, which nmay provide an additional PEGylation site. KS

refers everythweekionon&cdvidry NsRelks; gfefdryblly Mige riiade B dissulvied 5250 Al JIQ@slidd on
291, in place of arginine (R291K). In addition, the threonine at position

301 wagofeih #5a8fdohh 18 BhkibRlat JROIdimknts, HAE uft K RaMidiSBRBnPlRS Blade VRS a
constructed by i1solating the 4696 bp Ncol - Ndel fragnent of

Fragmodteirior Ara ofRohBETshbn RS woRRLEE bbby Fn B PR RPe on ot

PET- 3d-treatment period is 12 weeks, 24 weeks, 36 weeks or 48 weeks. In a particular embodiment, the

treatment period is for an extended period of time, e.g., 2 years or longer, for up to the life of
15  subject being treated. In addition, multiple treatment periods may be utilized interspersed with
times of no treatment, e.g., 6 months of treatment followed by 3 months without treatment,

followed by 6 additional months of treatment, etc.

[0090] In certain embodiments, anti-inflammatory compounds may be prophylactically
administered to eliminate or reduce the occurrence of infusion reactions due to the administration
20 ofuricase. In one embodiment, at least one corticosteroid, at least one antihistamine, at least one
NSAID, or combinations thereof are so administered. Useful corticosteroids include
betamethasone, budesonide, cortisone, dexamethasone, hydrocortisone, methylprednisolone,
prednisolone, prednisone and triamcinolone. Useful NSAIDs include ibuprofen, indomethacin,

naproxen, aspirin, acetominophen, celecoxib and valdecoxib. Useful antihistamines include



Pi gKS. The resulting PigKS uricase sequence consists of the pig uricase
codons 1-288 joined inframe to codons 289-304 of baboon uricase. Subcloning
O Ui caswoSeguansie Under The Regul ati on O The osni B Prommtsesos[od3baé¥] The
uri case gene was subcloned into an expression vector containing the osnB
pronoter (follow ng the teaching of Unites States Patent No. 5,795,776,

i ncorporated herein by reference inits entirety). This vector enabl ed

i nduction of protein expression in respbnse to high osnotic pressure or
culture aging. The expression plasm d pM-OA-18 contai ned the osnB pronoter,
ari bO%@d’@dinQ'th?%nﬁ‘aﬁnﬁle? EaHEME cl(lbﬁiﬁ)ani?ﬁlqin@, 31(5%%2}%5@%0@%&18&@] nat or
sequence (ter). It confers anpicillin resistance np and expresses the
r econbi ine.esterase. (AChE).. Subcl oni ng O D3H Baboon
Uricas 39?{3‘%?3 d{gf}ﬁ%ﬁgﬁ%ﬂrﬁﬁ g&%b@&%&gy tedﬁ@’é@%‘@'ﬁ%“t“ﬁ’ (R‘Rf‘g A% BanHl, and
the large.fr nt. was. i spl at ed. T(ﬂ& construct pET-3d-D3H Baboon was

di gesté o&ﬁr{aﬁ droxygings ta‘gﬂ?jmi HBYABG r agnent, whi ch i ncl uded t he
D3H Baboon Uricase gene is isolated. These two fragnents were ligated to
Create IXFQJ18. [0119] The expression plasm d pMXT133 cont ai ned the osnB
pr onot é‘ﬁ’ 1h r o& ynrefepsd pmbedimspb thapntihistamipgis fegofenating e NSAD ieconbi nant
factor Xa inhibitor polypeptide (Fxal), and it conferred the tetracycline
r est st aereamigepken(aNditiRy corlicastdraidophydrocatismegadier pranisoserRreftrabiy, @
thisplasmid in order to exchange the antibiotic resistance genes. The

pl asm dombiR6titiBofrbthelied asiRbesshrily DI mitdntly) 8€-adMinibBREA prior WABAM BRI
with Xhol, and a 1030 bp fragnent was isolated. The plasm d pM-XT133 was
di gest gfcadt khtuible! in 4 prefepdd 'eﬁmboal*ﬁ%t,'ﬂ?e NRATHIME %ﬁfr‘qutﬁnﬂ& A0 Qilmin"m&e he

| arge fragment was isolated. The two fragnents were ligated to create the

i mor 3Ly AR IERBTAR e F o AR AP R i Focalon S

Al wWNl, _an e 2320 fra was isglated. The plasm d pM-XT133 was

i gost B bhSearon g AR50 pideibant Skt LA wl shochonRmaout B he 620
bp fragment was isolated. The construct pET-3d-PBC was digested with Xbal,
fi49 ed%?ohl,t 0P mgn preferably 64inge st stitahle Hossmslacetaminophen intlndepatious fdfbtotabaats

i solated. The three fragnments were ligated to create pUR-PB, a plasm d that
expr es &) 1PRGboni Yste abodel200 neg, abmit86D toibas FBI(pmgnatcat 1@00mEFeRsablel | as
the T7 rbs, which was derived

1000 mg. A suitable dose of hydrocortisone includes about 100 to about 500 mg, about 150 to

about 300 mg, about 200 mg, preferably 200 mg. In one embodiment, the antihistamine is not
diphenhydramine. In another embodiment, the NSAID is not acetaminophen. In a preferred

15  embodiment, 60 mg fexofenadine is administered orally the night before uricase infusion; 60 mg
fexofenadine and 1000 mg of acetaminophen are administered orally the next morning, and
finally, 200 mg hydrocortisone is administered just prior to the infusion of the uricase solution.
In one embodiment, prednisone is administered the day, preferably in the evening, prior to
uricase administration. An appropriate dosage of prednisone includes 5 to 50 mg, preferably 20

20 mg. In certain embodiments, these prophylactic treatments to eliminate or reduce the occurrence
of infusion reactions are utilized for subjects receiving or about to receive uricase, including
PEGylated uricase and non-PEGylated uricase. In particular embodiments, these prophylactic
treatments are utilized for subjects receiving or about to receive therapeutic peptides other than

uricase, wherein the other therapeutic peptides are PEGylated or non-PEGylated.



fromthe pET-3d vector. [0121] The T7 rbs was excised in an additi onal
step. pUR-PB was digested with Ncol, filledin, then digested with AlwWNI,
and t he 380Qowmpiibsiagnment was i sol ated. The plasm d pM-XPCIAB20068136@est ed
with Ndel, filled in and then digested with AIwWNI, and the 620 bp fragnent
was isolated. The two fragnents were ligated to form pDUR-PB, which
expresses PBC under the control of the osnB pronoter. Construction O
pOUR- PB- DNC [ 0122] Several changes wepg-introduced into the uricase CDNA
which resulted in a substantial increase in the reconbi nant enzyne

stabili Plasm d - PBC-.DNC was. copstructed, .in which.the N-fermnal

o o r edDR R D Ar o i ioheE FrAReE il s el Bl ni ch
function in vivo as peroxysonmal targeting signal, were bgoth renmoved., This
wascar ririsaseghat hay begn mpgifigg bppenjagajivenwigh 3 Rolymss fnd thepppdifind yHepse peiains
specific oligonucleotide priners |listed in Table 2, using PCR

anpl i f iveigplytin actidiy. dn2. paprdutes embpdimepCRoMmrriUricase Gonjigates RRQIEpEEARY case
PBC-DNC Uri case: Sense 5' gcgcat ATGACTTAC AAAAAGAATGATGAGGTAGAG 3' (SEQ I D

NO. 5) démdrlbed émigernatiayPatadabliddcA®o. WO 01/59078 and U.S. Application No.
AACTTCCTCTTGACTGTACCAGTAATTTTTCCGTATGG 3' (SEQ ID NO. 6) [0123] The

resgri qioyapn 78MaNERpSARH BBRAShY IEeRUeGR el ertif&icgNds of the priners shown in
bol d and the non-coding regions are shown in |lowercase in Table 2. Ndel is

sense and Xbal is antisense. The anti-sense priner was al so used to

el i m ngheyzn mﬁaﬁ%mgﬁta ia'w&h{ﬁapth%!pb@n@f.ig é&écw&ﬁghﬁ%g% nt nutation

(under Il neq) not affect the amnd acid sequence hus,
facilitated subcl oni by usi Ndel 0124] The, 90Q base-pair, fr nt
goner at ooty baR e RtR st Bptsal BRRRk £ERL 20 I B Rist SRR

and isolated. Th bt ai ned fragnment was then inserted into a deo expression
pl asni &a%mﬁlﬁﬁf?ﬁ?\lf’swp iy PSR Lloppend o spie3 a[ﬂ@ﬁ%ter and rbs derived
fromE. coli and constitutively expresses human reconbi nant insulin

precursor. The plasmid was digested with Ndel and Xbal and the 4035 bp
fragmerdP09%s i Boanagrebpdiment qf glg iagentions the cpmeosifiemgemprises 2-12 polymer

10 molecules on each uricase subunit, preferably 3 to 10 polymer molecules per uricase subunit.

[0095] In an embodiment of the invention, each polymer molecule has a molecular weight

between about 1 kD and about 100 kD.

[0096] In another embodiment of the invention, each polymer molecule has a molecular
weight between about 1 kD and about 50 kD. In a preferred embodiment of the invention, each
15  polymer molecule has a molecular weight of between about 5 kD and about 20 kD, about 8 kD
and about 15 kD, about 10 kD and 12 kD, preferably about 10 kD. In a preferred embodiment,
each polymer molecule has a molecular weight of about 5 kD or about 20 kD. In an especially
preferred embodiment of the invention, each polymer molecule has a molecular weight of 10 kD.
Mixtures of different weight molecules are also contemplated. In an embodiment of the

20 invention, the composition is suitable for repeated administration of the composition.



PCR product. The resulting construct, pDUR-PB-DNC, was used to transform E.
coli K- 12 Sf733 (F- cytR strA) that expressed a high | evel of active

t runcat edwonrneages19[ 0125] The doubly truncat ed PBC- DNC Pequspas/onsso al so
expressed under the control of osnB pronoter. The plasm d pDUR- PB- DNC was
digested with AIWNI -Ndel, and the 3459 bpfragnent was isolated. The

pl asm d pMFXT133, descri bed above, was digested with Ndel - AIwWNI, and the
660 bp fragnent was isolated. The fragments were then ligated to create
pOURPB- DNC, which was introduced into E. coli K-12 strain W110 F and

expres igh | evel. of active truncated. uri case. nstruction X The

o cas IR, oo P iRt Lo RRBOR 51 G bERRSip BRIRLING coffbeis
constrycted in order to inprove the activity and stability of the

r econbilifRges éﬂﬁ%@.?rom ¢ REUPIQODT ptingd Upthanerlinkagasetpeqndary amine lapagsRaidbn y
(DN), where the six-residue N-term nal maturation peptide was renoved, and
cont ai aedde linkages at i ons S46T, R291K and T301 S. At position 46, there was a
t hreoni ne residue instead of serine due to a conservative nutation that
occurred during PCR anplification and cloning. At position 291 , |lysine

r epl ac¢@D98] gi nTleesubgrdinatntpmsprovides 8] wik tlierapaaty fonpedtieidg a nsitasadaving
threonine. Both were derived fromthe baboon uricase sequence. The

nods f i gabindmSadd sd3a8dds dmebohifidant afieasd evh@biatiRchuridase Barbadh stHsaebADOD.
The extra lysine residue provided an additional potential PEGylation site.

