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COVPOSI TI ONS OF PROKARYOTI C PHENYLALANI NE

AMVONI A- LYASE AND METHODS OF USI NG SAI D COWPOSI Tl ONS
wdFeHe3REFERENCE TO RELATED APPLI CATI ONS Thi S pet/us2008/006661

application is a continuation-in-part of United States

Application Nunmber 11/807, 227, fil ed May 25 2007,

COMPO OIRI I(?F I?’ L % E E HODS OF USING
I B SR ST

are pr okaryot| c phe n| a-lyase (PAL) and
conposi tions thereof, and optim zation of such
conpositions to enhance PAL catalytic activity and

CROSSE‘?%&&)‘{NIC[ M%@ﬁs??&l A#[%ogzlnisgi L¥O\angégr her ei n

is th h t

t her npBtt felisnRoT m‘i@qwg?twﬁﬁfqﬁ%? & CeaRaiet Aefretippdiumber
11/807129YENEH Qhy2%, 2097 2whRA§RFER m@mF rﬂjwéf @k in its entirety.

distributed in pl ants ( Koukol Bi ol . Chem

236: 2692- 2698 (1961); Hanson, et aI The Enzynes

7:75-166 (1972); Poppe, et aI, Curr. Org. Chem

: 3 some fungi (Rao, et al, Can. J .
TecnjcAg Rech e, 59 (1967); Abell, et al, Nethods

Enzy 42 242-253 (,1987)) bacteria zan

B0 o SR AR R PR S BSARLIER) and
compoSitiodd therbof, aBd @ptinfiAith of Such3cbpiosiidhd B érdfdddd PAH datalytic

et al, Chem Conmun. 1358-1359 (2003)) and can be
activity andoyiahiherivhije sdueing dumunoRINGibrandfir preteplytic sensitivity of PAL.

Aiso pESRATSREIHE bl of P o LIRSS oFBATID MR
1ndustri%415ﬂ®65esP45725, QSs45, (BRWP4 Arab| dopsi s thaliana
(Mouse-ear cress); @ST23 Banbusa ol dhami (G ant

ti mber banboo); 42609 Bronheadi a finlaysoni ana
(Orchid); P45726 Canellia sinensis (Tea); QQ@MAX1

BackCRYUNY OF THESINVERGHoN (Rosy peri wi nkle) (Madagascar
periw nkle); QQSMK9 Cicer arietinum (Chickpea);

A b SO B A S, v

J. Biol.o(ampmﬁazwmﬁest(w@o;f Hms))n, mzene Panyones T35-066 (1972); Poppe,

etal, égaa éh?rgtz i%@%ﬂ%&g 0% ?@%@eﬂ ngt R@gx%ﬂv%&ygﬁﬂs em.

4512: 1@&&@@'@ Sl%b) HPeusr AN Wﬁods%l.Sll4ﬂf14gvgé)é%gﬁ)&l€€l%ictena

| pdnoeabat at as ( Sweet ~ pot at 0) ;
(Bezanﬁmteuala Gaat T \Miqrebiot df: 148t 150 c €700 20885 et 849d3i6l. Chem.

277: 325?} ggs‘t}%e@@w Tl ghﬂ%r‘(’lf}gﬂglf%%llfss-i) £208803)) and o be

recombinantly produced in Escherichia coli.

A representative list of PALs includes: Q9ATN7 Agastache rugosa; 093967
Amanita muscaria (Fly agaric); P35510, P45724, P45725, Q9SS45, Q8RWP4 Arabidopsis
thaliana (Mouse-ear cress); Q6ST23 Bambusa oldhamii (Giant timber bamboo); Q42609
Bromheadia finlaysoniana (Orchid); P45726 Camellia sinensis (Tea); QIMAX]1 Catharanthus
roseus (Rosy periwinkle) (Madagascar periwinkle); Q9SMKS9 Cicer arietinum (Chickpea);
QI9XFXS5, Q9XFX6 Citrus clementina x Citrus reticulate; Q42667 Citrus limon (Lemon);
Q8H6V9, Q8H6WO Coffea canephora (Robusta coffee); Q852S1 Daucus carota (Carrot);
023924) Digitalis lanata (Foxglove); 023865) Daucus carota (Carrot); P27991 Glycine max
(Soybean); O04058) Helianthus annuus (Common sunflower); P14166, (Q42858) Ipomoea
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P35512 Mal us donestica (Apple) (Malus sylvestris);
@445, QQ4F89 Mani hot escul enta (Cassava) (Mnioc);

WO%KQ%QWMEC“ cago sativa (A| f al fa) P25872, P35’%&’&IS2008/006661
PA5733 Ni coti ana tabacum (Common tobacco); Q6T1C9

batatas ) t%éﬁ%%%é%@@@m?% Ebjve (RRGD 1o aRio835

owssammwmﬁﬁefmmzon@z@slﬂ P!aaoblnycspaslboﬁ Yicoletum (Tomato);
Japanese nDrnlﬁg glory); P52777 Pinus taeda Lobl ol 'y

P3551 é,M@l}s d(@;ﬁggq(A q)gg@lps SYEsHiR) ] Qﬁ‘}ﬁ?{f@&%@& @&@)\hot esculenta
(Cassa%%‘kﬁ’fS o%% 1 4 m 1\&’4&%2 sgﬁ%@?%fagh X 5%% Slp'yirylg Pﬁé{SsilI%g)f\)lcotlana

aenopsi’s X

tabacullﬁC(OohﬁﬁcﬁrDmaGcothT tCQ: QutrcvasubePQTerk03k); P19142, PSBR143,43
Phaseol us vuI ris Kldneéﬂbean) French bean); 7X39i»

Q7M1Q5c§a%¥ﬁ0@ 0 Okuka saiivs WRices PASTH7 ?@ye oS (Avoc

Q9AX L OI Qﬂl(g%gb]tgifaﬂ%gzrglm%g é(%gf %Pﬁ’ﬁg elds (Loblolly pine);

QO0186k; Qa«l@m Risan sat{ visp éﬁardex@w\/ﬂ?M&B J—BW 280]54157{29 Petroselinum

crispur (PRl &ﬁ}ﬁ)% RerehdhBae Ok g@éﬁﬁ dprisgagppgs hybrid

cultiva® ‘P09 § Fe ny)pw@él PhXeBRERAIALS (ﬁldﬁEy B@aﬁf} (Flphcﬂﬁé]ﬁ) Q7XJC3,

Rhodospori di um torul oi des (Yeast) (Rhodot orul
Q7XJ 4 Bioing pm)asterl:(i\@@xtgn@pmd))t(lﬁ[@ﬂ)@s qumlas balersifgra subsp trichocarpa x

populef R BASTE P332, 5k Ppil Bt SHE eV

SH6VEPHRIIEY trefBORES (Quatih@hipen), FAGTPE Poplla Gchatdipa (W
Q st arl\si\‘lortg;;gP4573£§Styl%sgtn?]es hum Iollés (Tomsd\?allf estern

balsamquopias), OEA6 T Paurmsiavsin ((Rhesn: @Pfi%N@M{r@m@utme@PllSM

o ARSI A5 BB TR

(Yeast)V(Rhotietoaula Qtﬁ:ﬂegmow);CQWQM6WMu£ Matus(Raspberry); P31425,
Nuner ous studi es have focusedﬂi@the use of the enzyne

P3142¢, helapyma tubgrorum thassiph Q6PAES Stelria lppgipesy(pngsta ort);

t t t K
P4573%§§¥{§§n®9?ﬁﬁﬂlﬂﬁ (Tﬁgﬁ%xgﬁ@ B%%S?‘*%é% fgg%gr?ﬁel&? U)

(Subter@iridap lcto,veet QAB21(B|Q§BI664nTr1ﬂ1cumb9§(\81)n (WhBat): XIS 3tilago

maydisiNEheige): D452 Yibis s (GRmR) Had QL2 2 Gty (Maize).
Proc. Natl. Acad. Sci._ USA 96(5):2339-2344 (1999):
Li u, &Yurgerougstudies hayq fosussd athespsssefithe enzymisphenylalanine

ammo S8 981, EOUH) SPAR 5 27nd SRR HIEAHen S henyhctoquri
(PKU) KHbskifih et al., Tha6dt: 1Q8EB59892{399Q5980)AGﬂbm$,,et ot , Biochdhn. J.
19903) 2023 (S B ot 6 RS Ao g it hgracol.

35(2): 2?98282@9@2}n3a@§m1 &3l hP}oc Rhar AB&0Kci. @@C@gﬁ?iﬂﬁ%m (1999);

Anbr us Commun. Chem Pat hol ar nacol

Liu, et iz Ajtif] Gslly Bloof Subg#t2mmobil Hiotechral. 30(4):R#b2he(R002); Wieder,
K.J., 1 BiPENSh. F35724) 133940 258 PA0%d), utnedB3: L1885 Tn&re 1R65:685-989

(2005); Ambrus, et al., J. Pharmacol. Exp. Ther. 224(3):598-602 (1983); Ambrus, et al.,
Science 201(4358):837-839 (1978), Kalghatgi, Res. Commun. Chem. Pathol. Pharmacol.
27(3):551-561 (1980); Ambrus, Res. Commun. Chem. Pathol. Pharmacol. 37(1):105-111
(1982); Gilbert, et al., Biochem. Biophys. Res. Commun. 131(2):557-563 (1985); Pedersen,
Res. Commun. Chem. Pathol. Pharmacol. 20(3):559-569 (1978); Marconi, et al., Biochimie
62(8-9):575-580 (1980); Larue, et al., Dev. Pharmacol. Ther. 9(2):73-81 (1986); Ambrus,
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Res. Commun. Chem Pathol. Pharmacol. 20(3):559-569
(1978); Marconi, et al, Biochime 62(8-9):575-580

Wo(z’b@g‘}%WGLarue, et al, Dev. Pharmacol. Ther. ) ushdostbesst
(1986); Anbrus,CM, et al, Ann. Intern. Med

e, 438 A e g s 2 SR

Blotecﬂrﬁﬂ)(ﬂO)S'ﬁS@(K%Q&»':Bour@éluétgﬂt FEB‘S [adtt. 1@@(@; 8181@935)?%)@%& etal.,
Acta 883(3):432-438 g ang al, Artif
Biochim} Biphgspta 188303Dn46%14|38 (E1860; ecéhﬁ@és et aizéﬂ)lf Lelly B(lqtyb‘@;bstlt

0l 3541 BRSO3 0 20
(2001)Aisn Paeai Nonkv58d87)sm t hat results frominpaired
activity of hepatic phenyl al ani ne hydroxyl ase (PAH),

t he erpiyres &emponsérfiraflafiing Aad FRtMLMIAALGEsults from impaired
phenyl al ani ne. Patients with PAH nutations that | ead

activity Qf IereSicipleniibaniphbydrpaylase (RédDatheiqpayme respprgjble for the

I
metabo%sﬁlv(ﬁ;nﬁgrglgll\éﬁin% ?atlgl?lg gxh%h‘;’]};gﬂg ﬁ[gﬁatlddﬁg%{é rlc%agl gtﬂlPtKll\J/ émd

hyperphenytd]agin@nia. (HRX) digilagelteated lelels @ @halyﬂ%ﬂbbmé Helpaired
Ehe potential for |rreverS| bl e mant1 retardatjon
neurop Yﬁl@gglcpfﬂ%%gﬂng}gaaﬂdrr@ yeed epgnifive daveloRmg e fonpatienly with severe

PKU, thﬁ' ﬁxalﬁ%{eﬂﬁapfo?ﬁﬁé\)érglﬁ%trﬁén 1 rQBRtati Ml@%gﬁgnme levels are

Fani ne to ammoni a and trans-ci hnamc a
mamtaimad Iat lesslendls abingidigarywhstaétions. Pt mVert:epla&wllalmde fonammonia

and trar GBGY Tl aUBERISR meBPolt, WBIc s aieL Seapelis Gpid excreted in
the urui’e%(s@ﬁppu%&@ (ﬁ@éklﬁsl&%) X198@)‘le&nHoﬁlflﬁﬁteFEﬁtBiBﬁfedms Spectrom

i nvol ves the lifetine adherence to a diet that is |ow
11(6): 296-30(:(18#N0 aci d phenyl al ani ne (Levy, Proc. Natl.
Acad. Sci. USA 96(5):181 1-1813 (1999)). This dietary
t her a@.ln‘eat tredtirieatifar PKAJ imiohiteaithre 1{fktitnaladhgrende tata, diet that is low

in the aﬂlgo a%ﬂ %@ylgl%{n% -ﬁﬁ %ﬁécz %ééﬁ}x %ch,]’[}% PglﬁaelISA{ ("1513 (1999)).
This dlé@fﬁt}len%%?1@&%&@%4)1&1@51&1(1\%6%”%1at}éﬁytswﬁ!dl 6(1'7321332 (2004);

the damagi ng neur ol ogi cal effects that can be caused

Woolf, wa@ Aght Bis. Shiddy3 3} 6P YedT 6968) KimaMal Fienr 0(B220K324 (2004))

Vet 9: 188- 194 90 t deal
and dodf ot afSFDS i B i FRire el 6 o Hiteeis afifogh BF Bpfsedty
elevated phesislatibe Yovels((898@9sidnDbhl., Mdl. 8eslit! Metab. 69: 18&1943(2/000))

difficult for PKU HPA pati ents to live a norma

Less thapideal digtarhegritp] dueng pregpancyicgs ledde blrﬁh@refmtéﬂeﬁvyl (1999)

i, AR 5 TR RN SLAGIFTIRL ol

follomd%v}&i rlestlniem/e diegayd d(ehﬁ? 9erafyi chn)be dvbiatédwith deficiencies of
enyl al an

in t products have organol eptic
several PGS sEe §gf~$¥°§1 aéﬁ éﬁtylntﬁqgaégwshr@et%mlomsm A& (1 8RDbid.).
M tld% 1 ﬁé&ﬁ ﬂ%%’ hAsTE ropéti¥s suffidRai tisfact
o8 f’%"‘ﬁyﬁ érHer ef o gleszvg | oprrent ﬁotfcdp #ﬁ'gr%speu |@c y unsatistactory
that com_phatcﬁmnth t\lmsulrezhtmeml 1acemprormsmtﬂl_eme,r(ﬂ 99NDebicdix riBwtefore,
develo;gr{leer{t%rfg therapeutic treatment would replace or supplement the current dietary
treatment and prevent the neurological damages inflicted on those individuals with PKU,

particularly for those patients with the most severe forms of the disease.

In 1999, Scriver and colleagues reported their initial studies on the use of the
enzyme PAL from Rhodosporidium toruloides (Sarkissian, et al., (1999) ibid.) for PKU
enzyme substitution applications. Mouse PKU and HPA model studies demonstrated that
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treatnment and prevent the neurol ogi cal danmages
inflicted on those individuals with PKU, particularly
wo 20s/if3eme patients with the nost severe formpc@aiudh288/006661
di sease. In 1999, Scriver and col | eagues reported
hei. r nthe se of the me P . .

PAL agepiiduatiBh bssBisr Pt Bririeshin of trely Gefhieh b EAL ¥ Forgfination with
aprotininl §%®asé Rihtbitor be P APKEcANBMAR féb&ﬁésls&dl&hd)ﬁresent inside E. coli cells)

applications. Muse PKU and HPA nodel studies
was asgstaterswith dewertheadplasmaiphenivialaning lovelsein pddition, nrelgmnaw

[ {1 V. r,. PAl | ot
studies cﬂ:%chrﬁn ﬁ}eﬁféf: %f" gﬁ!ﬁvgg@ gkl nﬁa{tlggf haeg %hcbﬁtg :ﬁggfé(ﬂgtn ?Ylalamne

levels @y EAEeidnﬁmétetHdaﬁ%ﬁfenlcftﬁobtéﬁ gelatip@apsulesl (FRBkingser al., (1980)
associated with | ower bl ood plasma phenyl al ani ne

ibid.) or #§iBE &N eKHAGUPRIEAFNZY HE éqlqtfmyr{émbrgﬁ @afllem determ Mgl
V «
L06(4) 3% ST ML ot Bl S R BT P 8 R OIBNBd BB o oty
degradativing sigaifoaat redug@ina ol plasmp Phe ean pélactieved, upeh oadl ,administration.
(1980) ibid.) or using an extracorporeal enzyne

fact Ol’Mle(LAHbf paL fot calcer hedimehnlicralso Béef suddbied basedl on its
1-537 (1987)). These studies, suggest that 1 f PAL is

ability fg ]é‘iﬂééh"eﬂmﬂﬁ’é‘i SN@PIYFR dhenylglanine de gm&swab@nd Shegeby inbibit
neopla§t[§:#fm s it fer B} 2 ﬁﬁ)l CREmC Qg AE?}. @g RUBOAs O 8 Cancer

alon euse of r tredtnment
Treat Reps6G(B 306 be6h (TGhcSieageriads Ednan Rit 337@) 105ty1056 (1 97ﬁ)t Shen, et

al., Cang 15576 Reyb BTG RPN Moottt { Biorhenu 54204 2575-

250 B9 R EHIPLIEED, SIE M IR a8 o

circulafieg blogd @ﬁyr the 5 .”nthlmﬁstlen,gm?a)ddlt%e RALemedilatedCadntion Tn eat

phenyléﬁ@i[ha(3 %1 iQGesar%g%at %%98—27 C g? ia%&%&;&sﬂﬁ%i n(%(lelanoma

(Abell,idftl a@ﬁﬁeyaksf 351052912892 pEEmsh) A Skris s anas] WB?ﬂﬁ&dShen etal.,
rapidly fromcirculating biood after the 13th

(1977)|ll?1fiéct| on. In addition, PAL-nediated reduction in
phenyl al ani ne prevent ed the proliferation of rmurine
I eu k e BagteanatlP Akt fash dlvd mamed bavderaung Blreptomyees mhbriti@as g@y serve

o an G SqUnc Of (361 PRLE JEONBRUDBFTSIS BRI A 1eP

catalyz@@ﬂlle nﬁnbﬂﬁélﬂrﬂ éﬂfer&lh%fﬁm%w GﬁhlBlB[sl thé Bdtvefidn 6LphefyRfanine to
an inportant source of the bacteriostatic 8§nt

trans-ciapamicoasich(Xigng.red i1 1. Riel. Chem. ZAL 25052320090 4260Dhe

initial step in enterocin synthesis, which is the
converPAlomagfbe phei@dralheaimidnmiaksyntlaﬂis Otf Lmimrykalmndﬂednethyl ester

Xi. an t al . i ol.. em 277; 5
(for Aspasas brodusorn & Guohactst. BB ET RGP PALT cpplogdoLey421-
427 (1956);LHBhRRY & ANTRhITRA Bidte @RbE R (1)i6AL68°EI0B5 ¥)ANB other substituted
productl on} (D’ Cunha, et al, Enzynme and M crobi al

L-phenylsdamns] dryiyativgsohatsnd uses phage@yuticalprdcutsers @1.SaPatent App.
200201‘555[55:% in Biotechnol. 3(3):64-68 (1985)) and ot her
Subst®i t ut ed

PAL may also have agricultural applications, wherein PAL participates in the
initial enzymatic process leading to the phenylpropanoids that produce lignins, coumarins,
and flavanoids in plants, fungi, and bacteria. Hence, modulation of PAL activity can

influence a number of agricultural phenomena such as the browning of fruit. In addition,
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L- phenyl al ani ne derivatives that are used as
phar maceuti cal precursors (U S. Patent App.

wo2x303712) . PAL may al so have agricul tural pcT/uS2008/006661
applications, wherein PAL participates in the initial
structu?eng Ei.l'lf% & 1%%1 c 1$eag{quA]E ?nhlg?c%r h&ﬂ&'l@a 98 %ﬁ%&tﬁj\ﬁe Iﬁéﬁ@i‘éldes
pro ce couharins, avanoli s in
(Poppef wrkgj (26039 zzbd()t eria. Hence, nodulation of PAL activi ty
can influence a nunber of agricultural phenonena such

as t healpuRIPAI. pbtehtidliythalivaAoet tbiestsidita: kl%étﬁféﬂﬁ@% lications,
drug design of agtlvé sylttevPAL |1nh| bltorns cou 99

the usetaf Pé’flf sy ibgdinttadityciedeesd(spegifie actatitysind progobfic |uaﬂtahlblt.y
Slmllae erﬂa?\eﬁgem ran)%AeL 1 &ntnltsﬁ(l)slﬁéﬁf iegs%?ge%%ﬁmﬁiﬁerﬁé@m% coahqganied by

severall disadvastagss slueld HC@EImapaRnidity add protedlytiasshsipividye FlustherG a delicate
instahility. Simlar tg other therapeutic proteins, -
balancg;isaeqiraAchueeniyb sty AHinipyeang |§§)ZYI§6 a@e@a{ﬁa AFlkigve,gnd maintain

S .
control O%g)?a[sﬁ} ﬁe@?@}éaﬁgfe? ?gﬁﬁ%y ﬁ'Elurt a de :lcat e bai %enlgedlsorders
characﬂeﬁzdfcblﬁ{suhy;mlpmyMrmm bAs yett e carﬁdertad effort nowandzypeoving these

activity to ac ve and maintain contro]. of plasma
paramegrg hﬁ‘?ﬁf s diorn Svale QU 16 pavii of vt aa bioherbicn o pdee
regardlhg@ggpfdgelgl sorders characterized by

hyper phenyl al anenmi a. As yet, a concerted effort toward

i mpro ps ]p@ﬁ a
pauci ;/l;}pof s%?glaag{sgl%wd& bi oc (r?écga%gﬁt ﬁlagqgnét&
characueﬁgarsdncrlgdlhg ipstept cdtalytic adtivity, andlpeéatertiolaipical }aalﬁh&d gfeater
PAL . nD with op lmal klnetlc characteristics
biochemjga] ﬁ'@/ mf/%rrﬁtteea%t S¢ {Rmunaganiqityt y and gr eat er
bi ol ogi cal half-life, greater biochemcal stability
and/ or attenuated i nmunogenicity. SUMVARY OF THE
I NVENTI ON Several bacterial PAL have been al ready
SUMMAREAF THEJYVERTION t of the HAL/PAL family, including
but not limted to PAL from Streptomyces maritinus
(al so Sewvemshbaserial AL BEE Hebn hlcedsly i8¢rEilcE ad part BAtHeHAAL/PAL
., f.ram| unc gession ZP 001 05927 from
family 308 b e DAL 0581 SO By TG B g hoph as Enc,
SEQ 113&%15 INCRIR V4G ') A1 A IGRRRITR 8 stO PRAGRTTH AL @rc%s%fd&zﬁ 965@05927
NG 2,” FI GURE 4), PAL/HAL from Anabaena vari abi |
from N@@en pun@ifaeresTEC 291333948nighé Aetabenhi ZO@AhN%IMweobxal

Genon3] Ao Biion ER3F SR IO NI RRAIRE DrEAHERE S Alfebna

variabiR§ (B&ie)IDt T67863Z YAV 3988 gﬂélﬁ"ﬂﬂarﬁhaﬁfsh@iﬁaraﬂﬁmorﬂa -lyase[Anabaena
Nat urforsch 31(1

variabily AhOOa0A 13 Misete? 006 (S B IDHOMUAGYRE 4), the photosynthetic
prokarydté Rh2BRAEE GlduBES ol 2 RBYS o UEH $RTEABS.693.9(1976)), the

gram-negative bacteria from the family Enterobacteriaceae, Photorabdus luminescens TT01
(Williams, et al., Microbiology 151:2543-2550 (2005)), and Streptomyces verticillatus
(Bezanson, et al., Can. J. Microbiol. 16(3):147-51 (1970)). Further, PAL activity has been
evaluated in Streptomyces maritimus (Xiang, L., ef al., J. Biol. Chem. 277:32505-32509

(2002)). Cyanobacteria, such as Anabaena and Nostoc have been studied with respect to their
production of bioactive natural products that are generated via mixed polyketide-peptide
biosynthetic pathways (Moore, B.S., Natural Products Reports 22(5):580-593 (2005); Becker,
et al., Gene 325:35-42 (2004); Hoffman, ef al., Gene 311:171-180 (2003)). The invention is
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(WIllianms, et al, Mcrobiology 151:2543-2550 (2005)),
and Streptonyces verticillatus (Bezanson, et al, Can.

woh008/M3¢760bi ol . 16(3):147-51 (1970)). Further pcifbs2008/006661
activity has been evaluated in Streptonyces maritinus

& 7
sased B8k Sl o Bl DAL A 0 ARERTe eament o
PKU ahdwghebéiesrdsisu dihednviéntion kesprplatdsaoiirisitions ofibavtérinh PAfl and

bi pactive natural products that are enerat ed vijia
blOlOglﬁillb/e%Ptlﬁé ixpREenise s yenatpadanglags dheseq hwwnbwsrie

properisyish s g polchC LR, SRR, B ookt sl i for

therapeﬁan applichiiods] httél&&te(dﬁﬁﬁﬁl)r)ogefﬁhﬂy amd grefteo biolegdied ddlfdife. The

presenE OB 48 Pray Rt B Rodt FLEroAusion 490 FRRECEET o gjeial PAL and

blologlgélﬁpidili%é Sraghiefts Hle?aﬁ‘&é QRiARNARI MRl R Sh&GOSPAR nle@ods 8f using
bacterial PAL and bi ol og@cal l'y active fragnments,

such compasitians fertherapewiceand industrea) putpesessof , wit h enhanced
properties, such as nore potent catalytic activity,
gr eat eks mﬂedmhmiri Cahctetia ALt anddipdokatyotict el apreutsed '

et G T, BRI LY, 80, O ST, ot o
limitedRb PALR SR BRGy @ mﬁm&t LIQH kARG RY LR @Q oD 10:5, FIGURE

bacterial PAL and bi ol ogi cal 'y active fragnents,
4), Nostagt Iamcgfomlar(SEQtIB N2, drl6URIS 41, Heabadna variabitie ($I5QIDINO:4,

FIGU]%[?})D A ngiiitis & aglg'(hgﬁﬂa.iﬁrd? QTSRS Phio @Byt RAHSIGLR TT01

(wllhan@rérk:ﬂr Y0055 574, andrStrep sl ce v atieRREIBRLsOS, BAN1070) ibid ),
type PAL from prokaryoti c organi snms, including

() fragmnt:n srutantd vagiants anapalpgusmoSsudny ddyyresenaymes thet zetain similar

(ie., atg%aﬁg so&ggz\ﬂnﬁély‘? éégn\f Er %%ny%l%é a&? 'u%ﬁﬁké@e e%%tdﬂﬁents

exhibit\iadreabi baﬁly(tlsElth@' M@/ér infre&ddRthatt)life Andoy dédreased dul ans
(Lof fl ehar dt, . (1976) ibjd), Photorabdus | um nescens
immunggenicityang K%r@em&allarmod(%b‘ssrmpm C such yvil-5pe epEBRSPe es
ﬁagme¥§r boluGintd, Hhtished §ﬁiz 'thtgéofqhatd{alfg BPén e 'Iﬂik%d to((%her chemical
ment$, nutants, |an s and anal ogues of suc
moietlesrthai-prqspée emzyarb&ntagamusresffeaisnswhms leakanced balf-lifit.. Farastample,

cat al c.activity for [ and t hat
any refPRamess 1 MR GRS i ORHES UL B, BapmPgpmputants, variants
analog®&tt dhéhdidalBHb Atied 09Fs§ﬁ§ ﬁﬂzr&if | {dl donSp RABNI bf SIRBIPBPRES), for

I munogenicity, and (3) ch emcally nodified versions
either thérapeutie oniindisstrigh purposssiace, m¢anagm§fﬂr§o methagla o§ making, usmg or

var i nal there t hat. have been are |inked
formula b EnaEHBR% PEner a8 ity ey e e ekl
modifi@ghvadirggus effects, such as enhanced half-life. For

exanpl e, any references to net hods of naking or using

pr okary gid ﬁrstslpectf ﬂf%%?@s@hﬁmvéﬂﬁo%rﬁr&rd&%dc@éﬂa? PAINAIdOYS
or chemcally nodified versions thereof, and

biologica lypasive ifragments, swiantse Marjanty o) gnalags thiredfe Onerrmbyslementds a
bacteri%][P/%]ggr st ﬂll %g? ﬁ (%85 e (S@'da I[STWE) oroblol%fglecrallgl Active tg’lq'agment

mutant, variant or analog thereof. Another embodiment is a bacterial PAL from Anabaena

variabilis (SEQ ID NO:4) or biologically active fragment, mutant, variant or analog thereof.
In some embodiments, the variants retain the wild-type active site residues at positions
corresponding to Ser 210 Ala-Ser-Gly triad (211-213) Asp214, Leu 215, Asn270, Val269,
Leu266, Leu 134, His 137, Lys468, Glu496, Gln 500 in PAL from Rhodosporidium
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formulating all such wild-type, fragnments, nutants,
vari ants, anal ogs or chem cal nodifications thereof.

wo fod/IB716l r st aspect, the present invention preeviok808/006661
bacterial PAL and biologically active fragnents,

it i . I : i
orlof 0 ry 6 AU o B ORISR o R STBEG AR - Ser
Gly triddit2)l 1 ¥13kis bélieyied 3 by thedindigg sitafprphénylatutiaat , vari ant

or anal og thereof. Another enbodinment is a bacteri al

PAL f mousirdble Ragams Yﬁ?h?f' iadlullé protcHrn!vihiblooAd omore cysteine

bi ol ogical ly active fragnent, nutant, variant or )
residueg hayeobgentieplaesd with asether amipe @riddags serin resadyetetreduce protein

retain the w)d- e.actiyv [ ' S. osi tions
ssereef Eyh e Lt R b kR b S UGBS 51 3)
immundgdnadity, ah®/or ather dibadAanrfhgedlnl e2feBis ik ©d66, Leu 134, His

137, Lys468, @ u496, Gn 500 in PAL from

Rhodogpairhsle watigkty lrrﬂigdﬁéiu@é fUSRASR6éRs!iN Yhich the enzyme has been

substitution(s) of these active site residue(s), of
fused toanatherthieterplogosepolymgpyide rugh aga nativielorangdified penstany eggion of an

B 07 BB AL L BT e

increasé Yialfgifeie resi dues have been replaced w th anot her
amno acid (e.g., serine) residue to reduce protein
aggr egdeliRVbnkidA s} cBRteAHIAEI Aefificallylodified 9&3RMs of such
enzynme activity, increased i munogenicity, and/or
polypeptidesy whiich havebeeadinked tef themisal moighytbat mevidesbther advantageous
variants. . may include fusion ote{,ns_in which t
offcts. Fo SR IC WnbiEIC s SpEARE ISk “NEB bl Hofded SFuatersotuble
polymdi’@i:oylﬁﬂj?ﬁeig)d&es S k&bwasn ehevat ioMithpdsve Bi i feegh CinlGiga BF chemical
_ .region of an jmmunogl obulin or a fragment .thereof that
moietiqs ghay] g0 reHBCIMMURRSCASIY P IMRINYRPIQIPASE Fiesigancet o
increase half-life. The invention further contenplates
chem &akch pacteraliAdd isvisplgiedand phirifed in gsobrdanesn with she methods of
whi ch have en |inked to.a chenical .noigty th
the prefith (VR priEES csb s e L P BichiEg bl s the enzyme
therapel@683€ dh fsbe @mboidiBe@NAIDNA enCoding fo¥alRhiflétalo} wild-type
linkage of water-soluble polc%mars to@&ol ypeptides is .
bacteripdgvin1si used hEozever, in othpr eneodigents) 3 ¢lANAggoding fare bigfogically
. r R
sive SRS REYES TR, oL aRa" SR, |TRSAER Gyl oh A00cs
compositionsadfeptiatigedobicidriab BALvbagiaad biasteetwi baséddoleetlapeisgineering
of the present invention and i s thereby present |
approagle aRd/et Wﬁr@ﬁalbhg)@ﬂéil%?-ﬁg Pegylaie) g)ﬁ@stoﬁ E’r\ip SRR | y.
e BTt o p ST She T B et R SBRA Sy,
enhancedritabilitys m¢diced imdNAogami@ i ang/dr groteollytio keyitoatyl appeapiriatesfor
therapeE}{igggene ﬁ?ﬁﬁﬁéigﬁhb{sﬁegggteﬁ%m? S ¥R83e phttofhe PATSwith

improved specific activity. Another embodiment is a pegylated form of Anabaena variabilis

PAL with improved specific activity.

In various embodiments, the pegylation of PAL variant is described in
reference to the ratio of PAL:PEG or PEG:PAL. As used herein, and unless otherwise
indicated, the ratio of “PAL:PEG” refers to the ratio of lysine residues on the PAL variant to

PEG molecules in the pegylation reaction. Similarly, as used herein, and unless otherwise
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conpositions of optim zed bacterial PAL obtained by
structure-based nol ecul ar engi neeri ng approaches

woanoy/p7eher cal | y-nodified (e.g., pegylated) dcayusossioosss
PAL. Specific enbodi msnt s contenpl ate opti nmal

1ndlcatcén§ Oria!gtal gu IEi}CII’/tE?LreWe Ehgpraﬁ%uﬁPégym cléllzel @esgtn C}}’é‘lhé Yesidues on
the PADratie®! iy the é‘g@muohlwacxmnappr opriate for therapeutic
use. One enbodi ment is a pegylated form of Nostoc

punct ith @hEBmBAdinYdnt, thé REeMGHcoHRER fa!e§ pe&lhtéd PWL variants with
Anot her enbodi nent is a pegyl at ed orm of Anabaena

reduced) sminahpgeniciyAlAgther emhodoner ns;zpeegwlat@d £ of Ngstoq punctiforme

PAL YA oo Rith Bl i SRl R e iocliBbde 1 plibtmes

form oPEfmti8ha vASabiEEPANACPAL) @Bfart Witedadddamithamgenicity. Specific
indicated, the ratio of "PAL: PEG' refers to the ratio
embod@mentgl%quléa NRRAL 6n AvRA Lpyariantsrin a¢hich Eeg?E@OﬁW ahigved by

reactmg ﬁlde ﬁﬁ%&ﬁ%\{ AIpAIY A AE ghtgglt Véﬁw‘%‘#gﬁl? ?tolﬁr?er g@?é}ﬁk&ne

ess o herw sein
glycol (RHGY. Intsomie feﬁ]b’odtmmts;fpeg’ﬂﬁildsmisemhileeed bprdagtingithe NpPAL or

AVPAL g%lggl:fl gaceo\pﬁfl gﬁ PArL?H\égﬁr) h.gﬁttlealls? ﬂtelh Feihl?;g%y l ]2%]I a(% r11east 1:2, at least 1:3,
or at le5Q £PRL BIRS. BEGW é}ﬁﬁ&r e rrf) rP@ﬂRﬁnzYﬂttlJ‘aﬂ RQP'QEC{/anant and the

I Munogeni city. Anot iment is a pegylated form
pegylatién is@shiereduning a PALNREGALti¢ 0PPAL) variant with reduced

i mmunogeni city. Another enbodinment is a pegylated form

of Andlrdnventianiahbidohteniptes Avioal)ating thepdgylutécPAL variants for
reduce(i egﬁdmuwced e&%&g%z&lng :et ﬁgge?\(t;sldfﬂ%led?ﬁggc ean%gln\mgcéﬁeved by reacting the

NpPAIPSIQXvaAL%lﬁﬁt sy (?r\éﬁgreb\\(lltflm 'eQ&h ééﬁlaﬁ%ﬁ@t— a it Wifteast 1:1,

variant with a water-sol uble po
at leastgol .§ edthgdseh2, afl lgasoll :3(,REG]) leastnl éBM Eﬁﬁodln sem¢ smbodiment, the

lon jis achie reagt t he PAL v PAl
pegylafi ST anbie L RC e NaPAL PERVBAD an{ e, tiq fihES Tour
times, fi@@8hed ‘'of nore kit PBEL edch eg?ﬁatxbﬁaﬁd ratiodf aPleaditl:] @@fdast 1:1.5,
1:4 PAL: PEG In one enbodi nent, the PAL variant is an

at leastAvRAL least i: én pr atdeast 4 HeP/bbg\,ElCat Ingmeiesnbogimentethe Pilngariant is an
PAL: P he i.nventi nt
AveALy gk At Besbhut s petifs WS | 20 BrRE P AEb R o he

first antl RBaORAGRAYGtib1Y reattiorsone enbodi nents, the pegylation is
achi eved by reacting the NpPAL or AvPAL variant tw ce

or norng ’sox\ﬂbteﬁ'lbegﬁﬁerﬁﬁ‘?ﬁb }sxsmgh@ny QB sifs bﬂwllq-t%e BPAL
| east 1:1, at | east 5, | east 1:2, at | east

according 3o theonvmtlolnea@t belmndlmd aPE@lreldﬁo optimizenhld kinstic , the

charac@xg‘%}/cghzll OW ngébg(f ﬁllreg L am %ﬁec? ?ourh%g Is{rlr%gcl 'ﬂ?ac Vi tﬁé\é u’lf:% but also
mamtaﬁﬂﬁ@sm piidhyRiEmineia0éls padhyn eheioptimal raﬁhgé af hisoudf1 20 uM &agtout 240
: least 1:1.5, at |east 1:2, | east 1:3.

WM. Tngthprsmbodiimentsathe bRtoBEHlscHavE RS SARAL Do a kpatiof at least about
0.1s-1 %?rg'l'e%{gr tlﬁaﬁl #H3ut 0.5 s-1. In some embodiments, the biologically active modified
PAL has a kcat of at least about 0.2 s-1 or greater than about 1.0 s-1. In other embodiments,
the biologically active modified PAL has a Km of between about 10 uM to about 1000 uM.
In other embodiments, the biologically active modified PAL has a Km of between about 100
uM to about 1000 uM. In other embodiments, the biologically active modified PAL exhibits
enzymatic activity that is from about two-fold to about 1000-fold times greater than that of
the wild-type. In other embodiments, the biologically active modified PAL exhibits

-8-



10

15

20

25

30

AvVPAL variant, and the pegylation is achieved using a
PAL: PEG ratio of 1:3 for both the first and second

waPRyIBEion reactions. In sone enbodi ments, thg1/US2008/006661
bi ol ogically active sites of wild-type PAL according

t.o the. nt as . desjred to .
enzymifcfiving WA fiRaPpy BR4FDIIe RiateE ikt §f e wild-type. Such
biologi€aTheaVéBidHified PR bfdté&ids RA& be ISmsddf sk lﬁBﬂhod:@%H ikhwhGn the art,

reduce but also maintain asmagshen al ani ne | evel s

1

such asz fiterdiregtedgputiageniesisa by élrtilrer embodinEn(s, Hvlinvendion sontzaplates use

of bact?m% IIJ1A| eglt Emftaﬁggzegl )%Lsil’agmet% Eas %gﬁ%&&bﬁ%{lhé’ % another

substar@eFint Répdritich @ﬂlﬂhﬁ:dl@arﬁeﬁt-f&r thk frea@ieht 611 deffi¢iendySin Hﬁﬁe activity,
. bi ol ogi ca I?/ active nodified PAL has a kcat of at
in mammgaisn padiGhiap mmans, aswell a5 pharmaggutiplRemppsigiog containing

e L GO Ay MIE 0L OPASEL 0 B,
pharmdcautadahesmpoditbah crenprises highlyjopwrifogi RAL dyrieet from taowria) adc

) .PAL has Km of between about 100 nMto about 1000,
biologiflioRthar Teamsah FRRen or apalog fherend alone oy I eembinationMith &y

pharmd2 é.lmc%l‘iP isBitdble SAF¥HTBI HnRGnBddiMerd 8 Hrepatatidn’ %ﬁ‘t*ﬂﬁ'l"lsactenal PAL
to about 1000-fold tines greater than that of
with a plhay\gréwbmbepr%n%%h%]%é?ﬂf}@cﬂ%rﬁ%Z%I 5%, 69.6%%, eamw 99.8%,

o503 S S BB T ) i A o

to the phédelt iny&RionIY gfbawr%aﬁﬂilﬁ)a{ 1 FO% bo¥ thespeldifit aétivilof wild-type PAL.
proteins may be forned using nmethods well known in the

art, SHeR @LolYaspeteufd ﬂr@s@h@iﬁvéﬂﬁo‘?&%ﬁﬁﬁe‘s %ovélr}nétﬁﬁam using
enbodl ments, the I nvention contenplates use
PAL cdmpnsetronalfmﬁhbrapbnmc anelt inthasitiiad purppisenyinaing rwmb@d(meré, the invention

contn BB ORI b BRR LT n evi p

act1v1t}dl§‘§f acﬁm%rs%hdgna tﬁéidpe@ﬁdamwaectm dRdURR b a phaimPREGticaYL&hposition
humans, as as a pharnmaceutical conposition

comprl@l@@tbamnmig}%lam eputapct lBALleﬁfCUrf syeletregimente athendgefigiency in PAH

activity bC IO%n‘%%('Fc?:’% g t%'g n%gltvit%// llet Is %8?/?@@3?{99‘%1 c{ﬁ@}s oL fdz/e or less or

1% or IBAJ, c&apaféefﬂo hoomal baetsasfiFAH @étl‘ﬁtybirﬁﬂ @glrﬁﬁhfeyt acalwaeed
fragnment, nutant or anal og thereof alone or i

phenylalapipe fryelsoferixample. %@rhme@b@méalpn?n@umlémhénﬂgﬁtppwa or
classic E&e?%?f@?&iu%mﬁ sorflé @B@Bﬁ}ﬂeﬁ S%quggg}@lg%‘éﬁ)gggt@huna (PKU).

a purl ty greater t
09% 99 8% ¢ 99..6%. 99 1% o
ot her ﬁ%ec ?g injepts, 1 t Su JI ¢ e Beegvl | 89 (Ea)\% n dlg%ﬁos‘lx?as having

a mutaﬁt%ebﬁ@laﬁfde&iydfb%rla%e QBAHD n@hé futdhe PRIHERY conPYiedd nfitation in
I s greater than about 110% of the specific activity of

the catM@erW@ o RAH.| kx¢mplaneyish auaipusincludeebypazs peftlimited to
mutaudnﬁ‘{:%@t' £igd g@§ s“%‘ﬁ%hn“‘gim@g) ﬁ%IWGP’e‘l}%A P211T,

nposi ti on érapeufl c an strial purposes.
R241C1 mm@, EMMQ&F,,AHBQ‘ Ki326Nt AGA3T0Vi3 88NIIE3006, ABORP.AA07S,
ftreating disorders caused all or in part by a
and Y43é€l ciency in PAH

Also contemplated is a method of treating a subject having above normal

concentration of plasma phenylalanine (e.g., greater than 180 pM or 360 pM) comprising
administering to the subject a bacterial PAL composition in an amount effective to produce a
decrease in the plasma phenylalanine concentration of the subject. The subject will likely

have a plasma phenylalanine concentration greater than 180 uM prior to administration of the
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activity by adm nistering a therapeutically effective
anount of a pharnmaceutical conposition conprising
woPRed/eival PAL to a subject in need of such trpeal®Rus/ 006661
The deficiency in PAH activity can be observed, e.g.,
| ess,

bacterighP AEe Mask bafEifarey, Bk stEkTHes st hdplanit soeOgpeatich of

betweeRBA030M iakd 290 anl Ii%théﬁﬁ‘hlfcﬁﬁﬁleﬁﬁ tﬁé SYjéct thas a plasma phenylalanine
phenylalanine | evel s, for exanp as in

concenfrpien phgiyeen 20rVband00uMhdn yilil ethsnembadigrents, thessubject has a
plasma Op%\éﬁ%lgﬂéaﬁlﬂgr%hg&tt{aﬂg{i 8?}‘8?&%&? g%siﬁ/f?rﬁcpisir@glhfll CYteR Gnother class of
subject8 i belirsmad &, thbsiwhsumive@h uhfesiteedlasnibphdne Ritaniiheaghhosittehtion

as haVi;%na mut ant phenyl al ani ne hydroxyl ase (PAH).
greaterthan (0 PAH nmay conprise a nutation in the

catal ytic domain of PAH. Exenplary such nutations

i ncl uda spesifiapmbadimentsaihesybicst igah anfantn morgparticuladg, an infant

havingla%?awﬁ%’%ﬂﬂ%?% ORgmé%EfgéigﬁﬁWW\Z/ﬁ%ﬁ%

contemyiiENh EBOASOf 1FEBin R an Rifarthavanpdphéhketontis Comprising administering
contenpl ated .is a nethod of treating a subj ect havi ng

a bacteaab%L FEMPRFILED fR BistsraieridR agrRMAuUAL pidective ﬁyprai HeR pdecrease in
the plagrg mghe g)gcig}ﬁ?}rilgcoﬂcg?tﬁaet@u Hi(}e/é(: ?{f%‘ﬁg’%é?% t}ge]qm%_ﬁ B¥¥wveen 0 and 3
years of agpasi the mnifantrhasra ﬁmmphm&falmﬂnw@nbmtmiod w€ betaveen about 360

ecr ' he Ias henyl al ani ne e t[ i qn of
uM to g GBBT M, PriaraBiciibGapitin Gt bpergal A E he bithu s S
phenleiQ{%BX l.ah&nirator St 1240 P01 GRS %miﬁk@éhx@& BEMepial PAL
to adm nistration of thebacterial PAL. Mre

decreaggathe pieisnaa phenyldianiseitgnsentraing ta apdutsif0 pdnid ethemémbeodiments,

prior R GAMHERELRE ol BT ERL DA URIE ARy insRaffotacion of

about §00NOALA i’ﬁd AniafstdiRig TP 1286 redvb o p@d@ﬂ)arﬂ‘ﬂenylﬁlaﬁlﬂe' |
ot her enbodi nents, the subject has pl asma

concengrBer losabet 6RO uih darstifl fusthgr e@beéemiée Prigote tagmdnistegog of
paL Pl RS O B SF1 S NN BEE1 i erin o