[0127] : gﬁ%{gf -agm-g 5 Fl@dlBichhtivitne pl asm d pOUR- PB- DNC was
di gesttea1 %vﬁ‘:%&StA%gfﬁ%s aﬁ,B an é(fg%% 87d§£bg8%fc:a§é\#$t was isol ated. The
pl asm d pET-3d- PKS (construction shown in Figure 4) was digested with Apal

ext ons S nar TG RREb B, hER bRk PR hAEUEERahE e Bing 01

The two fragnments were |ligated to create pOUR-P-DN-ks-1. After ligation,

the Sp d | recognition sites were lost (their. site.is shown in
oar ent ST, PR g RECET et uES s H ST AR AT L AR SRS | e o
E. coli K-12 strain WB110 F , prototrophic, ATCC # 27325. The resulting
Pi g- KSﬁBﬂlﬁqu%lasae}?m]@St?ﬁ]eﬂ%léd under the control of osnB pronoter, vyielded
hi gh | evel s of reconbi nant enzyne havi ng superior activity and
st abi | ié%.l&0128] Figure 1 illustrates the structure of plasmd )
pOUR- P{ s- 1In, amwrghpéﬁrgerﬁ@f therigvensiony the cpmposiiereel wrirabigtusehivs reycinge
position, relative to Haell site, designated as 1; restriction sites that
wer e | asit adidrin adidbginalitpidcenpmsikgblobd. par ent hesis. Pl asm d pOUR- P- DN- ks-1,
encodi ng Pi g-KS-DN uricase is 4143 base pairs (bp) long and conprised the
foll owi ng el enents:

[0102] Also provided are novel nucleic acid molecules encoding uricase polypeptides. The

manipulations which result in their production are well known to the one of skill in the art. For
example, uricase nucleic acid sequences can be modified by any of numerous strategies known

15  inthe art (Maniatis, T., 1990, Molecular Cloning, A Laboratory Manual, 2d ed., Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y.). The sequence can be cleaved at appropriate sites
with restriction endonuclease(s), followed by further enzymatic modification if desired, isolated,
and ligated in vitro. In the production of the gene encoding a uricase, care should be taken to
ensure that the modified gene remains within the appropriate translational reading frame,

20  uninterrupted by translational stop signals. Additionally, the uricase-encoding nucleic acid
sequence can be mutated in vitro or in vivo, to create and/or destroy translation, initiation, and/or

termination sequences, or to create variations in coding regions and/or form new restriction



L A DNA fragnent, 113 bp |ong, spanning from nucl eotide nunber 1 to Ndel
site (at position 113), which includes the osnB pronoter and ribosone

bi ndi ng swoeodawtiagis 2. A DNA fragnment, 932 bp | ong, spamroirng2doconchidel (at
position 113) to Spel/Xbal junction (at position 1045), which includes: 900
bp of Pig-KS-DN (nucleic acid sequence of amno termnus truncated pig
uricase protein in which amno acids 291 and 301 with |ysine and serine,
respectively, are replaced) coding regpen and 32 bp fl anki ng sequence
derived frompCR(tm) I1, fromthe TA cloning site upstreamto the Spel/ Xbal
restriction site.. 3. A 25 bp nultiple clonjn ites, sequence. (MCS), from
Spel / xﬁafiowff‘@ﬁ? S Cr ooy iFeesHting 2855, fostarilifele ls‘tlrth(eatn \6@@ inqddficatignainy 4. A
synthetic 40 bp oligonucl eotide containing the TrpA transcription

t er m ndedwmiqueden myjagenesfskapvn iy e asioesintbie ased drrdyding Butaet limitedto,pogitto on
1110) ends. 5. A DNA fragnent, 1519 bp long, spanning fromAatll (at

posi t i eiteHirtOpd tmutddentsiSEFhaltcimtonp6siet algr 926 I9Bicdi Elesn 853 :pRRJ2Betof SAB®

i ncludes the tetracycline resistance gene (TetR). 6. A DNA fragnent, 1514
bp | onginksRIPRArRActal,@f. Seal (at position 2629) to Haell (at position 4143)
sites on pBR322 that includes the origin of DNA replication. [0129] Figure
2 shows the DNA and the deduced am no acid sequences of Pig-KS-DN uricase.
I n thi ygur e; j i ggmpée i i : : | ete pig
uri %asggie%%encghé E%l?%ﬂw@(r%a@{ehgei nilt i f(:él)t&grgmlrcriste igﬁngdgﬁg)gg?sg&g?nggt reoni ne
was i ns I he_ aspartic .aci f t.he piQ_ urjcas equence.
This « nopismial b BRib Yot Pea® R B0 i Shs Rl GRS RE S

am nopepti dase. The .in e, ami no acjd sequence illustrat t he del et ed
N- t er miFRRFCTHRECR ARE fraﬁs?%@mfﬁﬁe.l g eingegrense: ANATCWT BOUSEEO or t he
various steps of subcloning of the different uricase sequences (Apal, Ndel,
BanHl , sEsteirs maybehidizyd toraxpragelthearretgin-codingsequaice abesainstidsdytiandet  shown
in lowercase letters, was derived frompCR(tm Il sequence. The transl ation
st op cdohoited te mangnalznext]lzystams agteed with virdd 304., Fcginieviduss hdensviald, giegent  of
the am no acid sequences of the various reconbi nant uricase sequences. The
upper lihget seByeRaRtisfettBe wWithd/itk (€8S Baculditib); niedodeadisiiieuihd yeasd no aci d
sequence. The second line is the sequence of the doubly truncated

Pi g- babeaRifty PEiktvddids 2 Bacteria transformed with bacteriophage DNA, plasmid DNA, or
cosmid DNA. The expression elements of these vectors vary in their strengths and specificities.

Depending on the host-vector system utilized, any one of a number of suitable transcription and

translation elements may be used.

15  [0104] Any of the methods known for the insertion of DNA fragments into a vector may be
used to construct expression vectors containing a chimeric gene consisting of appropriate
transcriptional/translational control signals and the protein coding sequences. These methods
may include in vitro recombinant DNA and synthetic techniques and in vivo recombinations
(genetic recombination). Expression of nucleic acid sequence encoding uricase protein may be

20 regulated by a second nucleic acid sequence so that uricase protein is expressed in a host
transformed with the recombinant DNA molecule. For example, expression of uricase may be
controlled by any promoter/enhancer element known in the art. Promoters which may be used to

control uricase expression include, but are not limited to, the SV40 early promoter region



(PBC-DNC). The third Iine shows the sequence of Pig-KS-DN uricase, that is
only truncated at the N-term nus and contai ned the nutations S46T and the
am no aciwochengesoR291K and T301S, both refl ecting theprbahseowconicgs n of
the carboxy term nus of the uricase codi ng sequence. The asterisks indicate
the positions in which there are differences in amno acids in the Pig-KS
DN as conpared to the published pig uricase sequence; the circles indicate
positions in which there are differene2s-in amno acids in Pig-KS DN
conpared to PBC-DN, the pig-baboon chinera; and dashed |ines indicate

1 cas R TN g Nl SRS T08 Bk EnoR il fpddlonere |

constr for in : |i. Clones expressing high | evels of the
i o SR e o A Rk vihe i arim o Dol o DL R RS TP shherpsi0 F
coli, BH Xpression is regul ated bf osnB. Plasm d DNAs were isol ated,
verifi HB§ PRI Boamist{§V agner gtak: 198t Pros. WatkyheadaBell UsS.4, 781h414—¢é45)sth\a/er e
cul tured. g[t0132] Construction of the truncated uricases, including pig-DN
and Pi §eRI1IqK segusnersd thymetabethidningagene (Blirdteve al. H&Ezmﬁu&r@@%ﬁrﬁs
foll owi ng cl eavage with restricti onendonucl eases Apal and Xbal, and Apal

pl Us Spelkaryotis pemtisical yectdrs sich as @asPrakhfisé PAmdEaSaILL- Klalﬁfa?éff%@t Aut@ng S

would retain activity, since the N-term nal six residues, ‘et ar ati on

pept i deroc(Na2)AcadNSeil 06 & YE8M N3 12 rt\}zl\f‘. Rﬁbrﬂ&er LG e%?tfm]lﬁgé? IS% tzl%}gti c

signal" (3-5), do not have function 5|gn| I can Iy af

activi hese .sequences, ma gen

c oneskg?(dp;sggg %gA \?glr%s%?l) %ﬁltﬁ@gﬁtm}g {0119%@ PP@Q%‘%@’&&H@%&@ 1e&t ed.
anplg}% lgransfor tion, O The ession Plasmd Into A Bacterial Host

Cel | [ TA357™MRHES &3F §° %Cb%seﬁrl%%%eac %@&Jﬁée prigpgeeperativlydinkad fopleieralagens E.

col i K- 12 strain V\BllO F . Bacterial cells were prepared for

t r ansf BPHLon i nvol ved growh to md |og phase in Luria broth (LB), then

cells were harvested by centrifugation, washed in cold water, and suspended
in 10%q cerol, in water, at a concentration of about 3xIO 10 cells per
mL0 Th18 | s QMIE@ pertisutag T¢Q¢Hdollnaqu5ﬂ\h% mleculé@ﬁmpﬂlsmgm ithe[dNAadMi Sequence

precipitated in ethanol and dissolved in water. [0134] Bacteri aI cells and
pl asm ehcDMAg ieprepared ent] isaldkd; sevesl aretRids RRow@ s MORA Y beh@elt@bro Qéatt@ﬁ.e

el ectroporation nmethod using Gene Pulser Il from Bl O RAD ( Trevor
(1992)Ondd mw@kmaﬁs‘g@ﬁeﬂ%ﬂd owth é?ﬁ&iti%h!; GreR¥taB @‘&
El ectroporati on and El ect rogam on (D.C. eanf;l, 1%1%811\}1@ naﬁt%xﬁ% %&1 Saunder s

and A yeiorsOM i eSprofisbatelianl Ff)rep?ape% ift %Qantlty. As previously explained, the expression
vectors which can be used include, but are not limited to, the following vectors or their

15  derivatives: human or animal viruses such as vaccinia virus or adenovirus; insect viruses such as

baculovirus; yeast vectors; bacteriophage vectors (e.g., lambda), and plasmid and cosmid DNA

vectors, to name but a few.

[0106] In addition, a host cell strain may be chosen which modulates the expression of the
inserted sequences, or modifies and processes the gene product in the specific fashion desired.
20  Expression from certain promoters can be elevated in the presence of certain inducers; thus,
expression of the genetically engineered uricase protein may be controlled. Furthermore,
different host cells have characteristic and specific mechanisms for the translational and post-

translational processing and modification (e.g., glycosylation, cleavage) of proteins. Appropriate



Academ c Press Inc., San D ego, Hanahan et al (1991) Meth. Enzynol., 204,
63-1 13). Transformed cells were suspended in SOC nmedium (2% tryptone, 0.5%
yeast extweaabge/t®81xM NaCl, 2.5mM KC, 10 nM MgCl 2, 10 neCiiSe¥s/025860mV

gl ucose), incubated, at 37C, for 1 hour and selected for tetracycline

resi stance. A high expresser clone was sel ected. Exanple 3. Reconbi nant

Uri case Preparation [0135] Bacteria such as those transforned (see above)
were cultured in medium containing glugpse; pH was maintained at 7.2 0.2,
at approxi mately 370C.[0136] Towards the |last 5-6 hours of cultivation, the
medi um was supplenmented with KO to a finpal concentration of 0.3M

cul ti v&ell Baesgidosiorvstemsean be chasenip ensiiedbe desdied madiication apd proepssecd i nant
uricase accunmul ated within bacterial cells as an insoluble precipitate

si m | aforeignipnoteinsixpreskold DeerehtBeltor/fibg expleksicusystenss roay elfiect peeshgsthgoy
centrifugation and suspended in 50 MM Tris buffer, pH 8.0 and 10 nM EDTA
and br eesghibnd such af proddolytit] diewvagds tadiffaxiterteatsy 40 tinmes the dry cell

wei ght. [0138] Reconbi nant uricase-containing |IBs, were isolated by

centri fogaj Omngﬁam&mr%&%hﬁﬁm b0fe Hvedst, ekprabsiifdt Ficdsd iRE. ygezynme and
hi gh pressure. Treatnent with | ysozyme (2000-° 3000 units/m) was done for

16- 20 t . \Whi 1L ¥l T | et was washed with
vvat%r ggegéra)%rpggég gﬁec?‘i%%’%cﬁ?r?%’hﬁéggéohﬁ)d%gien(%ﬁqe}?’ E’ﬁ)ﬁﬁ) g ed 1Bs were further
processed after suspending in 50 nM NaHCO3 buffer, pH 10.3+0.1. The

suspen@FXoAMMESES ncubat ed overni ght, at roomtenperature, to allow
sol ubilization of the IB-derived uricase, and subsequently clarified by

cent ri fsaaiplon. CoktARltiowrOLasre Aad Hxpréph Mushid Bér Uyicag\Extlession
chronatﬁﬂ)raphy steps. lnitially, chromat, rﬁpﬁ%/clgglsﬁ%ﬂg{le on a.Q Sepharose
FF col d%P8] TheRes BPITHS Wikass et erigisch bigc Ang (FRRUSIBRCaEdi ng
150 mM Nadl, and uricase was eluted with bicarbonate buffer, containing 250
MM NaClpig Tiesse pixsain rephasingrming acide 20 h andB Gnwith hiesine pndserine, respoctiyeli s
inmpurities fromthe uricase preparation. The Q Sepharose FF el uate was

di 1ot edxpictded IOEMGIOKYIQ stairbWisfl @0 F-.psekids 30 plhsmids veasponstaictedcmimmatingiin on
of approximately 0.25 ng/mm and | oaded. The colum was washed with

bi car beeatre.poakhiar:, withlGodQrandfor@sAéMhe 8. dAI0hdMEMRGIas APsbl&IbT Eiasenpas
eluted with the sanme buffer supplenented with 60 nM xanthine. At this

st age, rl rii ed by Q Sepharose chromatography to renove
aggregae%.ﬁ(}ge#(g#ﬁ%%ﬁ;hllrk?% purity of each uricase preparation is greater
than 95% as determ ned by size exclusion chromatography. Less than 0.5%
aggr egdidatiéwAmd SubelohineOf Etidase cBNA FrompRigagAndBaboon Liver

[0109] Uricase cDNAs were prepared from pig and baboon livers by isolation and
15  subcloning of the relevant RNA. Total cellular RNA was extracted from pig and baboon livers
(Erlich, H. A. (1989). PCR Technology; Principles and Application for DNA Amplification;
Sambrook, J., et al. (1989). Molecular Cloning: A Laboratory Manual, 2nd edition; Ausubel, F.
M. et al. (1998). Current protocols in molecular Biology), then reverse-transcribed using the
First-Strand cDNA Synthesis Kit (Pharmacia Biotech). PCR amplification was performed using
20  Taq DNA polymerase (Gibco BRL, Life Technologies).
[0110] The synthetic oligonucleotide primers used for PCR amplification of pig and baboon

urate oxidases (uricase) are shown in Table 1.



usi ng a Superdex 200 colum. [0142] Table 3 summarizes purification of
Pi g- KSDN uricase fromIBs derived from25 L fernentation broth. Table 3.
Puri fi catworrod11881g- KSDN Uri case Exanpl e 4. Charact eri sPCcrasoiosBesseorbi nant
Uri cases SDS- PAGE [0143] SDS-PAGE anal ysis of the highly purified uricase
variants (Figure 4) revealed a rather distinctive pattern. The sanples were
stored at 4C, in carbonate buffer, pH 10.3, for up to several nonths. The
full-length variants, Pig, Pig-KS, and3@BC, show accumrul ati on of two maj or
degradati on products havi ng nol ecul ar wei ghts of about 20 and 15kD. This
observati on s th east .a sing nj ck it the uricase subunit
mol ecul e. ATgl!lj’?efg]:,rsl;erHPe Z‘é}’r"gl%ﬁ#iét)‘ﬂpbgﬁt@r“nbfgrﬂéﬁ M& in the amino terninal
clones and also in the rabbit uricase, but at a lower proportion.
li Cei¢s of the rabbit resenbles that of the shortened cl ones.
ino term nal sequences of the uricase fragnents generated during
puri f i catanem andl gepogaatiecc ABEECTENTTACECTRARGAETAEUBNCI ng [ 0144]

N-term nal sequencing of bulk uricase preparations was done using the Edman
degr ad@rQnpmevhpd. Ten cycles were perfornmed. Reconbinant Pig uricase
(full |I'ength clone) generated a greater abundance of degradation fragnents
conpal ed, Rk - K } ading to the
degradat?rgfrzs F%gﬁﬁ%tgge 8@@%?@&?‘&%@%%4&@@%‘% gposi tion 168 havi|ng
t he se @(iﬁ: -%G FEGFI-- 2) Mnor site at position 142 having the
sequencer - I%LP PVI -- [0145] The above sequences do not suggest any known
pr ot eo Ei C il igvage. .Nevert hel ess, cleavage could arise fromeither

pr ot eo% 3 ! cal reaction. The ami no-truncated uricases are
surprisingly nore stable than the non-am no truncated uricases. PBC DNC
al so hadsessabi | Bt geesianticed TEHGEHASTASICARMACIAARTASE 34nd | ess t han

non- am no-truncated PBC. Potency [0146] Activity of uricase was neasured by
a UV meEQdD NepZ3)mati ¢ reaction rate was

anti-sense  5' gegeccatggtctagaTCACAGTCTTGAAGACAACTTCCT 3/

(SEQ ID NO. 4)

[0111] Restriction enzyme sequences, introduced at the ends of the primers and shown in
lowercase in Table 1, were sense EcoRI and Ncol (pig and baboon) and anti-sense Ncol, HindIII

5  and Xbal (pig), Xbal and Ncol (baboon). In the baboon sense primer, the third codon GAC
(aspartic acid) present in baboon uricase was replaced with CAC (histidine), the codon that is
present at this position in the coding sequence of the human urate oxidase pseudogene. The
recombinant baboon uricase construct generated using these primers is named D3H Baboon
Uricase.

10 [0112] The pig uricase PCR product was digested with EcoRI and HindIII and cloned into

pUC18 to create pUCI18 — Pig Uricase. The D3H Baboon Uricase PCR product was cloned
directly into pCR™II vector, using TA Cloning™ (Invitrogen, Carlsbad, CA), creating

pCR™II -D3H Baboon Uricase.



determ ned by neasuring the decrease in absorbance at 292 ran resulting
fromthe oxidation of uric acid to allantoin. One activity unit is defined
as t he guaotnaeyiiafiouri case required to oxi di ze one nmol eCofUSaoNc®1360 d per
m nute, at 25C, at the specified conditions. Uricase potency is expressed
in activity units per ng protein (U ng). [0147] The extinction coefficient
of ImMuric acid at 292 ran is 12.2 M1 cm1 . Therefore, oxidation of 1
mrol e of uric acid per m reaction m xgure resulted in a decrease in
absorbance of 12.2 mA292. The absorbance change with tinme (DA292 per

m nut e derive the 1i rti fth curve. [0148] Pro 'n
concenﬁ?ﬁ@jo %@teﬂg[)% We§ HE ‘f’ﬁ’gra&%&a ﬁro |C8§ %?18 gyﬁgﬁﬁt&g%%éﬁﬁ& %nd
Ger baut (1982) Clin ChimActa 122: 93- 18&%& The speC| fic activity (potency)
of uri &d9el WI%HNMO&E%@HBW%PWHWQC aes pigpeipd; andigienes wihieh pasersathe
concentration in ng/m . The enzymatic activity results of the various

r econbipnblithed niicass 3N A rcedisl sequeneesd exaepTiob ke 123 H Thlsstitwionl in balpfonowivass; ci al
preparations are included in this table as reference values. It is apparent

from t RR&®n EFab1 §) Whdlseletted @ad isoMtdd, Inthe GEREMOT-THE BabAASUAsS cnkf i cant
effect on their enzymatic activity. Table 4. Surrmary of Kinetic Parameters

contontPATol R e ifrea 65 AR ) %iusﬁreggeﬁﬁépim i g g STk,

Extinction coeffi CI en of 11.3 for a /m _uricase saolution (Mhler,
1963) . SpFnaesdpireduged YP@Bsé\sa@ppﬁﬁqufnqestha&hah@aﬁ Neokgrighiensites frongihe e
that oxidizes 1 mmpble of uric acid to allantoin per mnute, at 25C (3)
Speci f iuotramslated tegionavare slininatedd gruis wlowingatinettienal Closingawsimg- N lat thedt end off a
concentration of substrate equivalent to 60 mM (4) Reaction M xtures were

conpos &gt PER pasduetisndBaRHD¥hichNs d&ivetlfonh el pDR ™I ikgk sol utions 100 nM
sodi um borate buffer, pH 9.2 300 MM Wric acid in 50 nM sodi um borate

buf f er H9.2 1 /m BSA in 50 mM sodi um borate buffer, pH 9.2 (5) Kcat
was calselglc]&!lmx (Bf/UdICW‘le&AtIn@ MERDEXpressian ¥eddrsf r om t he respective

Li neweaver- Burk plots) by the concentration of uricase in reaction m xture
( ekpr e Babdon Yrinabe Sub¢loningnt s, based on the tetrameric nol ecul ar wei ghts of

the ur i[@ﬁﬁfs) 'Tl@‘ﬁﬁ'ﬁ'b%b?dn &Q%%ﬁ{aﬁlﬁgg gll lgﬁé‘tﬁ%?i%as\éwcgging}sg&%ngg @9&” ation)
introduced into pET-3d expression vector (Novagen, Madisori, WI). The pCR™II - D3H Baboon
Uricase was digested with Ncol and BamHI, and the 960 bp fragment was isolated. The
expression plasmid pET-3d was digested with Ncol and BamHI, and the 4600 bp fragment was

15  isolated. The two fragments were ligated to create pET-3d-D3H-Baboon.

Pig-Baboon Chimera Uricase Subcloning

[0115] Pig-baboon chimera (PBC) uricase was constructed in order to gain higher
expression, stability, and activity of the recombinant gene. PBC was constructed by isolating the
4936 bp Ncol-Apal fragment from pET-3d-D3H-Baboon clone and ligating the isolated

20  fragment with the 624 bp Ncol-Apal fragment isolated from pUC18 -Pig Uricase, resulting in the
formation of pET-3d-PBC. The PBC uricase cDNA consists of the pig uricase codons 1-225

joined in-frame to codons 226-304 of baboon uricase.



[ 0150] Pig-KS-DN Uricase was conjugated usi ng m PEG NPC ( nononet hoxypol y(
et hyl ene gl ycol)-nitrophenyl carbonate). Conditions resulting in 2 - 12

st rands oWO2po611Q0819r 20 kD PEG per uricase subunit wer ePeStuabioicsnzsdo

m PEG NPC was gradual ly added to the protein solution. After PEG addition
was concluded, the uricase / mPEG NPC reaction m xture was then incubated
at 2-8C for 16-18 hours, until maxi mal unbound m PEG strands were
conjugated to uricase. [0151] The nunbgt- of PEG strands per PEG uricase
nononer was determ ned by Superose 6 size exclusion chromatography (SEC),

usi ng 3 AL .andards. The nunber of bound PEG strands per
?F%{%”ﬁrﬁ!&de%%%ﬁ@‘

subuni s determne the foll owi ng equation: PEG 3.42 x Anmount of PEG
in inj é&lél saliptleS triggse sias aombsrthistet imbtdertoAuid wnt linepesitied, which iayj ect ed
sanple (ng) [0152] The concentration of PEG and protein noieties in the

PEG- ur ipravsde dhadiditRnabBE Pbasiiine W Shifesd ®ahexalnescr] BACKGRAMNDF pEHE
| NVENTI ONn chr omat ogr aphy (SEC) using ultraviolet (UV) and ref ragtl ve | ndex

(R) defigst i ' 85 I : itani, et al 991).
Thr e oareE P oA a0 dn bles S hEmARIOKST INARMHDY Y Mo BopPonathour a
at 220 X Ln.c Al by R ); and PEG curv measur ed by
RS AR teri el it Sehine L) TRRTAECE sk alerdlivas pang el bhRo e o The
resul ti UV, Rl peak ar l.ues_of the experinental sanples were used
to cal é%‘%@%@ﬂ q“é?f@fﬂﬁ'%é‘?b%}ﬁgab@@a &ﬂ@lﬁ}ﬁfléﬁ‘@@ﬂlwdawﬂky@et%4tbﬂ?e
calibration curves. The index of 3.42 is the ratio between the nol ecul ar
vei ght Nepl-Ndelfzagmaen irotated from p1E 8pdRig dhrispse: cesthimg iw thetfommatibnkdd pPESd-[ 0153]
Attached PEG i nproved the solubility of uricase in solutions having

physi oP@iiS dhe pidultimig RigK S Tiaibhse sbquenoy tateBtsat thawsiigagich@odbng hesd pinahl i ty
bet ween batches of PEGyl ated Pig- KS-DN uricase product. In general, there

IS an fiamenrseododk aR9-804 bebawaes utibgenunber of PEG strands attached and
retained specific activity (SA) of the enzyme. Table 5. Enzymatic Activity

O PEGéI at ed Pidg- KS-DN Uri case Conjugates Exanple 6. PEGylation of uricase
with 18wvbcloniag PHYocowdepuere PodaMheRegpt@iaNO(The asmBRnoatei ugat ed usi ng

1000, ) 1000080 LG AR AR R SR P S or re
o e P bR R S ol S8 R A B i ance
nere C%?-rggc%tig ?ts %r?tir%{}j)F ﬁ%g vector enabled induction of protein expression in response to high
osmotic pressure or culture aging. The expression plasmid pMFOA-18 contained the osmB
15  promoter, a ribosomal binding site sequence (rbs) and a transcription terminator sequence (ter). It
confers ampicillin resistance (AmpR) and expresses the recombinant human acetylcholine
esterase (AChE).
Subcloning Of D3H-Baboon Uricase
[0118] The plasmid pMFOA-18 was digested with Ncol and BamH]I, and the large fragment
20  was isolated. The construct pET-3d-D3H-Baboon was digested with Ncol and BamHI and the
960 bp fragment, which included the D3H Baboon Uricase gene is isolated. These two fragments
were ligated to create pMFOU18.
[0119] The expression plasmid pMFXT133 contained the osmB promoter, a rbs (E. coli deo

operon), ter (. coli TrypA), the recombinant factor Xa inhibitor polypeptide (Fxal), and it

25  conferred the tetracycline resistance gene (TetR). The baboon uricase gene was inserted into this



[ 0155] The nunber of PEG strands per PEG uricase nononer was determ ned as
descri bed above. [0156] Attached PEG i nproved the solubility of uricase in
sol uti onswbaviagosibysi ol ogi cal pH val ues. Exanple 7. Phacmasestcneiosoes O