PAL déeéewsenthe pldsara ;Qfeﬁj‘zilh&mﬂclmnce‘tﬂ@ﬁoﬂw abaut SO@QM i Ih some
enbodi nents, the subject is an infant

embodpngnts, thy @Piayeutgnmmpgﬁ?orﬁai}i)i%&dailemla§1iﬁaiﬁ'€ Frelge thedlasma
phenlelQHl‘ﬁ@ %{1&&1&9@0195 A dS gi?th@ra r&@#&ﬁ o BwediGboll 838 1P to about 360

cont enpl at es net tre g an 1 nfant having

UM or p harpglof beoveeniahoutcl@OpM<o apow @4 miMt eri ng a bacteri al
PAL conposition to the subject in an anmount effective
to prqulse eotesiphitilsegeinis 4 hetipldfonthepieatiyg alpae‘gnaﬁt female

concentration of the infant wherein the infawg
havingihperpbensdelanigemiadiiy) Q?anatfglga%i’dmﬂﬁ@rinﬂft‘a the Shiechbacterial PAL

alone @é@é@)lﬁ%&%%b%ﬂ%‘%lrp I%Qﬁﬁ%&ﬂ&ﬂ %C &a{gﬁmtle}? BPBact?rlal

to about mM Prior fot mnistering o
PAL albae bemi aimbidtiont viich thefproteina@strizted d1et is effective to lower the

phenylalanine concentration in the plasma of the subject as compared to the concentration in
the absence of the combined administration. In certain embodiments, the subject has an
unrestricted plasma phenylalanine concentration of greater than 180 uM but less than 600
pM. In other embodiments, the subject has an unrestricted plasma phenylalanine
concentration of greater than 500 uM but less than 1200 uM. In still other embodiments, the

subject has an unrestricted plasma phenylalanine concentration of greater than 1200 pM.
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phenyl al ani ne concentrati on of about 1200 nM and t he
adm ni stering of bacterial PAL decreases the plasna
woRiesdsdgani ne concentration to about 1000 mMpdiuRbdd&ess1
enbodi nents, prior to the adm nistering of bacteri al
al ani ne..concentr.at i

pcena o B AP SRS GF BA Bkl hogl

particuldfl§ adtra3v8 cRiE kS oR Hhid @y pe@TeRRAF R bé Bk subjeaP@Hb aef@males of
mV In still further enbodi nents, prior to the

child-baairenagetthatiang corfterpplating pragnangy 1p4Rosa eptveripnentain which the

oo DL B Bl 08,020 0, P, o Do

furtherk@n@h@éstad%ﬁﬁlst‘éﬂng|al’pr6téilﬁre€ﬁ‘il&dli dientb she $ubgect.ner apeuti c
met hods cont enpl ated herein shoul d reduce the plasma

pheny | @ieaniéifion Aes@iYek alekids Of trbdith d]imtseb&eq)hé@ngamuna
of between about 120 mMto about 360 mM or a range
(PKU) g wehiect gboprising@dministsring tuthe 3ubjeeivd basgasigl PAL or a blologlcally

active ffg %enr{pl g{ag ngﬁ:é&rﬁ'o? anac’lo tﬁéo%er&ﬁﬁ tﬁehaedlﬁlh%ﬁtatlﬂgxfbactenal

gnah avi ng hyperphenylal ani nem

"PAL 1s&<ﬁfébﬁvésﬂorlgwaﬂmie iphehalafige tcOndelﬂ&aﬁ@tbinethé phashefilad suBpict as

alone or in conbination with a protein-restricted

compaigrde thegospentiptian it Hiebsence 6 batenial Cvidr admingsitatiano desuject
selected ??rqpégﬁhmta'c&f}d Woth tl#‘l‘?le ¢ ﬁf t?{e ERRhtibf W il Ein élévated plasma
eftective to 0 eny al ani ne concentrati on

Phe cotidttrpli®s R8clod céﬂlﬁn&aﬂmrﬁﬂhy 86 greatep drand 80O pﬂ\hﬁl the absence of the
concentration in the absence of the conbin
therapeyitigd Qithar egrbiodiments eentemplateiuiigot Hhag has wélagne) phenylglapine

concen”tiratlgr{1 éfre gr%%tgﬁ {h%g dewya rptlﬂg ggie kéagf %%?a%ﬁﬁt??%egﬁx%& Mn%ome

embodﬁ‘ﬁé?@sj itiiEedUinsbinéd @dreimbit@cibn RRshods of iHedatdntiohdcRhssth®@ plasma
phenyl al ani ne concentration of greater than 500 mM but

phenylalasise congentradeon efithe subjsetite lesp thaarc08 mddd Imeng gmb@fh@lent it is

s G S A B e SRS B RGHbsion

decreasty S hsnd\plidhy Pl i RS EhcBRBMONV T AN D) P H-®B dnide! RS about 120
greater than 1200 nM are particul arl y attractive

UM to glzowtiBAGpdE Inomother smbypgimant, théplasipy pherylalagine abnesotration of the
oarefemales of child-bearing age at are
subjectdg rrduagst rthe grnge dipraakapt 1 ?ﬁ PMB%%’OQH%%(EP%m s, in
whi ch the.subLect has a pl asma phenyl al ani ne
concerfiargin embedimgnisringlhdmontiroiginghe dosege Hethesepdspf the

f d
orani AT BLRY) S5 IS oL A LR LEAr
dlseaseckfyniptcﬁﬁi | B,quh@slse adrsi@istdred phesiyple@aidy doseq n{ubliph dosesan a

ubj.ect conprising adm nistering to the ilJb ject a
daily bb%%t“é? singlepagekdy dasenranygplesiosss oea weekly basjere it some

[

embod Bk ¥ALRbn 1 SR AUSTEPLH I f olpisers o a il

basis uhtlnlethp playh phemylalenme corcentratiomof tha stljectps dsureasetﬂ td ]ees than 360
subj ect a conpared . to the concentration in

Iny$puias erabegimg sy wh?rsrn a plaspizinhenylplaping ﬁon%néraa% gf the subject is

monitored on a daily basis and the PAL is administered when a 10% increase in plasma

phenylalanine concentration is observed. In other embodiments, doses are delivered once
weekly. The invention contemplates doses of at least 0.001 mg/kg, 0.005 mg/kg, 0.01 mg/kg,
0.05 mg/kg, and may range up to 0.1 mg/kg, 0.5mg/kg, 1.0 mg/kg or higher per week. In
some embodiments, the dose is 1 mg/kg/week, 0.1 mg/kg/week, or 0.01 mg/kg/week.
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selected for treatnment according to the nmethods of the
invention will have an el evated pl asnma Phe

woERBEERtfeat i on, such a concentrati on may be grpeal®2008/006661
than 1800 mMin the absence of the therapeutic. O her

enmbodi nt e te a subject that -has.a plasnn .

o ony A sty 87 BASHRIR oF st il or BB B e dine
oral, trirt@e@i ARGEMAtoAAL liNRiAMAYALre (InCRIdIR herdsdligd)Bintramuscular,

enmbodi mants t he combi ned adm ni strati on net hods of

subcutariggus, 9y HHFAveROUsdbatalelverqquivigleat desagpredry cantsmphased.

Admm?sﬁ’&ﬁ@%%ﬁ&fugﬂpg&loﬁ%?1 fggﬂgrﬁggseé By ln?c?fne gf)‘i% c?rﬂf’%%rg' arlr%d“

specifi¢allyasoaidagylatedizach aeiitrathebsl, maabireiad], astravehticuRik, +9d lumbar
decreases the plasnma _phenyl al anl ne conc nt ration of
punctugey gr ygail%@ﬁtem maghay Jp §emE eabedimrsnts. thepdasgs ars dghygred

b |@not her enbodi ment, the plasm
> cu%ﬁe gIP/lofanl 2e concentration of the subj ect is reduced

' h 4
T T T N
contermiphized) édeding gédrethemagan Tediisfed ob& PWLegfmeds péssfbleﬂﬁmglﬁa variety

mamal s, or humans to effectively aneliorate the
of meapg knovapindhepttoigluding virsh yediers bpmeliogees reeombingtian, og digect

I
DNA R RS S SR oy i
sequenbasansodlhgl aH ome perttod baa:telnalsPAIt bea Bl@llogimélyaque saut@it or analogs

thereofp 38ich i 14 adoishited ot P Fealerisdoatt Atk dfcisfos!

the subject is degreased to |ess than 360 MM I n sone

enbodilfrepeiser gpREmANS hectenal Sl prY Al deadieistered in
combu‘%ﬂgﬁ %ﬁlrag]gﬂo%[ﬂn g &Eﬁfﬂ@d élgpj B prb SI% t%lﬁTPév%}] f&é@&%ip%yrﬁn%%réd’ in the

I's adm ni red en a o1 ncrease
methodsrhedim snmephany b @hamlaiemne)-msamtechdlemhbmmﬂhs a@otakephenihalanine

intake GBS SHYEHET BTEL PP AR QABEoebfavatin PLIS e ogtsents, the
proteinBétiBted thQ Qs'sa Bﬂéﬂy%largn&;esmé@dlepwﬁéemg %talﬂﬂfénﬂ%)ﬁmne is

range up to 0.1 ny/ kg, ng/ kg or
restnctpbto legsethan B@D gmer éap ohl snélmtlgqr qnmpddugrgsd the mrotem—restrlcted diet
or .0.0

is one %Pr &ey e fW‘H}J\?IQH}n‘gq% ﬁlg %8?18?11‘/&]@?/1?%5?%%6 %r?l leucine. Also

contempthtddis atdoaipoSition |c6ﬁipﬁ§in@ ®babreAhl PAL ang 8 phamhaceutically acceptable
transnucosal, intrapul nonary (including aerosolized),

carrler,mwpratrm%mpsﬁm She eempertéansnay furfher camprist s medigal protein
supplelﬂ dllltl &b h%g K@Jllg‘wilb ﬁﬁﬁg@é c@l{lﬁoé‘\lff&]ﬁ gr[ﬁl't tf%glnf tform 1a In still

mns I njection or fUSIOﬂ

other embb(hn’idmes, ;hm p’rbmmfupﬁﬁlﬁldns 1sqilﬁﬂylahﬁmeffr&a|1]‘}m protem supplement
co [ ntraLhecaI i ntracerebr al

I d,
may be fﬁ?&iffﬁwﬂ% ﬁéwo;?n% -GHAERE Al cesiceRtraiionf 20 mg/100 g
supplergétftt Bl B%onécﬁ‘ltx%ﬁg{?? &gymalpgé?&n@ A Sel&fifim. 1t may

I ver ed subcut aneous r ) her neans o
further icompa sesthe gedoMmersted datly dosestolﬁ eniherakne.gubaletins phosphaingsoand

magnesium. The supplement further may comprise the recommended daily dose of one or
more amino acids selected from the group consisting of L-leucine, L-proline, L-lysine
acetate, [.-valine, L-isoleucine, L-arginine, L-alanine, glycine, L-asparagine monohydrate, L-
tryptophan, L-serine, L-threonine, L-histidine, L-methionine, L-glutamic acid, and L-aspartic
acid. In addition, the supplement may be fortified with the recommended daily dosage of

vitamins A, D and E. The supplement may comprise a fat content that provides at least 40%
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contenpl at ed, including gene therapy. Transfer of a
PAL gene is possible through a variety of neans known

wo fod/f87ARrt, including viral vectors, honpl 0ga¢s/us2008/006661
reconbi nation, or direct DNA injection. Wthin the

ofthe R 3l bola R ShotTh Suferigel TR rERLHE LT et B

powde0dupplehricat oginaB¢ Foinpetd pteiibant or anal ogs t her eof
whi ch may be administered in vivo into cells affected

W t h R igefieh @6R%¥mpldlesHnemhBas otridids Weibus BaRs 6f héplastic
PAL may al so be adm nistered in conbination with a

growthmnd canger ringludingthag ndf lamitednied ympbelelasticrlegkentiat mamgiagy tumors,
and me dm nistered in the nethods herein is one that is a
HEM?Fal ani ne-restricted diet wherein the tota

phenyl_al ani ne i ntake of the sybjgect is restricted . to
ess” (& OGOBEMPIEISS MFHOL Mar eI Rk RAL, 1f s
commegéiﬁ’lt ﬁ'bﬁh&ti‘%_ﬁto"f;pﬁ&?ﬂal%ﬁ[a fiotn AmBIOARYINAl iRk REmagRtd. | Bie@flalanine

. li et” wherein the total phenylalanine is restricted to
is used e gspatthmn, BOPeatgnepend dpr food pseducts, otchustingbexsdigesteseals,

he protein-restri.cted.diet is,qn uppl enent ed wi t:h
cakes, deerB. Ses ol CER] iGRST f, Stnngf oREP Se iR faliing e
products€ilknad nfillSprod ot aite, 3h@es hiid SortidP@s, soups) sﬁ%ﬁf@,ﬁhﬁk aad
bacterial PAL and a pharnaceutically acceptable
spreads; and vegetablgst uent or exci pi ent. The conposition may

further conprise a nmedical protein supplenment. In '
ot her Ieistfodhersnntsmplated pat baaterjad $iAli way be uped for dfe praduction of

. .i,nfant f.or. I till,.oth mbodi ts, th
herbicigch Sl TP Bhases Sl rafifABS PRERORYEE pr ot ei n
P T B e £ A 0
prokar}g%{c% Br §Hf3ﬂ’(‘)§?5@lﬁﬂl actike tﬁ%gﬁ{bﬂt? niftarf Vcaﬁﬁﬁted}tafrlﬁtdg‘%ﬁe&f)f in

mg/ 100 g suppl ément and selenium It may further
amountsovipel smbidesingthereneyrie thegapeuticallys ddegiresenhimvertion contemplates

PAL bR < R e o P e R TP By o SaBR e

Pseudoglfdngs, @hd @PgodhcteBA SuchsNostsd 41 AdbasiL dnfsbRid enftddiments, PAL
group consisting of L-leucine, L-proline, L-lysine
is produgsdtbatthe bacteriglispeciey Strepborayessmearitimus §i yrrtieillatus, Soragium
- al,anl ne ¥cine - i e
celtulofify M Ao NG g0 R A, RFaIRRP AR and Pseudomonas
putida. Linribthep Bibedimeng| piblaary sticARA U enayife dctbitpds pererated dsing 0DNA
addi tion, the supplenment may be fortified with the
or DNA seayenessdbat aa%i'??ryveéégaa éeqaenmsameﬂgle;\sieqsngﬁ% agcodpg.for HAL

iR LRES P PR kS AL B8 o

HAL. suppl enment may be provided in the formof a powder
suppl enment or in the formof a protein bar. The

I nventlh abrenémbaiments therhéthod corhplises dlid sigp vBtrarfisrming a
ros of neoplastic growth and cancer, incl udi_nq but,

fo ;
cDNA gpPNA gqoding for pl) opa&art 25 ¢ ipeokasxntisRAL ora hipdegjcallyastive
fragmefit) %Jfﬁlt,avrbﬂfmﬁor analog thereof into a cell suitable for the expression thereof. In

some embodiments, an expression vector is used to transfer the DNA into a suitable cell or
cell line for expression thereof. In one embodiment, the cDNA is transformed into E. coli
and recombinant bacterial PAL is overexpressed as fusion protein. In a further embodiment,
the method of producing prokaryotic PAL comprises the steps of: (a) growing cells

transformed with a cDNA encoding all or a biologically active variant, fragment or mutant of
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The invention contenpl ates net hods of using bacteri al
PAL for the commercial production of phenyl al ani ne

wo e Bgoni a and trans-ci nnamat e. Phenyl al anipgg/iis2008/006661
used in aspartanme, a sweetener and other food

prokarflifHEL 1 o ERACRRR RS0 SFFGPAe 4GRET proguss s
culturep(t)) éfitrsR@in@als tramsfarmeaindgtiad abicrdatédss (c)wsupplymigch suithble

products, nuts, sauces _and condi nments soupf, sug%rs, )
growthy maediumyig thesbigeegstor.and (Jhispamatipg the transfegted ceflp fom the media

. C d that bacterial PAL may be used for the

comang‘?%%ﬁé@%%}hgof her bi ci des and anti m crobi al agents

i ncl udi.n n i d._er Cl | LI .

oot wh B SARRARED AR kiR i pyomine
octahisfil gldtag gedofusicarpyeteintin BAlectoir sachoast o6li BARI (DEXpIW8eS (Invitrogen)

i fragnent, nmutant, varjant or. anal og thereof in anounts

with aryjdBeiblerpipmeten siahrseigh BrE fisorrABYlaséarD-higaajactopyganoside). In
e PEER8nchTYEDL S PRUETEL 1 el B ECUEAN DD pLves o
withouSan Nrgrmimal tag e hdammhasemtadidnent athe masthat ofgpredudingaprokaryotic

Nost oc .and An na. In so nmbodi ments, PAL is
PAL cRGRASS &4F 5P el SE06 A1soep B a5 Basig amenter fom a
glycerdlBfdck i Sake Flashe(3) iflrbdRinSsucRAUERDIHNE fkd 4 LOStHTled bioreactor in
Nost oc punctiformnme, Nostoc tobacum Anabaena

fed-batelmicalej (3) grovaing s#d eutivrenn ghucpse-sufplementechmediey pH (7.8), > 20%

. enbodi nent.. prokar i c PAL .enzy. tivity is.
dissoly G ARFerPe e ARG SNACD PrinR C b TreBing el deBsityeyf QRADO of
70-100f(-27025 @fid)e 00 @R BERal TRt §4th (REAHM PTG U(F) grdwing KKl culture at
activity or featuring a PAL-HAL notif, but possessing
a reduced yerppgratugssoidilete 26Rqtungl aqtizityfchapgeHa< 0.] RUAnl{ppprgximately 40-

o8 hes GEAEORRO0 i Ay TR08) SRS hgEpShALp P boptingors,

centrif@datian pi0&®y $rabodimene, tiercedl duitateagediald typrally defined and composed
fragnment, nutant, variant_ or anﬁll og . thereof into a
of yeasg gxtfact piateipy REPIQRe-tFYRIORS BHusess, 8H CEfpbr@sminp Reidspfgace salts and

phosphgt?m\%ﬁﬁggtséhs_an,expressi on vector is used to transfer
t he nto a suitable cell or cell line for

E ang P Pru PE St e RS ORRSH R s 4 HELEFIS pufy pgperil

PAL ot $biolsiklpraeti seftagiedtlmiutint pr siiabodthetenf. aAteortingrto a first
enbodi nent, the nethod of produci ng prokaryotic PAL,
embodipsptyd Gasiarmed celd maasy s grown agd syptprgddeaving ¢ruds sacambignt

enzym%g??oa%tn? a%ﬂﬁﬁ%@ﬂorﬂlahlg%%pﬁ?@a oAgiedrhde ﬁﬁﬁ :t(}’n ﬁrgvent fouling

ragment or mutant® of prokaryotic PA
of the @lirhadh | Ghigmawdignaphicpunifidation s amdncted using ode s sdvgrd o

roduce a.se culture,. (b).introduci the ..
chromatpgraphie resing- gwbﬁgqum% ﬂae( B%Ibﬁleé’am.“} IS%w@atﬁspw Agukfer
design&otiRbViBe StaBtalti PRFb W Pah @xtdABe PpYi PSH tRhe. Bhotid} embodiment,

separating the transfected cells fromthe nedia
the method to purify the bacterial PAL comprises the steps of: (a) lysis of the bacteria

containing recombinant PAL; (b) treatment of lysate with heat to inactivate viruses; (c)
clarification of this lysate using a second continuous centrifugation step and/or depth
filtration; (d) passage of clarified lysate through a charcoal filtration step; (e) passage of
filtrate in (d) through a final filtration step (as with a Sartorious Sartopore 0.2 um filter); (f)
passage of final filtrate over a hydrophobic interaction chromatography resin, such as a butyl

hydrophobic interaction chromatography; (g) passage of eluate in (f) over an anionic
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contai ning the enzynme. In one enbodi nent, reconbi nant
PAL is over-expressed as an N-term nal

wombsHssts dyl -t agged fusion protein in a vect aicTsu2b0sAM6661
E coli BL21(DE3)/pLyseS (lInvitrogen) with an inducible

U
chromdtb @B so P BRI 4 Rt G e s Heg oy o g gt b
buffer exvhanien®ith tangeatiaiitionafiltraBéh; dnd (Dwesrileayioresthd final froduct.

caol i BL21( DE3 LysS cel l's w t hout an N-term na
Those W“%‘é‘tth%émé 5 p.aﬁewatft thet et eSOt Hheuemaigerap y Sieps may

be omilte® u‘f) itufed? o @EOf S 5rﬁﬁ§ﬁ&éhy %ﬂ:%s Hfz;la?% R¥artked

see ture’ r a |oreactor er ne
within gieyscepead)f the podsentrinedmaion. Fliradlysappf@riatestenliziog sigps mal be
P &u]tyre into a controlled bioreactor in fed-batch
per onPﬁfg%g grovvl ng said culture in glucose-suppl emented

nmedi a, pH > 20% di ssol ved oxy g? agitation up
to 12082 asge@ thetresepeiaveRtiog conteatnlataessqnng,gssays for

. 1 h
ens G- G bkl Ve SP
phenylalaniad bg edntaetinpes adslUccmtmhlngkleWatezﬂéS/ahmf pheaglalanineywith the
.C e 1§ <0.11 ( roxinately 40- 48 hrs and a
bacterigilgio opd Arieamineorhae) fF Bk Alafesusis Heh Beveied jeyeh of
phenleXm‘ﬁ@nShW%ﬂ@erﬁ&?‘Msb}ts‘&Hé‘}‘ h1GH mchﬂieQH@st@ﬁ@&ddr%ﬂfg vahﬁﬁts that
cul ture la i's typically defined and conposed

1nc1udeofony@astuveeonnoacqonmraatevensubpi@ptlmsentth%mwn sitegyleige 6y 142, Thr-

s B go5E50E 13, 5L 1, A58, 8055 L BLRR 8 o 7, e

400, Thrin28NGiOM T RAtrPeSora StRp@EckOmatitiuy wiaed ﬁélethv%ht o4
a biologically active fra ment, nutant or anal

residues |$er 24 Alaageroblyi thigd (3! a2} r&qp2é1l»,;ﬂeggl| TénAsn/0, Va 269, Leu266,
Leu 13Hrﬁ§31f39rﬂgsqt6%ebi A5BSEN %&EXWL ABth kG o‘é@&‘f‘c}xh&a&éhﬁ&des in

ehzyne ogenous na

reglonsw}' aveht ty the pahvatsitds, for dﬁbhﬁt@utth&dﬁlﬁmbkdé sequemasg fislllowed by
uling of the colums. Chronmat ographic purification
testing .ﬂse VeoRtdPer 1iep RYCR¥Rlapine SRS IS a4tVifra i 4R PR bodiments,

the mefhd '1§?h1tg§g Efgﬁﬁtag%?'f the P%b$d1 nt chltn‘g d%ecnomes of the

or mu eS|gne to pr
bacteriaslcspeaied are ee@enaeﬂ and mwzbadd fethopresdnce |oﬁBALJ hroramioghemng a

bioinfogag BB e Lt Ggeogier sy PAlrcalfatip ity af The protein
produc?@ﬂ’htu@h RbAB1 RGO, £tk as bPlesting abilB o @hvés §aﬁé®lalamne to

with heat to inactivate viruses; (C) clarification of
trans-cinppmateyg ateo.usi ng a second cont i nuous centrifugation

step and/or depth filtration; (d) passage of clarified

I y S at dn falsixah gkpeat ¢heamg eationf prbvide& mothods ebusin@g;oaqmaﬁd Rad.

COl’npOWIPIP]S %t ¢ at ggr}os 5‘? iy Oth(él%é %ﬁtrpffpt: llu%lg?é 1§3rderg cglused all or

in part BRagiRAEieRly fl MAH tility. atrfoxﬁ\e%rboalxﬁmr%mm PAL is used to

i nteraction chronato?raphy resin, such as a butyl
measure levels of phenylalanine in blood samples. In a further embodiment, the invention
contemplates a diagnostic kit comprising bacterial PAL for use in monitoring blood samples

of subjects with elevated levels of phenylalanine.

Other features and advantages of the invention will become apparent from the
following detailed description. It should be understood, however, that the detailed
description and the specific examples, while indicating particular embodiments of the

invention, are given by way of illustration only, because various changes and modifications
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hydr ophobi ¢ i nteracti on chromat ography; (g) passage of
eluate in (f) over an ani oni cchromat ography resin,

wosedna%6a Q i on exchange col um; (h) recover yaafushimahsss
product by buffer exchange with tangential flow

t ' f I
within ftﬁe E@tdnaf%ﬁcggeg& tﬁé hv%{it%d lv %c'giﬂ'[% a?)é%}&n\eto tggs%rséqclllegtue) the art
fromtltlhdétaldmbde@t:rlpsmﬂe of the chr omat ogr aphy steps nay be
omtted or substituted, or that the order of the
chromat ogr aphy steps may be changed within the scope
of the present invention. Finally, appropriate

BRIEF%@&MPW(SPE‘SF%E%GUEMS be perforned as desired. In a
h aspect, the present invention contenpl ates

SCf eeWIG@JI@?aV }]?IERFRE‘?%”UeB% eH@e‘?@] OIc ﬁﬁ*}cnré}ﬁ{e PAL (SEQ
can prevent, iorate, or tr t enhance eve
ID NO ﬂbsﬁlﬂ[ﬂkﬁﬂi&w@rdtymcseqmme bfiyostoc phhctifomvaP AL(SEQ) YN Oe2).
| evel s of phenyl al anine with the bacterial PAL and
det er IRIGURE 2hetFIGURB QAP @he kéqtlen&Fdf Ambae@svﬁiabhls PAL (SEQ
el evated | evel s of phenyl al ani ne. Such screen
ngﬁw

ID NOgsBAURE ¢B; Pgaemrﬁeﬂ%pée phAnabaspa varabilis BALHSE

that include conservative or non-conservative _
subst iHIGURIS. i Relatedrgss irge of anogatic @rrgno @i¢ amaponidrhyases from

prokar&cggs dyeuj(rI ages §4c%.>e(]§1égs) Wﬁre./tgtn%ﬁ}gq frg@o erﬁank@%e:slsgﬁ}]nuhlrexbers
are givéB#h pdﬂerﬁh&@s)ﬁ'rﬂ@h@hécﬁﬂitﬁ DIeRSXEI83) iusing thIN6izhBSEloining
equi val ent to residues Ser 210 Ala-Ser-dy triad (21

Method._ 213) Asp214, Leu 215, Asn270, Val 269, Leu266, Leu
134, H's 137, Lys468, du496, Gn 500 in PAL from
RhodosﬁjGHPdi im tAliginent of cyarmba@gmairpsotauy ssqeences of Nhe

punctﬁ? 1y ¥XLZSE$2S]'[D€§I:OI %)har{%hg h\(/)varufalbléﬁ?ﬁ? @@(ﬁ ﬁb\}\?@ 42 SHICEP PAL

(SEQ IDh myb')aém atide Ml {SEQ IBANOW) t Wetil @ si€eriebidings, which correspond
mbodi ments, the nethod is a high throughput assay. In

to PAI{ﬁié{éhﬁéﬁYl%ﬁEehlgb‘mﬂt@ie genomes of the bacteri al

speci es are sequenced and screened for the presence of

PAL hdielURdSS usiEffech ob(4) mﬁmllomat@tNabﬁLdém]}J/mM yad (B)
peaylaBeEFAL. FP3E PR oupetn fHlBk gt SEF Cofpantidh  8ympon

phenyl#l¥nihe tévieRYuADI dviet ¥ IQQiaS‘/Q)BM&ﬂt phenyl al ani ne to
trans-cinnamate in vitro. In a sixth aSpeCt t he

' nv eNtA[QURY §Vi dS%ediBl h@ﬂ%rpﬁeglﬁdt&gAbpﬁLE(‘l 'OallU/Bfﬁl} and (B)
nposi tions for the diagnosis of diseases, including

PegylalbthdetL I BRA@EC(Nippor Qérand Fati HAF Llorpasation) (b@rIU/my) on

phenyafif s Bkp' e @E%aﬁ%é% Sure Pevels of

Chot ORE 7o BARFEAL Pos e BBk &AL HE | NGRRarcOil and Fa,

NOF beﬂorzﬁﬁfﬁ}?(l 6 TOEMBPRSA Eﬁér@llalﬁﬁﬁe feQE1s URRN) i a WD Q:hhﬁﬁlc tolerance
sanpl es of subjeCts with el evated I evels of

study. phenyl al ani ne.

FIGURE 8. FIGURE 8A: Protein sequence of Anabaena variabilis
phenylalanine ammonia-lyase (PAL) with a cysteine to serine substitution at position 64
(AVvPAL_C64S, SEQ ID NO:7); FIGURE 8B: Protein sequence of Anabaena variabilis PAL
with a cysteine to serine substitution at position 318 (AvPAL_C318S, SEQ ID NO:8);
FIGURE 8C: Protein sequence of Anabaena variabilis PAL with a cysteine to serine
substitution at position 503 (AvPAL_C503S, SEQ ID NO:9); FIGURE 8D: Protein sequence
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O her features and advantages of the invention wll
becone apparent fromthe follow ng detail ed

wodResi33pisi on. It shoul d be understood, howeverpctidk@bos/006661
the detail ed description and the specific exanples,

of Ana%érla%ahggi'llg %tAL%ﬂpQE%Dg Hé &y se%gg gﬁ %{Ho% a?%oglﬂg 565

are rat n on

(AvPAk]ie %GSS Sm IIDlNOQIO;;rEIGEUHI dAErBr:btém Geduents v Ahatraehzheanabllis
rit. and scope_of the invention will becone apparen

PAL v@@' WHEHE 19 R IEIbSUiRS HPOSHIOBHTATAN S YDA $358Cs03s,
SEQ I %ﬁgl ) g#%ng@e%nml ngyre%dwﬁleﬁ'lﬁi’ﬂﬁﬁs Fl GURE

ne sequence o toc punctifornme PAL

bunct 1TIONRE B TP SAETR! 6ot 5 36 CoypligliBh a
posmoﬁﬁﬁﬁ o8 bahersRions 565 ahd 0G0 aipegiated AVPAL ()SEIQVI"IID PAL specific

3).; FIGURE 2B: Protein sequence of Arg,aba
enzym%a?tnaw 3fteg HlﬁAEat{%@ Verioys langthypfdipgat3’ Rel FIOL4RE 88: Effect of

cysteantg erftle RbSHTRLS B8oRSkS oPBIR Positib 8565 add S8 of pe ylated
ary eq ]

aryot es an ot es. nces were retrie
AvPAE potn GeoBxkk spmﬁe&myme actinirg afieraneutgtioer for various lengths of time
.Parentheses) and aligned with Clustal X (1.83) using
at 37 Ctphe Nei ghbor Joi ni ng Met hod. FI GURE 4 Al'i gnnent of
cyanobacterl al protein sequences of N punctiforme PAL

(SEQ BOWRDY0 an%IG&JREdPAaEifﬁeFtsofmxete’(ns@gsm bfytutipasin
AvPAIEI%ﬁ g«;ﬁ?ﬁkoﬁ %Egrdtan a%?reg%s b iton ar ta.lng z%y g%l%t%clt@}&horesm

tive site ues, correspo
under dehatdfihg @ohditibhy/ (lefapaneh) @’maltlgél t:exdiltuﬁis@:i@i I&neﬁf fFAGURY 10B:

Effect &fs&m@?rnf tges 4 atﬁg@ @R]‘PALghAébng\é\gd‘ g:%qt rotein 3/ lgzrjletg%ges in

solutiofr@§ R A I sKEd-Hprl¢y L) on phenyl al ani ne | evel s (M
over a 12-day period. FIGURE 6. Effect of (A

23 E'AquWEI A\é%{f\%c’\l%f &%&el yf&lg@%@?&l%@ QYI)(?SIH?&LS 565 and

503 (d¥Iaviptang tin evP Al loDsiteEprtificqregplatoly hiavazious ® EGeaeicentfativhs.
over a 12-day period. FIGURE 7. Effect of pegyl ated

NpPAL FIGB/FBAL2 PHGf{dNop pedtniont oBAUP ABtwittNDB5% Tween80 or 10 mM

Corporatlo (1.01UnL) on phenylalamnelevels (mv)
EDTA jop farmptionnf pepteinrAceragates in sl utient appalyzebRSEE-HPLEGURE

8A: Protein sequence of Anabaena variabilis

pheny IFAGAHI &3 ankieriRE Il9és Eff@mf)trea,tmemt af &yPdi hredithjotreitol
(DTT ser.l ne sub%tltut on._at 64

) on formation of protein aggregate 9 solutlon as analyzed by SEC-HPLC. FIGURE

13B: Effect of treatment of AvPAL by DTT and N-ethylmaleimide (NEM) on formation of

protein aggregates in solution as analyzed by SEC-HPLC.

FIGURE 14. Effect of cysteine to serine substitutions at positions 565 and
503 (AVvPAL_C565SC503S) in pegylated AvPAL on in vivo phenylalanine (Phe) levels in
ENU2 mice dosed with 0.25 IU (top panel), 1.0 IU (middle panel) or 4.0 IU (bottom panel)
enzyme as compared to ENU2 mice dosed with vehicle or 4.0 IU wild-type pegylated
AvPAL.

FIGURE 15. Effect of cysteine to serine substitutions at positions 565 and
503 (AvPAL_C565SC5038) in pegylated AvPAL on body weights of ENU2 mice dosed with
0.251U, 1.0 IU or 4.0 IU enzyme as compared to ENU2 mice dosed with vehicle or 4.0 IU
wild-type pegylated AVPAL
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(AVPAL_C64S, SEQ ID NO 7); FIGURE 8B: Protein sequence
of Anabaena variabilis PAL with a cysteine to serine

wosSibg izttt i on at position 318 (AvPAL_C318S, SHQTER2008/006661
NO 8); FIGURE 8C. Protein sequence of Anabaena

vari a i Lih a .ei he t [i.ne.
2t posIBURE s ARk Ar YT chle SRS S posiyhlsRs anc
503 (APPALEE503S¢‘$65‘SDI aepégyhnedaoPALVG inahid p}ﬁ:n%lamﬁef(Phe) levels in
cysteine to serine substitution at_position
ENU2 mugedesednathat Ienzyings ajcjariony Av %@E@Gmospwt%ﬁtw panel), 1:2.4

i EHATG InOPRERD, LeSiBl) & B g i o a0

IU wild &ﬁe/ﬁegﬂa&ﬂmlsat ﬁEQvPDLNCE(B rdtjo ofQy3t ei ne to serine
substitutions are underlined in bold. FIGJRE 9. FlI GURE

9A! EfFI6URP1 7.CyBffeit A€ cyfeifi€td $eins Witsstitdtivnis @nposaﬁons 565 and
position 565 or both positions 565 and 503 of
503 (AMRPEglPa HeP 0P ML PegYlated GivPAd aupbodyppieighis of ERljAymice dosed with

f. r I f
10 oB5hle s il PARSIRFIRR: 05, Y214 o) SRl BT mice
dosed withsthitletar diGIlavildaspé begylaﬁ&ﬁA@PAmmﬂanm&iAE:BES} 1afib of 1:3.
and 503 of pegylated AVPAL on in vitro PAL specific

eENZYNFIGURY18Y Effé®bf redpetiitionrnfipesyldeti QP L eTHS8E 503S on
of time at 37C. FIGURE 10. FIGURE 10A: Effect of

AvPAIeylsetca,ﬂCr@tlwy devimee (SapsRecoyerysHspedifipeeiyitys riyPhar PBH, first
pegyla@P ap % PEGQQ{K? g8t 2%2 gFM%?élHé fegﬁugsﬁgmons ( 1R¥ltcgl%ies) after

oresis und ng ¢
re-pegylatie l)nder anatiety of PAidPEGantsos dndgifohceﬁmebr)ls oﬂ[yﬁﬂREesicﬁBS and
ect of cysteine to_serine sgbstl utl .ons i.n AvPA

PEG n%iﬁc%?@ dndifatesh dPottAmi Rsreay assnepiicactivity AT svPAL- "PET) first
pegylaéﬁ% bypaq.: €EG$§&> 5PLE 2 RieEmel fesidREd: E%Mgf 5(%.‘/3@%%@8&9, or 1:3

I ne substitutions at poSitions 565 an
2 mM lyhmams)dueﬂ 6AuMAPEGfiBed elrcslqmémﬁelr ce-pegylatain wilens variety of

PAL:PEDARRHI oo eonapt oS ot U%JEEE% PG molsSilks Bijpdicaied.

formation of protein a nsolutlon as
anal y 246 URE S0 HAURE 1P fittopbo Werapipe AP A BPES: Fatigrin the
re-peg)Il?t‘?(?H 1B on%n cﬁ)é?af}‘i-?é%'legioﬁqu ?I\WAH? PEGDTa%t g}ggtgg 3R4 PAT.PEG

proteln aggregates in solution as an
ratio oﬂi@(}ﬂMlyﬂﬁdﬁiﬁueﬁemePfEé}:)t amettmmm’eanapxllam@ﬂL by

DIT an t hyl mal gj i E on formation o r in. .
ElectrogioreagurES preury FIGRE JORE Mersl o Bl @bt ba Lk pghio in
the ﬁrsﬂ-ﬂegyﬁtfo%('rﬁa&%n%%@fdﬂ%e%?laﬁ@ﬁ bh ?AVPRitPEgthQ:@@ tl@tre—peéylatlon

positi ons 565 and VPAL_C565SC503S) in pegylate

reactiopiepirfopmed at & fived B Qurativi ofel :3 KheM lysinst residnessivoM PEG), as
m d t.h 0.25 11U (top panel), 1.0 IU (mddle
determfBef By GF Sl

U (bott om panel)

FIGURE 20. Effect of re-pegylation of AvPAL_C565SC503S, first pegylated
at a PAL:PEG ratio of 1:3 (2 mM lysine residues:6 mM PEG), on the percent pegylation of
specific lysine residues in AvPAL after re-pegylation under a variety of PAL:PEG ratios and
concentrations of lysine residues and PEG molecules as indicated. The lysine residue at

position 2 (K2) is 100% pegylated under all the conditions tested (not shown).

FIGURE 21. Effect of re-pegylation of AvPAL_C565SCS503S, first
pegylated at a PAL:PEG ratio of 1:3 (2 mM lysine residues:6 mM PEG), and re-pegylated at

the samePAL:PEG ratio and concentration of lysine residues and PEG molecules, on in vivo
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enzynme as conpared to ENU2 mice dosed with vehicle or
4.0 U w | d-type pegyl ated AvPAL. FI GURE 15. Effect of

woexed/ ez t o serine substitutions at positi onedadis2068hoses1
503 (AvVPAL_C565SC503 S) in pegyl ated AvVPAL on body

ol e P LE B, E5E20 s Wl el afufa e
14. or 4.0 1Uwld-type pegyl ated AvPALFI GURE 16. Effect

of cysteine to serine substitutions at positions 565

and 503 (AvPAL C503S/565S) in pegylated AVPAL on in

vi vo phenyl al anine (Phe) levels in ENU2 m ce dosed

DETAI%}‘Z]S bE§CﬁHT§5¥§F§H§tINVEﬁ %s AVPAL: PEG ratios: 1:1.6

panel e panel) or 1:3 (bottom

panel ) ed N h| cI or
4.0 | @lhl?q%&ﬁt ype paelglg%/l ultFo g% ﬁégﬁgﬁlagfg&g’m,& sthe

nonoxitlativecdeafiditidn.of phGhRiladine tcEélhﬁahlchm(tM&he b@lﬁnﬁ'@ecﬁﬁép e
substitutiqns, at ;2 ositions 565 an

phenylproppngid Brogke 644/ atAéH‘uABF’N_Pl%m RhoyaryPlowsi plk: Biol.
t .
40: 34703‘68 %@g BAL ﬂQ?&QX\Mf&Jg,e&fhglegéaé%{%? gba&%ﬁh Qrere it i ds 1tngolved n

rati os as comnpare
benzoyEKIdA bibsymthissiseiel ‘i, rfariviehist (Xiaog, et b, 1. Biok. memypw 32505-32509

(2002) P it lumese MploR b itk g Ry a 35821350 G00%) and in

the bio isOreARlaRAadO th SHEAbmFRRGefti Gl AR dB@ZB.ﬁ/sohnetVdg Can. J.

op) Recovery of specific activity of rAvPAL-
Microthilr &6: lﬁ'égﬂ §190)at The WaterioR@ic agdnd enterotiBis(@nativil prodwa of the
. residues, filled,circles fter
marine bG8 UG reBlf e ety S Fo b Bistsanyalyps g number of
unusua@&!&ﬁﬁéﬁ (FRirividek, &fall, ChkemeBid2S] A4@S 460 0BES Pidll &), Ehe@S Biol.
i ndi cated. (Botto Recovery of specific act|V|ty of
7:943-952/@APOPEE], fftua{ si. r?p@g?hme%p%ﬂ%wmjﬁé@ﬁa@) Xigrig, g¢ al., Proc.

Natl. Ag;g%rgk ,R?A %1 ng%tr)gg sgb%g%yhmg t#’ngﬁ%l %?o?%i%ﬂory &f the rare

polyke@idd &mtliage plagsj sthitérmunittaroyd-coaiidydie/A ¢Co RAMBESs, epdli, dfat. Prod.
and concentrations of |ysine residues and PEG

Rep 1902098 (PAL) ) Thie il Piashérpicel pepcticn ineplegsahe ponvergion o the amino
P

it - P MARA LGNSRk Bk SRR o

lyase (PabyE@Het1.4) EacHD@&xaHE,@tmét I.@iok Cher& 2727 BRA05y32509 (2002)).

Activale ol STORATIF AEIAao FGars Hhopsiaioved e Belg 04 eperpidation

yields beAebHASOA gHEHeveaAlet RE@ ke B CRethDe7dalrsd (%IGB){ 'H?:E't'\&@k et al.,
reaction on overal | pegylation of rAVPAL- PEG where the

Tetrahqd@lpé@?l Hi-P o) (2@9@),|)6nng,§t plar)i Bastedolad 8399464 (2003)PEBich

primes aléet ??%o%lgéy%%fléﬁg%ﬁyg ex! e%ﬁ’fo%%%% seven mo%Gc)ules ot malonyl-CoA.
The first prokaryotic PAL-encoding gene (encP) (SEQ ID NO:5) was
characterized and its inactivation resulted in the abolishment of de novo cinnamic acid and
enterocin synthesis in “S. maritimus” (Kalaitzis, et al., J. Am. Chem. Soc. 125:9290-9291
(2003); Xiang, et al., J. Biol. Chem. 277:32505-32509 (2002)). Enterocin biosynthesis could
be restored in encP-inactivated mutants through supplementation with cinnamic or benzoic
acids as well as complementation with plasmid-borne encP. Furthermore, the heterologous
expression of the encP gene under the control of the ermE* promoter in Streptomyces

coelicolor led to the production of cinnamic acid in the fermented cultures (Xiang, et al., J.
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FI GURE 20. Effect of re-pegylation of
AvPAL_ C565SC503S, first pegylated at a PAL: PEG ratio

w0ooskis3d762 MM | ysi ne residues: 6 M PEG, on themenednosssl
pegyl ation of specific lysi ne resi dues in AvPAL after

Biol. ChERE 2R 72455 BE0Q ) n i Bk sGns SigepE s Zalrie R proten tha
is consideeibtptaller then dukaiydtic IP@&,sdiyene’@.Hy [208iatdifd adld (¢s2duek S Although
100% pegyl ated under all the conditjons tested (not

sequengh bowylogpriomant ﬁLSE“F]éé% frgm Peiroselium erigpympfRother, er al., Eur.