Pi g-KS-DN Uri case Conjugated Wth PEG [0157] Biol ogi cal experinents were
undertaken in order to determ ne the optimal extent and size of PEGyl ation
needed to provide therapeutic benefit. [0158] Pharmacokinetic studies in
rats, using i.v. injections of 0.4 ng-g2U) per kg body wei ght of unnodified
uricase, admnistered at day 1 and day 8, yielded a circulating half life
of about 10,m nutes. wever , udi es.of the clearance, rate in.rats with
o 17 P issE RSP et AR i arhbbte Shyidincs Fonnd P Rg R PO ULt 1 ons.

i ndi cated that, clearance, did not depend on the nunber of PEG strands

(wi t hi iligasted wihijeql, BHer-ine thendkway dipested witly Xbeh and atl 030 bp figamant wafe st udy
period (see Table 6; with a half-life of about 30 hours). The week-to-week
di f f er ésndasd.dlihe phistrid pVEFRGEL3E meastdagestedrvaith Nddl, §lledrirs theatit eandigestebpith ent
after nine injections of the 10x5kD PEG and 10x20kD PEG - uricase

conj ug1es, anlhie la@gUrdgndnd dias obted TaE tWe GasEb@s svelf liddial ©xkem thefbabddicase
PEGyl ation, in this range, simlar biological effects were observed in the

r at 5 M4elcastalbfeson Falthr, bUrGM 18f PEGyl ated Pig-KS-DN Unease Preparations in
Rats [0159] Table 6 notes: Results are indicated in hours standard error

of the mean. Nunbers in parenthesis indicate the nunber of aninmals tested.
[ 0160] SebchningOf Thd RigBhbgon Chimenj Exitasons of 0.4 ng per kil ogram body

wei ght I g-KS- DN U i€ dif.ie s .hndi cat I Q. the t ..Each group
initi allﬁ?(ﬁonpﬁ%%lasr&g H@@&g\/ﬁia& ﬁl qfiwét;ht‘g?aﬁgPi?l)llWEIII’ea&giﬂﬁeaﬁ?@d?poups of 5.
Several  rats died during the stud e to the anesthesia, Halflives were
det er mfW&@GB&Wﬁ%@%@WnE}QWI?%@@M@%% yag dgF55 Wi dgl,zﬁ.ékeé;}ya e Bves i
sanpl es collected at 5 m nutes, and 6, 24 and 48 hours post injection.
[0161] dizestcd vathidldil, bed the@ObativsmenbvaPEdated: Ehe constnei@RIs3dtPBE ware
study.[0162] Bioavailability studies with 6x5 kD PEG Pi g-KS-DN uricase in

r abdi t sligestd odtheXbdlafilledaint drentihead dipstied witle dipalhand thee? 10ibpdidgatdnowakal f-1i f e
is 98.2 1.8 hours (i.v.)5 and the bioavailability after i.m and

subcut aagaus The thred fiapefis MORSIiIMAS 61 teANFURZIB, A HaRedithat @kresdda WB(er
significant anti-uricase antibody titers were detected, after the second

i.m a;hﬁajitcgsgq?lg{eﬁr%@%ﬁtﬁﬁ%g o-élﬂB?rr]é)lefer L erk %?We{l%s t}%?ld7 f%ls,e\%n@ﬂ%s\ﬁ@ﬁ\{eﬁi t he

accel e W ng subsequent 1njections. I'njections of rats w
same cqnjugat ulted in a half-life of 261.6 hours (i.v.), and the
bi oava?{dé%ﬁﬁeip%s}!'%vec oF:

[0121] The T7 rbs was excised in an additional step. pUR-PB was digested with Ncol, filled-
15  in, then digested with AIwNI, and the 3000 bp fragment was isolated. The plasmid pMFXT133

was digested with Ndel, filled in and then digested with AIwNI, and the 620 bp fragment was

isolated. The two fragments were ligated to form pDUR-PB, which expresses PBC under the

control of the osmB promoter.

Construction Of pOUR-PB-ANC

20  [0122] Several changes were introduced into the uricase cDNA, which resulted in a
substantial increase in the recombinant enzyme stability. Plasmid pOUR-PBC-ANC was
constructed, in which the N-terminal six-residue maturation peptide and the tri-peptide at the C-

terminus, which function in vivo as peroxysomal targeting signal, were both removed. This was
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.m and s.c. injections was 33% and 22% respectively. [0163]
inrats, with 9x10 kD PEG Pi g-KS-DN uricase indicate that the
injection is 42. 4Phomrsg006i01366) , and
availability, after i.m and s.c. injections, was 28.9% and 14.5%
ively (see Figure 5 and Table 7). After the fourth injection, the
after

i njections was 26. 1984nd 14.9% respectively. [0164]
phar macoki netic studies, in rabbits, with 9x10 kD PEG Pi g- KS- DN
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ﬁétﬁi’ﬂ‘e{ar%e %i‘ﬁ%&ﬁlﬁﬁmﬁlﬁﬁtw&f ter i.m and s.c. injections, was
respectively (see Figure 6 and Table 7). After the fourth

on t Heabde 2.ERnimersdier RLIR Amplifioasion pf PBCtANAL Huigase and t he

ability, after the i.m and s.c. injections was 85% and 83%
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$engércul ation half-life of 70l

1.7 hours was recorded after the

first i| v.
i nj ections
7).[0166]
pi gs. Tg&ﬁ?_sg{;gml s per group were used for adm nistration via the i.v.
s.c. and .M routes. Acirculation half-life of 17824 hours was recor ds
after the first j.v. injiection, and the bioavailabilit after the i.m
.o i nj oerrsen RRAARAERACTT Galebr CACTSEACCAGT AA BT BT GEIT ATGR' Tab
7). Table 7. Pharmacokinetic Studies with 9x10 kD PEG Pi g- KS- DN Uri case
[0167] |ABE&BINEMS) di stribution, netabolism and excretion (ADVE) studies
ne after iodination of 9x1 OKD PEG Pi g- KS-DN uricase by the Bolton

were d
Hunter nethod with 1251. The | abel ed conjugate was 1 njected into 7 groups
Distribution of radioactivity was

of 4 rats each (2 males and 2 fenual es).
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introducing a point mutation (underlined) which did not affect the amino acid sequence, and

t hr oughout

thus, facilitated subcloning by using Ndel.

10 [0124] The 900 base-pair fragment generated by PCR amplification of pDUR-PB was

cleaved with Ndel and Xbal and isolated. The obtained fragment was then inserted into a deo
expression plasmid pDBAST-RAT-N, which harbors the deo-P1P2 promoter and rbs derived
from E. coli and constitutively expresses human recombinant insulin precursor. The plasmid was
digested with Ndel and Xbal and the 4035 bp fragment was isolated and ligated to the PBC-

15  uricase PCR product. The resulting construct, pPDUR-PB-ANC, was used to transform E. coli K-

12 S¢733 (F- cytR strA) that expressed a high level of active truncated uricase.

[0125]

The doubly truncated PBC-ANC sequence was also expressed under the control of

osmB promoter. The plasmid pDUR-PB-ANC was digested with AlwNI — Ndel, and the 3459 bp



avai l abl e for precipitation with TCA (i.e. protein bound, nornalized to the
organ size). O the organs that were excised, none had a higher specific
radi oact iwotzgosrihes19t he ot hers, thus nosignificant accumeCattisemeameseen for
instance in the liver or kidney. 70% of the radioactivity was excreted by
day 7. Exanple 8. Cinical Trial Results [0168] A random zed, open-| abel,
mul ticenter, parallel group study was perfornmed to assess the urate
response, and pharnmacokinetic and safegy-profiles of PEG uricase
(Puricase(r), Savient Pharmaceuticals) in human patients with hyperuricem a

and severe gout who e unresp i or..i ntol erant .of cony j onal

Fher apy s o g o R Agm ik B4 e ined BGnE St R EMENICET t he
study popul ation had one or nmore tophi. [0169] In the study, 4 1 patients
(mean a@&lﬁh ap@gthe %@épﬁagn@néwawak@?ﬁdz She fragmentgaisresthen ligatadiiorpsente pPPIR-

i ntravenous PEG uricase at one of four dose reginens: 4 ng every two weeks
(7 pat iPBRANC, whidgwasietrgducad ivte &k solf B-1Paitiadmie)110 8" gl expeasyedilogh leweleds (13
patients); or 12 ng every four weeks (13 patients). Plasma uricase activity
and ur atgvd evehedwWeicgseneasured at defined intervals. Pharmacokinetic
paranmeters, nean plasma urate concentration and the percentage of tine that

plasma urate was | ess than or equal to 6 ng/dL were derived from anal yses
of §he Gaustastion OfiRhe Urigasg Fexpuession PlaymidpOURtPANdstli ent s who recei ved 8

g of r i RS pBNRY i Y Gha Qbility e wi th

| evel slfgg%w G?Enlg}j%ﬁﬁ%%wg%?%n\éﬁte&g? h?ﬁgéﬁgé%?ﬁn%%t?%? rrlg pr e?ttarle@{ ment plasm
urate of 9.1 [dL _VSy. n.plasma urate of ;1. dL. over eks

{0771 SesaupndtP edmi B SPAR WRR st e i dr i SRl Pl AN g e
observed in the other PEG uricase, treatnent dosin r s: PUA be] ow 6

mo/ i SE-freidee Rt ieppinghmaturationReRtds Waktemevehen CH%a%siﬁfﬁ %@PO%@@SF > gr oup
(pre-treatnent _[pl asma urate of 9.1 np/dL vs. nean plasma urate of 2.6ng/dL
over 1R2Klanyl T30UR, Hepasiticn 46gthere Bas piweanine rgsidunmstepd af sesine due fea i n t he
12 ng every four weeks group (pre-treatment plasma urate of 8.5 ny/dL vs.
mean plcassepvativahetafon2h& owgdredd durig POR weplifigatioandd PldAinge Ao posbtiong29, 73
percent of the treatnent tinme in the 4ng every two weeks group

(pre-t neatdRplac @%ﬁﬁue&' had 8 pokitibnB0THeEhe Was inf¥BAGH RERENBf HEdhfeOBoth- Werf0/ dL
over 12 weeks). [0I72] The naxi mum percent decrease in plasma uric acid

from b%@ﬁb&&ﬁoeﬁ@tﬁ@tﬁmhg%#ge% ﬂc@%@%ﬁiﬁ&'ﬁ%&é%ﬁf@%o i ps 72% for

subj ects recelving s (p equals or subjects
;rgclei Vidre]ggr?atg@K/S, gndy\flg"ciﬁssse pabloxei‘es. Stk ré%{}a ly%Pn%]igéidl?e?S?o@l td %Q&cﬁggﬁal %g‘%ﬁ{.ié’li ng 8
PEGylation site.
15  [0127] To construct pPOUR-P-AN-ks-1 (Figure 1), the plasmid pOUR-PB-ANC was digested
with Apal — Xbal, and the 3873 bp fragment was isolated. The plasmid pET-3d-PKS
(construction shown in Figure 4) was digested with Apal — Spel, and the 270 bp fragment was
isolated. Spel cleavage left a 5' CTAG extension that was efficiently ligated to DNA fragments
generated by Xbal. The two fragments were ligated to create pOUR-P-AN-ks-1. After ligation,
20  the Spel and Xbal recognition sites were lost (their site is shown in parenthesis in Figure 9). The
construct pOUR-P-AN-ks-1 was introduced into E. coli K-12 strain W3110 F’, prototrophic,

ATCC # 27325. The resulting Pig-KS-AN uricase, expressed under the control of osmB

promoter, yielded high levels of recombinant enzyme having superior activity and stability.



4 weeks (p less than .0001); and 93%for subjects receiving 12 ng / 4 weeks
(p less than .0001). [0173] The percent decrease in plasma uric acid from
basel i ne woanodhes122- week treatnent period was 38% f or ®abjusets/onmeei vi ng 4
ng / 2 weeks (p equals .0002); 86% for subjects receiving 8 ng / 2 weeks (p
| ess than .0001); 58% for subjects receiving 8 ng / 4 weeks (p equals
.0003); and 67% for subjects receiving 12 ng / 4 weeks (p less than .0001).
[0174] Surprisingly, some subjects ree#ving PEG uricase experienced an

i nfusion rel ated adverse event, i.e., an infusion reaction. These reactions

occurr ggyogn 1 t; [ ' A L\\fef ergnces cited herein
are inggr ggr af%{%&fﬁelrlgﬁﬁ}%%/ﬁb%%'tgécg%g?? %S%Edleg @gﬁé! eﬁi/?'alﬁlﬁns%rﬁ ng’ftﬁopur poses
ppl 1 oS ROt B e o PO bRty Fyefl R cae Bir b 8e5E efteiopor at ed
by reference in jts entirety for all purposes, [0176] Many nodifications

and va?’iteégﬁ%’f%er%losf fumg-denipg areqparked Brpaganihasis. er‘é@lf}/\v@HBtR-A@bb&ﬂli ng from
its spirit and scope, as will be apparent to those skilled in the art. The
speci f PReodiBIUE A AY wtinase isHdd3 hesegiairs &b lofd ardachnipyisedithedbll@xiagpletments: v,

and the invention is to be limted only by the terns of the appended clai ns

al ghg with the fADNAchpenafk, 1quipVvehgRbeniny MinGhcREGd: Slrfbers t8MNRlel site
entitled.We claim 1. An isolated truncated mammalian uricase conprising a

manmal i an uri cas@t poiifieh AL dwhRAGEINGRs LGRS S ndied 248 1L hiHoMg o
the carboxy term ngs or bot)h the am ncs) and ca?g)oxyelt e%ﬂ#&ﬁ%t}g’g%& - 13
am no aci ds and qzﬁgther conprising an am no acid substitution at about

position 46. 2. “uricase of claim1 further conprising an amno term nal

am no aci d, ,wher gi am n rminal amno, acid s al ani ne | yci ne,
proline, sefi ne,g‘o[?Né Faegg?ﬁnﬁ&ﬁ%PT%SWH%fémeI\%@ﬂ gﬂtﬁpﬁtl%él%ﬁﬁ t he anino
termnal amno agid is threonine. 4. The uricase of claim1, wherein the
substitution is §quﬁ<haﬁﬂé?@ﬁ%éat6981§plah@4ﬁéxwbl.chmvéudwMslmQﬁPigu@-ANs,
wherein the substitution is with threonine. 6. The uricase of claimb5
cdpri si ng t he awmuplsicesidiseguencend emifo BRGInLDINRatdl pig uriddre puitbiaas evhadh any
one of clains 1 - 6 wherein the uricase is conjugated with a polyner. 8. A
pol yet hyl ene gl yanino-acids 202ard 80NjvithaytnCapanRetifd, Respb iR/, hfASHla8)any one

of
coding region and 32 bp flanking sequence derived from pCR™ I, from the TA
cloning site upstream to the Spel/Xbal restriction site.
3. A 25 bp multiple cloning sites sequence (MCS) from Spel/Xbal junction (at
15 position 1045) to HindIII (at position 1070).
4, A synthetic 40 bp oligonucleotide containing the TrpA transcription terminator
(ter) with HindlIII (at position 1070) and AatII (at position 1110) ends.
5. A DNA fragment, 1519 bp long, spanning from Aatll (at position 1110) to
Mscl/Scal (at position 2629) sites on pBR322 that includes the tetracycline
20 resistance gene (TetR).
6. A DNA fragment, 1514 bp long, spanning from Scal (at position 2629) to Haell
(at position 4143) sites on pBR322 that includes the origin of DNA replication.

[0129] Figure 2 shows the DNA and the deduced amino acid sequences of Pig-KS-AN

uricase. In this figure, the amino acid numbering is according to the complete pig uricase



claims 1- 6. 9. The conjugate of claim@8, conprising 2 to 12 pol yet hyl ene
gl ycol nol ecul es on each uricase subunit. 10. The conjugate of claim?9,
conpri si yo2oacoi1a€019pol yet hyl ene gl ycol nol ecul es per uripcaas2@dlowssce . 11.
The conjugate of claim8, wherein each pol yethyl ene glycol nolecule has a
nol ecul ar wei ght between about 1 kD and 100 kD. 12. The conjugate of claim
11, wherein each polyethylene glycol nolecule has a nol ecul ar wei ght

bet ween about 1 kD and 50 kD. 13. The-g8pnjugate of claim 12, wherein each
pol yet hyl ene gl ycol nol ecul e has anol ecul ar wei ght between about 5 IcD and

20 kD. _Th njugate.of Caim 13, erein each polyethyl ene gl.ycol
mol ecul’é1FRE™ goﬁgwg]g&ﬁgwlk}\%?rdﬁ%hWI%Sﬂ UG gt 59’“?%.“}% ! ﬁﬁ?%&éﬁ%ﬁeg’éﬁp
conposition cq ising a uricase of_ any one of clains 1- 5. 16. A

pthr) mé&ml%%lcqgg%&égg PiiGRse sespRses iThig t%reelaﬁf tRsidue epableq dregegoval pf The
conposi tion of claim15, suitable for repeated adnministration. 18. The
conposingtianise by bastarialemisepeptidise. Tlor gapdp sl avinadnidsieguanag ilbwtrate9theA net hod
of reducing uric acid levels in a biological fluid of a subject in need

t her eofdeletdyiteraiimed needuratiorns peptida gl Hehresteionq@ositek itlein wefe wded ifon thd virtodskeps
subject. 20. A nethod of reducing uric acid levels in a biological fluid of

a sgibj o kuticlonh@esk thé eifRednt usieAREficRSesT AP N BARGE BEoRPAROS ] £8 Of
claim 16 Ltloc trlle subj ect . n2 1. Tﬁe@lﬁet ﬁgdli%f’ claim19, vv(k)lerei n teh)e

bi ol ogi; hd o I , h f claim 20 erei.n the, ..

bi ol ogillgc%atﬁ' 6 3; Entihndld Flsg‘ﬁ‘.el’{%%}’% 51}0@3%50@?%%@@%\3% "ir‘svieﬁ&%% mho

aci d sequence of SES D NO. 14. 24. The isolated truncated nanmal i an

uri casé&® B?eeiTg‘eEﬁan PP Gidonds Wdicrisd iy snasiErk-ami no acid i s et hi oni ne.
25. The uricase of claim 24 conprising the am no acid sequence of SEQ ID
NO. 7. [#80] An Figuteat dewsabicemnentadilt aoinp atidisagueacesuaflthé varets decoethiremt e

whi ch encodes a protein of claiml, claim3, claim6, claim?24 or claim25.
27. ThericaselsequedcesuTheigpeadine repiesehtaitina @8 uriedres whith tiftdudedahefit] @gind acid
sequence is

10  sequence. The second line is the sequence of the doubly truncated pig-baboon chimera uricase

(PBC-ANC). The third line shows the sequence of Pig-KS-AN uricase, that is only truncated at
the N-terminus and contained the mutations S46T and the amino acid changes R291K and
T301S, both reflecting the baboon origin of the carboxy terminus of the uricase coding sequence.
The asterisks indicate the positions in which there are differences in amino acids in the Pig-KS-
15 AN as compared to the published pig uricase sequence; the circles indicate positions in which
there are differences in amino acids in Pig-KS-AN compared to PBC-AN, the pig-baboon
chimera; and dashed lines indicate deletion of amino acids.
[0131] cDNA for native baboon, pig, and rabbit uricase with the Y97H mutation, and the
pig/baboon chimera (PBC) were constructed for cloning into E. coli. Clones expressing high
20  levels of the uricase variants were constructed and selected such that all are W3110 F™ E. coli,
and expression is regulated by osmB. Plasmid DNAs were isolated, verified by DNA sequencing
and restriction enzyme analysis, and cells were cultured.
[0132] Construction of the truncated uricases, including pig-AN and Pig-KS-AN was done

by cross-ligation between PBC-ANC and Pig-KS, following cleavage with restriction



operatively linked to a heterol ogous pronoter. 28. The nucleic acid of
claim 27, wherein the pronoter is the osnB pronoter. 29. A nucleic acid
vect or cowpro@/mgsibhe nucleic acid of claim27. 30. A hest/usedds/oc3sapri Si ng
the vector of claim29.31. An isolated nucleic acid conprising a nucleic
aci d sequence encoding a uricase conprising the am no acid sequence of SEQ
IDNO 7 or SEQID NO 8. 32. The isolated nucleic acid of claim 31,
wherein the nucleic acid sequence conpB8ses SEQ ID NO 9 or SEQ ID NO. 10.
33. The isolated nucleic acid of claim31l, wherein the nucleic acid

sequen ' r.afl | het er ol ogpu ronoter., . 34. The nucleic
ac?d o% ﬁc(i: nzllc%g%?&ﬂ\ﬁ%géale?{héﬁE@géﬁ%ﬁ?%gpﬁﬁsrefﬁ?ggﬁejﬁgt BrGaoRae ﬁf%t % nucl ei ¢
acid vector conprising the nucleic, acid of claim33. 36. A host cell

conpr | SRGAEd R HTE feleip APYISS Singethe Alrissiried ShIesighedliei AgMEARR case
conprising the steps of culturing a host cell of claim30 or claim 36 under
condi t PeptEdes (ER).tand the Gderminal diiwenidded “paoxisomvel thrgedupsigaal (B-by do met hayst

cell and isolating the expressed uricase. 4510709 |.TXT SEQUENCE LI STI NG
<110> $Sactioenwhichargmifeoautly affedt enzymatic actividy, tard it is pOstdbtHetded sequéricas

si nona <120> VARI ANT FORMS OF URATE OXI DASE AND USE THERECF <130>

103864 146 3IhnuboPenitT 16k PresSind varl hlgh R85 0P e bikicaskbdriad® weld &tedat entin
version 3.3 <210> 1 <211> 36 <212> <213> Artificial Sequence

Example 2. Transformation Of The Expression Plasmid Into A Bacterial Host Cell
[0133] The expression plasmid, pPOUR-P-AN-ks-1, was introduced into E, coli K-12 strain

W3110 F". Bacterial cells were prepared for transformation involved growth to mid log phase in
Luria broth (LB), then cells were harvested by centrifugation, washed in cold water, and
10  suspended in 10% glycerol, in water, at a concentration of about 3x10'° cells per ml. The cells
were stored in aliquots, at -70°C. Plasmid DNA was precipitated in ethanol and dissolved in
water.
[0134] Bacterial cells and plasmid DNA were mixed, and transformation was done by the
high voltage electroporation method using Gene Pulser II from BIO-RAD (Trevors et al (1992).
15  Electrotransformation of bacteria by plasmid DNA, in Guide to Electroporation and
Electrofusion (D.C. Chang, B. M. Chassy, J. A. Saunders and A. E. Sowers, eds.), pp. 265-290,
Academic Press Inc., San Diego, Hanahan et al (1991) Meth. Enzymol., 204, 63-113).
Transformed cells were suspended in SOC medium (2% tryptone, 0.5% yeast extract, 10 mM
NaCl, 2.5mM KCl, 10 mM MgCl,, 10 mM MgSO4, 20 mM glucose), incubated, at 37°C, for 1

20  hour and selected for tetracycline resistance. A high expresser clone was selected.

Example 3. Recombinant Uricase Preparation

[0135] Bacteria such as those transformed (see above) were cultured in medium containing

glucose; pH was maintained at 7.2 + 0.2, at approximately 37°C.



<220> <223> Pig Liver Uricase (sense) <400> 1 gcgcgaattc catggctcat
taccgtaatg actaca 36 <210> 2 <211> 40 <212> DNA <213> Artificial Sequence

<220> <2280 2Begibdiver uricase (anti sense) <400> 2 gcgcPeragaciageissecat g
gt cacagcct tgaagtcagc 40 <210> 3 <211> 35 <212> DNA <213> Artifici al
Sequence <220> <223> Baboon (D3H) Liver Uricase (sense) <400> 3 gcgcgaattc
catggcccac taccataaca actat 35 <210> 4 <211> 40 <212> DNA <213> Artifici al

Sequence <220> <223> Baboon (D3H) Lives9dlUricase (antisense) <400> 4 .
gcgcccatgg tctagatcac agtcttgaag acaacttcct 404510709 | . TXT <210> 5

[0136] Towards the last 5-6 hours of cultivation, the medium was supplemented with KCl to
a final concentration of 0.3M. Cultivation was continued to allow uricase accumulation.
[0137] Recombinant uricase accumulated within bacterial cells as an insoluble precipitate
similar to inclusion bodies (IBs). The cell suspension was washed by centrifugation and

5  suspended in 50 mM Tris buffer, pH 8.0 and 10 mM EDTA and brought to a final volume of
approximately 40 times the dry cell weight.
[0138] Recombinant uricase-containing IBs, were isolated by centrifugation following
disruption of bacterial cells using lysozyme and high pressure. Treatment with lysozyme (2000-

3000 units/ml) was done for 16-20 hours at pH 8.0 and 7 + 3°C, while mixing. The pellet was

10  washed with water and stored at —20°C until use.

[0139] The enriched IBs were further processed after suspending in 50 mM NaHCO; buffer,
pH 10.320.1. The suspension was incubated overnight, at room temperature, to allow
solubilization of the IB-derived uricase, and subsequently clarified by centrifugation.

[0140] Uricase was further purified by several chromatography steps. Initially,

15  chromatography was done on a Q-Sepharose FF column. The loaded column was washed with
bicarbonate buffer containing 150 mM NaCl, and uricase was eluted with bicarbonate buffer,
containing 250 mM NaCl. Then, Xanthine-agarose resin (Sigma) was used to remove minor
impurities from the uricase preparation. The Q-Sepharose FF eluate was diluted with 50 mM
glycine buffer, pH 10.3+0.1, to a protein concentration of approximately 0.25 mg/ml and loaded.