J. Blocﬁgﬁ%ﬁ(%%ﬁg@()o% A Zg%é,gb%d%@&l E@ké%@nﬁﬂﬁrﬁﬂt rather

shares preatee ymaiogst tabacttb’l@alsl’ﬁsmlﬁi&an%lﬁﬁhnaayhsas @HALs, EC 4.3.1.3) such as
from Pisupinpopt ik (SHeiiear it BoQBRB SUoiS-ip eI AE2s1,
36% 1%%6'_&@ and! 94:% f1au §%Q @N@@'ﬁm h?)\l%tt rosthe ammonia-lyase

Al LED DE IPTI E | NVENTI ough PAL Is
(TAL) fronbRboddbactst bapghlarusgKandt, engy, ERSBE. csaeawzzéé 2062))

(FIGUEE%SXiTﬂ ﬁ_}hl\él%%deawn%l?%%i tgc? g%{spglhgﬁgl Ya/a{ %{]eéggﬂ%?ea%ue a?posmon 143
of the ﬁ]ﬁh?ﬁ%ﬁﬂeﬂﬁst(&%’t yo6Rfdfanfly GHamrABMiE-1yd3eythaPlsané pfdbiisle
| ant Bi ol . "40: 347- 38'9 (1989) PAL has onFy been

precur@n oﬁt]mrmcbﬁecil dela'dfmteexdua lwwk@ methylideneimisiagelg-5-one

v10) RSN iy Qa5 by Bror ThslBisst LR R8 B0 Popi, Curr.

Opin. (Sﬁ&naﬂﬁbumilQLSM 2001, Sthwdde, etalaBiochehrdity 230831‘1335361 (1999)).
1358-1 359 (2003)) and in t he bi i osynt hesi s

EncP shargs greaiesirednencs pm@mﬁwe Ayl (4, 3%19&@3% Btezlaﬁ@léﬁd 76%
51m11argt tative l‘(llanlnlgl 19 8 ase &1@()1]&/%3 u?'?x}tl %@8%}4‘1&1@&? in Fantoea
a t aﬂ' nat ur al uc

erio C agen erocin 1s a
agglontei’@sl‘(Mlm&ldl@cttoethe tm‘bmﬁé amptoamtasesS ged fidm Strsptoniymloblsporus

(Chiistghsgh, G- A Ghem Soim 2BL05-002 (O Adistspbrmpt oL

Blocheﬁilﬁb 424 2’%8*—1@‘8'(20@)?' Nﬁb%%&g‘gﬁé&?&% C():%CP hl)eglloanrl](ghg)é %o a

human @kqtemr(bML)mmP mae(dmj)otcsmally SA lmﬁmnogcﬁﬁo 9Alsth@¢2tluse they are

.(200: ., ,/Among . th
very sifyau i ksId TR hA IR Frosite P loto i ik e ufanized
Versio,p&rgl@p.l-coenzyrre A (CoA) (More, et al. Nat Pr od.
Rep. 19:70-99 (2002)). The initial bi ocheni cal

react i1pR[ Ay PAY SReleNBoGARY Shatt HcsthmbhG rﬁ‘éEhQﬁ’isﬁ\%f’the

L- phenyl al anine to trans-cinnamc acid by the novel
chemichHy tidficalk elpnanyiba bﬁamnmnmﬁmmMtyhan(deNcnylEkanmeSreip@)ively.
77 3

With byttt ApGhieRlpiitic Biobthisif B, oY fepe Sehainydroimidazol-

4-one (MU Qi Pated ME NBHRLGIdRYbela By d18énh ﬁteﬂﬁ%fﬂfeub&%&hcﬁiﬁé S\sir@@s by a
yi el ds benzog - CoA (Hertweck, et al, Chem Chem
@

Fnedelzcmgaimt(ag tithe arqematigring. Hhe sigma Templendbatangawrated prevents

the extrfgg gpr&%)%g%ése)a}nr%ﬁfémcﬁdmg any ‘tl)ga%% ﬁom dccess to the binding

pocket of the enzyme. The formation of an exocyclic double bond is key in the elimination
of ammonia, rearomatization, and fragmentation. The prosthetic MIO group is regenerated
and the product urocanate or cinnamate is formed (Poppe, ef al., Angew. Chem. Int. Ed.
44:3668-3688 (2005)).

Because of the high homology between HAL and PAL, the conserved regions
of HAL and PAL are referred to as the HAL/PAL conserved region. This high homology can

-20-



10

15

20

25

30

primes the enterocin type Il PKS for chain extension
with seven nol ecul es of mal onyl - CoA. The first

woRtookdssymt i ¢ PAL-encodi ng gene (encP) (SEQ | D pd@/ 2008286661
characterized and its inactivation resulted in the

ol | 1 v ' 1. C..acCi e i «
ceate QL LTOTERE, (AR B EBTL Rl AR BAEIABIO ofg Pt
HAL” fivedin cGaducting b A798beiaf lsuck @93jth prdtaingseq@dncas listdd in the NCBI
Bi ol . Chem 277:32505-32509 (2002)). Enterocin
databags; fgg Hastae practiformeankApahaens ¥aiabiise ndwerefactomeaR 4 enzymes can
. t t.at:i ' i ' ..
e s 81 5 AL, SUBRHOTBRLALL OB PAAATL R P very sl
they arp basliotett toatiffer msohe KayrrediduasgCelabtehe ehdt, Biothegostsy

expressio t encP g under f.he contro th
300 ST Fabbt Miasr elzg Ao L B et Bon syl SaoB bD.
ParticuPlr33H 1A L'the indthiDRARI382 26l gluwnihé a1 %Voﬁﬁme%oﬁl%&%ﬁz&ﬁia (SEQ
(Xrrang, et al , J.Biol. Chém 277:32505-32509 (2002)).
ID NOB erednighlygonscrestincrdsHA LS bat areiahwayacenlagaddn @llithe RALs idsscribed

[ bl L | th tic PA 1 .
so far (SRR 5 PRk S B oo Bl Serpertie Y GHOR R g Soit
can be t41d =R Af pFAbs SHia BBAL AL PRIIdSAId HiviAgthé HiBMdlogues of

) %Rot her, et al Eur. J . Biochem 269:3065-3075 o )
lysine382 @od glutqrainas Fhb®e thessqugnes signatura of a peusiai with BAL, actiyity. This

. ' : r b Lal st di
v AT BABEER LERIBin DRIRHIANS g 25860 Al LA ) e
properlysen@@ARIASs ftini MAL(ISPMICAR], coald bd useBite tdeatifyséonye new PAL
27;5355-5361 (1_1999) ) (A35251, 36%. dentical and 54%
enzymes; frer gjreadyrpyhlishegganes pndpyeteing daighese.o t yr osi ne
ammoni a-| yase (TAL) from Rhodobacter capsul atus
( Ky ndtTheagresgnt inFeE®N 1glates tg compagtiouvof(spolp pyokaryotichre. and
. . T | Y i . i j .
blOlOglggel})i ancgl%F: gxséggm&gga{nugaglﬁj %Zvr?‘ﬁ%ﬁ% ?lg%}gﬁaéﬁ%eqp bde¥ ?orstlhgl%peutlc and
industriah gtiposdsani ne/ hi-sti di ne/tyrosine famly of
amoni a-| yases that is the probable precursor of the
nodi fi ed dehydroal ani ne residue in the
4- et hyl i denei m dazol e-5-one (M O prosthetic group
DERREY t al, Adv. Prot. Chem 58:175-188 (2001);
Poppe, %§r . Opin. Chem Biol. 5:512-524 (2001);
Schwe t - Bi ' X - . IS .
Enop. Sple Sl RE TNl o i oy lebtion, including
the speCifiAaIBSHL A clid4 halenthe definidonk giGén Bélowl at thpstebepdtad thue as used

) phenyl al ani ne am nqnut ase involved jn andfjmgd .
in the sppQiEationenddhs wm&ﬁ%@@al% greoiwiafsfjomta, [ fary gy the” pclude
. . _ .
o L o R o e
chemisfrg SerG62ay6bE B uaid 30 Bfere@br wetkeiscludingtCaky ail Setdberg tAdvanced

Organ PR 12 A S A Pt REGRAR P SPEE 18D e racic
of the fR&definivahtioh WRPSMpIYLIERNierwile $RJiIDAERA WS AvEiRNaPhEthods of
very simlar it could be possible to nutate encP to

syntheticogriganic kbemistanmpRy speetrefgap iprepdrapare ond andytieal epethods of
chromatography, protein chemistry, biochemistry, recombinant DNA techniques and

pharmacology, within the skill of the art. See, e.g., T.E. Creighton, Proteins: Structures and
Molecular Properties (W.H. Freeman and Company, 1993); A.L. Lehninger, Biochemistry
(Worth Publishers, Inc., 4t Edition, 2004); Sambrook, et al., Molecular Cloning: A
Laboratory Manual (2™ Edition, 1989); Methods In Enzymology (S. Colowick and N. Kaplan
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HAL and PAL were shown to share in conmon a nechani sm
for the chemcally difficult elimnation of ammonia

wo e PBrwt | di ne and phenyl al ani ne, respecti velper/Wbd8/006661
both enzynes a superelectrophilic prosthetic group 5

eds., A{:% 1c %Pe%s %85 zd%&%(ql dn Iqt%%rgaceutlcﬁ%%e%fz ?‘a?ggc\goglg tgn,

€ non-aci rogen datons 0

Pennsy$utdisd: ﬂ\&ztcﬁsl’dbﬁshingﬂoﬁtfﬁhy,myts type attack at the
aromatic ring. The sigma conplex that is generated

pr evenks phblecafishs, pelehB@in@ipaRkhPipplRati 613 Bited Bereld) WHYher supra or
excl udi ng any bases from access to the bindi ng pocket

infra, 2g¢ herhby meesperatedrhi refeteneq ingheipentimtyexocycl i ¢ doubl e
bond is key in the elimnation of anmoni a,
rear on"’ﬂtei foHowDNg, ansind atidabhbeviaions ace ubbd thpowgiokhetheaexy! O

group reg ted and the r oduct urocanate or

ci nna sgp’o&sed (Poppe anixr @gew Chem Int.
Bd. A HARRBIRCARN(RIOS)) . Regaussoial AhONI gh horol ogy
bet ween HAL and t he conserved re%%ons of HAL and

PAL ar(eysteatasiGyedC) o as t heGhyamipal Ghoder ved r egi on.

dat abadbunt? RaR Rty L PR BEIOLY e act i 1y

of a }Ei@t;&iﬁe 'HBI(EY ei n condlyeleucigeilte (1) S| abel i ng, such
as wWith protein sequences listed in the NCBlI database

fgr Ngeetdéwe phetetl)f or me andLysiesdessKyari abi Lll S.
T L
T e e BRI MA WV T opRAAE R BP0 o0 TR

are veiryliss: Pré @), they areSgqimdSet@) to differ in some

key r |dues brese et_al Bi Q istry 43(36):
11403- a%&%e(%gé . Xi anglBPigPhap ff@ bid; WIIlians

et al, gggé)grhygi) Par ti Qi k) (1) HAL t he

nmet hi oni ne 382 and gl utam ne 414 from Pseudormnas

puti daPS@Ech%Qr&\éo r{?aoe 0% erlgﬁ%y%q@bgg{}ﬁ? bt l‘t'éLS

but are ways rep escri

Polynuf:Rbnd&Lihaﬁ&@hatﬁra(blsl ogewiap matlei)achds, klyﬂilldselea)qdlbonucletc acid
gl ut am ne, resp&ctlvely (FI GURE 4) it can.b '

said
("DNApand rbenugles asich 6 RINA Y ag watlgs. mr&tew re@ apflogn dNveleie Rgid analogs
includd 8s\ARh HUER: Rin-AakHall %@&raﬁg bSe! AMEALAE f"é’r%aéé‘ﬁx
quence si gnature roteln with PAL activ
11nkage'§hmt=h othbratucle@ltlylemmhbythdm ﬁwrnahadlljaédz_cwn%tphﬂsphodlester bond or

wic LD B SRR e b Sy,

nucleorr@eeéhatdgsu&qrﬂaer o sxamplai Witho mlwfm@nfﬁrh KPR rb@dshtes,
e

| i shed genes and proteins dat abase pr esent
phOSPhromdethtqatﬁs plaspheretriestecs mbom}mtaomdatot, bormhpb@solhatey otic

methynpRRiiach PPty fprBbles CEOPRPAD PR B fyprice-
nucleid dA¢HsPNARD, apdROBRS . Sush Jalmublebti@®¥San be synthesized, for example,

using an automated DNA synthesizer. The term "nucleic acid" typically refers to large
polynucleotides. The term "oligonucleotide" typically refers to short polynucleotides,
generally no greater than about 50 nucleotides. It will be understood that when a nucleotide
sequence is represented by a DNA sequence (i.e., A, T, G, C), this also includes an RNA
sequence (i.e., A, U, G, C) in which "U" replaces "T."

"cDNA" refers to a DNA that is complementary or identical to an mRNA, in

either single stranded or double stranded form.
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Unl ess otherwi se stated, the followng terns used in
this application, including the specification and

wocloag/ B776have the definitions given bel ow |t pausts2068/006661
noted that, as used in the specification and the

appen q?c%v%nf%r[ﬁ ottaaﬁ %r%gél' lhgx{euI o crlb% pho eyrﬁﬂleoﬂﬁ? sequences: the

"the" Tnclu ura Fents unl ess t conte

left-hafid €&l dfia sing:léahﬁﬁdsdtdmynmmud@eéduehdd i the0s'-eptl ﬂﬂhd d¢fethand
chen1sﬁ¥é%terns be found in reference work

directigmed] 3 dpubéde-etzandsd g ngg}ﬁ@ty@er FIUMEG ésnr@gedre@tg apthe 5'-d1rect10n The
sreci S Dl TGt A BB o e
transcrvptlloh dﬁ‘ﬂﬂhcﬂy ThmDNs\sstmﬂéiawngehe sathmtleehce(asmmRNAna referred

ds 0 nt hetic or stry
to as (gL EOAPBSERIL gEhes R oDN ARG e T ssuense as an
mRNAque&%éa%&myat IINRta‘ﬁH WHEEHe3bdaYod PhOARFTeRd bY the RNA
reconbi nant DNA techni ques and pharmacol ogy, w thi
transcript ereskfdrteddd as hlspsar::am s@a@nca"gsequa'ncgs othe GhAostrand havmg the

same s%t%tg%%s Qﬁ M ngchiagg é) to tﬁc TIZ_J I enE é’lﬁ meﬁ i geﬁNgAvyranscnpt are

referre@'tcpé‘d""%lﬁbﬁl%fré’arﬁ Wd’tkﬁce?um i shers, Inc., 4t h Edi ti on,
004); Sanbrook, et al, Mol ecul ar Clonlng A

Lab or & "
Enzy rmlt%%lé\ﬁ% g%fmglg tggl'g% ﬂoﬁl&o &gﬁ?rﬁ%%%ﬁﬂﬁ% gg nla"ﬂchmg together
of interRetiggssurfaces of t“mepnlyrgxcmm'udephﬁmsathe awp @a}le@depssmod)g descrlbed as

18t h Edit East n ani
compIeER A SR P AT oo A S AR OB Htary (o
each o8P A ERétipeNfueicbade RoRIplemdMIAH ISR sedtRdDoHnucRbtide ifahé
hereby incorporated by reference in their entirety.

nucleotireserioencewif tlee finst polyaedleptidshs idgntieal entheayuelegtideisequence of the
polynu%lgs)%gg%ﬁ n t;Qi?tnEl%(ftthf %c%ﬂg gglrytnﬁh@o (@d 'ﬁklg,p ! %?lynﬁ‘%l%otlde

whose Q@EM&&J@ACG@)S édmiplaieinary t@d’po(l@ucﬁoﬂﬂam}@s@wqdence is 5'-
(E) Gycine: Ay (G Histidine: Hs (H)
GTAT'{’*S})I eucine: He (1) Leucine: Leu (L) Lysine: Lys (K)

Met hi oni ne: Met (M Phenyl al ani ne: Phe (F) Proline:

Pro (P ngelr:@tnb seggnce & "suhst@mmllmompﬂnme(nrz)ry‘rﬁq/@mfwaw
nucleotué;:o Teév% Ccle &x% &n&uenc 8?1£1Y%em\é% ar% ytr}%/ ?ub é{)nucleatld? sequence is
substaritially éd¥nitidsl tothd ferbBiadeytiudidodiaé bed@endencl ude natural |y

occurring nucleic acids, such as deoxyribonucleic acid

"Encoding" refers to the inherent property of specific sequences of nucleotides

in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates for synthesis
of other polymers and macromolecules in biological processes having either a defined
sequence of nucleotides (i.e., IRNA, tRNA and mRNA) or a defined sequence of amino acids
and the biological properties resulting therefrom. Thus, a gene encodes a protein if
transcription and translation of mRNA produced by that gene produces the protein in a cell or
other biological system. Both the coding strand, the nucleotide sequence of which is identical
to the mRNA sequence and is usually provided in sequence listings, and non-coding strand,
used as the template for transcription, of a gene or cDNA can be referred to as encoding the
protein or other product of that gene or cDNA. Unless otherwise specified, a "nucleotide

sequence encoding an amino acid sequence” includes all nucleotide sequences that are
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("DNA") and ribonucleic acid ("RNA") as well as
nucl ei ¢ acid anal ogs. Nucl eic acid anal ogs incl ude

wd essssysi ch i ncl ude non-naturally occurring Bas®$s2008/006661
nucl eoti des that engage in |inkages w th other

nucl eot | ot h th the natural | rrj .
degendlE (ERichS SL e Tt e it P BRI P, Nuceotide
sequentéy tBaGhcbddfragess AidTENAtManinehedspmestisest er bonds.

Thus, nucl eotide anal ogs include, for exanple and

econ g 'Ofefersitd nucleotide having sequences

Wi t hoUtRebbbinght HlynRSREOFA D tPApSIFnucleotide having seq

phosphor odi t hi oat es, phosphorotriesters,
that argpyssphwalinjotheddegethar doahplsfrdaerassembled recombinant polynucleotide

my TP A G B AT O RP U B B e o
cell. A(HRINASII that\ébriiptiseb thetrecaribiRam PoYyiueledald Basfet@d th8s a

synt hesi zed, for exanple, usi ng an aut omat ed DNA

"recombinanhbest sell." Hifegeneg isthen gupressed i the regopphinantihpsteefldp groduce,
& : ) et : " 0l tjde" ..
e.ga oS BBIHIAAED A FeOmbiifc bt @R EER fifhcoding

functionde.g/, padrastet, digirdfrepliGhionuibaoimecdading itayiekd.) dzewell.
understood that when a nucl eotide sequence is _
r epr eSERbRAsiBY contiNReGRAVENG RS to LnuclédtidE.sedmen€d in 4 hi s
al so i ncludes an RNA sequence (i.e., A U, ) Cg in )
polynuglepiide ther regalgtes tleasexpressiond magcription prd/entrapsiatian) aka npddeotide

: i dentA . : i i . . .
sequen§P SRR Bhltedihele T OB, el s s Rt efasionship
between@ivatpartn in which ekl deivity nfioae fas (4. £ bthebilitn te tegalatet@anscription)

sequences: ﬁlhe | eft-hand end ,of a éi ngl e-str. a%g(ed i
results ipR, RN el 8B BRTL e - IranseriBtien ofethg Sequacq)e fxPFrRERigN control
r . - .
sequenfld BRI Tor BB EMIBRIEIIRECK LR Y, S RERNED 6,
inducité ot corBtitusicte]), enlramcers, trarskBptiordesminatong ecstart cddA (i.e., ATG),
. tr.an%griﬂpts s T ferreg to as the transcription
splicing signals ffofintreps OBELPEMY: havi ng the sane sequence as
an MRNA is referred to as the "coding strand":,
sequen&SBresHon N%Ct@_l\lAegefsr Qridv sty iCARPHIREE 84 ﬁ@‘%‘é‘&%n ce
polym R g e T A T B ucloride
sequencefoctrer @aprassedasAt apEEsstanyestywonpeists susBcjomtriesctong déments for

DNA strand having the.sane sequence a he RNA and.
CXPreSSIR L AETIENY 57 EREOTIOTL TR By P RSB0 R GORAGAI O in Vi
expresdibrREEEdnh PEXFYeSsi6E T &%dr8 thdl@iead! thIQRRWERThS B4 UR0E 8 cosmids,

"Conpl enentary” refers to the topol ogi cal

plasmidu(egatnaked pr gongainedhindinasgmen)pad vamusesfthatrineqrpenaterfgje recombinant

ol nuﬁlgr{.(ieces of two pol ynucl eotides. Thus, the two

poly Pl es can be described as conpl enent ary, and
furthernor t.he, cant act surface characteristics are .
conpl oASHRISIFOR TSI Cuaneans by, wiuEh Ap pmigeatds shatinge is

copied GRIMRIRRRPARIE ihtd adarpBF AALRIf oK MuEIRbiidemblechRS, e.g., by reverse
nucl eotide sequence of the first polynucleotide is

transcriptient padginenase ¢heén reactienand digasecphamaeadiiont he

"Primer" refers to a polynucleotide that is capable of specifically hybridizing
to a designated polynucleotide template and providing a point of initiation for synthesis of a
complementary polynucleotide. Such synthesis occurs when the polynucleotide primer is
placed under conditions in which synthesis is induced, i.e., in the presence of nucleotides, a

complementary polynucleotide template, and an agent for polymerization such as DNA
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pol ynucl eoti de- bi ndi ng partner of the second
pol ynucl eoti de. Thus, the pol ynucl eoti de whose

WoRGHENReR S - TATAC- 3" is conpl ementary 10 a  pCT/US2008/006661
pol ynucl eoti de whose sequence is 5'- GIATA-31. A

polym{ GOLLAR, RSQUERFE hsie’ SURSLABLI Akl e GRIRL SHERIA! Wrimers are

erenc sequence e Séequence
typical Bodgak efiBsriureic bcﬁdst ibat & W@ﬁnet}uéﬁ s?'ﬁtheﬁie afié gaRrdlE dcsurring
substantial ly i dentical to the reference nucl eotide
pnmergérqu@ﬁ@é formpanycapphgationss éy Rrimer is gamplemantasy thhssemplate to
[
which f i &é&f@eﬁ t(t; hgﬁ%gﬂ@ﬁs%gg agrbusgdﬁg&t {nd ?%@orﬁof safnth m@gﬁm\but need not
reflect ﬂ&rexacta&qilmcp lofithestefnplates y]mtduels asasef speciferhyboidyrEos oﬁthé primer
macy onpl ecyl es .in biolo Qcesses havin i.ther a
t0 the (gap|offo SPREBER RS SHIDESAEY @ﬁf?ﬁ h¥brgization cqnam nd, Brypness gan be
labeled ﬂﬁ‘e‘)e &! clﬁ‘oﬁll%gérﬁ@ q‘a&%g&ﬁfécgr Qﬁor@g&ﬂﬂnéi%hgssarﬁf 'lgseﬁ Q? detectable
biol’ogical properties resulting therefrom Thus,
moietiggene encodes a protein if transcription and
transl ati on of nRNA produced by that gene produces the
pr ot ei'"Probe, "awheal hsedrin edfrencdiod mdymaleosidsrefars ﬁaat jiblyiilﬁ:leotide
codj ng strapd, th ucl eoti de, sequence of ich
that is STaRIEIAE 3Poct GO BRLE fa@é%éhgna SPQUEIETg wﬂﬁrmyal@aleonde
I
A ro ARGS9 050 e RO o 08 i
reflect ﬁ@ emectmonqﬂemmtansr seqense p@thehemplatﬁt dnrsuch a gadeespecific

. pr.oduc ene r Cc DNA ess ot he
hybrid B 4108 oS e ereBit o MESTUREBEY R 1o ardiagtion
conditidfd. ProBEUQRAR 1abén€d WERSe. gl throhokeat, Heios See BE AgoreSiRht
ar edegener at e versions each other and that encode
moietigstaad saebasdritentabie meigisquence. Nucl eoti de sequences
that encode proteins and RNA may include introns.
" Reconbifinsiisequeotey iswanl "antiseds saqeéree’ with raspect to a second sequence

) oI nuc i de havin nces that n tural

i polp Gyl B iR SrUERTF S 1 SHoBPeAeEe R LY S BrAS

polynu@l@bﬂdB«'@’h@éétdeQ@erﬁEYs ine séd&ﬁh%@@%nb@ a sui table vector,
and the vector can be used to transform a sui tabl e

host agfhyrig figosik byt g;s%'&ﬁfd BFidiZAfoh €GO
onnuS%ggt? |scre e¥f23k as reco énan ost
hybrldlze td". refefdhie tge hmdlrg, dhplnxmgmrdwadlzurrg Qﬂvenucdmo atidmaglecule

cel | eco. an
preferei}igily, Exa arbCulbcliobie Sisho Sundsh SEPEtHt cduciiaps whrn tha
sequenfOR P &LhiR d‘éﬂhﬁilé)@ﬁuitﬁreg(eg JR6QIEd|Rilar) DN A bPRVA.
repllcat|on ribosone-binding site, etc.) as well.
" EXPr 83 10 CORhEN érﬁgﬂ&%@ Sefe secf) Rbrditi nsaurﬁié? kﬁﬁ’cth' Hfrobe will
sequence I n a pofynucleotide t regul at es
hybrldxe« predersitially(toritarianget splbsmmeacm;ihmd tot a kesr axtenht)o 01f nat at all to,
ucl eoti,de. se atlve d. thereto

other secagg?eét | g r&geﬁﬁ&%&@a lg?e ts nge ?{}W d&?ﬁpn wash conditions" in

the con'ié?(lt 3F hedeid Iaeldt}glbm%ubw@xﬁ@ﬁﬁ&nd Juchial SBuﬂh@ﬁx AN NkHern
one part (P the ability to regul ate
hybndltzatm @re mqr.lgm)e ependent and are different under different environmental

parameters. An extensive guide to the hybridization of nucleic acids is found in Tijssen
(1993) Laboratory Techniques in Biochemistry and Molecular Biology--Hybridization with
Nucleic Acid Probes part I chapter 2 "Overview of principles of hybridization and the
strategy of nucleic acid probe assays", Elsevier, New York. Generally, highly stringent

hybridization and wash conditions are selected to be about 5°C lower than the thermal
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results in an action on the other part (e.g.,
transcription of the sequence). Expression control

wosRag/e3eRs can include, for exanple and w t hoyicT/us2008/006661
Iinitation sequences of pronDters (e.g., inducible or

metin 335t e o SORRC R PO R SUTMATRE s

the tenpeehtsre Giindepdefiged 10536&1%ﬁ§ﬂ11%d\p@9taﬁwhldh€§®’6 of the target sequence
vector conprising a reconbi nant pol ynucl eoti de

hybridigeniora parfegily mstehedipsobee oYy §iringen ond Biong gisrsstected|tg be equal to

theTmli}opgggntcﬁla? fbl’b‘él eotide sequence to be expressed. An
§sicon Yector conprises sufficient cis-acting

elene s for .express . el enents f ssi @n
o AL eiinIE SPRERELA Heb B o SRR sy FioRLaERR of

compl@mmg‘: sxuaelcsacsdsanmcﬂwmsmnaw €00 @dxﬁplbﬂﬁhw@ereaidhes on a filter
t hose known in the art, such as cosm ds,

in a Sopthegn or nosthern ket P aformalin with b@gcﬂféﬂgparah@ 4\2. Gu\yéb the
hybrldlfii't‘;fl‘;;pr} l.:aeﬁzl‘}%gaeﬁ-ﬂé&‘bﬁt d ?m fzftC OAIEP 5)'&91%16 B?L@Hﬁﬁﬂ%&ng Wash conditions is

to an
0.15 Mﬁ@h@lrmd&%fm%oaeqijmmﬂes sAﬁ exmﬁpﬂe afistrinperst veaspaonldicdons is a
nunber

0.2X Siéatgv(v)as%@&, 2%%3@}:5}@ rmng;g(gf,q% oo oéftlfze(ll g@éegz#afq{ a description of
SSC bl{f?éi‘):t ORF}; relx‘a}ig& Lthﬂ é’s’hris fn%%&dédqgr a lo% étHR%efnc %ﬁ%{} %o remove

eot | i s” capabl € of spec
backgrhw prabe siggalt d\raeximplg nwdauin pioingeney| veashifolea dupif:pt af,e.g., more

than 1®n Peé)ﬁél di nﬁ( S%‘? Q%Cg{'ﬂrilglértulng%légggfworngiﬁ{it Fageglfcy %vash for

a duplemﬁfne %’hﬁloP@ihféﬁ 4ob %Qéllegﬁ’dé%r isne6x BSCRk 6% fd#NGShinutes. In general,
conditions in which int esis is induced, i.e., in the

a signabtoeraseoratio pf Ax €ordugheatbthan ghag @hgﬂrmfbfqr( an ymrelated probe in the
partlcupar h‘éﬁ% 1zaetOt 'a%gay ih ca%s %Eﬁg\ rrgina§ ecific hK%rlplZﬁE?n | s

rlza 1 On-suc

typlcq I S|n trande but e double .anded

b o PpolpEpiih Ferdi 6 ey Ctﬁ’é‘mﬁ%?‘g?%a"é‘&‘f’d‘g‘ Us, related
natural W (Qﬁuﬂ'ﬁ{g' s@h}étl@zﬂ VaYiRhte eiddcsyﬂﬂﬂtlé‘ ﬂb%ﬁdu}éﬂy%@ﬂfrfdg%alogs thereof

prinmers are useful for many applications. A prinmer is

linked wgrpspédrebargsyretated tkeéunalalyrplcqtreng strydiinghvariantss amrésyxgh@w non-

bri di f h
naturally(oedfteind et eR&lr! Syt BobvBerites 5T bt SrbAdlied ol pample,
using ah faatdr@tw Bolgpeptide %ﬂxﬁheﬁz&a%e tE&REPrbteln” hy;héalry 8drs Wlarge
of the priner to the | at e depends on

polypeptidesn c}éﬁ ée;ﬂnofpeph@e"ﬁyblﬁaléw reders é%sfmhmlm%lées Priners
can be | abeled with, e.g., chronobgenic, radioactive,
or fl mg@tml n@a@@m 1§9159<i11h611997et@ pestrajepadypeptifie sequences: the
ef | ed in refere
et-hafl O obepBOE e EE s RSl R RS Gib i epa ofa
polypeptadedelgeret 1§tme@mf50s*¢91 ieymhwbrl dizing to a designated
sequence of another pol ynucl eotide. A probe

speci f"ceaiérvatmtghbaitaﬁ&wtrefe?s foah&fibsRMBh §R PbR/p¥ptide of an
pol ynucl eoti de, but need not
amino acid with a functionally similar amino acid. The following six groups each contain

amino acids that are conservative substitutions for one another:
1) Alanine (A), Serine (S), Threonine (T);
2) Aspartic acid (D), Glutamic acid (E);
3) Asparagine (N), Glutamine (Q);
4) Arginine (R), Lysine (K);
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reflect the exact conplenentary sequence of the
tenplate. In such a case, specific hybridization of

wd hes/pisele to the target depends on the stringgAGYs2088/006661
t he hybridization conditions. Probes can be |abel ed

W th, 1. ehr eni ¢, \Jadioacti r..flyQrescent
ot o1 15 1ens R @R AENE ol BauRBSins i, Rhiine )

sequers) @hksylalanind (F), ToRsseS@YUERPRphh (W) espect to a
second sequence if a pol ynucl eoti de whose sequence is

the fiAminoSRAGRELAISPES bicubéd hyfollysi di zes with a

pol ynucl eot1 de whiose sequence i s the second sequence.
" Hy br i(#) ydngplsybéx MdtcAld, Wat,deupHe;" speci fi ¢

hybri dization' or .".sel ectively hybridize to" refers to
t he bg%ﬁ‘%apmfﬁf’%@iﬁﬁgéyso e’hb%’f’i di zing of a nucleic
aci d o) asdiceasy, ehgrentially to a particul ar

nucl eoti de sequence under stringent conditions when

t hat déhbrsitc AsnsGlw Eishiysi Argy conpl ex nmixture (e.g.,
t ot al [ . . 1.Sstri.ngent
condi t(lg)e(;Jr%"ldhr e%gtgshlﬁ[’%kg (?n |nto}%§tsa%§{ﬁg§%y’ kﬁéf’éﬁsa pr obe
wi |l hgparomiatie pgierpidial |y to its target

subsequence, and to a |l esser extent to, or not at al

to, otAglklis QEAYARCRSers toohry SN orideipdiyaRdrpRiId foiof a gene
"stringent hybridization wash conditions” in the
occupyingrihe game genligllequs. Adledic vpnintians azise paueaklydhiongh mtatioshand
s 8BRS s DS OF S pEPh P ABRBISE s o
change&f e @08 pdlypeptidedrandy endodepbepeptides bavidg altérell Amino acid
hybridi zation of nucleic acids is faound in Tijssen .
sequengepggaflelig Meant s rasomatan e gl derigpd ERENNENA; tramgripts of genetic

allelic %?%Efe‘sggsa&/elﬁﬁf’{h%ﬁﬂét%re.gg(&dé?t‘t{yQHeﬁM th Nucleic Acid

part ap erview of principles of

oot e A B B Men R 1 8P

polynuabéﬂideg&giolﬁgegfiﬂa'sez;aéxh&e, refd toVBed oCMOEL delyaetfee@bLsubsequences
selected to be about 5C |l ower than the thermal neltin

. | rmal el ting
that arehe same erpaviecy spesidied percertage ebpfirdsntidespr amigeracirgsidues that are

[.on} . Tm i r.at .
the samled A SybBAG 4ndt Bt ST Bl So NOhAITRE, RleéaBiggd ysing one
of the follewingrsggiense qomparéson\abgdridhine sr by visuganspectibry mat ched
probe. Very stringent conditions are selected to be
equal The phige TsubsantiallpRérhblogbay” dpr'altstandalleideitidat” of the
stringent hybridization conditions for hybridization
contexif twemyrisieasidsrar nelipertidesagenesal ictans 100 qroperespgiences or

y 0 . 9 (+] 0 f . l) O(; i i
s ERTPAESDIGEAE S 09 0t o AU o i
residuedtierdi2e;, whvdnt donipgaecdnanidralighed far amaximumgecoc@s poreldnaa, bs measured
. overni . An exanpl e of highly stringent. wash .
using oBg AH e TEavne Ssqﬁmeﬁlp%rfsogf@%ﬁma BOBY visalinsnselien. In some
embodien®X 8N uBs@htial iddnBgrelistéder £RBUNIIrIMSsdqBertes that is at least
about 50 residues in length, over a region of at least about 100 residues, or over at least about

150 residues. In another embodiment, the sequences are substantially identical over the

entire length of either or both comparison biopolymers.

For sequence comparison, typically one sequence acts as a reference sequence,
to which test sequences are compared. When using a sequence comparison algorithm, test

and reference sequences are input into a computer, subsequence coordinates are designated, if
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0.2X SSC wash at 65C for 15 m nutes (see, Sanbrook, et
al. (1989) ibid for a description of SSC buffer).

wddobgis378 hi gh stringency wash is preceded by m1/@¥oos/006661
stringency wash to renove background probe signal . An

exanpl e nedi um stringency wash for upl . e.q.
necessffyy S Ralieirs A RoT b P eaEs phra S aradtiRy . Ape sfaftnce
compafﬁdﬂﬂl@é‘nthﬁnh@% aaTphlatek e Serdenb SRfeNcevaStith Gor the CisPSeRence(s)

of , hore than 100 nucl eotides, is 4-6x SSC at
relatwe4t9¢h¢ erencaquenss, based ga e dgsignated iPGRRIAMRArABFISTS.

rati o of 2x (or higher) than that observed for an

unr el d@imyradiigement Qﬂseqpmccs fomlcamphy's@mithbatcboducas;kaw by the

local hoipo R efirim 37 e L WRHRGE skt ABS Y Rhe 84 Tiaspy by he

homol@§/ dlighRiehtlAl88rithheb N eEHIstAA & AWM hC £.UVIb]. BIolSA8:443 UI9H0), by the

vari ants, and synthetic non-nat ural | y Ooccurri

search énasllrag@rltvmtbeﬁ 31 Peficesh & Lapmap Rre Nt dead St dgS4) 85:2444
(1 988) }Ltlté(rllé%ﬁcﬂ{?iénqgltgt Jn¥ Bk eg‘é aléﬁlrlfh?rﬁt(%}.g}‘ %}ssgfﬁl‘rh?hb‘"m and

nna ura curring anal 0gs eof

TFAS"IDfO iy e FWisd@@suﬁ: GBnét&:sSplﬁMe@Pi’dkdge Kiﬂ’ne&dﬂﬁ@hputeu Srap, ans
aut omat ed pollipeptl de synt hesi zer. The term "protein”

Scwnc? P Msﬂdll%?nrgf o by yisual §8PssHPYpept i des. The term
"peptide" typically refers to shortwﬁ peptldes )
Converfdneorxamploeha psehulj algarslont is BHEWP + BIIFFP cegates a multiple

sequeng 'f‘lﬁ‘é’g"tmg’ ggyo%nggﬁ?lgge?%equgrr#ensg %rperngregglv%t?glrmse alignments

to show td)ationkRipthnd peraeht @qﬂ&i%ﬂ@@ﬂhﬂﬂt%ﬁ@%’t@@ tie ofr HEndogram showing
car boxyl -term nus. "Conservative substitution"

the clusteringeslasiomships yssdda crer@teaths aligpyaphti é’éL%PPéﬁeSa?ﬁlﬁH’hzf’G?‘éon of the
progre%é’?x&:%h%n&%ﬂ?ﬁkﬁﬁﬁ|o|f¥'e§$ 4] b%lltﬁg]JnR/IdﬁCEﬂOl 5@?51‘ 960 @@859 The

oups eac contarn am no ‘acl
methodasdds Maﬁ]ave) smtmmmuesonbem H(ggmsa&(ﬂhhm .CNBIO@ S hd 53

o e S L o S o
nucleo%&gs’%fr g.rrﬁh@gclﬁg) Thé—ﬁﬁﬁlt@e él@nn@nt bﬁ)@l&@lh‘@ 'b@%nﬁ With th@ Hﬁmﬁe

hi oni ne henyl al ani ne
ahgnm(alﬂt)qf th'q/tvmsmnet s@M)lar §E|qyptcg§1 hm)dt(cus)g a Mtnmfamodghgngcy sequences.

This cl%f:r is lgléeﬁlgahﬁggg Fozt?ne ﬁlgﬁrp t rﬁlf;%% 35('11%[1?% gr &)gter %é\éﬁlgh?(ﬁ‘l Fe,q'uences
Two cl(lé’&rs?#f iseduencéSdte alfknbd Kyl sikpsd Giter3sdh ofCh@ paitlvie alifi$ment of two

Ar g;
individual sequences. The final alignment is achieved by a series of progressive, pairwise

alignments. The program is run by designating specific sequences and their amino acid or
nucleotide coordinates for regions of sequence comparison and by designating the program
parameters. For example, a reference sequence can be compared to other test sequences to
determine the percent sequence identity relationship using the following parameters: default
gap weight (3.00), default gap length weight (0.10), and weighted end gaps. Another
algorithm that is useful for generating multiple alignments of sequences is Clustal W
(Thompson, et al., Nucleic Acids Research 22: 4673-4680 (1994)).

Another example of algorithm that is suitable for determining percent
sequence identity and sequence similarity is the BLAST algorithm, which is described in
Altschul, et al., J. Mol. Biol. 215:403-410 (1990). Software for performing BLAST analyses
is publicly available through the National Center for Biotechnology Information. This
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(5) residues that influence chain orientation: Qy,
Pro; and (6) aromatic: Trp, Tyr, Phe. "Allelic variant”

WO Rb$1537160 any of two or nore pol ynorphic formgTais2808/006661
gene occupyi ng the sane genetic | ocus Allelic

e BB b S e P30 Rt shor
words &leﬁgtmwaﬁ ltth{iJeC)aﬁbthncfd, Maidh e(lrmer farhge satnsfy beme positiestvalued
po ypeg i de) or may_encode pol ypepti des having altered
thresholgrpéase dcvhensigned vath a woyd of the Sapg lepgihdn aglatagaseeyegpencg. T is

e S PSERNE PO U061 USSR EPEIS by s

initial fetght®ridodemdrddwds'actoas qeedscfan initiatthgnieatclies' toi fmcl loager HSPs

conairggiene e Vom0l o Pl G2 0l PSR ence fo

as far a3 W&ﬂﬁ\ﬁ%aﬂéﬁ%en@g&ré B ﬁ@fﬁ%re%edh @{ﬁmﬂaw&bfés%ge calculated
percent age of hucl eotides or am no acid residues t

using, for autlhetideasegpenchs rthe:pmpnme'@ds N¥h@ewdrdgned fbloal patanf matchmg

remdue%@%{yg}sﬁ > '62 Gp'cggfr('p yaﬁ%é%:ii%d S %?hlgg ?e;,? SVE wg)(l)sl < %M F& amino

acid setp!ibiié@sp fa's@&m%THl@trm% J}S&d toSdét&ﬂlaié‘ tHea@uld(l AREBLS@O B terRion of the
substanti al identical" in the context of two

word hiig il esich dar@r:t@rm ae hplied yhen: |tbeeumvgleheer alignyeng feare falls offiley the

re, se nces .0 ences t hat
quantltzig{sJ ige %1015/50 m % %q% év§§%% € cumu at{ve gggrg rg%g%{onzoergé} %elow
due to ﬂe&b&uﬁmaﬁ@nbf &1k orihére regm@dna@ el ueGiMigAmeRts; or the end of
maxi mum correspondence as neasured usi ng}bone of the

either segpensaisrigachedudie Bledth aleosthm argsictarn i biang X determine the
sensﬁnh@%ﬁﬁ%%nb&f‘of thQ aﬁ%ﬂﬁerﬁnq‘ﬁg 'ﬂE@ﬁ'FN (#éarﬁlﬁposrtrﬁgfebﬁ{i%sequences)
I dent | ve at' 1's

y exists r a region of P sequences
uses asaiefdudataatwmbkengthE((W)r &Sl ldap sxpaetdtionEhof by dM=5 Nedi and of
at g)gt about OO r.esi dyes, or oyer a}& Jrgast about
comparfigg QT BS{RATROLS (0T ariRn e SHBIArsrelie BlrhS BEREEHR dsesAsglefaults

a wordI%H L@ deed Loy ekﬂ@c@étio‘r‘lat'E) |Y €0, eInBQh@BLUS@I\LIGZ‘ K din@ matrix (see

her or bot mpari son bi’‘opol ymers. For sequénce
Henlkocfb&rﬁxermlscnfﬁ Prwﬁﬂathlﬂopdo%m @Sﬂlﬁé’nwléét%%}: a reference
sequence, to which test sequences are conpared. \Wen
usi ng Ia addique ne ealculathey peroent3bgrned ialnfntntye&h BInAIST algorithm also

reference se ence are 1 .np into a conp , .
perfone%eé%eﬁlcelage tﬁ%ﬁ@glaé‘rtﬁég%@%ﬁ’%ﬁ %f'dluer?eﬁ Z%?és%ér Jharlin &

Altschtﬂnﬁro% ERENE& a8 GO UISING0: BE P58 Q90 REDRE Sné¥ktire of similarity
desi gnat ed. The sequence conparison al gorithmthen

providesihycthe RLAST hlgopthme éxthe smgliest semipdehability (P@*‘)),t‘hleclu estvides an
o se nce elative to th refer base
a3 & R oA Be b s St BPE RoQBRti i amin6 56
sequenédsi IGUIE BEcR by CRENRN TRY ek plOARAIEIS ABidG8 Bokkdered similar to a
conducted, e.g., by the | ocal honol ogy al gorithm of

referengpsequeme\il thersmatlestsuwn prapghilityvmrarconparigon gfithe test nugleic acid to
the refergnce nucleic acid is less than about 0.1, less than about 0.01, or less than about 0.001.