20  The column was washed with bicarbonate buffer, pH 10.340.1, containing 100 mM NaCl, and
uricase was eluted with the same buffer supplemented with 60 uM xanthine. At this stage, the

uricase was repurified by Q-Sepharose chromatography to remove aggregated forms.



<211> 36 <212> DNA <213> Artificial Sequence <220> <223> PBC-Del taNC Uri
case (sense) <400> 5 gcgcatatga cttacaaaaa gaatgatgag gtagag 36 <210> 6
<211> 54 wdbhce/mA9<213> Artificial Sequence <220> <223PCPRS2006/01368NC
Uricase (anti sense) <400> 6 ccgtctagat taagacaact tcctcttgac tgtaccagta
atttttccgt atgg 54 <210> 7 <211> 299 <212> PRT <213> Artificial Sequence
<220> <223> Pi g-KS-Del taN <400> 7 Met Thr Tyr Lys Lys Asn Asp d u Val d u
Phe Val Arg Thr G y Ty r 1 5 10 15 G48-Lys Asp Met | i e Lys Val Leu H s
| i e Gn Arg Asp A y Lys Tyr 20 25 30 H s Ser lie Lys d u Val Ala Thr

XQL \S/ZL[OI%B b?e@ifrﬁ%@?‘ea_%ﬁ{uriﬁ%% piepaffliods E¥Rte HRn 39, LY HetbGitnkd by sizs Y ASP

exclusion chromatography. Less than 0.5% aggregated forms are detected in each preparation
using a Superdex 200 column.
[0142] Table 3 summarizes purification of Pig-KSAN uricase from IBs derived from 25 L

5  fermentation broth.

Table 3. Purification Of Pig-KSAN Uricase

Purification step | Protein (mg) Activity (U) Specific Activity (U/mg)

IB dissolution 12,748 47,226 3.7

Clarified solution 11,045 44,858 . 4.1

Q-Sepharose I - main pool 7,590 32,316 4.3

Xanthine Agarose - main 4,860 26,361 54
pool

Q-Sepahrose II — main pool 4,438 22,982 5.2

30 kD UF retentate 4,262 27,556 6.5

Example 4. Characteristics Of Recombinant Uricases

SDS-PAGE
10  [0143] SDS-PAGE analysis of the highly purified uricase variants (Figure 4) revealed a

rather distinctive pattern. The samples were stored at 4°C, in carbonate buffer, pH 10.3, for up to
several months. The full-length variants, Pig, Pig-KS, and PBC, show accumulation of two
major degradation products having molecular weights of about 20 and 15kD. This observation
suggests that at least a single nick split the uricase subunit molecule. A different degradation

15  pattern is detected in the amino terminal shortened clones and also in the rabbit uricase, but at a
lower proportion. The amino terminus of the rabbit resembles that of the shortened clones. The
amino terminal sequences of the uricase fragments generated during purification and storage

were determined.



50 55 60 Thr lie Lys Asn Thr Val Asn Val Leu Ala Lys Phe Lys Q y | i e Lys
65 70 75 80 ser lie d u Thr Phe Al a val Thr lie cys @ u H s Phe Leu ser
ser 8 5 9902BodAhasibys His Val lie Arg Ala G n Val Tyr Yair/uSood/o@eou Val
Pro Trp 100 105 1104510709 |.TXT Lys Arg Phe d u Lys Asn d y Val Lys H s
Val H s Ala Phe | i e Tyr 115 120 125 Thr Pro Thr Gy Thr H s Phe Cys Qu
Val Qu Gnl i e Arg Asn Ay 130 135 140 Pro Pro Val lie H s ser Ay lie
Lys Asp Leu Lys Val Leu Lys Thr 145 15Q@1155 160 Thr Gn Ser Ay Phe A u
Gy Phe lie Lys Asp G n Phe Thr Thr Leu 165 170 175 Pro d u Val Lys Asp
Ar Ph a Thrt G n Val Tyr Cys Lys Trp 180 185 190 Arg Tyr Hs G n
33 %}eﬁﬁeéﬁﬂ“wgvhe Au Ala Thr Trp Asp Thr 195 200 205 Val Arg Ser | i

e Val lew4p nNLgsminbEsefhéhcHgyofMutk UtidasdsiRphittiond Was&ﬂc@e&lii%m&ﬂl&h Tyr ser
pro ser Val G n Lys Thr Leu Tyr Asp lie G n Val Leu 225 230 235 240 Thr

Leu Q VG i t | 255
Asn || éﬁe%aﬁgt\i@#y?qgﬂﬁgg.qisn;by:clieg “%s%p&w@?m?@r*‘{éyg‘bkﬁ‘ Igﬁxur}fgﬁb (EIPLeAdh AP E57

3;8 Ié% e%rafédg glileey@rl abhﬁc‘f‘anlcg df (ﬁ)ég?acl'a%lén %Bmérsltrs] ccl?lgngar-le_x o ﬂgYKEYEN .l "f‘h% d-léglrlce%75

5  sites of cleavage leading to the degradation fragments are as follows:
1) Major site at position 168 having the sequence:
--QSG ¥ FEGFI--
2) Minor site at position 142 having the sequence:
-IRN | GPPVI--
10 [0145] The above sequences do not suggest any known proteolytic cleavage. Nevertheless,

cleavage could arise from either proteolysis or some chemical reaction. The amino-truncated
uricases are surprisingly more stable than the non-amino truncated uricases. PBC-ANC also had

stability similar to the other AN molecules and less than non-amino-truncated PBC.

Potency

15  [0146] Activity of uricase was measured by a UV method. Enzymatic reaction rate was
determined by measuring the decrease in absorbance at 292 nm resulting from the oxidation of
uric acid to allantoin. One activity unit is defined as the quantity of uricase required to oxidize
one pmole of uric acid per minute, at 25°C, at the specified conditions. Uricase potency is
expressed in activity units per mg protein (U/mg).

20  [0147] The extinction coefficient of 1 mM uric acid at 292 nm is 12.2 mM™ cm™. Therefore,
oxidation of 1 pmole of uric acid per ml reaction mixture resulted in a decrease in absorbance of
12.2 mAjg,. The absorbance change with time (AA,g; per minute) was derived from the linear

portion of the curve.



Ay Thr Val Lys Arg Lys Leu Ser Ser Arg Leu 290 295 <210> 8 <211> 298 <212>
PRT <213> Artifi cial Sequence <220> <223> Pi g-KS-DeltaN wi thout starti ng
Met <400>w6 200w11d81p Lys Lys Asn Asp G u Val 3 u Phe VaCTAISgooGhn3e@ y Tyr
Gy 1 5 10 154510709 _|.TXT Lys Asp Met lie Lys Val Leu Hs lie Gn Arg Asp
Gly Lys Tyr His 20 25 30 Ser lie Lys Glu Val Ala Thr Thr Val G n Leu Thr
Leu Ser Ser Lys 35 40 45 Lys Asp Tyr Leu H's Ay Asp Asn ser Asp Val lie
Pro Thr Asp Thr 50 55 60 lie Lys Asn Thz-Val Asn Val Leu Ala Lys Phe Lys
Gy lie Lys Ser 65 70 75 80 lie Glu Thr Phe Ala Val Thr lie cys Glu His
Phe Le sef, Phe 85 90 95 Lys His.Val lie Ar nVaIT Val Glu G
0 Val 1177 pPioiRin seRpenaions Sﬂﬁ&rﬁﬁée%(‘;‘s}r’@ et Besdsohpengt bvp@rngid s <
Ala Phe Iie Tyr Thr 115 120 125 Pro Thr y Thr H's Phe cys Glu Val G lu
G n ||&%b@tbgﬂ$2wn@®nma 12593-461)pfhe %ﬂclﬁq @tlﬂtx(@é@nﬁ of yricasq yas Asp Leu
Lys Val Leu Lys Thr Thr 145 150 155 160

calculated by dividing the activity in U/ml with protein concentration in mg/ml. The enzymatic

activity results of the various recombinant uricases are summarized in Table 4. The results of
5  commercial preparations are included in this table as reference values. It is apparent from these
results that truncation of uricase proteins has no significant effect on their enzymatic activity.

Table 4. Summary of Kinetic Parameters of Recombinant and Native Uricases

Uricases Concentration'” of Specific Km % Kcat™
Stock(mg/ml) Activity (uM Uric Acid) (1/min)
(U/mg)®

Recombinant
Pig 0.49 7.41 4.39 905
Pig-AN 0.54 7.68 4.04 822
Pig-KS 0.33 7.16 5.27 1085
Pig-KS-AN 1.14 6.20 3.98 972
PBC 0.76 3.86 4.87 662
PBC-ANC 0.55 3.85 4.3 580
Rabbit 0.44 3.07 4.14 522

Native
Pig 2.70 -1 3.26¥ 5.85 901
(Sigma)
A. flavus 1.95 0.97% 23.54 671
(Merck)

[0149] Table 4 Notes:
10 (1) Protein concentration was determined by absorbance measured at 278 nm, using an
Extinction coefficient of 11.3 for a 10 mg/ml uricase solution (Mahler, 1963).
(2) 1 unit of uricase activity is defined as the amount of enzyme that oxidizes 1 pmole of
uric acid to allantoin per minute, at 25°C.
(3) Specific activity values were derived from the Lineweaver-Burk plots, at a

15  concentration of substrate equivalent to 60 pM.



Gn Ser Ay Phe AQu @y Phe lie Lys Asp G n Phe Thr Thr Leu Pro 165 170 175
G u Val Lys Asp Arg cys Phe Ala Thr G n Val Tyr cys Lys Trp Arg 180 185 190
Tyr H s GvOo 2@¢y116881g Asp Val Asp Phe G u Ala Thr Trp AspPClusHaic/oisso 200 205
Arg Ser lie Val Leu Gn Lys Phe Ala Gy Pro Tyr Asp Lys Gy Gu 210 215 220
Tyr Ser Pro Ser Val G n Lys Thr Leu Tyr Asp lie G n Val Leu Thr 225 230 235
240 Leu Ay Gn Val Pro Qu lie AQu Asp Met Qu lie ser Leu Pro Asn 245 250
255 lie His Tyr Leu Asn lie Asp Met Se#3iys Met Gy Leu lie Asn Lys 260 265
2704510709 | . TXT G u @ u Val Leu Leu Pro Leu Asp Asn Pro Tyr A y Lys lie

o <2115 807 Do SRR O Bpfdoknt Nl it s SR REtsT | aa

<400> 9 at.gacttaca aaaagaatga tgaggtagag tttgtccgaa ctggctatgg gaaggatatg
60 at aé%lé’b ¥ tccatattca gcgagatgga aaatatcaca gcattaaaga ggtggcaact 120
acagt gcaac tgactttgag ctccaaaaaa gattacctgc atggagacaa ttcagatgtc 180
atccct acag acaccé@gag\’léa‘ézéﬁb%ﬁt?bﬁﬁfﬁl”gpblcﬁ-gg cgaagttcaa aggcatcaaa 240

300 pM Uric acid in 50 mM sodium borate buffer, pH 9.2
5 1 mg/ml BSA in 50 mM sodium borate buffer, pH 9.2
(5) Kecat was calculated by dividing the Vmax (calculated from the respective Lineweaver-
Burk plots) by the concentration of uricase in reaction mixture (expressed in mol equivalents,

based on the tetrameric molecular weights of the uricases).

Example 5. Conjugation Of Uricase With m-PEG (PEGylation)
10 [0150] Pig-KS-AN Uricase was conjugated using m-PEG-NPC (monomethoxy-

poly(ethylene glycol)-nitrophenyl carbonate). Conditions resulting in 2 - 12 strands of 5, 10, or
20 kD PEG per uricase subunit were established. m-PEG-NPC was gradually added to the
protein solution. Afte‘r PEG addition was concluded, the uricase / m-PEG-NPC reaction mixture
was then incubated at 2-8°C for 16-18 hours, until maximal unbound m-PEG strands were

15  conjugated to uricase.
[0151] The number of PEG strands per PEG-uricase monomer was determined by Superose
6 size exclusion chromatography (SEC), using PEG and uricase standards. The number of bound
PEG strands per subunit was determined by the following equation:

PEG 3.42 x Amount of PEG in injected sample (ug)
strands/subunit = Amount of protein in injected sample (pLg)

20 [0152] The concentration of PEG and protein moieties in the PEG-uricase sample was
determined by size exclusio BACKGROUND OF THE INVENTIONn chromatography (SEC)
using ultraviolet (UV) and refractive index (RI) detectors arranged in series (as developed by

Kunitani, et al., 1991). Three calibration curves are generated: a protein curve (absorption



agcat agaaa cttttgctgt
at cagagct ¢ aagt ct at gt
aagcat gt cwoabgeanty at

gact at ct gt
ggaagaagt t
ttatactcct

gagcatttcc
cctt ggaagc
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cat 5t ceidléculdrtveiglit of arigia n@inoaice (00 2avatmkrRdabaticf i 0 My Pragaagt t cct
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att gt C?éSQRNaLg%%?e} ;Er%ggct.t I%gg%gecr%}, ?ﬁere 155 an inverse relation between the number of PEG

strands attached and retained specific activity (SA) of the enzyme.

ttc

10 Table S. Enzymatic Activity Of PEGylated Pig-KS-AN Uricase Conjugates
Conjugate | PEG MW PEG Strands per | Uricase SA SA Percent
Batches (kD) Uricase Subunit (U/mg) of Control
AN-Pig-KS - - 8.2 100
1-17 # 5 9.7 5.8 70.4
LP-17 10 2.3 7.8 94.6
1-15 # 10 5.1 6.4 77.9
13# 10 6.4 6.3 76.9
14 # 10 6.5 6.4 77.5
5-15# 10 8.8 5.4 65.3
5-17 # 10 11.3 4.5 55.3
4-17 # 10 11.8 4.4 53.9
1-18 # 20 11.5 4.5 54.4
Example 6. PEGylation of uricase with 1000 D and 100,000 D PEG
[0154] Pig-KS-AN Uricase was conjugated using 1000 D and 100,000 D m-PEG-NPC as
15  described in Example 5. Conditions resulting in 2 - 11 strands of PEG per uricase subunit were

used. After PEG addition was concluded, the uricase/m-PEG-NPC reaction mixture was then



gacaaaggcg agtactcgcc ctctgtccag aagacactct atgacatcca ggtgctcacc 720
ctgggccagg ttcctgagat agaagat at g gaaat cagcc tgccaaatat tcactactta 780
aacat agacwotgiccaesaat gggact gat c aacaaggaag aggtcttgct @cTtust@gac3cseo

aat ccat at g gaaaaattac tggtacagtc aagaggaagt tgtcttcaag actg 894 <210> 11
<211> 304 <212> PRT <213> sus scrofa <400> 11 Met Ala His Tyr Arg Asn Asp
Tyr Lys Lys Asn Asp d u Val @ u Phe 1 5 10 15 Val Arg Thr A vy Tyr d vy
Lys Asp Met | i e Lys Val Leu H s lie4s&53 n 20 25 30 Arg Asp Ay Lys Tyr
Hs ser lie Lys A u Val Ala Thr ser Val Gn 35 40 45 Leu Thr Leu ser ser

Lys Lys [ Hi Asp n Ser /Asp 50 5 Val, lie Pro Thr, Asp
The 1) EneAdi2H o Rl SRl s b owd md IEs B phE AN o Lys
ser lie d u Thr Phe Ala Val Thr | i e cys Au 85 90 95 H s Phe Leu ser
ser Ph&regsse. H s Val | i e Arg Ala G n Val Tyr Val 100 105 110 d u d wu
Val Pro Trp Lys Arg Phe @ u Lys Asn Gy Val Lys H s Val 115 120
125451001085] | . TKHAe hiimliser Aif RERherands per PBG-uiitase Riomoiiter wak detiminkll asddbbddys G
uVaT d u 130 135 140 G n |l i e Arg Asn Ay Pro Pro Val lie H s ser Ay
| i e lysveAsp Leu 145 150 155 160

5 [0156] Attached PEG improved the solubility of uricase in solutions having physiological pH

values.

Example 7. Pharmacokinetics Of Pig-KS-AN Uricase Conjugated With PEG

[0157] Biological experiments were undertaken in order to determine the optimal extent and
size of PEGylation needed to provide therapeutic benefit.

10 [0158] Pharmacokinetic studies in rats, using i.v. injections of 0.4 mg (2U) per kg body
weight of unmodified uricase, administered at day 1 and day 8, yielded a circulating half life of
about 10 minutes. However, studies of the clearance rate in rats with 2-11x10kD PEG-Pig-KS-
AN uricase, after as many as 9 weekly injections, indicated that clearance did not depend on the
number of PEG strands (within this range) and remained relatively constant throughout the

15 study period (see Table 6; with a half-life of about 30 hours). The week-to-week differences are
within experimental error. This same pattern is apparent after nine injections of the 10x5kD
PEG, and 10x20kD PEG — uricase conjugates. The results indicated that regardless of the extent

of uricase PEGylation, in this range, similar biological effects were observed in the rat model.



Lys Val
175 G n Phe Thr Thr
185 190 Ma0 209ev1168318 Lys Trp Arg Tyr
195 200 205 Al a Thr Trp Asp Thr Val
Gy 210 215 220 Pro Tyr Asp Lys Ay @ u Tyr ser
225 230 235 240 Asp lie G n Val
i e d u Asp Met 245 250 255 3 u |

Leu Tyr

Leu Lys Thr Thr Gn Ser Ay Phe G u Ay Phe |
Leu Pro du Val

I e Lys Asp 165 170

Lys Asp Arg Cys Phe Ala Thr

G n 180

s G n Gy Arg AppThabossepsckhe G u

Arg Ser

| - &6 Ser

Leu Thr

lie Val

Leu dy G n Val
Leu Pro Asn lie Hi

Leu Gn Lys Phe Al a
Pro Ser Val

G n Lys Thr

s Tyr

Pro du |

Asn lie Asp Met Ser Lys 260 265 270 Met Ay Leu lie Asn Lys Gu A u Val Leu
Leu Pro Leu 0 27 Thr Thr, Val Lys Arg
Lys Leu Thr '@Z’E %‘E@b@@gl’@%‘ gP%KfAﬁﬁJ%ffﬁE%agﬂgL E M <2135
Artifi Lal Sequence <220> <223> PBC-Del taNC <400> 12 I\lg_t__'l:h_r__:r_y_r_j:yg___ys
Asn Asp G d.Val _d u Phe Val Arftaniof Modifigation (BEGBtrandypey Uricasolubuni) [ e
Lys Va| Leu [HSkPPEG|e G n Arg Asp Ay Lys TyiOKDPES 304510709 20kDPEG
Week 10x 2x S5x 7x 9x 11x 10x
1 25.7 29.4 37.7 37.6 36.9 314 21.6
+ 1.7 +3.4 +3.1 +3.9 +4.3 +4.3 +1.5
®) () ®) &) 3 ) &)
2 - - 26.7 28.4 + -
+ 3.0 1.6
&) &)
3 27.5 29.0 29.9 32.7 26.3 11.8 14.5
+3.8 +2.6 +11.7 +11.1 +4.7 +3.3 +2.7
&) 3) ®) ) ©) (5) ()
41 - - 27.1 18.4 19.7 -
+5.3 +2.2 +5.6
3 “4) Q)
5 28.6 22.5 343 37.3 304 30.5 19.3
+1.7 +2.7 +3.9 +3.0 +3.6 +1.3 +2.5
() () 4 () () () ©)
6 - - 354 27.1 30.7 -
+3.1 +3.6 +2.9
(14) (13) (13)
7 16.5 32.5 - - - 16.12 25.8
+4.9 +4.3 +2.7 +2.5
) ) &) )
8l - - -
9 36.8 28.7 34.0 24.2 31.0 29.3 26.7
+4.0 +2.7 +2.4 +3.4 +2.6 +14 +0.5
ads) (15) (13) (13) (13) (15) (15)
[0159] Table 6 notes: Results are indicated in hours + standard error of the mean. Numbers
in parenthesis indicate the number of animals tested.
5  [0160] Rats received weekly i.v. injections of 0.4 mg per kilogram body weight of Pig-KS-
AN uricase modified as indicated in the table. Each group initially comprised 15 rats, which were
alternately bled in subgroups of 5. Several rats died during the study due to the anesthesia. Hali-
lives were determined by measuring uricase activity (colorimetric assay) in plasma samples
collected at 5 minutes, and 6, 24 and 48 hours post injection.
10 [0161] Table 5 describes the batches of PEGylated uricase used in the study.



H s
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Thr
Ser
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ser lie Lys Qu Val Ala Thr Thr val G n Leu Thr Leu Ser ser 35 40 45
Lys Asp Tyr Leu His Gy Asp Asn ser Asp Val lie Pro Thr Asp 50 55 60

lie Lyoe 20101 Val Asn Val Leu Ala Lys Phe Lys Q yPcirasskys/oése¥0 75 80

lie Gu Thr Phe Ala Val Thr lie Cys Qu H's Phe Leu Ser Ser 85 90 95

Lys His Val lie Arg Ala Gn Val Tyr Val Qu du Val Pro Trp 100 105
Arg Phe Qu Lys Asn Ay Val Lys Hs Val Hs Ala Phe lie Tyr 115 120
Pro Thr Gy Thr His Phe cys Qu Va47du Gn lie Arg Asn Gy 130 135
Pro Val lie Hi s ser Gly lie Lys Asp Leu Lys Val Leu Lys Thr 145 150
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240ftgdm | angd sgbgutaegussic. Bnisci@ns wise/ 163 andasdyo Nespedlively.i Bowevrer,Leu Pro
255 Asn lie His Tyr Phe Asn lie Asp Met ser Lys Met Ay Leu lie Asn

significant anti-uricase antibody titers were detected, after the second i.m. and s.c. injections, in

all of the rabbits, and clearance was accelerated following subsequent injections. Injections of
rats with the same conjugate resulted in a half-life of 26+1.6 hours (i.v.), and the bioavailability
after i.m. and s.c. injections was 33% and 22%, respectively.

[0163] Studies in rats, with 9x10 kD PEG- Pig-KS-AN uricase indicate that the circulation

half-life after the first injection is 42.4 hours (i.v.), and the bioavailability, after i.m. and s.c.

injections, was 28.9% and 14.5%, respectively (see Figure 5 and Table 7). After the fourth

injection, the circulation half-life was 32.1 & 2.4 hours and the bioavailability, after the i.m. and

s.c. injections was 26.1% and 14.9%, respectively.

[0164] Similar pharmacokinetic studies, in rabbits, with 9x10 kD PEG-Pig-KS-AN uricase

indicate that no accelerated clearance was observed following injection of this conjugate (4

biweekly injections were administered). In these animals, the circulation half-life after the first

injection was 88.5 hours (i.v.), and the bioavailability, after i.m. and s.c. injections, was 98.3%

and 84.4%, respectively (see Figure 6 and Table 7). After the fourth injection the circulation

half-life was 141.1£15.4 hours and the bioavailability, after the i.m. and s.c. injections was 85%

and 83%, respectively.

[0165] Similar studies with 9x10 kD PEG-Pig-KS-AN were done to assess the bioavailability

in beagles (2 males and 2 females in each group). A circulation half-life of 70+11.7 hours was

recorded after the first i.v. injection, and the bioavailability, after the i.m. and s.c. injections was

69.5% and 50.4%, respectively (see Figure 7 and Table 7).

110
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200
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245



260 265 270 Lys Qu GQu Val Leu Leu Pro Leu Asp Asn pro Tyr Ay Lys lie Thr
275 280 2854510709 | . TXT GIy Thr Val Lys Arg Lys Leu Ser 290 295 <210> 13
<211> 295ve20H 1Y <213> Artifici al Sequence <220> <2P8F/URBIscOeIc6a aNC

Wi thout starting Met <400> 13 Thr Ty r Lys Lys Asn Asp d u Val d u Phe
Val Arg Thr G y Tyr @ y 1 5 10 15 Lys Asp Met lie Lys Val Leu H s lie G

n Arg Asp G y Lys Tyr His 20 25 30 ser | i e Lys Qu Val Ala Thr Thr Val
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half-life of 178424 hours was recorded after the first i.v. injection, and the bioavailability, after

the i.m. and s.c. injections was 71.6% and 76.8%, respectively (see Figure 8 and Table 7).