A further indication that two nucleic acid sequences or polypeptides are
substantially identical is that the polypeptide encoded by the first nucleic acid is
immunologically cross reactive with the polypeptide encoded by the second nucleic acid, as
described below. Thus, a polypeptide is typically substantially identical to a second

polypeptide, for example, where the two peptides differ only by conservative substitutions.
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honol ogy al i gnnent al gorithm of Needl eman & Winsch, J
Mol. Biol. 48:443 (1970), by the search for

wosiond/iriet y met hod of Pearson & Lipman, Proc. pdaits2008/006661
Acad. Sci. USA 85:2444 (1988), by conputerized

Anotheﬁ@%% @attlﬂ% elct &?cﬁ & rgc%% irt]ll;sersrrl}iﬁﬁénqo%:l A Sggrcﬂ ;I; that the two

molecuRadydeidize G& B&ihi aﬁer%ﬂ'ﬁﬂitﬁhgéﬁt ooditi&ns aSddseribad ]EB’rem.
Madi son, W), or by visual inspection. One exanple of

a us ef"Bhbs’l‘érﬁ&'llbltp'&FE"'o? "Boldedd” mé2hb EhBbfet€pe€ies & the predominant

mul ti pl e sequence alignnment froma group of related
speciesqwessahdes onsi melap basis. axare geundsat thap aey glhpgmﬁéndl@lt 0
macrona&gc\:’yﬂ%reslggékgpr{ t:ﬂg gox%gggﬁﬁ Ogl?(}aa §\Fq%%\%ﬂ%ﬁ ﬁrgp %:1 ercEtlé)rn is 6

compogitbivhershihe objtee shecies Qbﬂ@h@estdt ¢easil AL@RTBO%. (ofPlk oI basis) of all
uses a sinplification of the ‘%ﬁesswe al i gnnment
macromele¢ider PeCiFeRsEtDSISNELaily e suj>stan Iy pyrg spmpsstlss megppthat

sbout 809518/9036 ST RE iR ing So b aelo kst Techbpsiyop s e

purified bygecjes of irmetesta ﬁl'lrﬂl dbgsmt sypecies S fielioesadal l&fmdsgenélt)a

maxi num.| e agmg of OOé) ntgcl eot i des Br am nQ aﬁ
(contarppant ReFipheahngt byditesied B iGe sampes Ry PhEoRyeption deteiction
method@?i &H\é&ﬁn sht%if%?ﬁsls&fes%?ﬁaﬂy‘@f 5‘95% le%mrbﬁble%t‘%l‘iy%k‘é% Solvent

ucing a cluster of two alig sequences. This
spec1esc$msll groldcslets Iﬂéﬁﬂ(hDalgm.sd, SLtacbxluztees (m@(,t B&zb);tand elemnanthl ion species

squg i or cI r of .al gned se g@ Hgmo ?Iusters

are not gpn H’é&%"‘%‘% 8" A7 SPRUES %\/ PH“’&F?Fp fipuiog, Isome e

embodmnﬁw&ecoﬁ&po@m@m cotfjudate’d df et v ehidn 7€ SuBREEaHy PR or
final alignnment is achieved by a series_ of

isolatedyr lngromesimvodirpents.ihe eompounidion eenjugaes pfrthginventien atgn
substanl?%llg ﬁﬁ%egcpr%da&gd WS Cfe%#e%t t%etﬂg Sﬁ&%?noqgcqﬂ&r@?dr{né%g{rzllgegia?scdsgd in

eotr1de coor or re

their syRtHEpia! 15 Som@ BAbOI NGRS, geaibafifladehticdd cogipasitipad afhthe (iil\&ntlon
For exang a_reference sequence can be conp ar ed
comprigg hapbstagtiplly puilerberciselated sppivgris @ ﬁﬁ’éﬂpmlwmtldg@aé élaf'c@twe

A e S TS
0. 10), )
( )Nuﬁlngl mgcc%nlfgg‘tﬁ%gpﬂg}ft?)l 01 éc??erf%r%é%ﬁ{s %m&qgg object

IS use gener

can be fR@UeNa&Srd. SFdcleptsimple, H\bb%eﬁm,pol%tnubleotiwﬁdqeéﬂce‘tﬁﬁtd§
Research_ 22; 4673-4680 (1994)). Another exanpl e  of
presentn gB organiam fineludinesinuses) that £t beisplatad fiom g spurcedp pature and

which lﬁ%qxlé?g%ﬁl ihfig mﬂf}hﬂ%f ﬁQ{i}f g %y?ﬁ%ﬁ %ﬁa‘o@faﬁ |¥ id Fathi} y %ﬁéﬁ—ing.

escr tsc et a

I\B/E,IAST il yf;‘o ég ‘?@ T crle?e%gg}%tq%?l ﬁi%treﬁ Igggéthcot;%h&%&‘%ng

organishigtA %lal-tyﬁ’@ﬁtcﬁitufgﬁfsh&l ﬁbﬁ@m@{&gﬂ)dﬂ(&ﬁ lofgnislwith a genetic
Thi sal gorithminvolves first identifying high scoring

mutaticfdquence pairs (HSPs) by identifying short words of
length Win the que uence, which either match or
sat i sfkhedems ‘?p@b{p@p\yfiﬁ” cptem refer to a polymer of amino acid

residues and are not limited to a minimum length of the product. Thus, peptides,
oligopeptides, dimers, multimers, and the like, are included within the definition. Both full-
length proteins and fragments thereof are encompassed by the definition. The terms also
include postexpression modifications of the polypeptide, for example, glycosylation,

acetylation, phosphorylation and the like. Furthermore, for purposes of the present invention,
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threshold score T when aligned with a word of the sane
l ength in a database sequence. T is referred to as the

wombgHIoishood word score threshold (Al tschul elctAls2008/006661
(1990), supra). These initial neighborhood word hits

o “poly BRI SRR Aot i PgPERREE AR, bRt gaiions

and subsfitiivng (gZHnl'efHthl cohseradtbiRdn @atife)s AL Aaeyel sféﬁuét&efs’itfloﬁl@ as the
the cunul ative alignment score_can be increased
proteinanginfas the devisAastivite Ehase moshificrtions mgy be delibaratecastthepuigh
%F%: r r s
site dlrgftg&rl‘m ﬁ{h‘fj nestu? S)g iﬂ‘%ér 8 d%ntM (sﬁa'}g?s tﬂrozl‘éﬂlnfutgt% saa)r/@i;%g aarnéh hosts
that préduce tﬁespfateu’m mgmmdme?cmhmyﬁcaﬁoﬁ) For ami no acid
sequences, a scoring matrix is used to calculate the
cunul atd ved Hemig anExhaBgheror SHerivitivisth dtnifound, 828 peptide,
direction are halted when: the cunul ative ali gnment
having guqse ghanzaboyt Y% seguenpe bef assthan, 100% ﬁ@ﬁﬂen@esswml%rltmvﬁth a given
liue r
compogl‘fcro%’eag% ?E‘idé' tSH‘Eemg}:ac % {Héggvagig&{) rﬁgyg BE §(r)r%lpre1§e% ¢t ndh naturally
occurring gatino/scid mrdueg indsadiugdyavayofiexaingle a:rd rido éindtadonf
ei.t her sequence. is reached. The BLAS O“b
homoayginiggs nwpe‘im‘ ng, G NOFYAlmE, S %@rﬁﬂt‘t‘r@ Y P§eusFipe amino
d
i e S B B g oA ST R gygpuratey of
D-amu(d/t}md)festtiilps and wem:mtmm oon-pEYtidefinteelinkiepss, betiveeh tmmt raore
. coa‘? [ son of both strands. For am no acid sequences,
amino aHA I8IAETP pr ogr am uses as defaults a wordl ength (W

of 3, .an expec%atl on (E)  of 10, and the BLOSU q%g
scori ﬁ@*eﬁa@m | ifqctiye amoHnt gReang 2 desagesp wlw&pr f§ a desired
result d%‘:fl‘ijealtﬁ%bndlg% &190019%; and 4RBAL)f alsHbiREd HPY dfa%nostlc purpose.

cul at1 ng percent guence identity, the
The desitagloesutlbmap Icempps;r 4 mbjecta/esw abjesti veciaipravahen irs thefre¢ipient of the

dosage%"@gﬁé&&t%gﬁ) %E cﬁ&glta\r’\n%@ ncﬁe Sthé; %?gg%a@?ggffectwe to
producé ﬁ%%ﬁaehde@a&leﬂeﬁis oGt @h Hehlih Ahlapyropfigii“dfectie ahfunt in any

AST algorithmis the smallest sum probability
1nd1v1d(1&1(qa);g mayifbe detepningd deongof ordinarsskiblnndhe amysing routine experi-
orobabl ity by which a match between two nucl eotide or
aM no acid sequences woul d occur by chance. For

exanpl, ¢leic acid.i onsi der e r to.a
et or o tetugt adled o promisTacht FrabehEonfembptlin fegener
diagnogiccedmasntson of ‘the test nucleic acid to the reference
nuclelc acid is less than about 0.1, |ess than about
0. 01, xjogﬁflaétfbart‘reﬁ et i0a BOkmeht afdﬁ'i l’é?e"red %Hiﬁa dc®Who does
t hat tvvo n el c acld sequences or ypeptl e re
not exlsbibsiganof adisgase deathibas only eatlpsignh ﬁ)rphfb wnppm afalecreasing the

risk of §E e BP9y T, coRESWEISy5 EppreR S AcD b eByos fey be iven as
a propl@%‘c‘ﬁ@ ereﬁtx'ﬂén@ kS redGtdihe Qﬁ(eﬂﬁ‘&ﬁfdfhﬁdeleﬁﬂn@"ﬂ pallt¥iSgy & to minimize

ll-? de is t¥p| cally substantially identical to a
the sevg@tymfd pathology, if developed.

mentat

A "therapeutic" treatment is a treatment administered to a subject who exhibits
signs or symptoms of pathology for the purpose of diminishing or eliminating those signs or
symptoms. The signs or symptoms may be biochemical, cellular, histological, functional,
subjective or objective. The compounds or conjugates of the invention may be given as a

therapeutic treatment or for diagnosis.
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pol ypepti de, for exanple, where the two peptides
differ only by conservative substitutions. Anot her

wo 108/08t1s0n that two nucl eic acid sequences arpgT/us2008/006661
substantially identical is that the two nol ecul es

L e

conditioR; aMagamstﬁmmembds fiffer @rsthiels sb&tﬁﬁ@@emmmv@ p®@diiksa particular
present (i. on. a nol ar. basis, nor e abundant t%a
dlagnoarfymsﬁlﬁé anyrﬂﬂt Proyids a defenitvediagnasisofaroadiion; | spHges if the

method:ﬁ’mﬂi%kypggi)ave ragioﬁll‘l?rﬁtaﬂgtlh Alapho iy | f' ed fraction is

a conposition e obj ect species conprises at
| east Q/ ar
macr orr% Bec cglrgngsapggmggsngéfnesf S%%S ége%ogépﬁ%fuon syitable for
pharm#eetisdahnéd il dupjeptareman indedihg BomaRoRl IhhmtnamQMbhz&ﬂ%cétﬂical
90% or nore of the macronol ecul ar species present |

I n
compogitign geiRpHLssE Riyrmacalegicalyrafiecive apewnted adiAl pplyperiide and also

ed LIRrRSSEeR
compn%%nulggr@? Ztéeﬁl?%%%}n# tr%g%t&g %’léc% é caanot E%laéog] é)togléltog din
encompdseescoryposisitionrcomprizorpvhatétbrrahgredicat(s), and thetiherd mgrédient(s)
onsi sts esse al |

osi tion i
that g S AE FIRER 4 V6] &% PBY ProsirShieh Spults ireufg fdfrecty, from
comblr{'ﬁﬂbﬁ Cldnflexatiol Or BEgrtLatoh: of%h? Bivb bE ﬁfo?e &?thg ingrEfiéts, G Tfbm
el emental 1 on speC|es are not consi dered
dissociataerr ofmieaguhere of p}mng@dfeots, pufrposkerdypastifseactions or interactions

i nit me i the c ounds
of one §E otk o B ingr LN ASEREBIY: BeconataseSRER R PosiPas of e
present 1ﬁ0érﬂioﬂ¢ncdn’ﬁ?§5@ ARy emgdslfr@nhﬁde b} adOHR® Y A8Mp6iind or conjugate of
conjugates of the invention are substantlally pure or

the presany nrateeuommdwa plarmaceutically aecentabletiescul ar starting
materials used in their synthesis. In sone
enbodi"Rbamzaceutivally ha«:erpmbémarriad" referptosiny iof the standate
ve on co i se subst
pharmdoBiFCH Bt DL G AL Sy A oaeat o fiegd seing sgtution
5% aquR@8§NEo1AGEH sRdkxYold) afd emlsidHa! ﬁcﬁﬁ@ﬁﬂ%ﬂﬁbﬁtbﬁ&* Water/oil emulsion,
accept abl e exci pi ent. "Naturall y occurring" as applied
and variensahipestfarsttingagants and/ariadjuvaets. Shiable pharsiicewticalearipks and
r I d r
formulgt?cfhg%x {11 s@?ﬁegfe ﬁslie%rﬁgﬁ&) ﬁiilaﬁnac%uﬁgelel?gﬁeg%s ?9@1 Ed Mack

Pubhsl(mgl cbu WHastgn Vi 9953, eBl)artrfaaéutrcarbdaﬁerls slebaidaq)ohrtmnnaexﬁlew hﬁﬁle of
in nature and whi ch_has not been intentional]y
adminigftion; qahwtwaﬁg?rﬁ tTwew%@esiea% Fragninispaten ‘é‘PWe enteral (e.g.,

oral) o éﬁté g et e fq}cl)r RES, i r%lxsdu?ar%n‘irﬁ(/é'ﬁd'ugf F J{t{axﬁ}gréfo?gélnﬁectlon;

ura an organi sm
or topxchl,sttane@ﬁmmh@d trfansmu@sahﬂdanmsfranmn)( a?n";dlagamesticadll}t drceptable

salt lsgﬁf"ﬁﬁl&% s e fasmused it ipowh en PR eatTar PRemageical use

includiaf®. &I RefdPallsi (F0digd, pRaivhh, thaBnsue) SR, didfand salts of
pro uct. Thus, peptides, ol gopept i des, dimers,

ammoripr pnganis, amings. t he | i ke, are included wthin t he
definition. Both fulllength
By “pharmaceutically acceptable” or “pharmacologically acceptable” is meant

a material which is not biologically or otherwise undesirable, i.e., the material may be
administered to an individual without causing any undesirable biological effects or
interacting in a deleterious manner with any of the components of the composition in which it

is contained.
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proteins and fragments thereof are enconpassed by the
definition. The terns al so i nclude postexpression

womds/id3ert i ons of the pol ypeptide, for exanpl Q%CT/US2008/006661
gl ycosyl ati on, acetylatlon phosphoryl ati on and

i ke. rthep ug po of .t he. pres

| nvent BT R Goseef TorB” PERER Loten A RB ARl %lﬁcrete units
suitablé BEhM Ehey doR@ES for dhhhﬁﬁ%nd SiHizihl 36bjeleh,Ratip0sit cataliningdns

and substitutions (generally conservative in nature),
predetqrpinedaquaatitya coupaurt er cajugatmef the PresentpRYANEA calculated in an
amoun%fﬁé@ht&%lp&@cﬁ:cg?@é &eesﬂe I;%éljt lﬁXSSOE'AﬁgSr At e[g'la?ﬁ%e%ﬁgally

acceptdbld diene Tatrier of vatﬁyleb qa ha&pedﬁcﬁtﬁﬂns faubdina] uhit dogdge forms of
nmut ations arising wth hosts that produce the proteins
the preggnt gpviegfien depend @npﬁhﬁcmﬁﬁv 2F CQIMRqUEA or sRNINgE eﬂ@ﬁ) a
Ayt each:
eftect (BB, 0 A BIHE o ol S S?S°$%f%“se5*ﬁg%ce&gm°ﬁr*%§§
comugmhmmﬂm0ﬁ&bsequence simlarity with a given conmpound,
e.g., a peptide. Such anal ogues or derivatives may be
C orrpr IB}e‘eb}@fsxonigﬁcam @mroalal ymmms plh)ﬂ;@)l@gi‘czﬂ(raﬂgh”ds meant a pH in
resi dues,. includin of exanp ? %Enot
the range of %R.W‘P’Sﬁlat ﬁ@épg Qﬂqulswsr Wpf%‘iyﬁ’éal Yhiheiraneg At feproximately
7.2 to PEShAREwAl ine, as well as naturally occurring am no
aci reS|dues Such anal ogues or derivatives may al so
be co ra al i
resi d%s 5%8 g;e“mﬁc%n asﬁ&g%tn e%%&?p%ase? hatamls . %glé’é"mf mmals.

Examplzetdmrhm ilud8) bet @8nbolimited td, @by figatber dNthetntdrinalian class:
‘effective anpbunt” neans a dosage sufficient to
humang, nggiEenag BRIt RIICh @S G RSHZSES Ha) Qther ApRERd wnkey species; farm

animal ®&A%s Wi, RSl 'sl‘?e%ﬁ a‘i’; sFimy! gbrﬁgtxc%u;lﬁ’l@ s@ch as rabblts dogs,

di agnosti ¢’ pur pobse. desiréd result ma a
and cats,ubbcﬁatow ammalmin,chu:ltngvxedentp;rsuvle aents, nmcd zhrei gxeneqcplgs;tand the

. of h Iy eff S
ike. ERPRlEs of G0t AR IS GGG DS RS e P TR fdpte. The
term Aol BRACIEGarRRRE b i gilibioct On heal th. An

appropriate "effective" anount in any individual case

may bg @%%%M1&¥n@nﬁegg%ﬁ5 ;[;@FP’AE%E&m i0didifbad fn

usi ng routi ne experil neht a eat nment ers to
referenpﬂf topthy ratit mtﬂ’ALé’ﬁGmlnl’EGrPAlheAa jpead heteihy @ak urﬂeﬂs otlierwise

indicatgh SR RBAOT SN AH1S% oFGErot0 T T8UD b OE AL A58 Sm Bt PAL Variantt
PEG m%lgahfék ‘in ﬁie%éyl@ﬁoﬁréibﬁ&?sﬁingfar@xﬁ el hefRM, 3én§ %hie\és otherwise

for theé purpose of decreasing the risk
lndlcat@tis\tleel app g “BEGHA b efersite theantio gﬁBEGonolc@dpw@dvsse osidues on

he .i nventi on be ven as a prophylactic treatnent
the PA{“&"‘P%‘%JB&‘?W@'W’&EW%@% of devel opi ng a pat hol ogy or
to mnimze the severity of the pathology, if

devel oped. A "therapeutic" treatnent is a treatnent

adm ni stered to a subject who exhibits
B. STRUCTURE-BASED PROTEIN ENGINEERING

Numerous methods are known for protein engineering using rational
optimization based primarily on protein structural information (Brannigan, et al., Nat. Rev.
Mol. Cell. Biol. 3(12):964-970 (2002); Marshall, et al., Drug Discov. Today 8(5):212-221
(2003)). Systematic replacement of structural features can lead to improved protein
properties and/or a redesign of substrate specificity. Recruitment of function from one

member of a gene family into another homologous member can be accomplished by the
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signs or synptons of pathology for the purpose of
di mnishing or elimnating those signs or synptons.

wolnes/s4387ss or synptons may be biochem cal, celdcdl@s2008/006661
hi stol ogi cal, functional, subjective or objective. The

introdugggggt’I % gﬁlét%é f}ﬁ}%@lﬂtj %2 %}?1?{18 %ff:idgspl%ti)t?t\fgrpst iin i 1S fxTI%XecEgte %i.llyseﬁ%te
bindinglViefings iSuch Php@Resbhts in pRadia fiutteioh ibly \HeAgratiNE indfresehpdtein

. or nature of a pathalogic condition. Diagnostic L
variantpgarhisad teusefu protaing her industual; agriquityrabpmddberapautigiapplications

a e . . | |
@ocanfe £, BISALEHAT 2 SPPRSLIATRN R O, ORI s
42 (1996)sHaydsherdzlp Peod Nt Aaagp Bsil US A99(250116826-0 893 1h@002y; Wigtret al.,
Nat. Stgishel Of Bio S0 aap e Msshbr s ebed ot Sigist Pl T a48-553
(1995)@@@1@,' et al ,”Fﬂolé?haﬂ%%@&i‘%@i‘ﬁﬁggd £517 Q087 ReR bl

nposi tion conprises a phar ogi cal |y effective
SciencaP4l(A88 01541 RAKR4 (H8PEkpt i de and al so conprises a
phar maceutically acceptable carrier. A pharnmaceutica
composi tion enconpasses a conposition conprising the
active ingredient(s), and the inert ingredient(s) that

C. MEEES ERUdTURECGH PAEY ., as wel |l as any product which
results, directly or indirectly, from conbination,

conpl eptRthRB dftheRAHE SRid@R o iR pt PRKAFy R PAIOEard e

ingredients, or fromdissociation of one’or nore of
determinied usimgrxedly enystallography ot P protpimgs ahometattamenswith each

interactions of o r..more of the.ingredients. .
monomf GGt ) ol e edERL T b RS Er BT ClcBiaing g contal
catalytiRIdRHRIN, ah NGl dBRGRITRAS & saN C Rl HoRRin Rite sidMlarity to the
adm xi ng_a conpound or conjugate of the present . )
Pseudomppenputide histisline phmoniickyasd saiciue ddabpPelvadecefral, Biochemistry
I i | Ll ers i
3507 SFESSTRE T RS Red f B bn eiH

protrude¥ Giof B lefds bl isctactpig phelecqul@uTheNe@rbiabl figt 25 residues are
. solution, 5% aqueous sol ution of dextrose, and . .
not visiblg ingthe paucturg dpr alkioys monpmgss 18 the fetrgaer @ng s gsgipnsisgrobably

disordegél}f.i ) 'l;lzﬁr 1?8%‘ Eeegﬁyr&eo%t@éen"ﬁgihh&gl okl a?nala‘JWﬁ3 ALY ARES for

maceuti cal carriers and fornul ati ons are
mononbe 8; mithadgions Redvil 23) tuadh 3 $0-BPhhdsacleredi fommoSomersc®,sC, dhdthin the

Ed. ck Publj shing Co., ston, 1995). .
PAL teﬁﬁ%}@ﬁg‘?@a othex _-aaarssﬁ%@%eso%ﬁﬂmom%ﬁw doriidss Ftf- hseebeen
determfHed RGME Had b eRinhAtend NG 4 36 Ad0Rti FO@Mng hY Biye@lliZZREE Process,
of admnistration include enteral (e.g., oral) or
with repalnionserf2l 1 AdP3221 spabe graappand?.7iA (R 2npecuigranp; Calabrese, et al.,

e AR 0, SRS SRRSO s R

lower restlaidBsfatéseGautire3d6@ Q) @bledinbértit discidér i ahd stiult@ireC@Bpecially
be formulated into a conpound or conjugate for

in the Nyftermieal segiprsd and ghe inphilitytorigambigygouslyssggn additignal electron
densitygpgg{ég{‘g}} (MRS Sbilor IRANREN WAl ¢l um etc.) and

There are a number of related structures (using DALI, Holm, et al., J. Mol.
Biol. 233:123-138 (1993)) in this family of tetrameric enzymes that catalyze the elimination
of various groups from carboxylic acids, including the ammonia-lyases (PAL, HAL, and
aspartate ammonia-lyase (AAL)), fumarase, and arginosuccinate lyase (Schwede, et al.,

Biochemistry 38(17):5355-5361 (1999)). In addition, the &-crystallin avian eye lens protein
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ammoni a or organic am nes. By "pharmaceutically
accept abl e" or "pharmacol ogically acceptable" is neant

wooigigrical which is not biologically or otherpg$es2008/006661
undesi rable, i.e., the material nmay be administered to

I dual W thout .causi ng.an
has sl 0 3 ol S E AE) DR NP Tl Gotpasge v
(1999)mEaner with any of the conponents of the conposition

in which it is contained. The term"unit dosage form"

as usefhehRiceldimeh S X-t4 MY @k&SHIVAD iR P! ﬁlti!ﬁ' (Réther, et al.,
sui table as unitary dosages for human and ani ma

Eur. J. Bidshent 268:68th60H &20@bhtSahw¢dﬁg eaalpr%d@temlméaﬁﬁ -5361 (1999),
and mef G ol ol PR B0 Fpo Bk BRI (- 1EBN S Biochemisuy

43:114p3-0041e(2008))dRst4ledl tHefdca 0é sltdrealaamfahd:s@nemeth@enzymes that
pharmaceutical |y accept abl e diluent, carri

are imppgianicfos substrateshiading, eatalydmand MIOtfﬁ@nﬁtsmemlb a¢ttveoﬁe>t§ agpadues in
HAL aIe aﬂ n? I ]gllfcq) &cgﬁtefg} HSg\égﬁtﬁlﬁ?g,t\gﬁgﬁQ% r@glgE&P\glt%l valine and
glutamﬂfefresiﬂudsprebﬁeo&ﬁbllyE(X%g, End!t bh,el BﬁtﬂrﬂhﬂﬁdZ/Wa}ﬂﬁE 3250924
(2002))2133%)30 1@%%#9%@?%@&6%&@ 5{;14‘] onrgqn?ée %I?ﬂr_l‘Jn}l{ azloiperlngletty ce)f L-histidine at
[ f

e ciHENSL O S TRRE Lt Rl
carboxylhte grangef B414mpy estiavattely infcadalyss.7. 6 i ncl usi ve. As

used herein, the term"subject" enconpasses nmanmal s

and ndrherfghvedsslution atifee-dimeafsiomahpmiein cnstali dieyctimetof ®Ad. may be

not limted to, any nenber of the il i.an .cl ass; . .
used in{petheds lnﬁ%lmmfawxrp?r}%ﬁeé@g dQbmpraye sigal and hipphysical
propert?és%?'i’Aip Gnd @@%c%ﬁ@&% in 9%'tﬁé‘ag Wi %H%E‘ﬂl\ygﬁktscs SHUEATL aﬁl addition,

catt ’hor ses W ne; domestic aninmals
the strsturé ptmndeabh)fomatminggardmgjwhmhseglbmnhd: stryctaneianaths most

..including rodents, such as rats and | nea .pi gs
flexible {5 eV FEEETESR I TGEE SRS hEHLSRLF SoGS AL, THHED fhriues are
locatedr}f?:tar the i ti €dsiteto RiukAS in $ﬂd§1hto e%ﬁ%d*e%ﬁh‘t%&ad/&hﬁlﬂlﬁﬁi@ the size of

does not denote a particular age or gender. In various
the proteithasiivek as to, prokisle pefgyationfor strugwie-hased mhibitos de&gn) and which
oo AR B B RGBSR o B oo
studies) Ali/6irBebolytiReenstivesitt (frBhlprifetse meipng studiet)) allowingdor the
of lysine residues on the PAL variant to PEG nol ecul es

introduction piesifgespgridiciravfants sen dirnst distuptipa of problgn sdesrialicsnatively,
for surfagéjgé@lz??o %%'?ﬁér%érﬁl FP@@hgsﬁlon tp g)ggt?&' nﬁ{lve 5’ @g‘p?égbnt mn

Fratio o ecu
native PAEI dues on the PAL variant in the pegyl at| on
reaction.
D. USES OF THE STRUCTURE COORDINATES OF PAL

The high-resolution three-dimensional crystal structure of PAL may be used in
computerized methods for selecting regions of the protein for mutation, modification, or
combined mutation and modification. For example, the commercially available program
GETAREA calculates surface-exposure for amino acid residues based upon X-ray

crystallographic coordinates.
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B. STRUCTURE- BASED PROTEI N ENG NEERI NG Numer ous
met hods are known for protein engineering using

WO Rbs/M3ale opti i zation based primarily on prOtP@Tstzoos/006661
structural i nformation (Brannlgan et al. , Rev.

aI }sl? é%\(l)lut%gégx)ee éi(ei’lgs: Si(]_r? %%?z% 5&5%@ Q:% lﬁlrtl%"r be used in

in-sihc&tﬁétﬁc!mttb @leﬁgﬁﬂ@@:ﬁﬁ&bt thefactiVd sied afrthd edBaiel TRs egaﬁplege ad
to | rov protein properties and/or a rede5|9
commefgigly .a&%llc_a Wﬁr%pwrarweﬁqr dpekiag ?n‘bflesf‘&m’é& 5T wrpdwed small-

oS B SR o O

524(1)|2182836d 1 9I8YpEmasfer ahj ActadBiochisuRis1 32(Ri: 131m;43 1986 Zon, et al.,

PhytochBRHYSHRh 522D 5: G el SiF R OGRsTE By 4122):170-175

(20034 nmproved protein variants can |ead to useful proteins
or industrial, agricultural, and therapeutic

St IOl AP R ERIPILS, ©% 2, B ochemsiry 323

g’g ( gé?ﬁle) eé;ééj%}/t?%soéeﬁref %8 %:gg g}gnlaetr{smng 11§&{r?\§{5 éructural model
for a specifltchacrBindlecul(pénid catfondl c(ea{g@% beddrh@s proRt Ve method for
al, Nat Struct Biol. 2(7):548-553 (1995); Wlls, et

optimizgtionpif specifig strystuss and/or Omation of sd srgronspleenls (Regming, ef al.,

Chem %% ?ﬁé(l@;@%?ﬁ%%@@@&f4éé&&%mn gﬁn%%%}gegﬁnﬁ%ﬁqéegtﬁ@a}e not limited

to re-erdineetingrof COénZMﬂedi-pEQ/lﬁelt}@ (Mnygm @ dPABicchemixery 32(11):2737-2740

(1993 ppravament of Ao e Liies (VLHAKaHSEAS, Y Ao Rt Siruet Biol. S(6): 470-

475 (wszhéig @QanPrG@ir{%éi %(9P%ﬂel4ése(ﬁzoéfbdmy%t&§sa' 1(5):1218-

four domains - a central catal yt| c donmal n
1226 (Nl(l%rl?ﬂlh@\r ed@lm&?rntelmﬁd Al Gt 52-16 1e200RRIO° H@gmm rErw Microb

Tecminﬁokﬁ'lﬁégé®3§f A W”i%@%%\ggﬂli{zk%&a‘? (2003)), redesign

of subs@a@%ﬁ@ﬁﬁ@&fey (B&{sirbm, 53515 MC 0353929): B149512813 (1992); Failla, et

i onal dommin inserted in the C term nal regi on

al., Foldgs. prloBpuddd999)oMalashkeviels effals Nat Suetdiiok 8(7r)a5|4§r553 (1995);
[ no
e e p T U

(1997)1 WhitteEd? al. aNBidl [Ghent. 2J6(2a):2 $500-D1505! (R001)3 cleeitiod of]i@ald or
| oop,.regi ons. between resi dues 109-123 and_ 350- 35

receptoy .bsr&%malffcaresfé@ﬁawg a0, &fif. hPIiOééﬁTaéh@cafb%m s §ﬁ@%207-341 1
159 8000 4. 308 S5 gr 1 APIBES o (o R ol TR g
Chem Biol.14(b):6&63 mOODl)aamd tﬂaeng_mimriag wif bdogisalragtivities (Chen, ef al., Proc.
Nail. ARG S5 PR S0 S8 O B Sivkan el i Hplednol 20008913

(2002)(@%32& a?D?%eﬂér%H@gté!ﬂﬁe Red. 16(1)9%193@4@(?91%3 Y 416

| abreseé, et al i ochem stry 43(36

( 2 O O4)§trucm§-bla§%\ﬁeerng%eﬂ§§ gaﬂ‘ H ulh¥S kéﬂérété @tALOOarPa'ﬁgs 1591%ding

rational mutants such as truncations, deletions, insertions, splice variants, point mutations,
substitutions, chimeras, loop re-engineered mutants, loop swapping mutants, surface
veneering mutants, as well as stochastically-derived mutants (including directed evolution-
derived mutants, alone or in combination with rationally developed mutants). In addition,
PAL variants can be made comprising PAL mutants wherein mutations have been introduced

for site-specific pegylation and/or other chemical derivatizations. The PAL mutants for use
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| ower resolution of these structures led to nore
i nherent disorder in the structures (especially in the

wooh@eiszrisal regions) and the inability to unamtguusiogecssl
assign additional electron density present on the MO

. ' t. o f . .
imsuct BRSO R A BRI OB g ot
as wildBiypé R. #30loid2S PRI idclOARY yariants, fragnieats] and cHeniiedl derieatives of

enzymes that catalyze the elimnation of various
the pargit disds PR car boxyl i ¢ aci ds, including the

amoni a- | yases (PAL, HAL, and aspartate ammoni a-|yase
Directedpigyolytion Brateins@ptimizdtien gi nosucci nate | yase (Schwede,

et al , Biochem stry 38(17):5355-5361 (1999)). In

addi t ilingctedevotationymethbds randarbrmutate geants) pf nitaesti@sxplore

simlar,fold bhut i a. non-enz tic formof this .
more cgpleialy, Jargeriragions O RIBIFIR Huatighabipace. ugeraus dested qypution
methodsRkRe-iHEINBIAE efrdfprofe FOR 8hd Hadbmaase@fiod thd del&BriRID)

putida (Rdther, et al, Eur. J . Biochem 268:601

mutagenegs toinirodece) divgsindgeughsut o DNASsestigaes, gbd jnore focused or

“q s - 9 . J .
R P e T B ok
oligonmidicotideSasdd niuthgeriesib40GhddsiBrann(i g0 4) 9/, (2@ abied. TMeaddition,

active site residues of these tetraneric, enzynes that,
DNA sgquencesspmbiatippl nagthedshave beemuse o compieyadiantagrqus pitss of

ot D U o N S O e
(e.g., mettdds wa DN shurftlirgd, StERIReCHEET dTEH Y. eRipalty, istredtyre-based

. Xiang, L., .et al, . Biql. em 277.32505-3250924
directed Sysdaion (5sfiies e brin Fhed 3o 6 Bh P ShoRPOcAtaantage
(structdr&Baded GaRhRoMRieBbdhebling; SUGHE, GhB prdbintdaSigh Ghioatdhl BDA,

and to stabilize an enzyne-bound cationic

methodsht EheBdOREanethpd kschased bea sembmtiphaltpgotgiroengingeriig approach that
na ct.as.a base in catal.ysi The. hj gh-resol uti on, .

uses pro i rushRE HEPEREHor PP R Yty PAATHlsHPD P BNERE desipn and

create REItipELEtosId vEEIrBRUS variine libiafigs Boal ®Inth@NGlope& gegs L@ Maille, et

i n%r_ ove the biochenm cal and bi ophysi cal éﬁ;opert i es of
al., ] MphBiolagil (#167169 beH82Dhdn PRAsiacommiatigpal pre soreening of
. 3 . , . r . .
mutaiciel GLC MRS e Tl of BuiP S Ak colBR Bl Wt Shieific proein
fold, that redatingehanenbdrerfFohientd earidnteto(d sizer aneadleatd@xperimental
.generate a nor oppact ~and stabl e form of PAL whi ch
sorceni g 0 SuB8'ear 0! GAGE LD oAk E Dby S hd 8 U HS10172-
. . .  aoLd i y i ¢ o
L0177 Qe e 3 T T et G bk Natl
Acad Sst UBAtAN(25)bl92a-1i5a81 (2003) Odesiaym) ¢/.,d¥eduretStoict Biolf &288-242
2001 | ocations are close to i mmunogenic (e.g. linear
( )'epi topes identified in mapping studies) and/or
pr ot eol ;/tl c sensitive sjtes (from prot e?gﬁegtggglv&%ﬁon (with

st udi &% RAIBSIYBYGrRS ekYPPIeh Exishv g s 455101
couplin?!t& Gn SABETd C1dHbABE %réé?ﬁnéjbxfo?c%l)qié [edPbifPred REQR)HRM
ites or, alternatively,
function and biophysical properties (e.g., reduced immunogenicity, increased stability),
starting from an initial enzyme species and mutating that species for altered and/or improved
function (Vasserot, et al., Drug Discovery Today 8(3):118-126 (2003)). For example,
successful mutants have been obtained using directed evolution and other “random”

mutagenesis methods on a number of different proteins (Triose-phosphate isomerase,

Hermes, et al., Proc Natl Acad Sci USA 87(2):696-700 (1990); Beta-lactamase, Stemmer,
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for surface pegylation or other chem cal
derivatization to protect sensitive sites present in

wombs/ys7RRAL. D. USES OF THE STRUCTURE COORDI NAHZGEH063A06661
The high-resol ution three-di mensional crystal

W.P. @5&%@&8@235&%9?@%93&&6? ﬁ%abr L EOTPHL N FE SolRE ﬁm‘i’% 238-242

or selecting re £ f’

(2001),mbdi|gf i a. J aral ozooczy) PBIH. 0 patamifr st enayl eafwasapldlbbtd; at &lMNature
he commercially avail abl e prog

BIOteC@MﬁE‘bﬁ%cp GP%% Sadariesidase todieasidases %‘Panan?frfd é’é‘PCdN atl Acad
Sci USCAg%fr( ﬁg)t ?ﬁ)?ctl 9%?3)@ (1\>§P art: o? %@E@%@%&@g{%‘é et, al Proc Natl Acad

Sci USar9xi @)l 551 ¢apd6 L(ﬂ@98)aﬁréeurﬁdme$sch& pustert, Craneit, Sah‘ bl CNat Biotechnol

oo TR To48, AL e ARt i bGP Pl P

(1999);2@%8&1%&@%@%@% AR89 @Y A6 R)- 675%1@9% ?or

'mol ecul es can bé used to desl gn PAL in
dioxyg¢mise,| Keurnamaiu, ed al,, Nait Beotechnol b@(ﬂ?‘é&k@ﬁé (BES); IArsﬁneﬁe 230

detoxiff%@%@}éth%gﬂa&@m%ﬁ 2 g S B! 585135958 11955000
phaléézpbﬁiﬁihse Chrarféri, AGE hNBﬂu@@M'(B&@QBB&%‘HQS(Sg) vakidis préteins, Shao,

St ruct ur e- basedPAL Engi neeri ng The

etal, ésmr?@thM Biol &(4):813-2b% €l 19, verigunmatsing, Skangdalis,f gf. eChem
Biol 4: §’§9 -88¢ O, @ubgﬁﬂg cﬁx%{mg?ha%g &F Ll 'I%o{éﬁ{’txgg‘it(f)v%ﬂﬁﬁg 987);

esrgn ecofe a pro

Nltnlas‘epr)esmtismmﬂl; T @i GhefpSs, f125(38) I LATleur 1@ 7A120030); Alphataspdityl
ai d macronpl ecul e (Pennin

| . Chem. Rev,
dipeptidese Roye. coab0NEN Exeiny Fos Qo 2800 17 ABAaHES: Aspartate
amlnotfa!ﬁgi}epgg I@&{Lm% 1Pt gl'dgggts%fi:n&) 138y: 9@9-’7'??@100'326‘ Eipartase Wang,

coenzyne specl e canegr a,
et al., BHa¢Hend Bidph$y REY COmnhaD 2§ (1) BAG349 £26000); anld 1patate eilehydrogenase

wilks, § gy 'ﬂlé%%?a%sw?{§&2§&a?$%@9%i . Protein Sci.

10(7) : 1454- 1465 (2001); Luag, Proteln Sci... 11(5):1218-
1226 (eeestudies hﬁt\f@d@peaé%dl&riemm%&aéqd%hsephty of applying “random”

mutagepd| %;}ﬂuiigges]tég%%ééi%@menQoF Us éiv%ﬁg: vafiafhs LT efeased

stablht)'&zxi(l}/l))_z,%ﬁﬁ 189star(c2Q0 ﬁkgr,adatacéq:&tlgvayef Ssuttstal abaysis of evolved

protein 2Uags 1opdblo Fisighben heunplpeuiarhangcs thAe iGanef AifH g improved

h 41%8@@1% S Béﬁﬁtal%tob@é dN&renelid, e LI Bh Ald Prot
physic 564%1 55‘% ?fhﬁ%) W ksmeeP@jre Bi ochemi stvﬁl)}ceg tn Protein

Chemlsl(}eE)/omggQarysm@e(nld;ggp, F,EH3|Arno]@h; Ednor Acadaniin PEq:ﬁg San Diego, pp.
262 Wi, t t.
227253 20 35 e 15 b g yairSlen gt PSR cppeciaty

evident'iB ¢igRt O thO kddhRed ceP@Eérick Of bétsFic(aluiimativald @t i18folv non-active site
Proc Natl Acad Sci USA 88(8):3407-341 1

residues, with some sites of mutation located over 15-20 A from enzyme active site regions

having beneficial effects (Oue, et al., J. Biol. Chem. 274(4):2344-2349 (1999)). Directed

evolution and other random mutagenesis techniques, coupled to selection and screening

procedures, can be used to develop more proteolytically stable and chemically robust forms

of PAL to be used in industrial applications or, alternatively, for enzyme substitution therapy,

e.g., for PKU.

E. MoDIFIED PAL
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(1991); Reddy, et al, Nat Biotechnol. 14(13):1696-1699
(1996); Doyle, et al, Curr OQpin ChemBiol. 4(1):60-63

wo(30089BY36 and re-engi neeri ng of bi ol ogi cal actpcditd2068/006661
(Chen, et al, Proc. Natl. Acad. Sci. USA 90(12):

5618 : :

20: 903%‘%%&5]%8’%5“6‘?@{%? ¢ ,desg%‘bg# ?","B@feflr%’ i ‘gﬁ'ﬁt such as PAL
mutantSySobiiter eRels FEBR L)t 839¢2) D3 2(25996994); Sthusts bt e pProedNatl Acad
ST O ENGE T G e
Batal, 4% e?\bﬁ'?ﬁwréﬁiﬁ@‘c}l' A91$):5 B8l '(%@r%akbtﬁ&][ ot alp‘ElﬁltJ Biochem.

nut at 1 ons StltUtIOﬂS re-eng |neered
269:3063+:3Q7 @ooa»mdmmm@tmfmusa ayrk Baxd (Zheme269@g4) 27473-

27477 M@?%ﬁ%‘i’e&ﬁ?'@&@w R %522%@3)2{‘2% o

in_conbination with ratignally devel oped mut ant
Optimizgtigm of iAL Kme%rul’amkweaﬁ%@aﬂﬁd@t%ﬂlmwd@ltd cActtwty
nmut ant s wherein nutations have been introduced for

site- %@qlpalcﬁbgs}thpusw elfnoilditynst itk aetesding 49 the invention may
be modgﬁeﬁj 31;65&9& §1m1;Q§AE%E éYH:té?l'a} et g{wsuslgllnugl%%%r{%entrﬁlon of

|nc es an varlan avi n stan

substratel’thatsgflm }famaxlma hctaﬁtyl, 18 1h§1maﬁal}wndsde1ﬁt¢ﬂ &vifR the therapeutic
torul oi.des  PAL, incl udi ng variants, fragnents, and
efficacy gERALAP mpdntaiping Rhedeysls pitkiman agceptpble rapgss be.n120 uM to 240

i
M. b EPR B b, SR IR bl *BY cORINEE SRy, one can
limit ot conaepthe efficaoy of angizytel agaimat gebstrate gt dififeranft couoshiations. For
examp gyt o 3 THOO G e sB G oo e aibion o e G will be

reduce@fbda%ﬁ{ £1 5% ht G%@PH&E@&@B@(&M% %9&&%(39%% BRIAFhY levels
hroughout a DNA sequence, more focused

of 60 qu. Hekonaei24Mijt Ve thsi acpv e néﬂmqnﬁgmmm @dge@ge%tca@out 50% at

blood i el T b nlls EFRR SR PP RHF laRl ARV Tobipy 120

uM, thé Bdtiity-of kit @ﬁgm@vﬁn belBAuceaqo apae 70%a1rﬁlm¢daall?he,qaaéls of 240 uM
net hods ha een used to conbi ne advant ageous sites

and to goukdi ¥ stdhoethRheslevels phARulYS| Priimaty.ca therapewtic gyective would be

to have%{eﬁ%%rgggv th%k\g‘ij&g%tt%? 1?1%&4 r§@§% bﬁ%%%ﬁﬁ%’?tafn%%vwhm the optimal

range oFabalt|120 pSM taighiount 240 pdedAdienephe dith\adigh Kom (itee,clOOD quddpwill
have been ed tqQ redesi roteins for therapeutic

lose actéwarﬁ%@é erlﬁ‘&?ci& deonigauihip aRBnAderaciand v ﬁeréﬂwrgthe

1mprac Emuﬁtﬂfiltﬂ% %tf Eo?iogﬂtrﬂl‘:'a 8P Rt IuhEY of dB3EL 08 the other

SCODErreho on a sem-rational protein
hand, aengz)m@ewuthg \@pjpkome mhantrapidysleplets Bienlewels,uehioh emay be fatal for

hyperphdd HagTt AR ar W%@%?%@ﬁb?&ﬁ%fé? cin

vari a I|bra sfro Qn- ho ous e Mai | |

et al ,rl]n ORGP odiments; %ﬂaloleglf Mg(‘?(m iied P%?dm akgat of at
least abo@MPYsal bOfBhtePthen SEEHRDN £19. @ other embodiments, the biologically
active modified PAL has a kcat of at least about 0.2 s-1 or greater than about 1.0 s-1. In other

embodiments, the biologically active modified PAL has a Km of between about 10 uM to
about 1000 uM. In other embodiments, the biologically active modified PAL has a Km of
between about 100 uM to about 1000 pM. In other embodiments, the biologically active
modified PAL exhibits enzymatic activity that is from about two-fold to about 1000-fold
times greater that that of the wild-type. In other embodiments, the biologically active
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nmut ati onal space allows the inclusion of only
mut ati ons conpatible with a specific protein fold,

wd eg133educi ng the nunber of sequence vari ant APUL008/006661
si ze anenable to experinental screening (U.S. Patent

o 48 A0 oy L 8ty Bk 5 5 v o

that of fid wilé4¥pe. 53R biéi&g’icz(thﬁVé mo&H},eﬁSPAIeproaéms a9 be Maimed using
Acad Sci USA 99(25): 15926- 15931 (2002) .Orencia, et
methods| welNsnqyymsinghe gt sush gs by sitodigectad musapsnssis. A | ar ge
nunber of exanples exist where the use of directed

evol utAlbact{ys sity r@%@pﬂsm blAloware shppade be @resentatbingR egeept for
H83 Cééﬁ%n ﬂ%hpr %e%‘f 21 v\gﬁi ah%g aﬁ&’ 91% ?gsuﬁﬁts oggecﬁvely (Xiang,
uhctt on and ysi cal prope

L., et al. MTUBRAY.SChem . t277: 3215056&5@91(261)%)1 ITIhbyc)lc offﬁﬂ’.%tmrl@xt i Bindfhg and
initial enzyme species.and nutating that species for

orientaing éleean%yeommeﬂpﬁawt*ﬂmat theractive sideand in siabiliging an enzyme-

128,( i

pound SRRl AR et Kb e OB aiol Y 1 4286

4289 (2A05¢Xiadg,ev al. pI.iBacteaiotbgyt 1188(14) 1588 (jIﬁ06mJtIag:ampmpssed that the
nmet hods o unber of differe

carboxpieia 506 PHBLLNERE oF GrdiEss &t AR sibolh BF Sy, Brompgpts were

genera‘é@ %S’! sRE1difeSBd Hift2denB A8 10/ 8Qe s IO Dntri BRI d fATE PidRBthamic acid
efmer, WP., Nature 37/0(6488): 389-391 (1994).

fomat@nehchI@P Nelacementzof vahine with Hstidins geBiersitedsa @B&NRAP83H, which
2001 Voi gt , . ., ..t a 200 . .

was chérgptgn%&?d( W)Iggqﬁ yrfCPéﬁtaé:pgg% km}éﬁ;e@enipk ﬁ-]e vahg? I;tg alanine resulted

in a mBAR! ¥8HAOWhich4vA3oré BétivelAaR Hie \Gﬂdi@qie%ic@a\%@/t Chad a slightly

f ucosi dase, Zhang, et al, Proc Natl Acad Sci

lower affiqity tsphendaigning 99t a Krspfak 20440 varaua 38 1dvh §¢reth9§\@1d type

Y.
eyl 0y g o S 12 S0 SORBRAAEL G e
was mdit ateavhan thedy Zen2yhiBe.( 1996 Ho di sh
: (gzr@toxi daset Liﬁdt}g‘b al )1:9’ (Bi otzachnolrsg: ggl iS 467-471

Specific F36Rin VaihRSNVRFRnEFiing Reduci IPimuhiKen|
P fg99(6737) 670-673 (1999); g]BI phenyl di oxygecﬁgse

Kumamgy Hym@tr & stramgfes %&é’élﬁ’@ﬁﬂ?lusé@{o?r)ad@c@?prgéﬁl ﬁr%ﬁgl‘clﬂgemcny

Arsenate detoxification pathway, Craneri,
In som8embedimrents, iris(dH)catiass thasare mmcemphahmwdhe namene response
ture 39

do not &ﬁrggaéé ﬂ?%f%lfa’r@n ctgn, gr stgé' '&66 288 29%’ éljl? U %fecéfv&l strategies

used 1n6(uﬂé itersmbthurd 298 huenéalcbteht hﬁﬁ&h@d]&@ﬁ&ahhﬁam@&non
al, Chem Biol 4:889-898 (1997); Subtilisin,

approachigshiimprexing slutign prppesties, metmgmg aptihody epitepes, (ntagnying

Nt A e s
agretopeb. Bbr arBinfucheinth&lap@lics irRaso fmihisreadtBaty thn b3 dddréssed by

(2001); Aspartate am notransferase, Rothman, et _al
perforrmpsteextwesaﬁme& follgwepy- bygrationa) muusegsassis fo medify prd/er otherwise

mutatex%g Fstgsg ngl-n&mgi g%gig)‘s %'1(21%3%? aust@grtngfﬁ avrxt(l)l gsétﬁ asgec’lﬁc pegylation

(Hershfield, et al., Proc. Natl. Acad. Sci. USA 88:7185-7189 (1991) Leong, et al., Cytokine
16(3):106-119 (2001); Lee, et al., Pharm. Res. 20(5):818-825 (2003)) or other chemical
derivatization methods to reduce protein immunoreactivity to an acceptable level.
Modification of antigenic surface protein regions reduces immunogenicity (Chirino, et al.,
Drug Discov. Today 9(2):82-90 (2004)). One method of improvement involves the

construction of smaller sized proteins that retain catalytic activity (e.g., an absorbance assay
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Wl ks, et al, Biochem stry 31(34):7802-7806 (1992).
These studi es have repeatedly denonstrated the utility

wo%bogizBii ng "randont nutagenesis techniques tpeTiI}008/006661
devel opment of inproved enzynme variants with increased

ot RN bR B BB, B thmen
coupledtoPEIS A séething chmalsg bt usdd foli@erity enitaras withae@esdt hat

) are involved wth the inproved physical_ and_ chem cal
immungreagiin i ednathrimethed Bitoduerspoprtakations fer ad?ﬂlt,lor}ah Surface Lys

sies ol RUBDRAR AP 8B MRAOSHOVR SR L ERGYLaRIH U et
enzymdp@iie, nypjeoside phasgfhotydI(Hershiibkl, exvia(1®91}) ibidp Aniahemiative
with directeq evol u}i on techni.ques are .esgeci al I‘y. .
pathway piseranptafipn Of Ftdugs [acaied in prostie GPURRE FPRIGHR & §fnove immunogenic
: ficpa i i_ I n | WiBat i
sies CRSA| 5L BHL A, 098 Pl 00 000 R s s
to antibbfy hOmanizaten, dlomohezoas looperegiongandégr repiduésafromdiuman antibodies
benefi.cj effects..(Que, et.al,.J . Bol. Chem 274(4)
are subSIg s gt CorgpidinelTacbat ot bl Ol
random nut agenesi.s t echnij qugs, Coﬁlj‘gl ed to selection
and sdPEEML chvmwpe@,es ERPrOBANS FERY ICEFAgR RACHYS TRy Ere
o : . ;
Bl 3Lk ablphoCh R e sty R e
expressatl renondtinant pyoteihois the fymmtisnlbof profein iaggregites dypyy forexgmple, to

e Ay S 35 AP R R s i
al., PhdrACiesst0R9): 1 1245- Bd36 éﬁ&ﬁﬁkl;ﬁ?gregm(ﬁ?ré%ﬂbiﬁéﬁly( &894séd proteins
Schuster,” et al, Proc tImACad Sci USA

can enl@p¢d e iguBBegdPpnsel@bsmelingeg ok, PharmBRes B(@edHng & 2994);

36 10867- 7 1997)yn, Fl -, Bat.al,, I~ A .
Schiteity N 8 Treh i 200t (3055 200pf Qnlhog of improvemen
involved subdBit@alpedirfadd Oystihdra3fiiles (WAAQer aftith A reésith@B{(&g., serine) to

.. (Taylor, et al. , J . Biol. Chem 269(44):27473- 27477
minimigq §1g.possipibekiormatien gf intqrghain disulfyie, Fopotample,

- 1790. 0 v . . h . _
s S AREc SBHP DB K forarioncr
chorismidie I yasovitintiabt ¢ffatd o1v enzyntectiofty @Holdet,yg el. PBlochim Biophys

according to i nvention may be nodified as desired
Acta lft%(]c)b]tqon*]g@e(z%?ki netic characteristics. Km the

concentration of substrate that gives half-pmaxi nal .

act i viRepovakof prefeimtherapeniie protel s Ripegssimgsites can also provide a

L
clipping and pecedstrignintoypeptidt fiagerasifer dmigeh peessntivgy cedittendiBy. A similar
phenorggoP B peeBroaFey i i RS Natie Feaigmdor dart LRGHE

_ . . . 0
detenn%x%gtggﬁg’gg%{rdlngﬁsrglfﬂo RXFERRe T dellEfMaFerhRR! et}[)ﬂ% lﬁreoc Natl Acad

t'orul oi des), the activity o
Sci, US#n1§0(8):6842- 5B (2003)).

Epitope Mapping

Protein therapeutic epitopes can be calculated using a number of algorithms or
experimentally determined with ir vitro or in vivo approaches. Computer programs such as
“Peptide Companion” and “Protean” in the Lasergene program suite from DNAStar are

commonly used to estimate surface epitope regions of a protein based on the chemical
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reduced to about 12.5% at bl ood Phe | evels of 240 mM
and to about 3 % at bl ood Phe levels of 60 MM IfKmis
wo2hos/eVk76t he activity of the enzyme will be regueedods®oscsst
about 50% at bI ood Phe | evel s of 240 nmM and to about
12 % at bl | f Km t he
compogifion 37 soMPARR ARG Ty | Imepndtihisirb@ht B e foe are
those rb%lﬁﬁ’ﬁoﬂh hdsevatdatell hgdfdphiVica des@d ah ety draphfticay ulitleﬁtg)%d
| evel's of 60 nmM timal a_therapeutic

antigeraifye desedeonibe a@pb@aﬂ@c And %heréﬁamaumqi pataetars ehealculated

st T ol OHREEH, R 5l ERB5 B Bt s e

on conﬁﬂi@tﬂﬁodﬂldd‘pxagl:@tlgﬂm dﬁpﬁﬁenl.tﬁl HthOlﬁdlﬁdmyD(Rmbllnhoﬂ ,es8l., Nuclleic Acids
activity rapi Phe | evels drop to w't nor

Res. 3 a2l 208 !iq%ao%mf@oms o Syppodis 92 Bbos). In

addltloﬁdéBd{(].)Eég Eeﬁ'l(%?%ﬁ fﬁJE‘Jh &S{Ucﬁéhl%gl ﬁreg%l VeLHRRd.

an enzy ma W a very low
Chem. @4yt Ot 2pD9l I@O(He)cﬂmttze vFﬂ’recdlbbBIeé memlimds msndglexb et dlatl al

im0 RS GE SR TS Mo i -2,05-10

(2003)? Porqibte én\guﬁ‘éhhg’ &h&RAativeaddition iR SmAuke m&fy c%h be momtored

east about 1 s-1 or greater than about
using agsaye sxn@liﬂmmtheemtvgro ediebased lassgly & Stigklan ef gle (Tm@wluS@d 77(2) 280-
289(2(5(@5 has a kcat of at |east about 0.2 s-1 or greater
}1 about 1.0 s-1. In other enbodinents, the

bi ol ogj cal |y active .nodified PAL has a bet
about gf;f@% apglyé‘aéﬁi?“of@é‘@apﬁmg inyodysseise QE]BEET erlappmg

peptldésh:%vaﬁr@ Qfacatkd orﬁ(‘(;f'tl‘{eeer[%ﬂiefsbﬁ n@é\hn(hﬁﬁ)bﬁngWtﬁ’;abblt polyclonal

bet ween about 100 nmMto I n ot her
antibodiesratsedegainst ovadapying pepiticlas l:cyveewg |tlweeenmd efizysek PrAtein sequence,

hi bi . hat b ) )
and theFgt) Rldaling dERT OofStrerat o (bR Shvrie . BRTH AHE trpeimgnsional
structufd 6f thé blzyne) enddixpetifentaRridtifed bites dffagtiféradigoire abdtrted by

activenodified PAL exhibits enzymatic activity that is
either rapdpmiypputating opitape apeion reselyss f HOVE thagPIoRa Fecognitiqa sites or

using sW'e- ?ectlﬁ&p ﬁmta%% I}o ?ﬁt% gé ﬁgg o{aé%e%/ Eldggsdbxi q%(iklﬁ’gée near tl%eﬁe epitope

ns my orne nown 1 n
sites to&p“rbvlds ltmhuas foy psg}tlﬁt(ﬂhl i eotlﬁthnﬂlpiragetﬁh&esnesﬁfrbmaﬁimm&)gemc
SJtereS|dueSJn esqmto be present in EncP
recogngione hL1p 4Scrggaing ROteRHR @hn%rénmgm%?e&ewmﬁ mutants (or

I I
D A O AT

enzymd maitantd maﬁdisplsﬁdéme&ﬂédi immuboredetngtyand ori entating the
i mdazole noiety of L-histidine at the active site and

Surface Residabildéntifiegtionm and dweakionind cationic internedi ate
was i nvestigated (Xiang, et al, J . Bacteriol ogy

187( 12Dhe4;21&§ce-éa§ﬁ§ed 20065 inrafes thetimélunodenic reglons of the
(14):5331 SZOOG)). It was proposed

enzymﬁB g%: l(ff:tr I:dgrlltgfgﬁdo oMaesalasagensupilide Eibactafgheyiotal aymbenafsolvent-
sl SPREL Pl e S o R M5y e e
well asqu;tlmliyub Irég]omsf of\nim»genioivg/antigeadiity. The three-dimensional
structure of the protein, determined using X-ray crystallography, NMR, or homology
modeling, can be used in commercially available software programs to calculate
macromolecule solvent-accessible surface area. The output provided using the program
GETAREA 1.1 (Fraczkiewicz, et al., J. Comp. Chem. 19:319-333 (1998)) gives a reliable

estimate of surface accessibility for R. toruloides PAL. GETAREA and PARAREA and
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formati on by EncP. Repl acenent of valine with
hi sti di ne generated a nutant, V83H, which was

woches/aabteri zed by a loss in PAL activity. Replmaam®oés/ooscesl
of the valine with alanine resulted in a nutant, V83A,

sxmllar\rlg}lgérgm\é@ﬁlc e Ss ?\ge%rggcaef%%]l msmfé'\érkguﬁxg g?rﬁplaﬁlm;/%%@o{i%with a

parame@ruk@ppjbach&&séﬂ\/brv ﬁeﬂ;&xs@&dﬂﬁ(kﬁtﬁéor&ﬂne MMRE)AD@mBW&TEIaI
in conparison with w pe .EncP, V83A h

1nterseq;ﬁwnt§ anther(FaseBognet RAdsusiRg @(fi atom Baérstlﬁé}pp r@eﬁghbor?st c?f each
atom, %érrgagn(ty%g;ﬁ% ﬁﬁgee d%@g%hfl alﬁgﬁgeﬁ :tlgal s}éﬁé ?@{(ﬁ%sed Vel%thCS using
intersestiangiadigspasesadefined by @ihdriey oﬂs)m}splmre' m@hrmtxpns:t ein

I mmunogenicity. In sone enbodi nents, nodifications

that dneaiivd PALUGED ARE Aidéniiifieé twelee bunfaseexpesqddnsaesidues,

destroy the structure, functjon, or stablllt of

not
dlstnbltt%ﬂwahe the éﬁraénerg%%tpw@nsswfaeee gb wellgs ege P?féllalhﬂ gxposed
surface (':‘;Esr éﬁﬂh@@%ﬁ?@?l f;l&r‘]égé‘ &pfr?% i ;}’Ectfyquagsﬁlg% %ﬁjﬁhgﬁ
derivatipatipre r Furdiser, the mttme-dgnatsiodabstyucapé bﬁBAfL canrierusediti idgntify

addltlop’!‘aéHf ?%eﬁlg{l%%a:i éﬁﬁlﬁgﬂﬁ (eﬁﬁj@h Earrg{‘)t@g g‘ltsi:g'ﬂ)es’cf@%%o%gl sites can
be mutht@ﬂ %ﬁhg @tahﬁﬁ{iéb?@t@fd hgiteRrit YR hhiqUR ¥R RAEte /b fﬁ%}apl% PAL
dressed by performng eprtope nmapping followed by

mutantg amhanducedumagmng@m@tx, omprvied prajendyiag resisteaceiand/omimptoyed
abilit /hese sites of inmunogenicity, alone and in
StaOIIYEEININAt i on with si te specific pegyl ation (Hershfield,
et al, Proc. tNa (} Sci, .USA 88..7185-7189 199]%;
Leong, St @fegéﬁs OW‘I“&H"H 1166(@)0"6“16’6”92‘“119 P(OZB‘(‘H?“ et
improvall grdaﬂaﬁfe@ sudRSis refdiced irfdifn 10(1@9193’9(&0\91{ irPthB&ft. One popular
chem'cal derivatization nethods to reduce protein
route mumgmnwe)auorn-’alanyletresxéuﬁ mcnepitapt o Ay atd mNbdisfavent dlamine

residue; lﬂ'ﬁ'ﬁ %tgg(g?ﬁntbf(l}lszu éﬁﬁ rrrpgti}o&selltennmrvg ggd %i?cgﬁ%cg'optﬁo&d%vmdues from
epltopegxéglbng Zither ky2RRfhtibn oPaeletiBh.nAaddRibnalTRataN 6iVBiRdtediBy hré@Sce site-
he constructi on of smaller sized proteins that retain

SPGCIﬁ@améﬁtW$ bollpweadiiyt site¢speejfic chemigakdaryatizationssayi s used
for activity measurenent). A second nethod of
i mpr ovianesationpean Adsmbensgdferthe productiph eﬂplto@elEmevements

Bioinf G GBI AP e s puseested

truncatidR Miitaifs (R6idB$23-91 6 anldlil 156N aln [ditfoRC Sndlysss 6ff the PATO3-D
pegyl ation derivatization, a nethod shown to reduce

structuferpipividgred diarmativetrpgipn don témca@m ;bﬁ&edmsx thpabsenes eba Cderminal
domauﬂ{%?i%‘ﬂqg Eﬁg &ﬁl%tl.{rgigf &J%fhl@hQ ho %%1 ok 1l1 db éﬂlnfll c(i]omain

ernative I on o ues oca

deletlon mupdnd, @mdludiﬂg hﬁmﬁltﬁ adktrrthe t@'rdfspl‘mddﬁ ldﬂjﬂiﬁ@l@ﬁ fioen HiAleR fused
Yeung, et al nol. 172(1 1):6658-6665 (2004) %
into thq kAL ﬁe%fﬁ%!sfbwbﬁ%} 0§ tfa%%ﬂ%fgaeé aﬂaahpqosaeylg region of the PAL

structu%%@ﬁ@%lé%ﬁ't@ Hav g@:r ggi%’pce 1e@0Rs) ffhCRSaIRRHhSe bES: U8 Dredicted

rom human anti-
less immunogenic variants of PAL.

In another method, protein engineering using rational mutagenesis in
combination with directed evolution can be used to obtain mutant forms of PAL. For
example, implementation of rational design along with experimental and combinatorial

design has improved the activity of compstatin (Morikis, et al., Biochem. Soc. Trans.
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are substituted into the corresponding | oop regi ons of
a honol ogous protein. Inproving solution properties of

wOoRl008/8338% nay i ncrease specific enzyne acti vi tperagkdbéRioosces1
reduce i mmunogenicity. One solution property typi ca

32(1): 2;% #@@bgﬁ 3#1' %})l%?fe}llraﬁgrz gg Farélﬁg? g{ltggegr}esg ap glregte{i §vc§lPF ion has

also shbﬂh%orﬁfsal(Boﬁlsaiduéﬂ dﬁanIthT fapineChenn, Biby 6(2)@1'3019143 (2001);
i nteractions and divalent cations (Chi, et a

Dwyerps{ay. nSRéECCZiR%%'/féi@mré 361 (2084) ). Aggregation of
recombi nant|y expressed proteins can enhance the
i munévnaspiomue of PALrtbat displaylesaithan phtimal ¢deymatic activity can be

evolved Kk i 158 %ﬁ%@%ﬁnsa%%'ﬂgg 3 Trns] S leRle paPgfergotution,

whereih BRARIGARtage N EPisToRGWEd blj'r h Bgeawrnf @@@edﬁy@foe inf\@ants that are
resi dues with other ami no acid residues ., seri ne

active, Peodycifigrfi e PIotcipn su8Hipppk of apdy theparalonest éﬁ‘ have activity.
exampfenff%r 8&?‘% dutrrctl#AIf gﬁatQQQQEVe dﬁgir n@&‘flﬁﬁ rgdu&%bs?frfakéjys%
SRR ] & es

sur ace C I ne resi ine resid

residueedige epitdpe-cagpirigg tégion of the b@mtﬁﬁmﬁnh&ﬁ&ﬁpwfdrhumg dipected
ef fects on enzyne activity (Hol den, } , Bio

evolutign 8p ﬁlyg maang (Illg@i&}(‘lg )thellgectglvg-;nletggt(ﬁx)d)se eqé%f;gﬁragpf%rmants with
actmr}g rg@ﬁ&hfés 4! SW%{E‘?& Lo ERing this Hé‘h@ﬁ&éﬂhﬂ&néh (the s@hke lysine

provi de a reduction ininmunogenicity
site) plpsr evwlm:u cvfgidplrtinmebmndtuh nutati@sdocued thherghbyt tbc strectuseribat

restore gk ielt SR Susie e dm A BE Cirscted Y Ao ischeifhn of

molecul@%r DREEINV@EssidifférdRt spetids af iheRak ptdtdildrRimilar sequences
regions tor class || MHC determ nants, preventin

of dlffedq:rsmr@tyms ¢Cramest, ea@ Natira; 3981288-39Ve(} 898K Minshadl, efial., Curr. Opm
TN L T —

lyase t&Riplaet 86186 of Heltfost imtRBSerE r@&@@f%wﬂh a human sequence that
experinentally determned with in V|tro or in vivo

WOHt@ﬁS?Qﬁ%??ésW%HﬁW@? SPHUBr ans such as " Pepti de
Corrpanl on" and "Protean" in the Lasergene program

sui t e Mutant ﬁDNASpﬁPAézrc@ncb@mbmqu hysmaking hybrid pratein variants based

sur.f ac r ot
on sernf P ERIs BB PR AN Bl Po Rk Bl B P i desien
relativd 1OTPUROGiReuted &vPtiIhSbasBd ehefiodb Sdsivel EARURBCdirR for b MR§e random
regi ons of hi gihest cal cul ated h droFehl licity, based on
;1]

level oamnga@paﬁnnwe atjon o éhose aggonsrfiaguatcsn !@tyucttﬁasfée@tlﬁﬁd piag such
f
biased BYERcH PRk Frelar Rl Hlor SR BIe e VRS dUHERLRLS ©

compuﬁ@jbﬂﬁlbﬂﬁe-sbnemdjlublhﬂesl’lofsmqlem’lmamm albewing dat drdxapied

ut er - nndel ed predictions of ten ial HLA
OpimiAHIAEION QTR BFIRSEHES T BYe rAgamE o nah bipsckBEotein ggincesing

method% 1% 7}&%‘1@% 6 @@3 @i@qbahl?&t @lirr OYRN Widteshrio? Udea): S0 (1999);
Flhkov et al., (2002) ibid.; Hayes et al (2002) ibid.; Luo, P., et al., (2002) ibid.). Similarly,
the SCOPE method constructs hybrid enzyme variants based on “equivalent” subdomains of
structure, allowing the creation of multiple crossover protein variant libraries starting from
non-homologous genes (O’Maille, ef al., (2002) ibid.). In a similar fashion, the method
developed by Voigt, et al., constructs hybrids based upon the application of a computational
algorithm that identifies fragments of proteins, or ‘schemas,’ that can be recombined without

disrupting the integrity of a protein’s three-dimensional structure (Voigt, et al., (2002) ibid.).
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addition, epitopes can be identified using in vitro
bi ochem cal (Tangri, et al , Curr. Med. Chem

wP{084113327491- 2199 (2002)) and in vitro cell - basgrer/us2008/006661
nmet hods (Stickler, et al, J Immunother. 23(6):654-660

CommbZRRR e i By otk L 98 Sy

functioh&llyginpoetahepositiorerin i |arprd>tem1fong bmedlomeaafdabestmwawadem
assays S|n1lar to - based assa

ass1gnrg¢8n't%&ﬂtzwge‘f hi, gttal aBl({lrr@xmems 1612): lmé)l 12@002)391\411talnt forms of
PAL 04112&04%Ame<r ﬁgﬁﬁ@@g ﬁ?%éé%ﬁ?é&p%?hﬁgf@ﬁh%g%&%& nvol ves

rar pepti des coveri ng

surfgce re S nzyme sequence and probing
HAL a3 gy 1%5'6 f‘%’%&ﬁ’?‘&s&?éﬁ’” (t i bodi es rai sed agai nst
overl n r|n the enti.re
ot ot e IHeeBREa! TR R SireRf et Rt it RREHER homoloy
modelc@WatQPEStHRsBB ke 6P tﬂﬂlﬁd@ PPAITEA tRASAGntil et hﬁn PAL the structure
t hr ee- di nensi onal structure of the enzyne,

of S. mesipmus iremord JiilagieruniandtAk, meking encia p@@érhhc ietsy irgmanogenic

rorm of L 0 1 e S LR A DRl o or
obtainitg htWgiriifuBo SHLE Pf\lﬁvamahﬁtlhﬂﬂvésQnmtﬁﬁ(ﬁrﬁdﬂS &nh-ﬁﬁmﬁi edPSor other
resi dues on the surface near these epltope sites to

prokarysyiig\RAfe tq EsEkCF SREIUNBECTH SRANERGES hyﬂi@}n@am disrmmepigdyase

sequen{:&?ﬁ%LS 'Stu%ﬁlf el @"‘BIHHH Ho @%Bhlglf rRGR9514 593 Bbé @gr%yy using

screeni 0 tent | y non- | nogenl
mutationfolatved bp selpetgy fat ench or sthergfrok drgstec mnmyltsewm PAht &}ivity, to

o E eSS b ST LT o UL S oL BT
follow1§§?ﬂea§i§)s|%ﬁ§hlﬂb!€od Qfﬁf@e'lé‘c't@ﬁ“fé%tl@ﬁ‘? MJt at' on The

rfac expose residues in or near the |rmunogen| C

Speciﬁf:g’g {hS Vithiah 'Ie %XH?{% R@c{t’u%ﬁ%%tfeil?ﬁds ﬁg\ﬁf? of

| I ons WI e a su
| f |
o of o hRSREH FURIRISAR: prsieg ©oRFE bk e e

susceptiflily. dg s@ﬁ@kh{‘ﬂoﬁﬁnérﬁs rtE@m@Eifﬁc@fions introduced to minimize proteolytic
|nnunogen|0|t¥lantlgen|C|ty The t hr ee- di nensi ona
B

sensitivtyrdecnqidestedy the strpetaree functigetas stabHEY oﬁg}eﬁgag(omglpcule Effective
strateglggs }ﬁg d'%fe p?gwaﬂl Yan %ne %1’(1{181@&19% g6 1'z Qags B‘?h asa

I n"conercl a aval e SO vvare rarrs
compeﬁm}eauhﬁiter @wmt alc (il e8 ls)dbi\deml S Ratas N dsl é 59&,!6?141,063451 986;

6433, 3856 ] 449 Fudically Bodifyine i linEro oo RPN 13 andor Are

sites to bl R8N H'1Mﬁ§m sft@é 'nﬂﬁﬁtﬁlgle&& siffsegdifit e g Phe and/or Trp

accessibility R tor AL. GETAR
residuemm}eranndmlmnhlao apmdsgr zbuodish aleamgatsasceptlblhty, llgate or couple

vent - accessi bl e, su ce ar i n ont.i nuu .
PAL o34t greieg s ramplaler KERa 36 FE atio By YHE® botulinum
neurotd=iAStBRAB RBInpbh@as)e Hi’ad/E’AB&BE&uflg DY$oOY£dites Akar protease
I ntersection points in the Gauss-Bonnet path using al
susceptihle fitgsalor sutispquene chemigilterivatization widalIEG or other chemically

protective and stabilizing groups.

F. CHEMICALLY MODIFIED PAL VARIANTS

Macromolecule chemical modification can be performed in a non-specific

fashion (leading to mixtures of derivatized species) or in a site-specific fashion (based on
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atom whereas GETAREA nore efficiently cal culates the
sol vent - exposed vertices using intersection

wombdirsspaces defined by planes of two-sphere pcr/us2008/006661
i nt ersectl ons. I n native PAL, GETAREA identified

wild- t){pﬁ% &?% ?ea%é? ?yc‘ ﬁﬁe&&? ﬂ)ﬁi\% fdsh’ etn‘?l/dci't ﬁt% lete&‘ijve mo? fication

rameric surtace,

using a&&nﬁhiﬁatﬁ;ardf isRéAdjtecs ) anrsbenedis a@cl@&ﬁcdleﬁcbdiﬂ@tlbﬁ)'si 40) .
These positi ons are directly available for 2 Eyl ati.on
alternafjygly \usng apressed profain élgathrw@efthﬁ%@iﬁmwﬂsqfe urr Opin

Bloteclzrhd;l ?f;lggf 2?)(3:? %?D leﬁogggllxﬁ) g%lTlé @%cb)?@ig}e?gsn gﬁérﬂlcéq'gbalﬁ%}%n is used to

i rect
reduce imhAne ga8cis). Plaggmoadsia tlermoadtrasddt rasthodito hadummnahambgemcuy of

proten IHBAlsEos lor ool aul B PR (0P HnbY dyeeny ot isfother chemical

denvatiz!myﬁ‘ Bﬂﬁ@&xﬁh§ Xmm@@écﬁﬁ@ého%%l? Bhd/sﬁ)h&gla@ﬁmsirﬁﬂﬁﬁ@n
i nproved Stabil |ty/act|V|dg trategies for

carboxmiatlam,l a@ntylﬁ‘tlonhmeqbwbitlenmre@nqmmf\ac adslitgeresalts ramides, ssters, and N-

acyl deﬂ'w%ﬁthFé eh \éﬁ?gg’f%‘igaéﬁvd GE%%EHQ?EW’%%%@‘@DM ar route

tes every non-al anine residue in an epitope to
Pegylaiqdﬁom nutat es every al ani ne residue in an epitope
Ady. Oher nethods renove charged and hydrophobic

reS| du%gerqumgﬁﬁr@@g@gvl@g%r@ctl@mve? byusing afangs o PEG

chemlc‘QF{eg dftfo Fﬁﬂdﬂrb eﬁpxaaltlogi{% ﬂ]t rQ%ide E’E@ Pﬂt“?ﬁn'vgtweg FYC&ch

pecific nu ation omed si te- speci
modlﬁcdmmmahocd eThe/@tlmaitdegree o‘fpaggdathomtrm heaietahmmdklmmtsepbn the
tio

or. the pr.od r.ot el n_i npr.ovenen
residusbAG D LT LT S Sesi vBligtd PAL PSR P e ahgasbange dgsey in

combirfafiBR Wit PAGEGnE Hakive Eél%nﬁl}@@ &S H&Qmﬁﬁmh‘ AR AR oFP'E@N S
(residues 23-716 and 1-564). In addition, analysis of

derlvattz!aeorPAAftBP mltzal rages| péommarh rdedifieaticnl are detatined, roagfmamtlve

kinetic aBﬁIHFIﬁ rYIHbaS c&j ﬁﬁ%t?%ylgg%qengc 188mggﬂfcl:§}ants 0 s&strates
proteol&}ﬁﬂ@th@ﬂx@;u pHHpeRdétce iofl activitye teihperdtuftodBpedehee 6f 4QVity) and

nmut ant s, i ncl udi ng nut ants where the correspondi ng

lmmunpm@ptlylémfmtlmaé Allsspeeiseenn b determangday Beifence to
immun%#ﬁ%?{?'it‘éﬁﬁ aL? rWésjEeqn %kitc gﬁ%tg;ﬁl en ggﬁ?ﬁﬁ]&] afnoehgougel ﬁk%d tg gél%}ate the

ructure ave mnmj or

most farvegabWBAL rh@tanmg forpedydation ming the bptinal daerrdzaﬁm@mbﬁdmons by
ess_ i mmunogeni ¢ vari,ants of PAL. .In _another  nethod,

mlmmlﬁmgttb? mzeabihade: Rrptein ang opkymedifiingtheapesi aatigenigregions of the
PAL Sl,g‘ ! &)@f 6@‘5@“# ﬁic’:aﬁl%gtvggg)%\{'géldgeﬂ %119%'9 % a3 §find Rtaining the

tain nmutant forns o exanp
maximiumEneorEn bﬁenzgmauﬁ actvityoasal mdemugmmmmn gf whinknogenicity.

. peri men and. conbi,nat ori al n ha roved the
SimilaRsRiig per Iy Pem PR hoaKE] Safre Vg ename erAER.  Soc.
Tt ag B e 10 aeati b S A FORSARMEY1ation o other chemical

modification of Lys, Arg, and Cys residues can be used to mask immunogenic regions and/or
proteolytic sensitive regions. Such chemical modifications include the polymer addition
method of Bednarsaki and the Altus Corporation cross-linking method for improving PAL
stability, reducing immunogenicity, and improving protease resistance are representative
examples. Bednarsaki demonstrated that polymer addition improves protein temperature
stability (Wang, et al., J. Am. Chem. Soc. 114(1):378-380 (1992)), and Altus Corporation has
found that glutaraldehyde cross-linking improves enzyme stability.
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al so shown proni se (Bornscheuer, et al, Curr. Opin.
Chem Biol. 5(2):137-143 (2001); Dwyer, et al, Science

woSMg/BB7R) : 1967- 1971 (2004)). Mutant forms aicif2008/006661
that display |ess than opti nal enzymatl c activity can

g:t ﬁ\égf‘% ?d fv(r%é &fﬁé‘%l’”\évlo’t %?aé;?gté%geﬁﬁf te a %s])?qu F?]c%ee{sllﬂﬁ, would

benefitrfesial e yIHfi @Y anases ofidifferest F%Jmebxﬁugaaemé epitheized,
procedure for nutants that are active produmq‘g a_ new
\Y

characﬁﬁrlé%wnwmtaamesrfédn vep ehL;PheH%@tlenohégrd@h@tb Btimize the
P
potentlgf:étﬁe\@tsI dF pe &)eg?fatlgfé Qﬁ@{ol qutellrltﬁfalatclzezﬁ%%srﬂé#f:sggb SIG r?ﬁlacr:l{éé&g a design
strateg Mmpibyapwhapm poyher lehgth), cedommatioh, aﬁdethetlegteé of BEGI S
i nactive, performing directed evolution on this nmutant
attachmaepti¥aTed- t he i nactive nutant and sel ecting for
transfornmants with activi tyiﬁtgener ates a new mut ant

pool ddrathadnfosgrenariag thapseyited Padiod theopresanh invsntigmganerally

compnsé/ @er&?e §'otf?%? Crg%ce ?’r@g%ﬁé ?Stetlﬁ’:li %lg@bpg%%}?}tlons whereby
PAL bé¢caniesaaactetity ohy ot momE]EGagrdsupseami () ebtaimn@dﬁbi reaadion product(s)
the directed eyglution_.techni gue of | ar. byreedin
Becauser{lis SResHiccGs 8 ﬁf\rfra?agﬁfat IeBLsignifich ﬂ’ét%é%l @F@?w detivity
of the é(g){np%afg bffferafAYRIGHS aHfouHiSfJf ?’gg‘%efér &?ﬁiuﬁf ﬁg afE‘?ﬁlbtry used for

Nat ur e, 1:288-291 (19
pegylatur of PAbiwas tmhmyllat&mdf th8&pBnaRBaniaeHof HADQI)SDngdhc]NHS-ester of

metho3aRE G GRS RO Gadonuh Thel L Y nalys by leme glveoD.

Acylatfoﬂgiblﬂﬂﬁleﬂfoxg (wr\tHs 8r ﬂﬂHiﬁBﬁymiSPAQe&h@tm‘éﬁﬁnﬁd@ﬁ‘nkage that
recogni zed the imune system Mitant forms of PAL

ehmm@@mthbéh@‘ﬁ@ ﬁom@e@ylgmkpﬂglanymm protein variants

based on sem -rational approaches thereby allow ng for

a nor el preseneniethode proyidegiont sulrstaitisllg homegertidus enikture of

ure directed eyolution-hased nethods s well as
polymdFigie degueate. & Shbrtan i dDmaeelBle" 6f vingfHhevip e that oy
polymé}gﬂbtﬁiﬂ @nfpatd @blebies Sre(¥9e8S Phe Polphet: Efdﬂelﬁfcbhhﬁgbté Ras
ntified using such biased proteln engi neerin
biologiggmctsith ard threwesema"rffpb?éanttaﬂié! hpmgﬁmus @e@éﬁ@d preparations
ation r

provid chl}rgli!g htaée 3 ow'cﬁga? ﬁ(?mg erné)%§ g%cla %?sgl?az B %\?anpages ofa
homogpridis Qirépaﬁﬂtﬁmgéé i, @asedy etmnur aq)plhaaitctmh peédicxability asketito lot

protei.n engineering nmethods (U. S. Patent No.
pharmagokiggties1 2. “Dahi yat, Curr Opin Biotechnol.

10(4):387-390 (1999); Filikov, et al. , (2002) ibid. ;

Hayes Tl@tpOéYmer mgleogey consemplated for use in the pegylatiop2ppmpches

descnbﬁg’ %?reg) mrz]1¥ legt ‘liﬁfﬁ{% ar}ggxg%c\(gjgtg r- ggl‘ﬁgl% po‘f ong.r% V& ifixture thereof.

n

The waﬁ&%m‘fﬂé p@lyﬁfer ﬁial’ylbétsldleeted donpHenGotih €oristig offoPéxample,
mul ti ple crossover protein variant |libraries startin

polyetlpjes ahesiel HeeRARY by -pinetlylenr ghico). dextgan, gol y-ﬂ\t—zwhyyrgohdone),
propylénk% gqiyc)ol hbm@pél'yfﬁeks?ta po%%ﬂnenetmder}@thplgge oxide co-polymer,

polyoxyethylated polyols (e.g., glycerol), HPMA, Fleximer.TM., and polyvinyl alcohol,
mono-(C1-C10)alkoxy-PEG, aryloxy-PEG, tresyl monomethoxy PEG, PEG
propionaldehyde, bis-succinimidyl carbonate PEG, cellulose, or other carbohydrate-based
polymers. The polymer selected should be water-soluble so that the protein to which it is
attached does not precipitate in an aqueous environment, such as a physiological

environment. The polymer may be branched or unbranched. In some embodiments, for
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devel oped by Voigt, et al. , constructs hybrids based
upon the application of a conputational algorithmthat

wo Regisshices fragnents of proteins, or 'schemascT/td28ds/006661
can be reconbi ned without disrupting the integrity of

. ' hre i '. n st.ruct ur
therapegx i rug{ 5%135 2nd| gr%ﬁ)cg %@ﬁ%% ion, %iaer]g?ly%&m/lz Ibés }{Hegﬁ}ag?lﬁ cally
acceptdblient i fy conserved core regions of structurally and
functionally inportant positions in a protein fold,

based 1gBomE eRIbdanYerts, AUGAt lutit Eﬂi?ﬁfer FGSisoMERIM & folyethylene
(M zuguchi, et al, Bioinformatics 16(12):1 111-1

glycol, (ajgb@@)a)ed K@ adss Used hereist, ppixethykene iglycobisanenatits gricpmpastany of
el f. th th
et FLPREFLSE 580y S04 S et P PELOGER pd by Bipicr-cr0

alkoxyfdsmryrﬁkquwa& dgigédlt i nus has been honol ogy nodel ed
based on the structure of P. putida HAL. Although

smal | efhet?eporiEoh of b&?etﬁ&feﬁ@%l%@l BbleSule SR proteid moldtules will
nore simlar to human L, nmaking encPagossnblyless

vary, a$ wﬂbﬂ@gmn@erﬁmlﬁns;m the rmﬁmnmxtugnasle generalks ghef QDUHPAE ratio (in
alternative net

terms dg Bﬁlécil% cI){ go %'cﬁz 10mﬁ’8§@1§re 18 I‘—L}}?\Lex%%f'ﬁ Iugf,ﬁagte{ll R{lotf:m or polymer) will be

determifietl dlyitRdimofectlar MRidht bMife polydthydéne0il el sPlesd i@ bh ¢helmber of
to repl ace |nnun03en|c sequences by human hi stidine

avallabmm\@.grywdt byrfcasinpgaoupsEprsent. & relates By pohicylar weight,
ingenefl R Kb TupEdh OB o TR PO bR b Yt GRaT Vb ¥t

polymeaicediueswhibh Ry bRGitiavhddyto thoprobdimi Sindilariiy) Hﬁiﬂbﬁlﬁg of the
encP or other prokaryotic PAL protein that can

polqur shewld be gy intoagequsit Néxﬁmgtlmmn&tmp%p%mnmﬁ%t%wra% the

I
ighe Y2 FEL LA 0 e FARALD e ERBAEN YOl i i T
presentoﬁvambatcegdeﬁmleaeﬂewnrat differant lineat REG pelguee lgnpdisdheluding but
not imfldic s Ee pih a0 ki cRmibdites d orrmes BrpE B LB mabmers,
includilzg gﬁﬂl rfdlt ‘tl'lbﬁl%gth 10RDadft40RDd. rl?l solfe ¥ritddfimerit! 16 {HRPE®flation

he macronol ecule. Effective strategies
reactiothxinweplpued\hienhlm ghaawawrelewlamwaughmstabw XkDeto about 100 kDa

(the te St alkgglétr"ﬁﬁ gqtl |+/- e].%a%lclh ogffeé em 85%? tn;g,stdlltl\éeﬁ ety t1)rnolecular weight
is abou55 23,16 406ut @043 7a. 9ﬂ@ raﬁo 48 &a@ﬁolu@le“;ﬁﬁyrﬁérgtb PAL will ﬁenerally

chem cal |y nodi f the am no groups 1n susceptib
range foy@ldn@fﬁmnAPQngﬂ or dPB8F. 96k trypsin binding sites,
mut ati ng chynotrypsin-sensitive Tyr, Phe, and/or Trp
resi duixemiptesgnthidugh Sndastribe tharffacts at 'pegylatod aidbhorgiegylated

forms qfGEE FiAEt RCRdif ot Blodeiaiurrii BB BAT, PRgREFHRY the
cyanob%textlﬁﬁ Ngtdé! ﬁu‘?ale'iﬁfopﬁld RPPALY an@PAIXprod GEMRINRB tFanobacterium

/or introduci ng LyS oOr S sites near pr ot ease

Anaba@gg}gengilm(évleﬂ_é anpbpn;gl@]@g@q levels 1g|1hanbI§]2 or BTBR®™2 mouse over
al2 dagerelngg t 'Tﬁ%t ‘Pmalv}dnggel thmogy hﬁg m S af: ﬁ‘lﬁ p¥16nylalan1ne

hydroxylase gene (PAH) locus resulting in an animal with severe hyperphenylalanemia.
Thus, the high plasma phenylalanine (Phe) levels make this animal the appropriate model for
evaluating the ability of phenylalanine ammonia-lyase (PAL) to reduce plasma Phe. The
effects of pegylated and nonpegylated forms of lysine mutant R91K PAL and NpPAL on
phenylalanine levels in this PKU animal model were also evaluated over a 90-day period.