5 Table 7. Pharmacokinetic Studies with 9x10 kD PEG-Pig-KS-AN Uricase
Injection # Half-life Bioavailability
(hours)
1.v. i.m. s.C.
Rats
1 42,4+ 4.3 28.9% 14.5%
24.1+5.0 28.9% 14.5%
4 32.1+24 26.1% 14.9%
Rabbits
1 88.5+8.9 98.3% 84.4%
2 45.7 £ 40.6 100% 100%
4 141.1+ 154 85% 83%
Dogs
1 70.0+11.7 69.5% 50.4%
Pigs
1 178 =24 71.6% 76.8%

[0167] Absorption, distribution, metabolism, and excretion (4DME) studies were done after
iodination of 9x10kD PEG-Pig-KS-AN uricase by the Bolton & Hunter method with %1, The
labeled conjugate was injected into 7 groups of 4 rats each (2 males and 2 females). Distribution
10  ofradioactivity was analyzed after 1 hour and every 24 hours for 7 days (except day 5). Each
group, in its turn, was sacrificed and the different organs were excised and analyzed. The seventh
group was kept in a metabolic cage, from which the urine and feces were collected. The
distribution of the material throughout the animal’s body was evaluated by measuring the total
radioactivity in each organ, and the fraction of counts (kidney, liver, lung, and spleen) that were
15  available for precipitation with TCA (i.e. protein bound, normalized to the organ size). Of the

organs that were excised, none had a higher specific radioactivity than the others, thus no



130 135 140 Pro Val | i e H s Ser Gy lie Lys Asp Leu Lys Val Leu Lys Thr
Thr 145 150 155 160 G n Ser Ay Phe d u dy Phe lie Lys Asp G n Phe Thr
Thr Leu Rvo 2065110819 175 3 u Val Lys Asp Arg Cys Phe Al &CThis2@861013éa0 Tyr
cys Lys Trp Arg 180 185 1904510709 _|.TXT Tyr Hs Gn Gy Arg Asp Val Asp
Phe d u Ala Thr Trp Asp Thr Val 195 200 205 Arg Ser lie Val Leu G n Lys
Phe Al a @ y Pro Tyr Asp Lys A y @ u 210 215 220 Tyr ser Pro Ser Val G

n Lys Thr Leu Tyr Asp | i e Gn Val Leygser 225 230 235 240 Leu Ser Arg Val
ProGIuIieGIuAspI\/EtGIuIieSerLeuProAsn245250255IieHi
s Tyr Phe

i e As Vet ey, s 260 265 270 4
0 d S%lﬂéfaéha%éﬁluhhaﬁm S A&ﬁtap%l gli rwr@gwm @%ﬁ% they 959%1%0 285
Thr Val Lys Arg Lys Leu Ser 290 295 <210> 14 <211> 13 <212> PRT <213>
Artifi ovaslexgstpddcday<220> <223> PBC-Del t aNC ( Fragment 44-56 of PBC- Del t aNC)
<400> 14 Ala Thr Thr Val G n Leu Thr Leu ser ser Lys Lys Asp

Example 8. Clinical Trial Results

[0168] A randomized, open-label, multicenter, parallel group study was performed to assess
5 the urate response, and pharmacokinetic and safety profiles of PEG-uricase (Puricase®, Savient
Pharmaceuticals) in human patients with hyperuricemia and severe gout who were unresponsive
to or intolerant of conventional therapy. The mean duration of disease was 14 years and 70
percent of the study population had one or more tophi.
[0169] In the study, 41 patients (mean age of 58.1 years) were randomized to 12 weeks of
10 treatment with intravenous PEG-uricase at one of four dose regimens: 4 mg every two weeks (7
patients); 8 mg every two weeks (8 patients); 8 mg every four weeks (13 patients); or 12 mg
every four weeks (13 patients). Plasma uricase activity and urate levels were measured at defined
intervals. Pharmacokinetic parameters, mean plasma urate concentration and the percentage of
time that plasma urate was less than or equal to 6 mg/dL. were derived from analyses of the
15 uricase activities and urate levels.
[0170] Patients who received 8 mg of PEG-uricase every two weeks had the greatest
reduction in PUA with levels below 6 mg/dL 92 percent of the treatment time (pre-treatment
plasma urate of 9.1 mg/dL vs. mean plasma urate of 1.4 mg/dL over 12 weeks).
[0171] Substantial and sustained lower plasma urate levels were also observed in the other
20  PEG-uricase treatment dosing groups: PUA below 6 mg/ml 86 percent of the treatment time in
the 8 mg every four weeks group (pre-treatment plasma urate of 9.1 mg/dL vs. mean plasma
urate of 2.6mg/dL over 12 weeks); PUA below 6 mg/ml 84 percent of the treatment time in the
12 mg every four weeks group (pre-treatment plasma urate of 8.5 mg/dL. vs. mean plasma urate

of 2.6 mg/dL over 12 weeks); and PUA below 6 mg/ml 73 percent of the treatment time in the 4 |



1 5 10 <210> 15 <211> 936 <212> DNA <213> Papi o hanmadryas (hamadryas
baboon) <400> 15 ccagaagaaa atggccgact accataacaa ct ataaaaag aat gat gaat
t ggagt t t gvo@foccagaact ggc t at gggaagg at at ggt aaa agt t ct ccarTaSt@ayeFag

at ggaaaata 120 tcacagcatt aaagaggtgg caacttcagt gcaacttact ctgagttcca
aaaaagatta 180 cctgcatgga gataattcag atatcatccc tacagacacc atcaagaaca
cagttcatgt 240 cttggcaaag tttaagggaa tcaaaagcat agaagccttt ggtgtgaata
tttgtgagta 300 ttttctttct tcttttaacc aggtaatccg agctcaagtc tacgtggaag
aaatcccttg 360 gaagcgtctt gaaaagaatg gagttaagca tgtccatgca tttattcaca

ct cccact 4204510709 | . T aacacacttc tgtga caact gag, aagt ggacgc
ccogt odRt Shery T Hede o REs Ry Ar oS e Al g BeiLasic i Glacig Jutts of
gaaggtttca tcaaggacca 540 gttcaccacc ctccctgagg tgaaggaccg atgctttgcc
acccaadtymealteadytgels00 gcget accac cagtgcaggg at gt ggactt cgaggcetacc
t ggggcacca ttcgggacct 660 tgtcctggag aaatttgctg ggccctatga caaaggcgag
t act cad@ri2] ct gThrmgsianui2 Pergart cletretstin gphsah acia ggidifgoh bastioe withgcthg digst24
cctgagat ag aagat atgga 780 aat cagcctg ccaaacattc actacttcaa tatagacatg

t ccaaaabi APHBAicRE 164R: G IDRITAGbHCE regblibg 46ad | 296kA(plegaals 0003
aaaattactg gtacagtcaa 900 gaggaagttg tcttcaagac tgtgacattg tggcca 936 <210>

5% TR T R T s
4 weeks (p less than .0001); and 93% for subjects receiving 12 mg / 4 weeks (p less than .0001).
[0173] The percent decrease in plasma uric acid from baseline over the 12-week treatment
period was 38% for subjects receiving 4 mg / 2 weeks (p equals .0002); 86% for subjects
receiving 8 mg / 2 weeks (p less than .0001); 58% for subjects receiving 8 mg / 4 weeks (p

10 equals .0003); and 67% for subjects receiving 12 mg / 4 weeks (p less than .0001).
[0174] Surprisingly, some subjects receiving PEG-uricase experienced an infusion related
adverse event, i.e., an infusion reaction. These reactions occurred in 14% of the total infusions.
[0175] All references cited herein are incorporated herein by reference in their entirety and
for all purposes to the same extent as if each individual publication or patent or patent

15 application was specifically and individually indicated to be incorporated by reference in its
entirety for all purposes.
[0176] Many modifications and variations of the present invention can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art. The specific
embodiments described herein are offered by way of example only, and the invention is to be

20 limited only by the terms of the appended claims along with the full scope of equivalents to

which such claims are entitled.



Val Arg Thr d y Tyr Gd y Lys Asp Met Val Lys Val Leu Hs |l i e G n 20 25
30 Arg Asp Ay Lys Tyr H s Ser lie Lys G u Val Ala Thr Ser Val G n 35 40
45 Leu Thwolzees/13es19ser Lys Lys Asp Tyr Leu Hs Ay Asp ARsm/USes0cAsmseb0 55 60
| i el i e Pro Thr Asp Thr lie Lys Asn Thr Val H s Val Leu Ala Lys 65 70
75 80 Phe Lys Ay lie Lys ser | i e Qu Ala Phe Ay Val Asn lie cys Gu 85
90 95 Tyr Phe Leu ser Ser Phe Asn H s Val lie Arg Ala G n Val Tyr Val 100
105 110 G ud ulie Pro Trp Lys Arg.keu @ u Lys Asn Ay Val Lys H s Val
115 120 125 H s Al a Phe | i e H s Thr Pro Thr Ay Thr H s Phe Cys Qu
Val G u 13Q.135.140 G n Leu Arg ser Ay Pro Pro Val | i e Thr Ser Ay lie
Lys Asp LeuM¥e6Ah®:| TXT 145 150 155 160 Lys Val Leu Lys Thr Thr G n ser
Gy Phe d u @y Phe lie Lys Asp 165 170 175 G n Phe Thr Thr Leu Pro Gu
Val 1Lys Asp lArg @ysisplatedAtugcatad manmmago uniggseoompyiging Pynargpslianyericespaming Tyr
H s Gn Cys Arg Asp Val Asp Phe @ u 195 200 205 Ala Thr Trp Ay Thr lie
Ar g2 As pacideseqivéanke tranicafdd at theyamidbeaerAlings ddtle &kBox31t6ri2iAlGs &Y ot yite ahsipo byd G y
G u Tyr Ser Pro Ser Val G n Lys Thr Leu Tyr 225 230 235 240 Asp | i e Gn

Val 3 LekadRky k@ i@y abost Malh 3 Bi@ndAdidd 4nd fidtherAdMpMBing an amino acid substitution
4  at about position 46.
1 2. The uricase of claim 1 further comprising an amino terminal amino acid, wherein

2  the amino terminal amino acid is alanine, glycine, proline, serine, or threonine.

1 3. The uricase of claim 2 wherein the amino terminal amino acid is threonine.

1 4, The uricase of claim 1, wherein the substitution is with threonine or alanine.

1 5. The uricase of claim 3, wherein the substitution is with threonine.

1 6. The uricase of claim 5 comprising the amino acid sequence of SEQ ID NO. 8.
1 7. The uricase of any one of claims 1 — 6 wherein the uricase is conjugated with a
2 polymer.

1 8. A polyethylene glycol — uricase conjugate comprising the uricase of any one of

2 claims1-6.

1 9. The conjugate of claim 8, comprising 2 to 12 polyethylene glycol molecules on
2 each uricase subunit.

1 10.  The conjugate of claim 9, comprising 3 to 10 polyethylene glycol molecules per
2 uricase subunit.

1 11.  The conjugate of claim 8, wherein each polyethylene glycol molecule has a

2  molecular weight between about 1 kD and 100 kD.

1 12.  The conjugate of claim 11, wherein each polyethylene glycol molecule has a

2 molecular weight between about 1 kD and 50 kD.

1 13.  The conjugate of claim 12, wherein each polyethylene glycol molecule has a



245 250 255 d ul i e Ser Leu Pro Asn lie H s Tyr Phe Asn |lie Asp Met ser
Lys 260 265 270 Met Gy Leul i e Asn Lys Qu 3 u Val Leu Leu Pro Leu Asp
Asn Pro 2vb 288011885 Tyr Ay Lys lie Thr Ay Thr Val LysPATgSkeos/oLs6o ser Ser
Arg Leu 290 295 300
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2 molecular weight between about 5 kD and 20 kD.
1 14.  The conjugate of Claim 13, wherein each polyethylene glycol molecule has a

2 molecular weight of about 10 kD.

1 15. A pharmaceutical composition comprising a uricase of any one of claims 1 — 5.
1 16. A pharmaceutical composition comprising a conjugate of claim 8.

1 17.  The composition of claim 15, suitable for repeated administration.

1 18.  The composition of claim 16, suitable for repeated administration.

1 19. A method of reducing uric acid levels in a biological fluid of a subject in need

2 thereof, comprising administering the composition of claim 15 to the subject.
1 20. A method of reducing uric acid levels in a biological fluid of a subject in need

2 thereof, comprising administering the composition of claim 16 to the subject.

1 21.  The method of claim 19, wherein the biological fluid is blood.
1 22.  The method of claim 20, wherein the biological fluid is blood.
1 23.  Anisolated uricase comprising the amino acid sequence of SEQ ID NO. 14.
1 24.  The isolated truncated mammalian uricase protein of claim 1 wherein the N-

2 terminal amino acid is methionine.

1 25.  The uricase of claim 24 comprising the amino acid sequence of SEQ ID NO. 7.
1 26.  Anisolated nucleic acid comprising a nucleic acid sequence which encodes a
2 protein of claim 1, claim 3, claim 6, claim 24 or claim 25.

1 27.  The isolated nucleic acid of claim 26, wherein the nucleic acid sequence is

2  operatively linked to a heterologous promoter.

1 28.  The nucleic acid of claim 27, wherein the promoter is the osmB promoter.

1 29. A nucleic acid vector comprising the nucleic acid of claim 27.

1 30. A host cell comprising the vector of claim 29.
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31.  Anisolated nucleic acid comprising a nucleic acid sequence encoding a uricase
comprising the amino acid sequence of SEQ ID NO. 7 or SEQ ID NO. 8.

32.  The isolated nucleic acid of claim 31, wherein the nucleic acid sequence
comprises SEQ ID NO. 9 or SEQ ID NO. 10.

33.  The isolated nucleic acid of claim 31, wherein the nucleic acid sequence is
operatively linked to a heterologous promoter.

34.  The nucleic acid of claim 33, wherein the promoter is the osmB promoter.

35. A nucleic acid vector comprising the nucleic acid of claim 33.

36. A host cell comprising the vector of claim 35.

37. A method for producing a uricase comprising the steps of culturing a host cell of
claim 30 or claim 36 under conditions such that the nucleic acid sequence is expressed by the

host cell and isolating the expressed uricase.