The results showed that pegylated forms of NpPAL and AvPAL resulted in greater reduction
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protective and stabilizing groups. F.
CHEM CALLYMODI FI ED PAL VARI ANTS Macronol ecul e chem cal

wome4/ {336t i on can be perfornmed in a non-speci fHc@/Us2008/006661
fashlon (leading to m xtures of derivatized species)

S eci f hi on (based.
inpherflatiinEinSbt PP Bl GropfticPopd kR Yo e oL and
AvPAIam@Hpeén d)t .EFare Cduch effedsl of peplidteNgBPANGogedRBRIgvatedon
site-directed mut agenesi s and chem ca

phenylﬂwnﬁ levatsi werp mintaiged Ov e tepersek pgapdhg Thssssudiesshow that

pegylat%lf {)@%:Rh% gﬂlo.gr?%%&f@&?&gggﬁ@%%qﬁy’ﬁ%ne%%n%fzénaqyrﬂzbzlzs, is

essentlﬁr‘ib @cﬁﬂw&fgt}ﬂmenylbhrﬁreabvmﬂli the PKiU affedteal mixed Tthe firdldhgsesuggest

i munqggenicity. Pegylation is a demppstrated nethod to
that a pegyfaied |aﬂﬂli! fiepR RN;F“%SGP’& qﬁeng%%ata\‘ea&e@e‘&rc in the
managéjrﬂﬂ-f 57(1):5-29 (2002)), but glycosylation and

er chemical derivatization procedures, using

nodi f "151 Q&tl%tcgmelﬁ%ﬁ?&g&%gf %@AL @g}lgﬁg Wit reduced

car box | on, acet [‘ation, creation of
immunagerﬁiel@d dDiié émbddihieﬁt 1sal”peg5i*lated€fetrﬁ bﬁNoamd phlactiforme PAL

oSSl B agegied omer
Anabaégx'fafv{gééﬁﬂﬁ pm)ggf} a!’rﬁﬁﬂv{tﬂ R&uREd Eﬁhun&ge'nﬂ:gt%’a sf\ﬂéaﬁ%

chemc ent to PAL protein ratio
embod e dmtd?lﬁﬁaﬁ/k[pfd@n iov AtvP¥d svariantsan sthictophigylatimniinachieved by

Th t | f |.at b
reacting Blec BT BILAL IR THD Pt o1 pery g palypibaene
glycol {FHGEahRofe entRHIrk& s, pe% 1§@&Pis%h1'é$éd“9y ?e’ﬁ@tlﬁ’%’ﬁl@mor

assay in conbination PAGE and nat’i ve anal ysi s
AvPAL varihet encri wish PEE abatretie 06at lpGl dept l@aatulzlaﬁ,u ahheasinf t2e¢t least 1:3,

or at le%%llr‘p aﬁ}a{d{@é@ kfrhOfe e%[l)b nﬁldllfA]S a}1 L Ort] 1s AQF}\E dJngSt and the

ayss (|nclu

pegylatﬁ’&i 18rabhiedéd @it a PANCPPG rewdst BBt Maﬁod‘slibﬁplfephﬁmg the pegylated
roteolgtlc stability, pH dependence of activity,

PAL variniserfdhe presend peveating éred’feserehq \AbPYS. and

i mrunor eactivity of optinmal PEG PAL species can be

det er ﬁﬁh«renlvdmyloeelsemontemplmmoneemgmlaﬂag thepegainted BA L apriants for
e R B N e
NpPAIOE AUPALARFihiaticeadr radreGATIPEGO&Sh peyylaiion 8 Ziafig of Atleast 1:1,

size of the PAL protein and onlié nodi fyi ng the nost

at leastdpt.p s Agast F:agatdeast b13.tarat boast lstPAdcREGc &a porge eppegiments, the
pegylat'ri'a'ij ahﬁ@% Wakfin t{fle m)al_ﬁ?r )(%’PPJAE Aliaht1ovic2 Mired | 1iflRes, four

ARl ng e naxi enzymatic acétivity an
times, ﬁi'd’mlmmoamatmdi PEGUMgEgyla'tibxy at a Qatioidfat legst 1:1, at least 1:1.5,

site-specific pegylation be used to rowdee ne. .
at least Jed. o lapt 4 » LaHEAst SHAPALLE oldhi FPEST PR etk e PAL variant is
an AvPRI0S RN YR tthOPe R TatRhNEhcHiARAsRlg a PAL:PEG ratio of 1:3 for both the

first and second pegylation reactions.

Methods for preparing the re-pegylated PAL variants of the present invention
generally comprise the steps of (a) reacting a PAL variant with polyethylene glycol under
conditions whereby the PAL variant becomes attached to one or more PEG groups, (b)
obtaining the reaction product(s), (c) reacting the pegylated PAL variant with polyethylene
glycol under conditions whereby the pegylated PAL variant becomes attached to one or more

PEG groups at positions not occupied by PEG from step (a), and (d) obtaining the reaction
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| L. PARIGUE QRS QFiH Y BERRHENG AR ANEMIA

nodi fication of Lys, Arg, and Cys residues can be used
to mask i nmunogeni c regions and/ or proteolytic

woERS13h6e regi ons. Such chem cal nodificati ongtnbesdRess1
t he polyner addition nethod of Bednarsaki and the

producfs BecaBieRe SoecPledilel R P nddanien et Seni i Rp Lol gne
intrinsie a6l GREES the PIAT! wia6t, AifferbRAY SNt AiovatsOf PHT §8re explored. The

Bednar saki denDnstrated t hat pol ymer addition inproves
chemispy dwsed foripegylatien of BAEtvasithe agylqtisarnf theprimpry aminggef PAL using

e 0 G R AR P
methylpdil@SlﬁhylehB glyeol)i Muylation vaﬂzmemosymc} NHS diométhexpPEG-8PA
the in vivo therapeutic half-life of a protein such as
results ppan mmedlr)&éefe&@t climisaies dbg e h&fgeoﬁﬁomah%%@@ \prgpary amine.
di fferent PEG PAL conjugates are synthesi zed,
characterized in vitro and tested in vivo for L-Phe
reduction. In order to both optimze the potentia
G. SFLECTEONANDEGREBNINGTASIAYSt 0 identify the preferred
sites of PEG attachnent, a design strategy is enpl oyed
wher eiHor peddpeon aehgiréenigmof ativePAdor AT vatientdggitia mutant

of PEG attachnment is varied. Methods .for aring the
clone exprs5TIaR 3 WAIZSGRY o éheplfr@g\gmecm%meﬁ%ﬂn @éﬁeﬁé’i‘gls & the fis-tag
vector &gﬁ?@g slot&ybieR, $ichRg lﬁ)% ﬁ@h &%%Lch‘é’le{t@purlﬁcatlon step for
ethylene glyco

nder con | I ons wher eby
protelnbauamiesolamrach ehtemleo n@e@nngmrseenPE@ o asgd g0 1®ntif}( fayorable

t.he reac e the
proteindabiant; Ml Host SR So aBltertat FipsRTaREEnafi andpslqegon for
growthelhfa?heﬁ)klﬁlahi% rahﬁétk%)hi’&E ' é’dli éfraﬂf A@Sccﬁﬁl}btﬁ&ﬂbiescreenm can utilize
rent types and anounts of PEG were expl ored.

the OD2A@ absorbance segsuremepediddginsoBiosherpaABiophys. Rge. @@rymamhéﬁ 246-
253 (lén%é?%%ﬁ%rﬁb‘éggrﬂghqmr&?&pgt plP A&sfﬁ%l rf*'gnalf}, sc[}lggn?gs kg pr&eolysw

resistar{cé €hsipg Mchbatiinih Thelpresonice af paddsy cookidil)lod; éllenmtvbbyl, pol
yet hyl ene ycol). Acylation with nmethoxy-PEG N
lmmunﬁeft%saynerhe%osdﬂsme sampstisiye %H%meumwa@ecmh%ﬁ used to identify

e charge fromthe original primry am ne.
féwnﬂﬁégﬂhagggﬁ?hﬁethods provide for a substantially

hormgenous m xture of pol ynepprotei n conjugate.
"Substantially honogenous" as used herein neans that

H R RE RO ATk AcG AR eI BB CRRBH R
and the_present "substanti al lé horm enous" pegyl at ed

A)hose which are

honbgenous enough to display the advanta es of a
honmogeispsessrieipderiands dlrectQX to thg dreatmeng pf & varigty of HPA patient

popula lrvklglgo e?ﬁ)g Iﬂ}:ag E&$hﬁ£@t@l% lukd Xf 191&{‘ ﬁ'ﬂpé%tléxgstﬁ telether al?ne fr in
comblrfaﬁbn usth dthbrttlﬁ:ﬁ'ammlragm&ﬁs afppmmgiegHPA and/or PKU In particular,
it is contemplated that PAL compositions may be used to treat that patient population with
phenylalanine concentrations that are low enough that dietary intervention is not normally
used (i.e., patients with mild HPA), patients with moderate PKU, patients with classic or
severe PKU, and any subpopulations thereof. Such patients that are amenable to treatment

with PAL compositions to ameliorate the effects of mild HPA include pregnant women and
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descri bed herein may be sel ected from anong
wat er - sol ubl e polyners or a m xture thereof. The

woRbeis35l ubl e pol ymer may be sel ected from t B TaiRWR/006661
consi sting of, for exanple, polyethylene gl ycol,

infants %W@(@géﬁ%ﬁ?&%‘éws c?/fj 1 Eg%l é/@o }6% dljﬁtvagpyi pitient populations, and

their diffraRP BleYdpRUfic ndedBOArY AiseRNsk& NEfiRtherl@dtal By Ihe Peeseit f6tion.
co- pol yner, polyoxyethylated pol yols (e.g., glycerol),
HPVA, X &RbodiMents ¥RthPRkeht Nen@biF AR, ting cl
nono- (Cgr@lCléE)[:E ? koxg-S eo‘gjreyel oxYy- IF1>EG; tha:aérsegltled fo treating classic
severe RERDbeadromystdt@, to mt{hj@p B nettnheieytdetedltiict -is nerobimation yvllth a

r bonat e .PE cel | or ot her. carbohydr at e- ba
compoSiBhY Fplsifg EATCH A 18P REEAIE et VARG By St Bregeot
wherei® thel dbaibihdieadMhialsthafion 6f thipedteintreitficRl lddg Qﬁ@ PAQES efRttive to

recipitate in an aqueous environment, such as a

lower tgh pmwﬂ@@lnmor@nnﬁr&tm ke phasraa phsajdraubjenips bemparad thedd

concenffuigi B AR AOEHgs o £y R REERGY PR aioho ) REPAREIRE atiifon atso

contempliadsB€iHE b paddnnefeary bl Itas HIPA $9 aEmeiietdhgenths ferBale a
wat er - sol ubl e pol yner for use herein is palyethyl ene

proteingesteigied digiin eqmbinatiorprith PAJL osa hiojesiceally achy¢ Q@fmllvé thereof,
such th?Jhtylg %hm‘oﬁle aﬁﬁmgt? (}ﬁ){ﬂg&gﬁéﬁﬁt&ﬂ—\ksﬁflctﬁ&]&le{ Qr{ AEfIS gﬁ&tlﬁ/e to

ave en use tize ot elns

lower ths phanytel{rithe €driObntadtiomiy {heaplaang{ bbHithg -ppm?gnylﬂt \hyxlnem @s compared to
col .. The prqportiaqgn of p e l.ene co
such a 3%1%@%?@ %fep? Rgerp ﬁaadeceaﬁgé %%va or. 0 spesific
dinfi&hd, tl?e?&}ﬁﬁ%&ﬁt%fn Ped for bRRGERAA Mani ?&si‘silhﬁeel d18 greater th
embo general, the optlﬁuﬁ?raflgﬁlé terns bf effngengfacf an
420phﬂeact|on in that there is no excess unreacted protein
or polyner) wll be determ ned by the nol ecul ar wei ght

of t hetped entidilriems ofthedalertRheatatithdaiifis@ring AL A GBE@position
of avail abl e reactive groups (typically e am no

to any lgldwasa} that basePA, pharacieriged dytaplapnaBhg eqncgrtrajion gregfer than 180
uM pnglgl:getflgadmlms ralilf)ﬁ %??AtLh i HP lla_ll;glgﬁjljltae felff qu&t r8<§u rll d rease insuch a

yher use ewer er o ecu

plasma"ﬂ]ﬂe“cbné'@hﬁaﬁ@n af thapatehtt (ThE fh@etﬂdd%tcﬂ' ltllib 1n$b1mdnaMlee useful in
branchi ng of the polyner should be taken into account

treatingeinfas having PR elrsacienized hyeancgleyatedaPher eonpentratigas of between

r
e 00 ISP AP b B, SEAF S
apphcaaomtcffairsltah@aua&\tlwai betiveéretheniges oM ar abdat3 @ alontsr
I engths including but not limted to 5 kDa and 20 kDa,

Chara&érigtiéd df Sévedé Cla®ical PEU didevrelirds b @rm)nymemsreof
including but not limted to 10 k and 40 kDa.

sone eRbadiPRAN hianiftQS i plaBRPPha tbAent:886H LRART than 1200 uM

contenpl ated herein, the average nol ecul ar wei ght
and maythefourtd tolbe aschlglbanﬁwﬂoovlk Dati¢ntsthat bave th@k;bmrder must be treated

with a % frgegéle Oé‘gﬁ‘l 8:1)13\% t eH{ p aglplg Phé ggx?c%ngg r&gnsé down to a level that is
clinically acceptable (typically, less than 600 pM or less than 300 pM). These patients are

only able to tolerate a maximum of between 250-350 mg dietary Phe per day (Spaapen et al.,
Mol. Genet Metab. 78:93-99 (2003)). As such, these patients are started on a Phe-restricted
formula diet between 7-10 days after birth and are burdened with this dietary restriction for
the remainder their lifespan. Any alleviation of the strict dietary restrictions that these

individuals are encumbered with would be beneficial.
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I's about 5 kDa to about 40 kDa. The ratio of
wat er - sol ubl e polyner to PAL will generally range from

woliods/{3576MNOPEG, 2:1 for di PEG etc. Exanpl ed@/us2008/006661
t hrough 8 describe the effects of pegyl ated and

Rnodoohs rat sty BF Wb SBATR ARG RN TSl A are describes

in furthey deabdelosy.i Tiesblostsitave mmleﬂohmaﬁéanMﬂl cla@t&al%luere PKU
produced b t he .cyanobact eri um Anabaena vari abi

requlre(%ol\?m henylalasinsdieilarkne 4'ePediatri Neyrabk 28N@8-250 (2003)) Thus, it
is contggﬁgfealﬂ?ratqﬂyﬁl%ﬂﬁﬁ§ b thelfvdlfibn %L eﬁgfl ({gwrﬁmﬂﬂé PR tl{é%ﬁlant is
IS honobzygous nmutant at the phenylalanine
sufferillrg/ﬂbmbqldtsa&el Biebeby( xﬁAiﬂ}orﬁng:uhs praemaIPlhie rcgnctemtranomnf tielindividual.

wth severe henyl al anem a. s, the.hi | asma
The paljiints THeh deniog (b PHBY S8 rRRRBHETIAL Gom eI aIen or

comblréﬁ%élﬂfeh@f 2 10RJRbtelmMiceMAI AL 5ig, thianakiid bxtoYlué’éd at least a 25%
enyl al ani ne ammoni a- | yase (PAL) to reduce pl asma

decreasehe theTplesrad Phe tencehtrgeanglofithecpatingt. o spmgehbodiinénds, tise method

will pricusi bSOV Fate- B i e Hlrsein P LP Ao AP P b s, the
methodPWAl ?@dﬁ& £120%D80%060%, 1 T®%! 8B4 309/ Dh eMatér dB@ease in the plasma

pegyl ated fornms of NpPAL and AVPAL reésulted in greater
Phe con@mrethnbﬂf the pmfbhl}illl&ll j Fample, whérewt@m with sevsge Flapsical PKU

has a Pﬁg ggr%’ebﬁgtn?nv%ft %ydo% ﬁgcr!:\!gg ’Aﬁ‘ h% é!'q’tra ion, “ﬂ}p IB;ﬂ_duce a

respective Ul‘t suc

plasmat%eroedcmaabﬁ%ﬁﬂw pM] ermhaénmatmxe tHae i:s&duﬁﬁcllaitly low to require little
mai nt ai ned over a ten -vveeblpé)e%i od. These studi es show
q

dietaryresgpctipagy Of coutse.gt shomld pg ot {ahibis diceianeni metkads of the
presentHHO&ltth]hg h@f‘ rmg@ﬁ%%eﬁléﬁﬁhf P%lej dﬁsk‘{lﬁ g)?feztﬂﬂ dbfRribed

reduci ng phenyl al a sint cted
herein)nstoald dtreeniitito thwigshe plggres Phe bariceatratemslod thecpatient @ritvadd as

close tq g AL ERAHT0 581 BREDout A0 AN E15 OV 2 SRR A 4 optimal
range o%%ﬂé(&t%%jmﬁ’%?%!&ﬁ'zﬁﬂ vv| th reduced i mmunogenicity.

egyl ated form of Nostoc

tif PAL PA th
P mundB WP CTPOIRE dhe MABLAI b fnePur S5 5] herslarsieat BCU
patient ‘bfem@ﬂfk@%@ﬁ@réﬂ%bécﬁﬁbﬂn‘ a’ily%kouh{%f’lﬁfkéstﬂ&éd PHsm4 R concentration

reduced i mmuno en|C|t Speci fi c enbodi ments
that is greafeetign 40@0 anypl hwlsv¢lamtss legs tkméﬁo uM. Of course,
even 1f€l§e?%’ogﬁl§m§\cﬂp %I‘Fleﬁgl%gp ngfr{ %g‘o Xrbdlr tﬁg(é} telg- %ngcteg d1 roduce PAiésser

decreaseGh phistin i@ ogtentation,RHE) to d leﬁmee@Vdéﬁ(XK)Uﬁlleﬁo about 1200 uM,
lﬁ)eg yl atl on i s achi eved by reacting the NpPAL or. AvPAL
this wil be vigired i @elipiqelly perfubeuteomeof the dherapy because patigntsghat have a

plasma {75 Spgeniigton i 1R cartaee (RTeeaps Py Bt e g e

amountfofiphbteuraini the tiet asnab;idsed wegyihg tiiPha- resirxeteh ferwada, tkéralgy a:sultmg
ina maﬁ@giyﬁg)?%{?%tleln? 119 the quaIxtyM%tlJ}g gfs th]:: %dl aarlsl \rz]vgll ta? Feading to greater

patient compliance with the dietary restriction.

Any increase in the amount of dietary Phe levels that can be tolerated by the
patient as a result of the treatment will be considered to be a therapeutically effective
outcome. For example, it is contemplated that as a result of administering the PAL therapy,
the patient will be able to increase his/her intake of dietary Phe from 250-350 mg/day to 350-
400 mg/day (i.e., the Phe tolerance phenotype of the patient is altered from that of a classic
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PAL variants of the present invention are described
above. The invention al so contenpl ates re-pegyl ating

wd fes/pBail ated PAL variants for reduced i nmmungggni20dsyos661
In some enbodi ments, the pegylation is achieved by

% [ ith

PKU pE,tE%(f 'id ngtdg%é ] ap:'%ag 6‘ ?@rcg £ 1?#% ltdvqecci%s?ﬁbfg'?{a?t

therapduaa$ﬁtexireﬂt1(51 ta@ght| ledeih would alidw H&qﬁtleﬂl t8 incredse his/hee disthke of
PAL; PEG ome enbodi nents ation is

: I n € peg
dletmygae.fmaswsp A1 AR NPl endprb i e Rhspelape of the
f t

patient %%?e?%% i(":r Stlel%t; tcilé)gr?{mat g dragtgri\t éb g‘f?ﬁdd PKeUa' %st i%lit) %IIIH some cases,
to allow ¢laspatientitothave tin irgalst ofigreaterathah 60@ mgPHe/daydy.e. anorlrwdisltetary

1:4 PAL: PEG In another enbodi nent, the PAL variant is
lntake)an AVPAL variant, and the pegylation is achieved using

a PAL: PEG ratio of 1:3 for both the first and second
Charagieristics of H4-aerrespassiveBRLLRatianss and Methads g tTw@ltment Thereof

re- peégl&/l ated PAL variants of the present invention

gener at beeond gprupsef natients tha sambpe fregted wﬁbtthmgleﬁlorimf the present
. var |
1nvent1§ﬁl &eggése}MHéwfﬁPK%l%tgéﬂ}ék’g %geexg%%é%qut gleglﬁtgﬁ g)}asma Phe
concenffatiénsikG @5/ @upcentriatidn cHat & greater thlue20@AM, ibanhave been diagnosed to

pr oduct ( s) g gﬁ{reacu ng the pe%l ated PAL vari ant
be nonmmnw {reBHgt émg(ayéis rgingd by Be B lgpdingsrst desgribgrbbelow).
re
Such pREGH b thefilte ALABRRRAMR D, A B PRols PP
concen(rat)lonsarfdlp(tdﬁOO i), mdlgldudde thiat hate mndm'a!dll’tﬁlﬂ Qz)e BesaalBke
ific site cation m

concenlzAgear Geh ey S90O o ABOYLABD He St of pifiens tchaplassic
severe Y’KtU @Rt plddida Mle@dhcdntgiondihd %%H&ﬁe? todn PXe ves.e

expl or ed The chem stry used for pegylation of  PAL was

the ac

NHS- esﬁqﬂeea}ag?ﬁnetaﬁoxy cﬁﬁ&%ﬂén@% BER1 tﬂferaBﬁLaré@'v&gPIAIEQn
combir@@oh mmﬁmdhmdmnmdrm pf ptdin nyth)efrrda&thly bideﬂto decrease the plasma

Phe coffenTEI TR RSeTr. PR RO ApEEsHe SisReRdtfrion;ape suph thatthe

admini§EtRR Jf 'P'Maﬂl%dﬁé'@t n?t:ét@f' A2k &3e I @e gi\iﬁﬁﬂq)lfercgﬁ&édﬁ%tlons of the
original primary a . G SELECTI AND SCREE

patient ASSAMBarEd to ]cheoimxcasmtthaiain qbr@hlceéwiimgh@ianm:dlcmey puatocot

L varlants tla rruta reSS| on .can
adminilere 5 ISRy Sise o Ry TRy 0t TR SruBeian "ot that
restrlct§ HelPhRSniake bybfovidigg myhméu@mﬂﬁﬁlspr@&usmm that has a
facilitating a high-throughput netal chelate )

diminighgd jamogat 9f; esqr@bemﬂviiy edistars restiintiongoriabe epe which simply
requlre]g 'El{a‘?% tﬂaﬁ%ntslﬁflg?l;‘y/l\q}:g ro?éx?#lg)%t%ﬁﬂflaﬁfz Bﬁ?rgevteﬁeéelgfﬁr%fr?g% the patient
to eat rlodﬁﬁlltfof)dsmﬁfs wrlimAed geantitiesinsf or mat i on and sel ecti on

for growth in a phenyl al ani ne auxotrophic E coli

St r ai IMTheAh&r@patie dh%éﬁ%s@ﬁsc%%e& %!r' dl&sR:QDPHU' ﬂdtléﬁtstai’@
) 0D290 absor bance neasur errent QL Bi ochem
incorp@pige it thepresentsentign by r regu;g_ The t erapeutlc outcomes for patients

with moderate PKU (i.e., patients that has an unrestricted plasma Phe concentration of 600

pM to 1200 pM) include at least a 25% decrease in the plasma Phe concentrations of the
patient. In some embodiments, the method will produce a 30% decrease in the plasma Phe
concentration. In other embodiments, the method will produce a 40%, 50%, 60%, 70%, 80%,

90% or greater decrease in the plasma Phe concentration of the individual (for example,
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253 (1968)) anenable to high-throughput processing.
Finally, screening for proteolysis resistance (using

WO 20684381760Nn i n the presence of protease cockt gich)usdsos/0os661
alternatively, inmunogenicity reduction (using

\/ LS e 0,
were 8GR MBS TERUIRTRALS b EORRFAER, s, o0
decreaééSEfﬁleANEB: mmmummo@amwﬂmmmaﬂmﬁhm 100 uM, a

VARI OQUSFORMS. OF HYPERPHENYLALANEM A (HPA) The. present
concentratjemthap s suffiqentyclowdorequiredittle gppadistary fesiriction)-et y of

HPA patient popul ations wth nethods that conprise the

use ofln Fsme@mh@dgmnt@ ke plesma Bhe gonggatragionsof the moderate PKU
patient%%ﬁ%}trneag dalgﬁg u n her t ﬁ.l%g §fr’| %.m ggd n?a{sﬁia Ith% concentration
that is BaWeePO@ LMDt 1280 th;o ﬁl@ﬁﬁl@ﬁhh Pae &vﬁﬁﬂ‘lable less @lhnt 390 pM. In one

treat that patient (p ﬁul ation wt h phenyl al ani ne
embodipsi tigatmentatish P Akt (cither along csip e biRen WiitBtaggigtary restriction)

is
produc%:ny{x gé%g%;e ’119 Eléltkt?lg %‘g cef?&ﬁ%hég\é lrég qo%é Vel ’og ?%ﬁﬁ?@béo W fb about
400 uMJ webish evill ibe ssvardeaskdlinicatlg vaefyl sutbgrap of ﬂtel thmpy beraesd patients
Such patlggts that .are apenable to treagg; th PAL

that hayQABlssTA T oA SORSIEARPR B s aRgfecagmanages e difrasy 6y mPLY
restrictiddCtht 908k inYATRE dRPAY (ﬂgﬁgédstovéahﬁg aPhdFestricted formula.

concentrations of | ess than The vari ous
Indeed piatrhamyt stpdipsy litis itangbt thahshichipetientsiitfay evem eattahrermpkdiet.

needs, are discussed in further detail in the present

s ect [ anny idercasd in theramdunmoftdietardy RH&de\misaﬂmm:ani bevteletratedby the

rected to treatjng classic evehe PKU

patient 33 mr?ﬁ%tt%frthqqge t@efwlﬂs'aﬂaf@é P Srmpeicnly sessive

outconien FQ)‘P @?érﬂ?lte' 15 é’&nw?n@afég ek b 'r@s'ﬂlt‘b‘?'iﬁﬁﬁrﬁbt@ﬂnf fﬂe PAL therapy
bi ol ogically active variant, nutant, or fragnent

(either tloae @0fin cavhingtion witk odmnﬂlermwd imiteriventica), the patient mall be able to

inereas R rapREPAiFRE Bt EemcDedDme el I FmeBiey LF e Phe

toleranS/Phe@oty o f e hAieRelislafteediffbnt E12€ 6N4 hiddeRRe PRUtdAient to a mild
absence of said conmbined adm nistration. In addition,

PKU patignt). rdeenuirssnitayeydd beo desrmblesthatsthe thezarentic inteyvenfiparigught herein
would 21%1\:9 nﬁatﬁ%}l t%aﬁcir'effé@y/}t‘n&qmaﬂé §%&\1 aFfPflé) frBFlﬁE’ 5{9 A{Bﬁ r?lg)%ay to

roteln-res in co
have albirﬂ?dl&gjf(g@édtet tha 600em@@hierday i ve, hditlabdictarg ithke)hat  t he
conmbi ned adm ni stration of the protein-restricted diet

and F’%vemf@&fpaﬁéﬂt\b@ﬂgqréams oh&@hB hedhyfests dRiyBild PKU, i.e., has
concentration in the plasna of the pregnant wonan as

a dletalb/cakbmde oA 360 @gd’énqc@tnker/d@y)cmlluh@n@ﬁiefr@rbghmBéLd:ased therapies

of the qrg Sent 1nveI téoncon?lgs'y F 15 desf %blg £y apro (Izseganr?d% 'ﬁz&[@lﬂ%ﬁgf?gé S

concen&b&oﬂ ﬂMﬁisS‘as @losat®eB60 RN 43(;211\?1% pé3site¢. Boxudh pridrds, @h

the invention entail adm nistering_a PAL conpositjon
advantageous therapeutic outcome will include at least a 25% decrease in the plasma Phe

concentrations of the patient. In one embodiment, the method will produce a 30% decrease
in the plasma Phe concentration. In another embodiment, the method will produce a 40%,
50%, 60%, or greater decrease in the plasma Phe concentration of the individual (for
example, where a patient with mild PKU has a Phe concentration of 600 pM, a 60% decrease
in the Phe concentration will produce a plasma Phe concentration of 360 pM, i.e., an

acceptable, normal concentration of plasma Phe).
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to any individual that has HPA, characterized by a
pl asma Phe concentration greater than 180 nM prior to

wd tees/edmeni strati on of PAL, in an anount effeqdviesbes/006661
produce a decrease in such a plasnma Phe concentration

of the,Rahk %Mbodm&tm%@gﬁ?g Ehé p&lce%%ﬁ QP ¥ hlid l?’kéj patient

useful intreatin aracteri z
being tivatedris eddaved ﬁde%hn@ antouneof ﬁ@t—te@m&t@ﬁplmmmc@fcemaron that is

bed h
between.@@ai\? SIS S Redey el inacat g 190 Eiff' Dfeotse
even ifithMredtheREVHEPATL Gﬁhé%én@ér ifl cbAbAPAHL \V:f@l olggtné:%uon)

aracteristics Severe  assi cal PKU an
producds & kesser decréierie plasSevRieeoRéditration fees | © 4 level qﬁ Ibaszvmnl‘z’lﬁ)é UM to

ngentr at j rea er than 1200 nd y, be found to
about 8108 HHIEE Fe5et fis Bt vty e fretdy’
di sorder nust be treated with Phe-free diet in or%er
to briMYy PrEase the ameantpfdietancha leygls 8138 capbmtolesatgd by the

P
paind XS ) b ) 0 AEGERLADE Ukt aky ohEss.
outconrcn |For akdmple it {scdontanmatad theat iasra nesait o admasteﬁﬁg)P%ﬁhagpy

(either Hore 8t e raigyon whe bRE lereheute Mt Ffpry. hF BRdL el e able to
increas@ 'ﬁls%e? hakest dik@abePhd R6mU0-6005h %Weee fhe PROtdI@¥Rce phenotype

after birth and are burdened wit s di etary
of the pa@sntrls elt¢red fifonr thahef a Emldlﬂiﬂématlm itp a ImlfdaHBArpatxmty to allow the

psie 8% 15 B4R Pl MR E5 R e

benef i The tests used for th nos
e v e Reimate YR e PRt hehe v AT R g, the symptoms of
non PKIWHPRAEY e d8hSAd el@%t@d‘ﬁ)laﬂlﬁ Phe ESliteﬁtrQl?di?ofr @’@%O@%N’Ihﬁﬁt is

patients with classical severe PKU require a )
otherwish eHyWesll tondat @ ndimeal grotgokdicewilhbenefefiomt FAL Ithmami of the invention

vcans A2 A RIPR el e S R e o

of suchtlh@lvnﬁfalse Moresvériad @kdudsed beds CP AB $lhd?@éeu81‘§h—ht@x\ﬁentlon of subjects
nonitoring the pI asma Phe concentration of the

with spegjgl meémﬂg rmegnash tvoaen and infaats, ismagicadprlyyimportant even if that
patlent’%gjgé3 rl%@@s Q{eq}&@ﬁ{%é oﬁ?rgéra‘g L5 3ﬁ%\%€l g?gz gﬁ%ﬂ?&)g#

h 25% d in th
Mate"wPZ’Z&é er@l M@Zﬂ?ﬁ%ﬁiﬁs?@? e patient. In som

Che. piERe s fonEahbrFa PhIcPR b PRLF wameh B BRIt onception
and thds®@ @ hoRtd oMt s f?ﬁﬁlfi‘iéﬁ?b&a&&%f tﬁ@s@no@g(g&nszgl{éncgg)% thé @e’(‘hs

or greater Sdecrease in the pl asma Phe concentration of
exposed bteevendhededaialy e(l¢\@nede8&mipvds innierce r@gap;ﬂcssexfttha/\PAH status of the
vere..cl assi c s a Phe..con centr
fetus. TGP BN B s IR BB RR By PG HipdFlant i lRe first
trimesté sTPi€hadcyp a8 FaTRIrEhLachfvedbqinitd Eohtdl wABGestilin disorders
concentration that is sufficiently lowto require
including mi¢recephalyamentad defi¢ierqysnd. coagendtelhenst diseasehoul d be

understood that the treatnent nethods of the
For example, the NIH Consensus Statement (vol 17 #3, October 2000) on

phenylketonuria reported that exposure of a fetus to maternal Phe levels of 3-10 mg/dL
produced a 24% incidence of microcephaly, whilst those exposed to greater than 20 mg/dL
(i.e., greater than 1200 pM) had a 73% incidence of microcephaly. Likewise congenital heart

disease was found in over 10% of children exposed to maternal Phe levels that were greater
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present invention (whether for treating severe
cl assical PKU or any ot her HPA descri bed herein),

wooeeMsgrattenpt to | ower the plasma Phe concempicirals2eu8806661
of the patient to Ievels as close to a range of about

than 201o %%cﬁjvl Itmpo%gﬁ%flg ﬁ soblje n ngd rTlmt ?ésve Sfal{h%fiﬁat%\%l&r? 6 %%dL
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concenérﬁyoraﬁ%wmneafwx lbfarms of phenyiketopirpheveadhessinanitestpg the

\V P
mite 12, bsPECRU SRRYP AN b koL PR )
syndromnﬁ{del@t rthmadvepﬂablm thﬂgeﬂételalfmi thhplasnnaﬂ’h’e nemmtraiiimtsmf PKU

womert biuRe baeh Bred 18 (GS. e ganeet PeBua i meab shts L,
which Q{Q%ch]}ﬁgper% thBhse WoldL Reldr&WRENARICA 6 B r@%r%'t Wmen or the

usef ul conme of the therapy because patients
1-4 mgfidly thatagelvaedrin Phshcanc@ernraatalioresito dnhmsshrthmgdcscxzfrdevelomng

t he di sease by sinply restricting the anount of
matem"f%@@lsﬁ f19he di et as opposed to eating a

Phe-restrjct.ed fornul a, resultin
i mpr O\éﬁlﬁéhﬁr importaRt C@aalﬂﬂay%f TI)IHT??é‘aB? WPﬁlgn lmﬁv.oaaraﬁ protein
intake. ?%gﬁﬁ% }ére%ﬁaﬂc?ag g tadlf ﬁh@i @BmBﬁ‘Ehtes'ﬁYﬁ&&{fﬁert@ﬁ%c%s‘erit has

tary restrlctlon y increase in the anmpbunt of
been supigestad thaPhdow pragéia d1¢tah1rmg mrdgaamcryl wilbitesult tyretanded renal

t f.t nt  will .

develoB b ooty i dedictinn ik S s Rt P eahfutsiand Sotsptialiylsads to

hypertér@ionax a@ltiRod {D1AZ0SQRS, NTHB!. quetiaquw)ansasuM (9(503)) The
adni ni stering the PAL therapy, the patient will

followiag|table pravides @agr@phns gwidelines tf@kfée mcomrmnalpg} tqﬂhledlﬁﬁa@mrotem
intake ﬁ)?gaﬁéﬁ)s lr;{gfvg(ﬁ}élt o 350- 400 nyg/day (| ., the Phe

I'erance p enstype of the patient is altered from
f l. K t tt t e, PKU
ot Fale 7 Uaifed tes Gt e ﬁﬁa@nffoﬁgw Regpurements
I "'“'f'f""f"_“"f?'f“?."7"‘_“" ChAg R

mmmm.-'_a u-‘ﬁ‘dﬁl :

t hat hifam cl assi c| PKU @mionthstorledsa m | d PKU patli3ent ),
or In sone cases,|to a6 hewttshieyqaat 1 enf to have 1an

'ntake of greater|than 6903y fherday| (1. €., negf mal
et mdfew ake) - aract grd SIS of —BF4-Ton- TESONST Ve

nl/JI Tl |
FN\U rall CTITrS dI[U VIEL"I[UUb7lI Tl Cd.lllﬁlll I'TIeT CU1 DCLUIIU

NnAat +t hnat
2f t EM@‘@S:QQM Lnlenti n:JTg[lAcyela-Wncﬂ individuals 415hm‘
have been determ hed tolfzbear el evaled pl asmd%Phe
concentrations i.p., any d8fdentrati oph that is 5§reater
than 200 mM but have beedsdi0agnosed (o be 63
non-responsi ve tol BH4 thergpy (as determ ned b3t he

ront ad \Al + h
TV

BFA Traafldg Test [escri fed 408LAW - 46
' 15-18 years 44

19-24 46

25-50 50

51+ 50

Pregnant 60
Lactating 65
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Such patients may include those individuals that have
mld PKU (i.e., plasma Phe concentrations of up to 600

woaWs/ 133 vi dual s t hat have noderate PKU (i . e.pcti2868006661
Phe concentrati ons of between 600 mMMto about 1200

(. 85t 0 B oV e DR i B RS, e

recomrﬁé’fﬁiéd lﬁ@tem-ﬁfiﬁké) &r wérhen bhéttildbeariAg Bgé @SR ORSY then 150) BHom about
herapy are given PAL in conbination wth a reduced

44 to SQrsfﬁm whereps BreSN#Ntiwprelieduigs are reqomypendediap intake abakout 60

£
g/day. (REABEIR (O OnEOT IR, (B0 Bhmet e Bl g o prognant
womenaid i ﬂieairdatdfabomﬂ(]?@(ua)pmdm gidayp Thwatlernedé o eesiee that the
the plasma Phe concentrations of the patien
plasma&@ﬁ;f&ﬂ%lt&aeov%ev g‘étfrpé%%’énE wamen éreﬁr@&u&@atralﬁqﬁstf%her
comph(?!z?téﬁ3 bﬂ kel BEhEY tﬁfs%(i&!lp SEPR O Jﬁh@ﬁtqg dlfbstnli@re@ 3ﬁarpflon-
erapy. The dietary rest FECtToNns may a diet
pregnantl’i?;’KUrfemBleB of sommpmablkage.nt ake by providing a synthetic
nmedi cal protein fornmula that has a di m ni shed anount
of Ph dn@ievabf henbbve/ el iy cotitbmpihitel thatyP A shierapiéd ofthepyesent

which sinply requires that the patient limt
m"entlﬂil w% g? Parsiclarly qﬁ?%@ 4} PYCERANs RO Ehlé\?ememlaég‘%thg # ¥{pgnan

sufferift ﬁoxﬂa(fn EFﬁH?@‘thQ E%Fﬁaﬁ? g?fsl&)ﬁt%ni&ﬁa rsﬂs ° g}rf will be

ant |t erapeuttrc outcones
placed oh assica Iof PR thatapg e snwreethlahbﬂrpﬂnmmﬂ&& dontenttatien levels are

sent sec The.t hegapeutic ou
maintafigl a5 s B VO AbR P iee Ppre B STH birse BHERRRS would
allow tﬂﬁ&v&ﬂar%nﬁ&teaﬂeq{ee%vm 88BN Brotn ek at i on of 600 M
O MV include at |east a 25% decrease in the

pI as 'Tafhphﬁscﬁg’ﬁﬁﬁ B fe@%}l’s g@a}a?{nam@ Bideh&Hions' AR Begrees to

enbodi nent s uce a 30% decrease In
which such Phe aeneenfPheonsehoelt baadacmased disaistedrheeerh abloveeart sncorporated
e met hod roduce a 40% 50% 60% 70% 80% 90%
into theoPreﬁetnéé‘Ecé‘PngA%rcf?rS RAEWOMAR. bl asmma Phe concentration of
the_individual (for exanple,where a patient with
Manang@lfém Tnforys pod MashedsafTraatorest Thereshit r ati on of 1000
mVv] a 90% decrease in the Phe concentration wll

pr oducdss disqusspshherein dhroygleri it has kean getenpmedithat gn elevation in the
plasmaﬁfflt%%?ﬂ&rnﬂtahgﬂ d{ @?&anté Ea §§J er é § g/%rg cﬁ\{yestuﬂs 0 &ghff%ant drop in IQ

of the chitdoHownts as hhsebwnaﬁsaﬁsd%elsewnelenh tied spetigicabion, [patients that
noder at e PKU pati ent bei ng treated is reduced from f\
have elgyaiethplagma Bhe s%@qeptf@wsm faapwher ap o ALGHM de netnarmatly Teceive

any dxe{tzﬁgiﬁﬁl A essl Otﬂ?‘lah ng%gg'gptge H%Bf)ze’?@y nﬁggﬁgﬁx gé'éesulﬁ%}’ fbm

one e
signifidaneddleteniousviffdetsiibm (e prlesent dlemameso rThennstatmapphcatmn

contemplaleh 5FPRE Agh LB TAIeGH keFicted Blosyt BB Ao bR BRGRLAL is
greater:%ﬁlagl 189 1 2PoUM 48 dﬂ(kra}ﬁ@ﬂtfé@oﬂﬂoht@ﬁ thdt %Eﬁlgn@@s AL in order to

clinically useful outcone of the therapy because
produce abereficial decrease the plasma Phe concentration of that subject.

In some embodiments, the infant is aged between zero and 3 years of age and
has an unrestricted plasma Phe concentration of about 1200 uM prior to the administration of
PAL and said administration decreases the plasma Phe concentration. In one embodiment,
the plasma Phe concentration is decreased to from greater than 1800 to about 1500 uM, about
1200 uM, about 1100 uM, about 1000 uM, about 900 uM, about 800 uM, about 700 pM,
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that have a plasma Phe concentration in this range can
manage the di sease by sinply restricting the anount of

woRod/firel N the diet as opposed to eating a PpCT/US2008/006661
Phe-restricted forrmula. Indeed, in many studies, it is

' i t
about RN 55 S 38 S TR Y80 4R S Bl S 350 v,
about J0ANNMeabioult evawﬂ abyutt 259 p[l\ﬂtdpeﬁfadﬂlsmﬁraftmu ITh otHer tMmBodiments, the

. treatment wll @ﬁg consi dered to be a therapeutically
infant igfaped beieeRHZRIEGRE 3 NEBTS A agrpnehas an ynsettcied pigsmadde
t I
concenftAfiby 8Ferdafcl Bidh 1260 WARIAT i Plachl RHRSofmdbliph Becreazed to
about 800tpd‘vlyemb|out1500 p e optat abeat 360 UM, lupomh)dlmlmslrautmn béﬁAfk either
hi,s/ he nt ake of dietary.Phe. from 350- 400
alone o} GocHBPITHRP I dicto 1RoRs 4 SHILin (F GF SFLd PRAT AN e e
inventibl %oﬁ’t@h‘pfa@és &e%tlﬂ% thed ﬁfﬂﬁr&ﬁﬁ&te@fﬂa@nﬁ%@ rc@ﬁ@enagt%ns of greater
patient to a mld PKU patient). course, i1t woul
than 3aasMrwith BAf Htatpreduse tdheneaqs:eun su;:hl piasmwléhet qomnelttmlgm The
di here&(tgl woul d al,l wth§ gatl to i creas hi s/.her ted
1SCUSSIoN 4 G@Pe‘&}cefﬁgﬁwﬁﬁcg Paght BC%‘G“ /“H‘&f PY° RaDeRo e
herein bjitéikRned. BlirgRt Shydesiaild i I0F ¢l tHedhitidl irestrit®@édBlhsma Phe
dietary intake). Even if the patient being treated is
concen@rnbowell heipensidared diieyapentieiomemne forethe thesgpeytieregimens for the
e R R
restrlcthﬁﬁwsﬁedt&hd thethpsuticaddceedso irpplastis Ehacmeﬂmtiomdn PlchsSfifants.
Phe concentration that is as close to 360 nM 15 nM as

POSEAbR! 21isth@musiibeRoPdibéR8 tondiBonAINGEInAAEAHStration of
therapeutic outcone will include at | east a 25%

therapeydicalbaeiéective amoupts of R Lpweulddieceneficiel diasenigral, peal, or other
standafJpliElbe adxﬂin?s@r%ti?ﬂ@&?{igﬁ%abgaggdgfgmg d 1%1% ﬁt{%(?a‘ri}H frietiibds.

eCrease e concen .
335! ey féf’?é?e @%Eﬁ'agg ;nhi?héép {moﬁéﬂli’rgﬁeé}f Fherapy

P)ﬂufﬁto\mlflﬁ mld PKU has a Php r‘nnmanirntl on_of G(m
ilypesplenYbalisemémise in the Phe concentration will
pFydsioemm pl asma Phe concentration of 360 nM i.e., an
acqirpt abl e, normal concentration of plasnma Phe).lIn
sonme enbodi nents, the plasnma Phe concentrations of the
mld PKU pati ent being treated is reduced from any

ﬁi)f,gmp Phe concentration that
2. ggﬁlgfeo to any plasma Phe |evel

E ?2; t h’léilﬁtp§§s%9{1iﬁg§rﬁgo% é?l% eg %}é'}a}%uu@ Yn‘%%r.fltlotn[ho% PKU/HPA.
Such inverdvBntéordis ®hsadyinitiatily Ithhd: ose)ofmmd,uclﬁsh malydrared dlea¢ enine

in plasm Phe concentration to a level

combinsphsat Doen A B0 uriiD P Al Sidlar o reHBConiBe fgther be
combirkd St bthe! ﬂ#& %Yé%onggkb%g%@ it afélfes{g%@& Gis4 e)ﬁ’ﬁﬂ}ie to combat

I ncrease t rmunt Ietary Phe |ev€l's that can
other mamifestatiad df\PKesuch as for example, large neutral amino acids to prevent Phe
accumulation in the brain (see Koch, et al., Mol. Genet. Metabol. 79:110-113 (2003)) or
tyrosine supplementation. The present section provides a discussion of the compositions that

may be used in the treatments contemplated herein.

PAL Compositions
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patient as a result of the treatnment will be

considered to be a therapeutically effective outcone.
woRbg/sedEpl e, it is contenplated that as a resigdiubosnossst

adm ni st erl ng PAL therapy (e| ther alone or in

conbi [ th |on t he.

pati en %M Rt o %{g%en?%nven "é’g"é“% &7 Rgém?a%% atkcé‘ ggmpositions

comprigin@tefifeyti V3 amburso A1t Or mﬁvdﬁye podacts off ke ifbéntion together with
tol erance phenotype of the patient is altered from

pharmacgyticably agceptable ﬁk@%atsraéﬂtzets@p@swmvesm ‘H%il‘?"éﬁte,‘mﬂ%ﬁefs
adjuva@tlé 898\/0} Eﬁ—é %t 'S‘ﬂgh ch‘ﬁpB%g?rrlm cliljx ?ﬁl?en% > of aagﬁ);u? bufti@Dntent (e.g,

Tris-HEY Iphbsp‘ham),an aneionid sttdngthp addidnes sush as éemiganmdnﬂ solublhzmg

i h P P
agents (4 gy I&?@?fb?@?&*‘ﬁﬁéo 9 W%Qh?a.%ﬁt%#n& &, &y qssorbtfcﬁ%&
metabi'lﬁﬁfeé? hetwrsgivab oy “ﬁhﬁ&r@@i enPl&hoBlanl Shlkith %bs?%lkés (e.g.,

enefit from PA erapy of the invention because
lactosehmaningd)y sschcevm Rémingeinds Ritapmadeiugicd Sietances, 817 didstidna(l 890, Mack

Pubhslwag gll fi gtr(])tgs f&%ﬁg 4835 &Zﬁow%rg;agg En%lg}rlhﬁlgla%lpzoga éaé gy reference.

An effddiiv€ aMRUhi Sfhclie SigpdBR&itSs MHePapeRE&HR prpRIBCti®IE; or
nant wonmen and infants, is _particularly inportant

dlagnosatmﬂy ieffeethierameunt.onhich cg bereadibhdeteraniard by a@ergoniskitled in the

art by ttﬁg?% R&h %‘8%&1%@%}2 thhflg Xl%l %dt ?%ﬁ rh%?h%}cfe)th%eutic goal.

Met ab t | | Ph |
ol aﬁn%%c%‘ﬁ AL torpoRits ﬁ?&bﬁ b Py aR AP anctude a

bufferih R 8inaliRSHa USSP b f RS oRRIoNOHshiA AUISHKISRRES ERerhpl8ry agents
fetus exposed to even noderately el evated P e [evels

includg sedinne pestate cxggdium phespbate: ¢l oding cisrates Mixtuigs of thesgsbuffering
agents Iﬁg %tdsgd Copt %u%l Pr?tf oﬁ%.xﬁtéﬂ% rggﬁ%t gé’J}ﬁPﬂttfxé‘E&ﬁBoén?on depends

al'l'y i'mpor neste

largely @hatie pmlyulaﬁsuﬁfa used end thegathofhe soldeanarer @@ntpleqlacmiel isa
result in disorders including mcrocephaly, nenta

more effigent buHeyatpil > dhangdh ﬁtsa|168ﬁ g ple Fachesed b 5@1%3% pEpH 5 than
at pH 6}) Llﬁ 6)%) ’E'nfl;%ﬁﬁﬁéfﬁ Uhe ﬁ{%ﬁ c%lrnﬁ]cglti%ﬁs o%ﬁ)k?@geptzﬂggﬂtlon is

ket onuri a repo t at ‘exposure o
pH3iNkﬁnaternal Phe | evel s of 3 10 ng/dL produced a 24%
i nci dence of m crocephaly, whilst those exposed to

gr eat efhetdaaiposition® bfithe (present, ingérdidh Ghayt fudtherd idGdeiyh idvashicity-
a 73%incidence of mcrocephaly. Likew se congenltal
adjustipgagent if ieBderdhesalu e IsaLON BPaTore GORBALbleifpEMisGtion. An

examp%é??o?tﬁ%ﬂt ﬂ}(ﬁ[ﬁfe%lﬂﬁh Bﬁ?énﬁﬁﬁ&?gﬁlgﬂ)f qub'g ngyeat ert han

rrportant n noted that |evels

of Phe s%athg e vﬁleﬁ%’ Ht'em%'la%‘&' N L T
10 ﬁ E%? It g ureﬁ?héﬁl

IQof ech i mpérati

"theraptehtecamlyaafﬁau%mnsmﬁt ﬁffélfsadj a@am@ﬁnty\mmh givdsh ddckeak®im@rum L-
of phenyl ketonuria, even those mani festing the m |l dest

phenylgipypine m?éprqyédq%bgﬁ%ﬁvo GIRtERH |Téva am?uar Wil vary feaps ppe fndévidual to
e i 98B OSSR, SR o 36 ion o
the patlent The amount of PAL used for therapy glves an acceptable rate of serum L-
phenylalanine decrease and maintains this value at a beneficial level (usually at least about
30% and typically in a range of 10% to 50%). A therapeutically effective amount of the
present compositions may be readily ascertained by one skilled in the art using publicly

available materials and procedures.
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wonen that have been used in U S. clinics have ranged
between 10 ng/dL and 15 ng/dL, which are nuch hi gher

wo e Bhe 2-6 ng/ dL | evel s recomrended for pr egRamK2008/006661
wonen or the 1-4 ng/dL that are used in British and

o T SR LR g

than ndti9€ PRLE gTigNdosimpeyuesicy Ball varg\Rpéldingdisunethe comiitie being
During pregnancy, It is_inmportant that wonen
'S

t eat
treatedghitfin gersapl yillhesabaubersdtirse pet werks [hisamdsistppddhatdhe deging

frequedbis B BT Sl Sh W AehaP AEANAR B a icles it hikein due to
variatidridén pespbedes bf diffgrbitdndivichdlspotisnPiE@IHAL t@gdgatés) the term "about”
. hygert%nsi on in_ adul thood. (D Agostino, N Engl. J .
is intengigdy to rellgetispch yamatiops,  (2003)). The fol | owi ng tabl e
provi des exerTP.I ary_gui delines for the recomended )
t ot al diedresept wventinmpnthak defused tpgedusgserum Luphsnylalanine
: j t ' [ ' rotein
levels. 4983 oty Bt Ay LR 608 wethorh BB o 01
hyperperiyliethninesia. i?m?fg&h&ﬁbﬁcﬁﬁor?ﬁttﬁﬁ?ée l&)hfhe _rpemmiam?&ﬂm include
rotein intake for wonen of chil d-bearin e (e.q,.,
hyperpﬁ%r%aletnaﬁn@ﬂsw%atw yihphsnyIketenyra. %ga/t@gsﬁg%m peslitions that

o A e

numerous canceereletd woonditions, iwlieak defletionfegrant.-phenelalanmei and/or serum

Lyrosiiclg Vel WonL hEbeieteiel i RirenE! Fuhals PRGHAR, cofugates of

the inveflgal S of pregnant wonmen are tightly controlled is
further conplicated by the fact that this group of PKU

patie ' r matrel .
Pt o ohf BhbbEm Ry FEGTRIR dh R PR RAataCE ity the
presentdovkrgioplaat adininisi¢redPBy injbeticapintrsperitortehBy ubswganeously, or

. i nventi w1l . be ticul arl ful jin pregnant

intramugGiaHly. Floweyer, iyl gl fhore skl et taF piig: roptsmof

deliverfB¥uli gy Ha:fe,ffé%véw%tiiiﬁe@aﬁﬂgﬁﬁtcompo&iﬁoﬁ@@ﬁtﬁg?}e@,&ﬁtnﬁvemion.
pregnancy will be  placed on a course of PAL therapy to

ensur i o
He tgs Ccfe@&%é&%e?&ﬁ usé® ta%éftltcglgbgcr)ﬁﬁriﬁtg)g@%@mpnsmg

mai nt ai ne ose to 180 to abou
the mojeoslss Heserib&lghove, ogethsewith onker apye plouindcaltically advaptable

. .\Woman to increase r level of normml pratein. i.ntake.
excipioR R e bRl SRRy eineY Breraprul e Tt O e Peats. Such
excipief¥dné108e HEUHE Qfchiad WS BalieCRlyERRS], pOREMIdnR LIRS, hyaluronic

_~ shoul d be decreased discussed herein above are _
acid, etharadr qystadentinspmodified cyeledexirins@et, isufobiyl etheregyrrdedextrins), efc.
Suitabl{PYEBienlAORIMN Ao S Yok BEAE 2R UndBh BOBRsObe skill in the art.

Pharmaceutically acceptable salts can be used in the compositions of the

present invention and include, for example, mineral acid salts such as hydrochlorides,
hydrobromides, phosphates, sulfates, and the like; and the salts of organic acids such as
acetates, propionates, malonates, benzoates, and the like. A thorough discussion of
pharmaceutically acceptable excipients and salts is available in Remington's Pharmaceutical

Sciences, 18" Edition (Easton, Pennsylvania: Mack Publishing Company, 1990).

Additionally, auxiliary substances, such as wetting or emulsifying agents,

biological buffering substances, surfactants, aﬁd the like, may be present in such vehicles. A
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As di scussed herein throughout, it has been determ ned
that an elevation in the plasnma Phe concentration in

wol 0éa3bBe(ages zero to 3 years old) results i ®cT/US2008/006661
significant drop in 1Q of the child. However, as has

] , y . g .
iclog D98ty SRS A EE AP EGb S 5 BRAEL SO pcepibic nd
which gxfov&ley weefoemulativn M&&haﬁksﬂmdmﬂ% iaQarp inytﬁe phydiolegimally
ietary interventjon. Thus, infants at e.a zZer
acceptahie sﬁng@aﬁéamnlea@@%fg?rfsekutm@ Hclidgispline 2 95@@%&@&?% ine,

Tris bug%&gfstaﬁné,rf‘ﬁ{ﬁkts%ff& &ithe [ARHAPIiRS. The instant

I cati'on contenplates treating any infant having an

Cei | - .
Chan JagehifeRatfbed SRRE S AR Adoloine chaftiiRbiital
compoSi€ions inag be RAtheiform bfisdlid, Serpi-sulidod lapuiedesage foains, such as, for

decrease the, pl.asmp Phe concentrat 1,or1 of that, subject.
exampley tadlgits SupRASHPTIEH PULS, ¢apsulesPamiderssliqyds sHIReREIGRS. FEF3HS:

ointmefAfdlofio¥E 6 the Pike 24 if @gmg %g‘&%ﬁﬁl‘%’ﬁse’ 4 it Htg.%g@ kA 8uiBR: for

cohcentration of about ror to
single adinistratiombf @ preofse BAkagan dhs @bohpasitions wilt acluda an effective amount
decreases.the plasma Phe concentration. |l n. one. .
of the SEfiise qripin CATPTGIGIOAD PRLERATCEN B ACTP e BEP b ip
additiohOmby HEHeRAR&G phbfRdted8OR a%éht@,t&@ anR 08 1M, BlrBaLS, k200
mM about 1100 mM about 1000 about 900 nmM about
Y B i R T R T S
pharmabutikal Edthubdiona hradidi2g thosd/buitabteufior 860 (imMudingrbuccal and sub-
. dm nistratian., In other enbqdinents, the infant is
lingualfysgcia Bl aepicd, Bilawgasy. yesipd aspassgieralpcpling ptramiscular,
intraarteAA1E Htfatielc 8 sk ABIRo RN dGRINARAb LS ald AfiniSratnGsif b fHHRBuitable
1200 mM and, this plasna Phe concentration is L
for admiaistretierebly inhaktiontor 860ffiatont ®nglszemploY manper@f aministration is

. about . 360 mM U .adnm ni stration,of PA it her al ane
inteaveiR ik ep B AP B Mhind Sy e s apBOrgE o the
degree WP RffHctitider stand that the invention contenplates
treating infants with unrestricted plasma Phe
concerigr 36l EsmpdsitidRat Sivehilaal 38R0k s¥lid Barfls ih@ude, for
produce decreases in such plasma Phe concentrations.
examplghphatingcawtislogradds af meanagteliddctose ettarchi magnesfunpstearate, fideum
concentrations above is incorporated herein by. -
sacchaf RGBSR Pk, st P ot g Rk Liauia
pharmdcBitidaflly adihi€istr4bl€ t@HpaYigsivralthRr 6Rnes8] beprepitedby Wish6lving,
) consi dered a therapeutic outcone for the therapeutic
dispersinggpife g ardye ¢arepquarpicanjugate apdescdbpd hersineangiapsignelhat
. . S e [
pharmdc Ol O e TR ERER DEOMAIE 8 M. pqueous
dextrosel glyoeroRlethaao)) ardthedikeptosthenebss firth 4 sdlatidrsor siepdmsiod. If desired,
lists a nunber, of d'hse se .condi tions wher.ein
the phagmageyticalcamnoRition to Re AdHENSIPEE Ay Alis A1) SRR WIHP!
nontoxgt andar dgl}ﬂgﬁdtngs of h%ligj %eﬁfﬁﬁrgﬁﬁﬂwﬁ%Q%%gséggr%g%t]@ agents,
tonicifyleg egenitnedd tisi I, Saramdaple, setitiodsetate, sorbitan monolaurate,

triethanolamine sodium acetate, triethanolamine oleate, efc. Actual methods of preparing
such dosage forms are known, or will be apparent, to those skilled in this art; for example, see

Remington's Pharmaceutical Sciences, referenced above.
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Tabl e 2: Exenplary D sease Conditions Anenable to PAL
Protei n Therapy Phenyl ketonuria Hyper phenyl al anemi a

wobyipssem a Cancer 2. COMPCSI TI ONS FOR USE | lcthiis2008/006661
TREATMENT The present |nvent| on contenpl ates

| < baoet orf ARSI, B pdsSihisin et g RS o

tablet, ugBdleabosustgel cdﬁﬂul@p@hh@jﬂbe an afpdols At BdrRMeous solution, suspension
restrictions. Further PAL and/or dietary restrictions

or syrupgyl aplefs fmsircasel eoBispBg ohitherorak sepinistatiopfogms ¢ Tablets and

L |
copss SEPO) B0 LRI PP Sl Vor gD g LT
lactosel adgermstatcha [Lubtitatngaagents, fuch ps magnd:snﬁhetearammﬂ alto opically

in.the brain (see Koch, al,, M. Genet. t abol. .
added.7§/hen Jigui ngp%ﬂzmg 5 wdﬁi}? a%tf‘f?eaggﬁtpta%ﬁe ﬁ?%/gﬁnsg Withh e
emulsﬁﬁ%%ﬁf su%ﬁ&{dl %Hnﬁsl\;' 1@ @ssiRdNSHDY! Mlo@hg hlitor sweetening agents

ositions t | be Used I n The treatnents
may bealied apwatle d)thetrqjtlnnalm@mp@ompte $ortincarporatige e ah oral iermulation

i nvent.i o onte ates har maceuti cal, . .
herein BiefiE byt SO Rie T hEBr AL, SRR sens tickspingpeents
and th®kkegleri vati ve products of the invention together with
pharmaceutically acceptable diluents, stabilizers,
pr eserpal e forsldtidhs b&?ﬁépre?ﬂ% il deﬁr@ﬁtlorﬁl@lfdfﬁﬁn&ﬁler liquid
and/or carriers. Such conpositions include diluents o
solutiopsipf wpeltsmfsesolldcfntremul(ablegfor sotubidiza4in, orshspspbiatiad liquidl prior
. ..and ionic tren itlves a d er ent.s and
to inje i, P SrilioRE Snftine o, JETEifRetBl SUHEnsBai B o
formul&@d acésMin F% tdARigBed Badvn inAhE aFt kg 3Gitsble é&%tmmspersmg or
met abi sulfite), preservatives (e.g., Thi ner osol

wettingoagsmy andissumeartngasants i TRe i el OTBTAgon Macsses a serile

injecta 2 @giﬁlglglsl )or i%ﬁ%ﬂ E%P? i1 ?%ggtp%]%a%(rglﬁaé{@éﬁgfel cﬁ%(e)nt or solvent.

Amonghstadteptddle }elﬁ&g@&ndlﬁﬁ{ielﬂ;g thdt mwh be bmployet afeeWﬁlter Ringer's
I ncorporated by reference. An effective anpu of
solutiog apgl %Sé)tqrwgeqéid\,lrg shloride solutign 4 Bbﬂ%qlté(a}, |s§pr11e ﬁxed 01ls fatty esters or

polyol%g EEX é?lEB EJ i ogéd %§ QPR 6@%%%/%dﬁlf fifedih Vv QW’ Ep%renteral

can e rea eterm ne erson
admlnlstlnamomrma)bmvbhzlelth@usemfca stow s¢ldaseat isustainert teldaae system asch that a

and therapeutic goal. The PEG PAL
Consml?fg?%émffl‘ig%ﬁ%l esent invention may al so include
abufferln ent to maintain the pH of the sol ution
wi t hi nf 1& conjpgptes lé%zérﬁﬂdélefﬁr&&é [#PQV§ ¢ RecRelministered to a

t
patlent%?)(t § %?l@r eﬁ‘ ggé(?%{iﬁk'f&e ?clf‘ﬁéﬂ RAbfeliSAt GPAbYARGlal BRESe. The

toxicity and therapeutlc efficacy of such conjugates can be determined by standard
pharmaceutical procedures in cell cultures or experimental animals, such as, for example, by
determining the LDs, (the dose lethal to 50% of the population) and the EDs (the dose
therapeutically effective in 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed as the ratio LDsg /EDsy.

Conjugates exhibiting large therapeutic indices are employed in some embodiments.

The data obtained from the cell culture assays and animal studies can be used
in formulating a range of dosage for use in humans. In some embodiments, the dosage lies
within a range of circulating concentrations that include the EDsq with little or minimal

toxicity. The dosage can vary within this range depending upon the dosage form employed
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agents may al so be used. The anount of buffering agent
useful in the conposition depends |argely on the

woRedd/isglsar buffer used and the pH of the sol gicrak2008®06661
exanple acetate is a nore efficient buffer at pH5

a be.. ddn.a qut| .
and the ‘Eﬁ% mdguﬁgtrgtﬁﬂbutﬁf %aon gﬁ%@&ﬂ%ﬁgaﬂs ef%eﬁgv% se a%e fd @lermined
from célheulﬁﬁﬁass‘iyi laaafroa{ atiffl plodslent i nvention is pH

3.0-7.5. The conpositions of the present invention may

Dietar) PréRF 1 nclude an isotonicityadjusting agent to
render the solution isotonic and nore conpatible for

11 e0thoaidh (& SaRliS Sy PRI AR M HPA/FKU patients, it

concentration range o used~herel n,
is contevhplatedahatehp Hmtary grd&iGoP fic matients géstoasay bhestriztad or modiﬁed.

those o g SRR B SRR R S raor v
in the trd¥@theRt/oTPKAES SQ&ﬁﬁ)fxmhla"s nRudeIASOMA T GPI@E‘NERt 1, WHENEX 2

vary fromone individual to another and will dépend
(Ross Lghoratarien, kiverpasi, YR tLIEPEEN ARA G AN Y hel RE (Mehd-Johnson), and
thelkeghys' cal condition of the patient. The amount of PAL
sed for therapy gi ves an acceptable rate of serum
Lphenyl.al ani ains this

benef i ¢1°5f © @ie)&m ﬂtﬁ-‘%aﬁéﬁ%??ﬂgﬁ tﬂag‘?}%ﬁenﬁ%wt%g%rﬁwgas which are
generaﬂ%’ Plc6 8F Pie Edhc@nfrARES. The pRSRih Fo2Ms offerd ﬁ@%@ﬂﬁé&ht—&@& With

fective anount of the present conpositions nay
amino a@éﬁthayarasic‘émeai mefﬂﬂdymbﬂés skadhl aseinp acids énclude, ﬁmemgmple L-

tyrosmg,nz{}lél a?n\é‘%%{/ ?tﬁbag b]g%rt} se%tgﬁi ﬂ}ag }t?}rﬁ% od rsgilale to supplement the

diet of PRI pﬁfﬂn&swlesahﬁer aauRbineand haRrinakée/g. P RutentNE. 41052 B2D). In
frequency wil|l vary dependi ng 5€on the condition belng

certainiclipigplmanifistations.dbe toxat eifty i Hissueausedby Pheblesking the brain
n
ook 0y GO Rl B LR
supplexdelstﬁﬂgahe dicoef & PE U psticn® withreixaéss of Sudhﬂafgemﬁﬁslaﬁmhy a01ds blocks
fferent individuals to th G PAL conj gat €es;

Phe up{a #t0 SR 4n8 IPHEETRIEA FG ¥, SEUSs s Lo SArmilaied At for the
method-gh)?tll?er SR8k i VRHEHH, it d@’%%&ﬂﬁerpﬁlag%ﬁ‘x%ér%e IsGppefmented With

L- phenyl al'ani ne gve st” commohly, seru
compositiphethyl ecinzprise®nt ev slose af eseraminasendsdKoch,@? al., Mol. Genet.

ype i nem a. Anong the conditions treatable
hddahgyﬂfigﬁgpikghsgrnvention i ncl ude hyper phenyl al ani neni a
associated wth enylke onur.i.a. so treatable are
condi tFaues@%r @ &ﬂs ir @mifipe anRyring v?}mlLaqey}oagawé found
in humh® Hﬁfksanﬁlb?ﬁbr%mfsg}fﬁdof‘ 1ﬂ1¥lr &‘u? ecﬁgoash\(l)\j% CL%E% i in addlt#on to
nunmer ous cancer-rel ate |t|ons ere etlon 0
the proteém testrictiphe by teatagm embo@:md:btsr thedr-vamltineymashewippbedbs20
mg/1 O(ﬁé PIRfe el% gﬁ? o %xlggélngif tﬂa)(aur{n% ?nab et sru?)la) 1ecij asV\ﬁ(} mg} 1%% g protein
supplement in order to help supply amounts of these factors normally found in human milk

and foods of animal origin.

In addition, those of skill in the art are referred to the 2000 National Academy
of Sciences-National Research Council Dietary Reference Intakes for a further listing of other
components, such as essential vitamins and minerals that should be supplied to the patient to

ensure that other supplements are being provided despite the dietary protein restriction.
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the invention. In one enbodi nent, PEG PAL conjugates
prepared in accordance with the present invention are

w008/ 1H3steer ed by injection intraperitoneally, pcT/us2008/006661
subcut aneously, or intranuscularly. However, it would

be cl q@éfeﬁﬁ,ggg%?é&g@s?% Bopd el eg{tt} § pRIGE oG

of deliver usi ng
desiratﬂbplasmmﬁ'hs bbm@n&a@cﬁnst bre off kéleii the amemllherableTtbeietﬁrmhMe

escri bed herein use pharmaceutical conpositions
amoung eﬁ‘%ﬁagf PgteIn éeSFrtﬂt@e @és Ef‘@gtrﬁé B%cgthaa adust the dist pEthe patient
accordm)%]c)h | ent for@ﬁlﬁ Rh i (yoﬁtal Y4 g?%@BF ?nat individual should

or VeRi & es option
receive 4feg apmuhldaya dtherevpntaphnytha otdividual gy «mh that has s8uarh classic PKU,
exci p clude liquids '

his unr5$t§}etssi Bla tsﬁﬁ&%épﬁgﬁnéweoa A ilkéglry]rﬁar%ﬁ%ﬁ &n fﬁ%ﬁﬁ and most, if
not all gﬁ{l‘% Qﬁ’étarycﬁfSL e £35 tha'?ﬁﬁi'l\fflgi&zg 1§Ml?élggf§éa£ Pﬂélsa lgéw@ered protein

but yl er cycl odextrins etc.
supplemxnt, phithtay rwen bis- plasina Bhd coneentadtions so REethah $00 kiMWBy
to those of skill in the art. Pharmaceuti cal
éwgb pypduces

adminigiedap LA 1@ thafisubicetan thasaprigg oufsomeaveuldbe one M
greater d@@re%ﬁeiﬁetﬂé ?'iﬂhb QGn q‘aﬁ éﬁgﬁmr{t O ﬁéﬂ%&y, the therapeutic

feral aci 8 ts's u ori d
outconteyisl bod rmwhnthshe ptib&idxlmﬂ’(sqrﬂasmﬂ’lfemoase;ntandns isdoweted;to astnilar

the salt f argan ci ds such_as aceta
degree s b inh té@ualrfégﬁlﬁ é@eratfeme@a% f5am appimehdief ragher then from a
dietarylfBRh @40 di scussion of pharmaceutically acceptable
excipients and salts is available in Rem ngton's

Egﬁ; @13'1%1}12%@%@%8@% %?%34%%'0‘? Bed %gga%‘ moderate PKU, it
may beﬁniﬂslb!earmig the naatodsi cditlye pnehmit amreason B)Lglhe th vlma:l]ottgd é6 g
proteindf iobh G R e sk T e b FRRLE (S Rimining

whetheY %ty HAERdds Hhe RGhGah aﬁ@ffe@ﬁv&@f‘ﬂl BRaiy HEtEHﬁfnleg 1?1@¥)lasma Phe
sol ution which i1s pharmacol ogi cally acceptable and

concenfhiiats frtby pademt bhe réglﬂamhaatslt@ ansyre that the plassiar R gocentrations

P SR VE TR L CEENE
below. bl'ﬂfsfoﬁlreeéi’mﬁ)glllﬁ*lﬁxﬂs Q-Bﬁ\béxt%gt)flggﬂ%%sstg%ﬁ {J‘lﬁaebolldﬁt@é% El\/p!ﬁfe gﬁ@%d

sal I ne pen ed no

3 gheRHRNG NP ol PRBENF FakD A FFES?'J dosage

B%rcrgc’usieglis 3%?18 éhrfoﬁé Me x,larl g&'uf Pa h?q%lgs%trg H’sY?é'iS 1 Oﬁ)@ 8<rifrr$esﬁts of the
presenﬁh@éﬁ%n t H%Hﬁﬁfeivhétl%r'a%ﬁer%atf&ﬂteis Irdd {ﬁ@nsﬁé‘ﬂ) PAL sﬁmpy, and to
nbodi nents, in unit dosage form sui for sing

detennmﬁhmplsqrwéqlarnne @(fncanrpmmsgéthtdmget botiy mlt;aibpt@sdmttfn éhe class of

L ud ff.ective anmount of .the.sel ected. dr
PKU p%en %’8% TS %cd)n %%Pﬁn%an Riigqing e apeu} ¢ regér{;‘%% i Bpltor tHe efficacy

of the regiiigne rE>@ﬂd>1ary @uﬂﬂﬂllefhoﬂﬁl aremi:ycribwlhéfhen béloar
pharmaceuti cal agents, adjuvants, diluents, buffers,

BH4 LBhding Test

The BH4 loading test allows discrimination between patients that have HPA
due to a deficit in BH4 or through a deficiency in PAH.

The simplest BH4 loading test is one in which exogenous BH4 is administered
and the effects of the administration on lowering of plasma Phe concentrations is determined.

Intravenous loading of 2 mg/kg BH4 was initially proposed by Danks, et al., Lancet 1:1236
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In general, conpounds or conjugates of this invention
W Il be adm ni stered as pharmaceutical fornul ations

woi2068/15871789 t hose suitable for oral (i ncludi ngpoyasabos/nosest
and sub lingual), rectal nasal , topical, puInDnary,
(1976)V359Bﬁ3|o r| a?lbﬁmrﬁ{ &nq a\ueg % kﬂésr ERThmE Y 8951ble to perform the

intr aar eca aneous a

test usingtah dval raduﬁmsmmufslmzatn ﬂﬁouﬁfts bflatﬁ)uf DISThg/lp ibaM elefgdnlt
. admnistration by inphalation or insuff]ation.
Ultimagshg apttandprdigsdrppresch mnmqswaby Nﬁedegwwlﬁ%rrea@é%&énch a’.5

w5418, BB oA TSRa OB L ) PP

(1982)% althduglmmmslaboramm,es dostiB nké medlrdﬁl oﬁt@mchHQAk'g dody weight.
carriers include, for exanple, pharmaceutical grades

of manRidrddr.for e singsle E&Iéﬂlo@ﬂmgm&ﬁﬁﬂodméiﬁeﬁalﬁlatr@,ults the blood
sodi um saccharin, talc, cellulose, T%ﬁucose Sucr ose,

Phe le\fﬁéQﬂfetbq: gme@apmgiﬁgtb@ hlglm thqme4(]0| ”M qqfcpr@, it is often customary for

the patge%gﬁgp eCr%Ut gg%hg%latrﬁgmagt o g] Qﬂyﬁ a oa* tsllbegf 7 c:anthcéﬁloadmg test.

A BH4a8sta6t ik uealra@mwrmstﬁbu&a by UDt2 S hidcks d 25 61atdiRg (hﬁlﬁeS\ﬂltzerland)
and optlonal pharmaceuti cal adjuvants in an excipient,

This kig cﬂgﬁn@sen $ 8dogags 9h 28 meBHEYke kedyi weightahoubsbmimases aftes Intake

et hanol, and the like, to thereby forma
Ofam%%ﬂgﬁl on or suspension. |If desired, the pharnmaceuti cal

Si dm ni stered may al so contain m nor
'De“” g}gg ﬁ%?ﬁ?%fé?ogﬂX|llary subst ances such as
vvettl or emul sifyi ng, agent Hbuf erl ag ,
toni cfﬁwq@w&w@f@v mefhogar fienining &5 B hfood

(Shaw acat @hf‘al Al PieftAs EEPPH&:@HEe%rﬁmaICIHﬁEeh EB]Q&I@%&%I ?n(i’ @léﬁ@ﬁ etal
acet’at e, trlethanolan1ne ol eate, etc. Actual neéthods

Eds., PbenﬁkqtptamarvgldsSmme @d@aiglcbomEmrsﬁwfekmmcxddrlemmlisnb@tuﬁgaﬂ
Geors TRBR SR 1 armod TBALD et B Rifing and Plp B EFbisgntrations

are detéRM&] from thE sdrumdifiaPatichedsina flh@n@iPAshy. | Phis Wbdal relies on
generally take the formof a tablet, capsule, or

the formgtiomef ﬂwp@emesub@tﬁn%\yh@eplmym?a@ﬂﬁ heated rthquelpidsin in the
presen&oéﬁéﬁcﬁdlmﬁ}{%ﬁg or a%h & (%I f’nf%llr z‘talr) aé’rl?rg lrﬁ%% rs?;s%s?rag)@i‘f{)gf% nd

ot o, camipopSar el 4G HRR R e TR o Bl Cunri

test in Whith@iscs bifuneairéd o MIRPr pap&rUhst HAS bﬂ@ﬂéhﬁ&bﬂémwnh a blood sample
stearate, are al so typlcally added. Wen |i

from thepagienis  Iheainifern disss are: ineubsiad ina té?gaﬁagn@tyla&@sw% peedgd with
Bacluu‘fé’}sﬁﬁﬂ?s%'dsc'oﬁ%r s%ggif%gﬁlﬂﬁﬂgﬂ AYRR bl %r%ﬁfﬁ rﬁg the
avoring, coloring an

or smee ening agen

phenyl@ldﬁilﬁd trafsfes| from ehatifopimit dlmaintctmmagme [H:eSPHeGEverse the inhibition of
incorporation . into an oral fornulation here|n|n ude,
bacterig) growethersby yielding an eesa Ogrbégfefle AP YHsthateade Eted to

phenyl R9ERE SondeBirgiG by oS5 Nof to Sid1ak BEsald 5é‘rformed using discs

containing known amounts of Phe.

Other methods of quantifying Phe concentration include HPLC, mass
spectrometry, thin layer chromatography and the like. Such methods can be used to
determine the plasma Phe concentration of a patient before the therapy and to monitor the

Phe concentration during the therapeutic regimen to determine the efficacy thereof.
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Parenteral fornmulations can be prepared in
conventional forns, either as liquid solutions or

wosMePenRsicons, solid fornms suitable for sol ubi IpcaAtd2008/006661
or suspension in liquid prior to injection, or as
emil sins., 'ter?nﬁ d B agl ﬂgﬁﬁa PRd %lls% h{yp%?%gtglvﬁll be monitored
suspen3|ons are ornulat accor o e Cl i gques

at convenismintervale €e. g1, Hailg ienerysathdralal @r Q&Eklly?tlﬁ“oughoﬁp&ksim&gcourse of
or wetting agents and suspendi n gents The steri]e
the theyapepiée Eagieen- g?mn%etpaﬁg Hsyplag e¥e Is p¥ith; qugh regularity, the
[
clinicide AEbES0! 03943%%&9%”%%"ca@y (FEEPARAL A BUARRIERAL andlor dictary
protelrareqmp&rahiteamrdmglgs and solvents that nmay be enpl oyed
are water, Ringer's solution and isotonic sodium
4. ahbasiNerioNuerapy | n addition, sterile, fixed oils,
fatty esters or polyols are conventionally enployed as
sol ventét niedfods B tHedn M&fiot inYdlvédhdicbh®ihedRak 8PPALAnd dietary
adm ni strati on may involve the use of a slow rel ease
protelmstslggolatm%féw athezaneutiy onleame i patienag with d@ﬁ@‘ﬂ%ﬁmms ef/HPA. To

achiev¢ dﬁe %%P?&%gke dtélg ¢ p%ﬁ Oﬁp ggo e 1n§tg§ E%‘lg éﬁ]&g {Hs 0co[nten}aplated

herein pﬁltelvemﬂd géndriler aheinistezad khe Sﬁlf)_feeCﬂhb mm@@rﬁpoditﬁbﬂ dritiathe @letary
anel i orate cardi ovascul ar di sease. The tOXI city and

restrictiqieinArambinedamown effeesvest drodusathrgdasied therpnsafic outcome (ie., a
ower bR Lo AN APATHY S RORE Bl o
Phe/pretemniptake vsb;hodepxtedmmg agohdvenitdnd Mcfdase implasm4a Bhéadncentrations).

50% of the popuyl at.i on nd. t.he ED5Q.(t he
This p&Oﬁ%%’sawuw £p mgyigt ere%s @)@df’f’rf s‘ef@mtlé Cb%ﬁ dretay prgtein
therapelfii cgfh%%sﬂh@ﬁ lhPthR 8L Gifhel 0PH1§m%? Be LBRIERREY hcﬁm%fé‘t@rﬁ{gsa single

I's the therapeutic index and it can be expressed
compositien oapharmabslo gicENFOteilCimmudpsitonghas il bdesi aﬂg)ﬂthﬂ g@tary protein

I T R (N

dletarygﬂbt@ﬁi (sGppleinest FHArS proReh inBalh &F tﬁk&xﬁétlaﬂgut&hé sdif€tiffe as a
osage for use in humans. In sonme enbodi nents, the

pharmagelngical forauilationH({ables. injastjen er dinlp) P4l nRAL also may be
formulgtgg ‘fxﬁg rp%fe&”l?atr op %fhgk Pogdd%?f stuuﬁ aEB%vb%éy Plﬁﬂctai(% cglge suitable for
sage can vary W
mgestwrange dependl ng upon the dosage form enpl oyedand t he
route of adm nistration utilized. The therapeutically

ef f ectlh\bqledta&@rnﬁﬁvespr@at@trﬁbrﬁeﬂa&f precededrlfolfdil the @etary protein
assays, and from ani mal nodel s etary Protein In

therapyabiiint¢rals rangieBriramgnisnias o PMSahuembo@p@atsaﬁbﬂrgg*@ Rretein and

the PAE%‘&QU@)& %ﬁ%rlltdﬁnrtnstterét seggﬂa{e%g%l QR&%%IJ g%: IreIéBr eélg{élr%ttﬂégt)é

be re

mgmﬁcrmdpéricebbft‘lfh@ del mft espird betivBer the timid ofogaeh deliweey Gfuch that PAL
s comercially av ble protein formulas for

will stifl b ablf @Wéeft@eaéﬁaémgeepﬁbﬁ cotapche PeHsH HLsicharinees, it is
conterrﬁﬁ)e?@:d\/{ll)ilajt:)oné:> WENGA diiniSEEFNE’P AL within about 2-6 hours (before or after) of

the dietary protein intake, with a delay time of only about 1 hour in some embodiments. In

certain embodiments, it is contemplated that PAL therapy will be a continuous therapy where
a daily dose of PAL is administered to the patient indefinitely. In other situations, e.g., in
pregnant women having only the milder forms of PKU and HPA, it may be that PAL therapy

is only continued for as long as the woman is pregnant and/or breast feeding.
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(Ross Laboratories, Liverpool, UK), LOFENALAC,
PHENYL- FREE ( Mead- Johnson), and the |ike. Those of

woHed/is3i7e the art may use the referenced prot @ich/us2008/006661
formul as, which are generally free of Phe

conce I QNS 4.4:.EN in.f e [
suppt SRR A0S PRI pe SR AT R MBS, o PAL and
dietarypifblemarepelation, teiglthads 6Othe pirékent iACéntidd, alfoadonenistple & ombination

Ltyrosjne, and _L-glutam ne. It has been squested t hat

therapy withahigd corapesitipn wat gresifisplle HEsR!s pRRONete Grtherunptoms of
[ : [ .

HPA. B3 i, 1 RptGh 5 md Gl i aE Falk S By HPA RIS
deficiengyninfrestctansamitterd depanine andfek@onin. dthuBKb the eonta 9€ thelpresent
) .Phe Dbl ocking t brain upt.ake of other am no aci
mventl%ehlsafgnmpg@?@%%h ﬁ-'%{l?}waﬁ?tem Frad nﬁmsfcwﬂ ¢ further
combided @bitSMRRHnEHRAbL BILLdbpa UafbidSa ﬁld%&@k%?}fﬂtoﬂﬂahh

excess of such large neutral ‘am no acids bl'ocks Phe
neurotrapsnaiktersi tn corre¢tshddefiects dred résolidrosn decatase®hmobiaty off gyrosine in the
diet Thus, it is contenplated that for the nethods of the

1et. present invention, the dietary reginmen may further be

suppl enrent ed wi.th conpQsitions that conprise one.or
Tor o gt P AUBINHTHERAFAL PR Ot Seneipte yggrine QILE.
admini MelRRAAIF P ALY, duchOrehirhdnt(vARABIDresdTtinti®kine B8inlklan! 3sdif@Minino
that L-carnitine and taurine, which are normally found
acid for suchipatientsi Therafode dictrry stippletnentation with 4yrosiae nwyibgidesirable for

. .also. sh .be s ].i ed.i ition to the protein

patient§ e fivract bl i Fom b BRtar WSy e L. ar i t§ ne
may be supplied as 20 ng/ 100 g of protein supplenent,
and the taurine may be supplied as 40 ng/ 100 g protein
suppl enent in order to help supply amobunts of these

L ﬁ&@ﬁ@NB‘WWHW@B&MTHONQﬁf?AIHhQMWS oods of
animal origin. In addition, those of skill in the art
ar e r dimthesdspast phhedoomting iy osrateningassan fogfidentifying bacterial

Sci ences- Nat i gnal, Research unci | Di et ar ef erence .
PAL thaf b gt Ahclidfte. (368 BnbidB oyl of bigntuiafahfp &Y SSntacting a
cell cotbidithgddievRtsElBl 18 bf Phédn3Mdlain@with Theledcdrial PARL andhiRtdrahitifig
supplied to the patient to ensure that other

whethes thishagtesiat BARredusss pechplexateddgvele ehpheaylaanieg. dingestain
- : 0
s Y AEEAAE RO EORL O 1 SAUTRAL DR
of the Habteriabspeeiet amtsequenced and sdreaied Ifbr tha ptdsencerdf PAIL hotelogs using
. . able.to determne the anount of dietary prqtein
a boinfozmati¢sAPPEACE m@ﬂ?rﬁﬁ%m&n&e% athgmeiesy iengP ére
. . I .
i} 5L S, G Sy ol AR e
percentridemgity.e Pdfagy paguemicraligamnentsofisheh protains drbassesded for the presence

i ndi,vidual is one.t has. seyer.e c [ KU, his
of consgfied 5454 BTG D B UC R LG B CONEIFOT Be PYigad ofal
HAL effy®@dsq$ a hli@ink3rédlit R aliPBdtic drhino acid, for example, leucine or
valine in enzymes with PAL activity. Analysis at position 83 will elucidate whether HAL

annoted enzymes may be mislabeled and have actually demonstrate PAL activity. For
example, position 413 is a glutamine (Q) in most HAL enzymes and is followed at position
414 by a glutamic acid (E) in all HAL enzymes. By comparison, position 414 is a glutamine
(Q) followed at position 415 by an aspartic acid (D) or an asparagine (N) in most PAL

enzymes identified so far. Representative annotated HAL enzymes which are determined by
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not all of the dietary protein source for that
individual is likely to be froma powdered protein

wosieppisment, which may |ower his plasma Phe  pc1/US2008/006661
concentrations to |l ess than 600 nM By adm ni stering

this bidi f?ilon\%\lgtlé El@{hoﬁ Obe fost ﬁk‘%lg ﬁ{lggﬁéﬁd &s &?Hﬁ me' e%szgﬁse include

uces grea ecr eas asma
HAL eﬁgﬂﬁ@rﬂmrﬁtﬁlmdsbamftermﬁha&mﬁewl 44l @Mﬂﬁm)yfromhhlbrobacter

xylanoph s oSH 8&8?4%&&&&8&%%@m bRotahonis damipcssons .
Laumof@§T €61 (}@1‘*936@2 frSH i ab&bﬁ&hﬁﬁh%co%lg&%@(‘ A051415).

proteln rom a hor mal |et rat her t om a etary

for m'lllﬁafﬁhﬂérl mg L'E%{asf Pc cﬁgﬁ Ote}{‘le}?rlbﬁ of such
e PALTAEE A BVRL bt i s

age who has Ao era usi
homolopBti eslefirafed! mleamtha@mtbddmwt th@rgeh@m@sl MePAnL rhibhi'm&)gs are PCR

allotted 45 rotein/day throu rotein
amplifics pnd elopad fus PEISIOBA FiEdler veqien g?%nﬂmtave ‘T&ﬁ@mﬁ“ﬁ? A
heterol%ﬁﬁéxtptr&@ed"ﬁtb Q% Lt ?ﬁgge@ Fﬁg&%lg? g’h ? fied 8hd §Shl¥fror PAL

all determ ning concentrati ons
activityof A¢shps ﬁmlPiAdnactnmtyana}egulude bbtaam fo0t hmﬁad;urdnhﬂyatb cbimart
s remai n bel ow at | east

I Ph Lrat
pheny o B R G e oy L ep SR 4t piRamarals o virro,
assays ﬂﬁt%grfopHQLb&!thYy ah8 a%%?t&éﬂ&%‘téf&@ttﬁe klﬁgﬁ@%éfttﬁ@édz?%s

| ess than or "about 360 nM are achieved
I DEI\ITI FYI NG AND MONI TORI NG PATI ENTPOPULATI ONS As
di scussed herein throughout, it will be necessary in

present invention to
J- éﬁ{dgﬁ}r@ﬁw ‘{{)zérl §°§f‘€/é’nmpat| ent is responS| ve to PAL
thera nd to, dete the | al anj
concertiofi Gt PP Mo = BSfiY o pRrditip rrgkaryotic PAL. In
one emb6@Ridnt, ¥eddMebiRAAPAIN s JWkeRREésedlas &?Nnﬁrrhfrﬁlibcﬁﬁihlé‘tﬁk@l tagged

durlng an OHQOI ng t herapeutic regi men to nonitor the

fusion profdin Hrg vesiton, far exagipkee . cc.ﬂikB#Bl‘l )pkamS fevHengsnhwih an

1nducﬂ1‘iif,e grgmw%gr;jsélgﬁ L§ Mg\?\glfgvxssog%y glbgg gctf-ﬂﬁg a&ctsm det) In another
embodinhai, rha)tﬂblhﬁiﬂ FAdeist @eﬁ-eﬂp&%‘ss@dhn !Ethi‘BLQI(DEB’)Qilg'bS aells without
deficiency in PAH_ The sinpl est BH4 | oading test is

an N-tegminal fagiiced cabgg derotBiomagior/Sermenicr isgrevadToma elyrerol stock in
shake fg]f%e C§thQeed BfnRL Y ALS §eﬂttb‘§ 1k9 Entb‘a Hr@ﬂecplgloﬂ’]la@t%pﬁl fed-batch

e concentrations is det er I'ntravenous 1 oadi ng
mode. @flusaiy suppBrienveisandiH 1sedoh;tobecbwﬂh dadsdﬂsl}m(h}& anceagitkion is up

to 1200538522 ﬁe&éiﬁgéﬁlﬁswiveﬂ%yg%%%e%% hepadh kelléSre argun at a

temperAt8& oﬂ‘ﬁ)‘°@9mﬁ[‘ré%l§ih ﬁ(} &at0- PoD @2%&%@%¥nﬁu6€d with
about y wei Utinately,

0.4 mMs IPélP(&i an'm tmerappc bereHusRdgo Qﬂdp 3643 amygmmenmwy ahange is <
in whic

0.1 10/ ribrEirplb o HED Bt p Do Bty 206), CBiodes mediais

typicall}32fiidd and composed of yeast extract protein, peptone-tryptone, glucose, glycerol,

casamino acids, trace salts and phosphate buffering salts. The recombinant PAL product is

produced intra-cellularly and not secreted. The bacteria are harvested by continuous

centrifugation (Alfa-Laval, Carr, Ceba, or equivalent).
K. PURIFICATION OF PROKARYOTIC PAL
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(1982)), although sone | aboratories do still use
upwards of 20 ng BH4/ kg body weight. In order for the

wosi00Pi87BH4 | oading test to produce reliabl e rEgsud2808/006661
the bl ood Phe |l evels of the patient need to be higher

pat 1 ot Rpehameet euBtBreotinit ol RERuf TS RIS oty Bactera

PAL oy lbl@rogkﬁllg Qtfies fhgferitRutagoeh Aaldgahitreofn &%ramg&o Kifitrst
is avail abl e and distributed by Dr. Schircks

embodimgsbredransfasmed solh massis arown padayptured leaving crade tapmbingnt

e RIS T S R0V 0 D B i

of the oGﬁﬁ@xis’lt@I&bmn%réﬂhﬁf purification isdopdacte iting sné of several
determ ni ng the presence of Phe in bl god (Shaw et al
chromatogapphiig Fosts| pOaIBRTY, hepie {pdaapishLs tomeylpigs ngp a buffer

demgne?'ntg ‘iago %&5%18 al:ﬁrq go%% eﬁiené!: p&rfhR of tiERE Nl LB IHRP Hﬁl’b@dlment

rn Errors Anlno Aci d Metabolism
the metBbd td purifly thébanterial RAdnToeplisy;, (a)il&-sﬁ@)f tHeobrakyeria containing

Typi Iy, phenyl al ani ne and i ne,.c ti.ons
recomblf Bt ALl BB O RBEe e (PUPoie gLy B TE phisi G tneans
such asféflé& IHRa®Lysisy; (BF RS tredticht; f(éﬁéﬁrlﬁ@dtﬂoﬁ%f s l)@ﬁtef&,{r{@?d de@Bnd

0 | uor éscent  subst ance when phenyl al ani ne i s heat ed

continugus pentiifvggden sicp and/hedentle firationdas wish Epoap Zetaflus or Maximizer,

pai Fill§ o5 Vil sl oo ulohonl P gesshle EPRhel Rgpenoat

filtratidhQfR(@s athi MIEpbre MiNEstRIGOACY (Epsdssdge thddugh a dinaCH1takien step
punctured fromfilter paper that has been saturated

(as witina Shrteridysdisgtopared)- 2 um lm:rt),r(é) prasagevver ahetyLhydrophabic

e SR REATR el DRI ERP A BB o
passagéd WHr ki) ®n SdchBagl dolwhin &déhh ialMacrgprepiHigh QsfrémdBioRad); and (h)

phenyl al ani ne transfers fromthe uniformdiscs onto
recoveryld fnghproduetebyrnifer eyehasge witd tangentislfiom firatioadaspithia

Sartori sol%cnoéa@g&eﬁfs “)(f ld?h %ﬂ%\ﬁgﬁé@ % e RATLHIERL ad E&MIP aﬁpreciate

e corre ani ne concentr at

that on®¥r ®orel the emohmt@grmpﬁmems&@ylse maitfed romsabstisuted), afitlsat she order
containing@knomn anount s of .Phe. Clhergﬁﬁﬁhods of

of the HrRIRRtPEAPRY SIEREMEY BE SAERES GHIN e SGARE PIPREPrSTgRIgnvention.
. dthe lik
Finally SRR RENZh sfps BN e pRHORRL LA "S"E“{“‘%Z”m 2sma Pho
concent; %&% ggne%l Zl S%H ecpffl]:e gﬁ\%n{lgll? grl])g tnlﬁcge readily

nmoni t or ron durin era
understo8d thirough the (fell@wmgrtefetdee e ﬁalecfakkywmg (ekmblelst The examples are

cont e | ated t hat asma Phe |
offered 13y il BRtat ¥ Myrpases Ak 1t @3 nat insowle i L he:beBp af the present
1nvent1£nﬁ 1r9any WA | MfoRY R H%EH adg%/e@ﬁlré"ﬁ%hfﬁwlﬁ{ 1RGO numbers
t1'me Course of the therapeutic regihen. B
used (engEm@mits) ¢erbpeatpteasere. ) Fhe sbme ekperinndritalemon and deviatior should, of

course,tbgeallowed for.

EXAMPLE 1

-69-



10

15

20

25

30

clinician will be able to assess the efficacy of the
treatnment and adjust the PAL and/or dietary protein

wdo Rasrigsenent s accordingly. 4. COVBI NATI ONTHERARM/US2008/006661
Certain nmethods of the invention involve the conbi ned

use of,PAL a dLetar roteinl ricti fif ect a

t her apCe'ﬁP‘l“@ 033\("80‘1%3” 4 t'zogmeewdsAgmgé%négfﬁgﬁég ornms of

HPA. To achi eve the appropriate therapeutic outcome in
DNA Matdpyigfiithhat i on t her api es contenpl ated herein, one

woul d generally adm ni ster to the supject
corrpoé\? PHBF I aITee STOTHF &%wm@aw i Tt@f égﬁbﬁpé&nd the
t n i [ %H)q iqed therapeutic
PAL geglggggn%(ﬁp ﬁgg),w% }féo)Rwerl nféi%gfﬂt Jgfggﬁ%}sﬁe conceﬁt ration
CACTATGATGATGAATATAAGATEC TCT ACMAL HGANCATHGIEQIDINO:12) and 5°-

oacaffBdaSbRaboTea L R B RO TR R ARk BT BT spa o

NO:13)T8bhd RYMiNEPERPrBl e Was Akested vAM-NASRAN 4t e ed 1 ke
dietary protein therapeutic conposition at the sane

fragmeni was ligatedsinteapt @ 8a(cH) iand B Th30agdriNoivegan) ifergNdis itagged and
¢ c(gn%)osi ti on or pharmacol ogi cal protein fornul ation
untagged, I¢SPPHEMes al | of the dietary protein requirenents

F or mrherBRbAE By e myamysed i i ReG G5 fiof Gonpmic DNA was
extractécﬁéglg%e?ﬂﬁﬂa HRIPAR gBR (P @2@%8‘8)@@ amplFicdalyOBIP PR} Hemove an

me tinme as a pharmacol ogi cal formul ation
Nhel sife. dtyinaer, 1 (j@ACTOT GETACCADGHAGHLACPATGIGAAMBABGAAAG-3’)

roul ated i.nto Jrotein bar or other foodstuff such
(SEQ Ib?"@ﬁé&ﬁ?@&f“ﬁ&%?%kes, cake, suitable for ingestion.
GGAAAWIQ*G@TC@JAWA‘E&G@@G@MGUIEB&T@MAG@VCMM GG -3°) (SEQ
follow the dietary protein therapy by intervals

ID NOyl&hyieregnsed eavamphifyt raslqosidpo mld 90 pd piBST3 Ent s wher e

" ) e > ,
coackRgRRATG AR RUGERRTATENT SR QIMAIECS) sk
ID NOSi6Ymid piémei 4 (¢ i od of time did not expire between the

CACTGHLE HaCERET T A GG ARG RIS PG ALAL T EHD (B TANO:17)
v ) AR AAORER 12T STRER G 00 B b
amplifipfhicefall-lafgth henedvieh prisnepy barel 4 The edeeltingiPAR produttayas digested
it N B ST e RSP TR0 fogment v
1igatedtgh8rp@qy28/& H a_,mep@r-gom'? QuUeHZeh)ier apy where a daily

ose of PAL is admnistered to the patient

' BN c%{,?% ituations, e.g., in pregnant
Baaer{/(ﬁ/ogn%'bﬁa{%/n?n%ulf)r#y the on'%%I der fornms of PKU and HPA, it

may b <. thﬁ%L%tD%?):%eﬁlgx#rgtﬁg%Hgy w%rpegtgisr{gqu'ﬂ)eﬁ %itl?ﬁ(.‘ulogr@aKaRa)

as the " vwomn
and cofp@entBLHYDE3RGroi7 keAsidictd grepared b} eiedlpboes Medsed Sambedok and
on the delivery of PAL and d e ee ,
Russell, Molecular Cloning: A Laboratory Manual, 3" Edition (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, 2001)). These cells were transformed with pET-28-
NpPAL and cultured in 25 ml LB with 50 mg/L kanamycin and 20 mg/L chloramphenicol
overnight at 37°C. Twenty milliliters of this culture was seeded into 1 L of LB medium with
kanamycin, chloramphenicol, and 500 mg/L L-arabinose and grown at 37°C. At an ODggo of
0.6, the culture was chilled on ice. After 5 minutes the culture was induced with 0.3 mM

IPTG and grown for 16 hours at 20°C. Cells were harvested by centrifugation.
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dietary protein regulation, the nethods of the present
i nvention al so contenpl ate conbi nation therapy with a

wo davg/fksgpnposi tion that specifically targets ara/@2008/006661
nore of the synptons of HPA. For exanple it 1s known

fah 3tef |I%%égl§§5fpﬁ‘ yﬁ% u?%%/(;sgrﬁtaﬁe?et g’i{%g g’%‘g a?nnﬁ € ‘gﬁ@ %thi‘l‘ and

cultured @dedtiedliynto NpRISL withohihtBe afibirst itfuctie pr esent
invention, it is contenplated that PAL and dietary

protein based nmet hods coul d be further conbined with
adm ni stration of L-dopa, carbi dopa and
5- hydr oxyt rypt ophan neliXAMIHRtters to correct the
defects that result f.rom seq & ts of tyrosine
in the diet. A?“lrﬂlécagamoﬁm ﬂAb‘frP) L woul d not
generate tyrosine (unllke, ad trati gn.of PAl suc
F oat AeculfpiRp Wt fentE St 1 be @-tsgf?f&rf}@eﬁy 0 £16F 20
mlnute§§1§cﬁﬁ‘ﬁe's%erﬁﬂhﬁ'tcﬁl§%ﬁf&df The Ul PeRét WP t%fplc-gﬂg L & —70°C prior
dietary supplementation wth tyrosine desirabl e
to furtheppropetsingntldpancthawingntherall pelets oveid suspémsiedip approkienasely 80

ot Y30 T LS B TR AR o e e

lysed b$ &w6 Passey tiR&SAYarf APV fteftitel Honikkehet & 12a14,600-pdih The ¢Alde
prevent, anelitorate, or reduce enhanced | evel s of

lysate \p¢$eth9¢ heairifeatedigy 5@°&1foac,2thqwgs alkeelypate tﬁrﬁeaFrrﬁl&@i | 16y 0egifor 30
mlnuteL cF he. s%erﬂﬁ\%ﬂyrlte x?e'a' f\NeHEi Jvﬂff‘ F%?;Erﬁrda urh @illtef"{;(ﬁormng)

ermn eria CES Su

I | f. 21N t
Znﬁlfﬁﬁegﬁ V%PEB‘?H@?‘E%XH e HRGA e heibe sequgptialtyover a
butyl 69061 RNRRA (TEBh BisSUBARE PardeVABS Pefp Hiph B asluail @ioRad). The
speci es are sequenced and screened for the presence of

eluted pogdudtchowvedss hlg@ laeel @f proiydiyohath SDSP AGBrapd dgversephase HPLC.
anot her enbodi nent, genes with honol ogy to encP are
i dentified and BLAST anal ysis of the related protein
sequence i s conducted ?@hﬁ; Lhe percent identity.
Pri mary sequence align uch proteins are
assessed for JeePitRnEiIIReglatc®PALl Variah&Si dues
essentlal for PAL activity. Position 83 (HAL from P.
ProteuPPL%ﬁi Lf all HAL enzymes is a histidine whereas it
aI I phatic am no acid, for exanple, |eucine or

I
1o 0B SO0 A8 1, 5
ibid ; UTB.YP@@UN(S I6a15€l2@d BP,d?t hﬁyBuﬁhEm&E‘rﬂ{WOWBQf&an IP(QK)OI) Nektar
t 1 t .
Therappyiioso S0 585 o8l yHEGAA L ECE IPEioHe Ra e RSt o Tep Ty
su001nd%esg¢x‘rtl‘l§t§"S‘PAa%W § Bbalob M 20-HDa) eﬂlﬁ%ﬂ@ﬁran@edqqm?ar I son,

on 414|sagutamne(Q) | owed at position
hydrosd@ﬁllbydeir(nﬂ’ﬁf&FNHS eater,MPD) 0 sDazm wa@n kiga) avhicl are poth capped

on one end w1thA§1Lmethoxy group and available from Nektar Therapeutics; experimental

determination of optimal pegylated proteins is normally required (Veronese, F.M., et al., J.
Bioactive Compatible Polymers 12:196-207 (1997)). Optimal pegylation conditions are
determined using different ratios of PAL:PEG (taking into account the molar ratio of protein
along with the number of lysines per protein monomer), different pHs, different buffers,
various temperatures and incubation times. High PAL protein:PEG derivatization ratios are
necessary since native PAL has a large number of lysines (29 and 18 per Rhodosporidium

toruloides (Rt) and Anabaena variabilis (Av) monomer, respectively) and because un-
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enzynes identified so far. Representative annotated
HAL enzynmes which are determ ned bythis bioinformatic

wombeed7ic0 be nost |ikely m sl abel ed as prokarpatiioddWesss1
enzymss incI ude HAL enzynes from Rhodobacter

ot GEPREILIS ultab o0 3A0 o L YRR RS g s

(wild- typuﬁPmssemscl@biﬁmvd:aimmbmpifm tc( lbiBtéABéM EPJe)gylaﬁbﬂ B@actions are
Ther noanaer obact er tengcongenS|s

stopped b PRI Cuitd (hoREBIEE B bf ErlEFe: SDSE AGE MALD-
TOF mggsos:pg&tpos% dg&twl&f as%{,& eHP ﬁ%t@(ﬂ?ﬁ# %Siﬁl@atgh%ﬁqmﬂug}ogeactwny

PCR anplifie dcloed| H S8 or a
vect alrork S kOB 5P PuPle SBnol A by p remove
excess GXRAGSS PEG, Feabtionsdre dﬂﬁyﬂdﬂ%gilﬁgq:ﬂﬂ8§r ot)elm Potagsitunf ptRgphate
and assayed for PAL activity. Assays for PAL activi ty

buffer wwymghtcat dde with stiriag yeing |Tuhp1cb@lalbzea%(<ﬁ¢nogf eelnalegi) e Atfte
t
protem%gﬁ%lrtr? ?I&Sggetér@"?éd ﬁ%%&%@yr&eﬁ{] aﬁ\s/%ll}{ lgig&'}éaﬂsos"gecmology) PAL
act1v1tyt( 1884sufedientivilbbé prdMednﬁh mdlsdyaized a.thEGodeemaﬂmd L samples
inetics of the enzynes. . I OF PROKARYOTI C

using sgngard fEAotieR candisens, of pf%@qswm 'FO\JQW.I.%& Wodr et
charac S DS QT VI B 85 BRRER s prty
therapennt aimchdlate@nhaﬁg@géﬂ(lﬂ wsivseinpdet ein in a vector, for

exanple, E. coli BL21(DE3)/pLysS (Invitrogen) wth an
Charadtévdiagiohl e pronoter such as with | PTG

(i sopropyl - bet a- D-t hi ogal act opyranosi de). | n anot her

enbodipFsiein cone&trdtionas detBhink S usn e thell egt®diontoktficient (0.5
coli BL 1(%31?31%\5288 cells without an N-term nal tag
r

and 0. SSeegimdu cmr apd Ay, gespeeii vebntas 28 O@ngf%\nﬁnﬂmﬁed
protein Sﬁ.%RY%%B@ lf? eggﬁﬁ edrllnrﬁ{% ?ang 1 glci)%ﬁga%rﬁggc félu a:’fé'cf‘a‘uélﬁg the

NI ProfeA ?f‘(t}emhn@og?ﬂﬁet 1Ir161uﬁmahqﬂﬁ‘:‘pﬁoedssﬁ1gdo pﬂnbﬁe non-protem
controlled with base (NHAOH) and agitation

S up
contaminznts thatnighp iteréere peRIRCCHIakSRIP Y C%&Gﬁ@%l e@%ﬁ?ﬁéwn
than 20% The cells are grown at erature of 30C
unt i | PrE_faan@rodn@s aneheragterized with MAE%J@OE M§ toydetermine the

numbe lgezs\/%t{ egié%a%%ﬂ ggg\%nm% ?ﬁ ?(a?a ténzed using

act1v1ty| :Ssse’ssﬁheﬁt drid/ SDS-PANBE and Amivel gel éﬁhlﬁﬁs |‘M§ 8ssafeireeﬁmt1®6® @:thlty,

pically of 200 Cell cul ture dia.is typica
complagAgTGHZAtIRn. é'@#rﬁ%é‘@él ob tetiprgEe PAL fosmat tigp, dt%%ﬁtwely 'For PAL and

PEG- Pgipga%?esr S@ltéllgg ?Ohfgllgg%%?gctgﬁk%gl? :'a%gysgg ﬁeﬁ?%@ﬂle%b d80.5 M urea
or 0.026 & guimidmetHCPo iprpooiectubiisit pissxbiatia dndttharepeddugibalityyof species
and not secreted. The bacteria are harvested by
detecti)ynt i nuous centrifugation (Al fa-Laval, Carr, Ceba, or
equi val ent). K. PURI FI CATI ON OF PRO<ARYOTI CPAL/—\
PAL ActipiphdssaBspect of the present invention features a

nmet hod t0£ur| fy bacteri al
The PAL activity assay is conducted using a Cary UV spectrophotometer

(Cary 50) in the kinetics mode. The activity of PAL with L-phenylalanine substrate is

assayed at room temperature (25°C) by measuring the production of trans-cinnamate
monitored by the absorbance increase at 290 nm (Hodgins, (1968) ibid.). The molar
extinction coefficient of trans-cinnamic acid at 290 nm is 10.2381 liter M'em™. Reaction

mixtures contain 22.5 mM phenylalanine in 100 mM Tris-HCI buffer, pH 8.5. For standard
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PAL or a biologically active fragnent, nutant or
anal og thereof. According to a first enbodinent, a

wd Teesh01smed cell mass is grown and ruptured |pggavid2808/006661
crude reconbi nant enzynme. Exogenous naterials are

measu%%g{fnplthg gﬁapar d {Wr]egl a{xf]pr} ?@g g/miic bxbfqr%ugeg{c s(t_)lhdles the

enzymé aomndmdrfeﬂ the assgy Nwljted@Vibaethe Slope BBLIVAARLE fin is in the
resins. Subsequently, the purified proteinis
range Gfdk QAP tat0elR. | Aetivity dald ﬁ@xptfé@dgﬁﬁéﬁeql c mtmtyc(etmlamue mg™).

One AL b5 et 8 Rl HER U P TBREY G 1 plagiese) fap! Shftans-cinnamic

acid pet MIRAte 2€ foork Blnpe¥ah®. Of the bacteria containing
reconmbi nant PAL using a pressure honogeni zer (but

potentially by other physical neans such as gl ass bead
lysis); (b) heat treatnent; (c) clarification of this
| ysate using a second dEXAMPBRDE% centrifugation step

and/or depth filtrati W th Cuono Zeta Plus or

Maxi m zer, IOfk'F VF?%ﬂa‘fgilfM?$F'BB%‘§‘°ﬁFPﬁc¥t¥t ak or

Opti cao fil ters); (d) passage throu Q%B a char coal

filtr a%ﬁ%ﬂbl@qbéﬁweaéghwaﬁwrlmqnb psmaostpramisinglP EAgRAL candidates

are scr d &S é‘JcHUEQ Q’ﬁfl%% 1b{;d1l3§ Ira?s;ea 8? TP%[? Hn& é@técpwﬁh

rtorious artopo assag over
native BAhL(hyﬂl-pbgyiateﬁhuﬂmg:thrm diffardnt amd odmpiambmgr)ateblym(mfs (Western

pear| Butyl 650Mfr Tosoh Bi osci ences); (9)
blot, Egﬁi\g@gg lwoéreé‘ﬂnéﬁo% $ange col um (as in a

l\/acroprep H gh Q from Bi oRad) ;. and £ recovery of
final for Mestenpotsnekysis, BALsatiperum (from apigeHyeied withwative

PAL) LB 4.0, S 085 By HORAG iy BB
mice issqbqar wsed ah thetsante dilnéonr Thesecondary faatibddyo akhbne pidsphatase-
e B B Ta b B e s R gt i
the APSGBRRIO W esiatn Bltﬁs(?%mé%heeﬁhé g1 Kidels ﬁérfo"i‘xﬁ%@& @k |_%Nu‘?lc/lmmuno

sterilizing steps may perfornmed as ‘desired Vi ng
Maxisqrp wlagesn@Naddd Yuntelterhitanat)fellowingrstandard nrheechlmsslsnmyl mg/mL of

PAL i B § pif Bloethe I FBS Bl o S5 2% B8 Wefpvss antsegn (Gom

native PAT @x@6seldGhick) is dslutedt I: Y& 0OOTPEE ®focRbdtioA (PBS] €05 Tween-20,
intended to limt the scope of the present invention

2% BSpn, andya HRY-gomt asi-mousales Bewsad ansrsondarg astibasyawith T8 used for

detecti gth45r0rtstgect to nunbers used (e.g., amounts,
enpératures, etc.), but sone experinental error and

devi at,i on shoul d, ..of cours l.o for. LE.

10 oni FEBPPREBESR GRS shfor BAr Mo S hindie” Protein
sample¥ @PAE@r Il D%:A PIAYA aMafticAbated irPTEBY buffeNCltrisf BuFfePed saline with

Tg nom c was purchased from ATCC (29133D) and the

0.1% Tween) and PAL activity is measured before adding the antibody sample. Each sample
is incubated with 8-fold excess of positive control anti-PAL serum and a duplicate negative
control reaction using non-immune mouse serum. After incubation, protein G Sepharose 4
(50%, v/v) is added in excess, taking into account the mouse IgG binding capacity of the
beads, and the samples are incubated again at 4°C overnight with rotation. Supernatants are
recovered by centrifugation and the PAL activity of each sample is assayed on the

supernatants. The bead pellets are not discarded, so that further analysis by Western blot can

be performed. To confirm that antibody-bead binding has occurred, Western blot is used to
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PAL gene (ZP 0O0105927) was PCR-anplified frompriners
5' - CACTGICATATGAATATAACATCTCTACAACAGAACAT-3" (SEQ ID

woNvs/isdi7eand 5' - PCT/US2008/006661
GACAGT GECGGCCCCTCACGTTGACTTTAAGCTCGAAAAAATATG S .( SEQ

13 I ' .
et B gl gl R R R U A, BESH g e
the PALWisdipEdtep R wishad Ge\fbﬁﬂ1ﬁﬁb%(v¢1)h TNB‘S@G r)BY buiffé¥s.HFsllowing these
) t agged and untagged, respectively. A. variabilis cells
rinses, ﬁ@%ep GEcnading brfferis Atdad todbehends ang therrempisqarehgpted at 95°C

for 5 m?ﬁﬁt%sa e dplés%r wm&lg Vﬁé%lterg% ll\ﬂgﬁglfl ﬁtﬁﬁ%erﬂﬂ? Eflzyme

ITDVG an rinmer

variant %ovﬁﬁ@'ﬁ@ﬁ'ﬁﬁf Wﬁ&mwnxhq Sftddbead

fractions sa ARIFP PR EITHGL AP she vekighea pesiitiar meiinestesie. sypgrnatant
as comgagé@td Ve &ﬁﬁlo&ﬁfeﬁ P A hich B4PMysTgNagHRAY bitREng - 1190

rimer

CCACT AATTGATGT TGATAACCAAGCCAGCT ATCATGGAGGAAATTTCC- S

) (SEQID NO 16) and prinmer 4 (5 -

CACTGTI GCGGCCGCTTAAT GCCAERXAMBEIRASGATATCTTG S ) (SEQ ID
NO 17) were used to a fy nucl eotides 1142-1771 .
These two PCR proo‘f‘éf%%@aséé%ﬁlﬂé(ﬂyto amplify the
full-1ength gene with prinmers 1 and 4. The resultin

PCR prigeigate mepping sfudics anwptive RiyE|from Ry faraleidgsigve indicated

primar s G O bR TR atbbep st Bedptpinac
proteolyhbyagﬁrv)ty aBd@:bﬂlli‘ibate tStthadml@manuf anleffection ®KIU emsynte

. coli_ BL21(DE3) ceII t rat agene) were transforned
substityiet K OB‘GVWDE SRt mERiEOlH SesEB apgy resplt iy the

MehLe] P t(, Inoue Met hod ( Sanmbr ook and
reductlé\géso@ S %g?ecu \ oni ng: A Laboratory Mnual, 3rd

Editio

Spr i ngfffﬁé%‘é&gm %8?%1’;?‘3? g h@R R BloLd PRI AR PERLEAT) mutants
that retdintdeti iy, -sefkening W&Lplawis@tebistaheduﬂﬂg ﬂﬁ:uhitldnBleh ah 50

/L kananycin and 20 (g{gorarrphenl overnlg%t&g )
trypsi yw@wsn'r\wm%feﬁp?lﬂﬂh lé?‘ge Y PPRORRE faf relepion Qbasiify (via
| I

OD390 fn@ggaé%gén ng%&@dg%#gaggfieagandg@g mgAgctE ga aﬁ’iﬁ@r@ﬁi‘%ﬁk&&@fm the
identificBé@0o fGhuants witthappropriate & wiae pedpertiasdo ba uscrieforkﬁ v@'o tésting.

m nutes the culture was i nduced with 0.3 nmM | PTG and

gr own Hroteolyfic Raability atill D @Ssesdod usingvincubation watht eprotegise cocktail

trif £ BL21( DE3) pLysS cel | St rat
that apgrsgﬁéétéj &@ Itgﬁqtqq Wf(mm_nn%%%gjgr?d contains 2 (3 mI{/Iatr)?pgs?nn %)5 mM ©

chymotrypsin, 3.05 mM carboxypeptidase A, and 3.65 mM carboxypeptidase B. Proteolysis

testing will involve enzymatic incubations, adding proteases to the PAL solutions, to
determine the degree of protease sensitivity for the different protein variants being examined
(native or mutant protein with or without pegylation or other chemical modification),
including time courses of activity retention and stability retention after protease exposure.
SDS-PAGE and MALDI-TOF mass spectrometric mapping experiments will be used to
determine the location of any protease sensitive sites (Kriwacki, R.-W., et al., J. Biomol.
Tech. 9(3):5-15 (1980)). These mapping results will be important to determine primary sites
of protease susceptibility (such as the two primary sites already identified), so that all major
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cultured identically to NpPAL wi thout the arabi nose
i nduction. EXAMPLE 2 Purification of NpPAL and AvPAL

woldaes/f3bicur es were centrifuged in a bench-top pcr/us2008/006661
centrifuge at 5,000 g for 20 m'nutes and the

di ded.
e RUBSGRERT R RS v R bl BB A oo

protect!stiseabtible rédien<Rbin the Pht fichiictirs Uspended to
approxi mately 80 optical density units (600 nm) in TBS
(25 MM Tris, 150 MM NaCl, pH 7.8). The cells were
| ysed by two passes through an APV pressure
honogeni zer at 12-14, 0BXAMPLE ke crude | ysate was

cont 1 uged SeriBobubPEGrReddaA dag KRAYRS © ' ©

super at ant f Q. 2 .mm vacuu
71 Tt erln geiral REPY ericn Toapothalpatl i AP RLdhfolies miing fhe
protemcslq% SUNBRIGLERME BP0 2930 RESURAVABE PEGOXRDFR but yl
M col um (Tosoh Bi oSci ences) and a MacroPrep H gh Q

coI unmp
| evel %pg)ﬁﬁ#g/l) Ebcylgto&iﬁ E%Egarg @Jg{ﬁﬁ ?g%?% ?ﬁ%gg‘tévated 20 kDa
linear MEGC. EXAI\/PLE 3 Ceneration of Pegyl ated PAL Varr ant s
Protein Pegyl ati on Pegyl ati on uses nodifications of
l'iterahure THRigio®n Wheewhiatel for tied pradence H&RIbloxiRI d;
U.S. Patent No. 6,057,292; Lu, et al, Biocheni stry
40(44)4 %ﬁ)@&ﬁ s&l%%@ﬂ 6.2000) wasNﬁKItéH 1n-|_(j"'9e bl 4R MG watdA3d tested
catal o Actrvate PEGs include both the |inear PEG
with a bzmdehqi fehanl¢s Riyeraprarases (GrdpBT SPir endytexinp ther0. M Zml

sensmvrm)g %S?%?nﬁgm%ﬁg/%gageagg ﬁmwdj %%T tﬂ%&n%ﬁ?ogﬁﬁe W’ g duced

1n1t1ally3 Bp Mact8 PfiRratiod, follblved bytStdtogsheditox pesif) dnd vpiibradlly ey further
from Nekt ar Therifeutl CsS; experinental .determnation

chromasegrephir purifiprtpp; eé‘@ler!ﬁfb‘tVéfP hmited blotufgiently wglhl bypassage over
t al, . Bioactive Conpatible
DEAEE@%&%@ Ig%[ 587 (1997)) ~Opti nal pegyl ation

condi t4,ons redeterm J di fffe e ratlos of

PAL: PEG (t akttrg Tiito-accout tire

protei al on vvrththe nu er

onomelhy ProfeHr BreFRICEREHeg 3 Frefe BT @‘f byt fef or cqual
to 75 M ERPRARDUTE Tx8Rchekd 63! 5RHIM KHEODJBE- 8 .51 ity P filter was used to

pr otein. PEG derivatization ratios are necessary si nce
preparethis comcémtationstha filtgr wies firstitesteddbr endoterdn by 3pinaing at geduced

specd QA PORR 0§ BB bS5 A )RR burer o
endotosdrﬂrrﬁ ahd daatk WALagihg Prayin ih RIERNOrBRMuffer bytch Bevdrd/egegRt foel 50 mM

ection in mce and since naked
KPO4 p 8.5 consisted of water (QS to 1 L), potassium phosphate dibasic (8.4913 g/L of

48.75 mM), and potassium phosphate monobasic (0.17011 g/L of 1.25 mM). The solution

was filtered through a 0.2 um filter and stored at room temperature. The concentrated
product was slowly filtered (1-2 mL/min) through a Mustang E filter acrodisc. A sample
diluted and blanked with sterile TBS, pH 7.5 was measured at A280 to determine protein
concentration. The extinction coefficient was 0.83 for NpPAL and 0.75 for AvPAL.

3) PEGylation of NpPAL and AvPAL:

PEG normally stored at —80°C was warmed to room temperature. KPO4
buffer was added to PEG to resuspend by vortexing at maximum speed, and shaking tube
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(wld-type) PAL is quickly inactivated upon exposure
to proteases. Pegyl ation reactions are stopped by

wo foegrzmg at - 200C, and the sanples will be angdygecsaysss1
SDS- PAGE, MALDI T(J: nmass spect roscopy, activity

: sment oteol yiic sensitiy and .
nard ina e a1 DT Sk RSt Jhe BRiimareparided tgghe well-
suspendd"PIPG s@ﬁiﬁ@ﬁSﬂﬂﬂﬁ on@ftihit® oPhflerig ﬁﬂ;t werey thePI®and mlxed by very

unreacted PEG reactions are dialyzed agai nst pH 8.
gentle igversion porbas svmppémglptﬁamen il vere Rleeadringthe axis OI@rmlqeh and

rocked bl ok Ao chfafinid o ROEE" THE I REACBUBO Wt TS ot 7.9
and stefiteofiledred. a’$5@yusbertsu(1ﬁ6ﬁﬂe Erhdrfomgyted iMAledandly ot stpred at 4°C
measurenents wll be perforned on underivatized and
until repgtysfordpsmulationay PAL sanpl es using standard reaction
conditions, as previously described. Followi ng in
vi t r o Ohar darmwiatieni on, in vivo trials will be
conducted with the nost prom sing pegyl ated
t her a@ctfounu:laﬁ«m bsffergecipe/batch esoRKepnsisteskofmated (QS to 1L),

Tris Bt ha He PALHGL (48 ok SRBFA oot el sihyes

ﬁlteredrﬂﬁ'cﬁl@h L4 P [mﬂfll'?éflana REbréY BAbom'tERP&atrY. eTHe b@ﬂ‘er%%ﬁlti%mwas

non-nodi fi ed protein sanples and for pegyl ated
Sub_]ectpd trt engergahflbwdiltratorcunneaivietlowd0i (srnalalﬁrdthShmeHmaHng?OO

s 9 LA e S PR B B st

with MQ'@hteBI@NN NAORT fef @OO/WnLhVﬁ&CégI’Eﬁ{ ETIRY dRidh was equilibrated with
concentration determ nation G PAL products are

TBS, pthab at 6@ milZein elossrflvwi ihe pbFofiiBe permagatewas determnpiaed to ensure a
Hof T nber of PEG nol ecul es attached to each PAL nononer,
p as well as characteri zed using activity assessment and

of actiipispptiop s e pesRoed toaprb iR TR pyftimately

3-fold irﬁifeaifﬁﬁlg% BAgmfapmaﬁlb %ﬂlea§tef'é@ﬁt%b§/ etdoss-Fietv WA-typieally 180-200
L sanpl és, - TOF mass spectroscopi ¢ anal ysis

mL/mméQphqtbéhvdibvué%amﬁZQQ 5 Murea or 0.025 M
guani dine-HC to inprove subunit dissociation and the
r epr oditei fixial ptoduct wapltéred thtewghcViustang EALTh&qud:schceyof endotoxin

W A LN TR T -

than 1 Eﬂ%ﬁciéd\iéﬁdh Whs ENduied Witk sz@&gyﬁeamw e F&Bﬁﬂ&té& &nd Serile

assayed at roomtenperature (250C) by neasuring the
PEGylgsed Nmé’t‘\ulo‘vr AYPAL avese sqatadhinatias anhpleeededt -7)°¢ watil ready for in vivo
absor bance i ncrease at 290 nm (Hodgi ns, (1968) ibid.).
studies o "ol ar

EXAMPLE 7
Effect of Nostoc punctiforme PAL (NpPAL) and its PEGylated Form in PKU Affected
Mice

The objective of this study was to determine plasma phenylalanine (Phe)

levels following subcutaneous administrations of NpPAL or pegylated NpPAL.

The effects of (1) a lysine mutant R91K PAL from Rhodosporidium toruloides
and its pegylated form (1:3 PA::PEG) (PEG from Nippon Oil and Fat, NOF) at a dose of 3.0
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extinction coefficient of trans-cinnanic acid at 290
nmis 10.2381 liter M1Cm 1. Reaction m xtures contain

wo2doH13¥Mephenyl al anine in 100 nM Tris-HO buf feefyuRbbs/ooses1

8.5. For st andardneasurenents the final enzyme
d
/LR NERAT OB el P e T T PR & S Bl 5 0.

[U/mL &30 IU%@L§111QD@) FehidROwEtEedd 1Ii’ﬂH(bm(ﬁygc5hstH}¢UE afige (4o known as
to 0.02. Activity data is expressed as specific

BTBR"‘Q“?} miger Ry ErnBAkrvasrpraously skamwen toriave dmproxed petivibs efsiqe to

w11d-ty?§ R Fb%zoﬁdlé? BN %9@5@/ f&a:at%ﬁ] ﬁ{ the htgﬂkl g%ﬁmgnét%gj%q{) LeulOl, near
rans-cinnam c aci d per mnute at room rature.

the surfad®dAhE pﬂot&"ms tAlb§ollitions Haddedsahdn 1.0 fB&J/midendotoxin and were stored

at —75- %nggr%un_gl?em g}l r%

hydrox?fr%géejg«?{e 3?&'&11)

y Af t

bdws r@gﬂﬁ

h native

el.o0i ochem cal

BIBR PAmeuss as pomesyegpemutang

f2f ANARINER stRitifpefbhe

characteri

tﬁtg }?gtiyl;.lgr%ne
|dfefm®a. The

?Hr ee

high plakinfid pheaytalammdz @hepleseis make\this aoiml gheegppfopstemodél fot

evaluatiyg (ho 2B of Ehey AR

nativ

e PAL)

itati

ShiedEML 4

is usedlnadllutlonllo 000. As a

ot

PBI ot

Experimente! De&8ontrol the serum frombuffer treatedmce is
al so used in the sane dilution.

anti body, af fktslie Bn@rphpeﬂﬁqmna@ees)wjldjw%ﬂew&t

The secondary

All v e UI |
Group, N ‘@I&'é'v %‘gd us éé Rrelap | s BER A CILeég féfr %se Yolume
# (D nnrgmn\ The ELISA 'luu opge)nnrf orhe 4 L)
1 Nu el m’mrﬁﬁgll‘%m sofp pl al 99 (Nal ge Nunc K)nt ernat ilonal9:33
2 f ol Poi ng Rehdar d| procellres udi ng 1ngdfL of PAl in 033
PBE apdlBIRFdkPRG W t h PBS, 0. 05% Tween-20, 2% BSA. The
nouse| anti N@Fa (frpm native PAL [exposed mce) is
3 diluted 1ngPA000 ip EB bbock soljution (BBS, 0.05% 0.33
4 TSN 20, gBRBSA), [ and agBRP-gogt anti-gpuse TgGlis .33
5 USEG AS SE Miouy ATt T D0 g Wi Iﬂ TIVB useql ror aet cti 0§33
R X T3 A S T Al R A 21
7 PALY hre PARObated|in TT®3 buffdr (Tri D-Bffered 0.43
sali ne WtHAIGPES Tieen) and PAL |activity is neasyred
before addN&Y t he antibody sanplie. Each sanple j
8 i n¢udbpt ednpPAR 8-fpl d ex@dss of [positiv&9Zontrol 043
anti - PAL3PAIWPEaGNd| a duplicate rjegative control
react| on UNIOR nonti nmune nouse [serum After
9 I'MCUPATT O pRIOTEI N G Seplgar ose [4 (50% ygv) 1S added.43
i n|exgc isg%,l;‘ﬁ Qﬁ nto account tlhe nouse | gG bindi ng
capacjty o 5 eads, and t he Canpl es are |ncubcted
10u_3 usn at nfﬂ)xtm it 5||L Wit 1Id Fotatitot- obfgol atants—at c0‘43
1:3 PAL:PEG
NOF
11 2 Vehicle 0.0 0.0 0.43

The solutions were administered via subcutaneous bolus between the shoulder

blades on day 1, in the right abdomen on day 4, and in the left abdomen on day 8. The

solutions were administered using a 25-gauge needle and 1 or 3cc syringe into the

subcutaneous space. Each animal received 0.2, 0.4, 0.6 or 1.0 IU of test article in the dose

volumes described in the table above. The animals were lightly anesthetized by inhalation of
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recovered by centrifugation and the PAL activity of
each sanple is assayed on the supernatants. The bead

woRRbd/ Bi%6ar e not di scarded, so that further apghys28086661
Western bl ot can be performad To confi rmthat

ralothfi (139 High8 Pl B Tl 133 e MBI Pl hng brfggmed a

approxiiaselyahe faie fiméndcRoseidntihistamdd @1y, af t er the PAL
bi nding step are washed several tinmes with TTBS and

TBS buf figfals wéiklobSMh 88d4ieR8 nidrbl m&@ﬁltﬁ"‘éﬁzg gbRdsliHedlth. In

buffer is added to the beads and the sanples are
particutpezthe mjacttlowﬂef\ms 05s¢wcd1f0@51gn$@ﬁmd@sssmr@chen Badﬁl\’wehis were

measurgﬁ 8%% ?I%C%b ?ysb gdg ag{i_\ h a S f uag%wceai éme eé bu{1 ng’t used to
determidetdo|5€ v&ﬁkne’ rBlb&?cdl%chSﬁ@ﬂ’ ﬂﬁﬁﬂa fS-gGtimd Reréperfinined toﬁ(Day -3

Western bl ot and sho her activities reminin

(P.S), IPW 2 (R, Dapdritratdase (PasDap ﬁﬁﬁ} &y &Pigzdase €P.9h-Id? (B, ‘é)al Day 12

(®). and Loy M S, ApRERABN LRGN, SERbp R AR s FolfeMepy Bach time

point (R 282850 M€ o Plasthé Qméalm§ OBH'Jo‘a' waollamed o kaktffvein. Plasma or
primary sites of proteolytic sensitivity. Renoval of

serum wag bolisictedsas nedicatedlinctbe schedhlerdboze.e The mle@luywas:punctured and the

oo GBI S5 RSP ik oot ERBER g Bsctin

Tubes (#‘0787125 D). SFdr%énﬁt%olfércﬁbﬁ H1¥dd EropRESWEre\CollYcta®ihtd & ftbetwith no
In the reduction or |oss of enzyne activity. After

additivps. oli?le$ma/@¢rgnn\§@\e |hng/ehtaé agd sandarredintos s@raeaitulpeiade stored at

t an ret ain activity, screening for
cither F%lﬁ%é@ﬁ%}m%l %%#G ®ng i ncubation with a
trypsin/ chyrmt rypsin protease cocktail, followed by

Resultsypnitoring for retention of activity (VI a

OD29oneasur errentlé and reduced protein cleavage (Vi
PAGE dlic rasidisyfes NpPAL|shos-terst desiag studigs demens ﬁaéﬁqth@ﬁfﬁcacy of

v P Moy SRR LS L ORSES, S Bppcvnc

NpPAIDéidass éssephesylagninedenzdd afes any trijedion; etenctstore aldet aolld be any
t hat, approxi mates the intfestinal environnent a

immunggenig resgonses ThpreforgpEEHYlagon isan 2hsglia ng?rﬁentgowpw tobea
potenti ﬁ;&%? et PRES léUl@f‘f)l 3. 65 nM car boxypepti dase B.
y

roteolysis tes ing w i nvol ve enzymatic

i ncubati ons, adding proteases to the PAL solutions, to
determ ne the degree of protease sensitivity for the
di ffer ent protein vari EEKAMIH’LD@ exanm ned (native or

protein with or | ation or other
Effect ﬂfexﬂftelmenﬁdfartflblétatPAe‘n}AVPﬁw aafl ﬁ@%%aw o ip PKU Affected

activity retention and st@w ity retention after
pr ot ease exposure. SDS-PAGE and MALDI - TOF nmass

spect rMIEd G vIBPRIS Gusy REE IERL Fnikk blashi§ pHESHalhBine (Phe)

levels following subcutaneous administrations of AVPAL or pegylated AvPAL.

The effects of (1) a lysine mutant R91K PAL from Rhodosporidium toruloides
in its pegylated form (1:3 PAL::PEG) (PEG from Nippon Oil and Fat, NOF) at a dose of 3.0
IU/mL; (2) AvPAL and its pegylated form (1:3 PAL:PEG NOF) at doses of 0.6 [U/mL and
3.0 IU/mL; and (3) vehicle were tested in homozygous ENU2 mice (also known as
BTBR*™?) mice. R91K PAL was previously shown to have improved activity relative to

wild-type R. toruloides PAL. R91K is located in the helix spanning Asp86 to Leul01, near
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determi ne the |ocation of any protease sensitive sites
(Kriwacki, RW, et al, J . Bionol. Tech. 9(3):5-15

wd H88¥sy76 These mapping results will be inport@Ayud008/006661
determine primary sites of protease susceptibility

he t r . s i a i dent i f. 0
e suc IR0, AR OO kb B0 R B B e
at -75-§0°0y | Biel ENUR 08 BIBR ¥ naidé & homdzagb @ mbant &rthy phaiythiatine
protect susceptible regions fromthe PAL architecture.

hydroxpeag gt (BAEDHesuseonting inmmagmimplvithspare byperplieoplalangmia. The

. ' N ' I
ieh IAEE Ry FEEE B0 R B B e
evaluatiftgSha abilivpd £phdalal {MéFammPniatigasel (PAL) té’E@utaplasma Phe.
standard "HC' net hod using NHS-activated 20 kDa |i near

Experiftleseial Desighe protein was eval uated for the presence of
endotoxin. A protein solution (0.1 nmL) was diluted in

0.9 m fresirapfe Mﬁfu]ﬁﬂ?ség;rﬁﬁfo%g afdDose 18&1d- hel d

arl es River apparatus doPTS) for endotoxin at_the

Group. SN FlAdrhinisteséd | VIDese LLeyekl|. | Tesgtndof oXdesewasRgnteal er Dose
# than|0.5 EU M, {REU/mowbe) gxi Artiele r ¢ Madeshei hi ti al | ¥requency
by Mistang E fil{ration, faqllAvedtby|Sialgogene Etox
rgsin, and optiopally by f{rtdgmEhr pmat ographic

1 PUri i1 CayhiBie Reguct an wWag ted DUIO-§3ITT CS@I’ﬁ Maysl 4.8
] 1 - 8 b 2

W
2 U U DY PRPSAUY OVe] ) DEAR FE {gTTET ik at] pH 7. 8.
3 oo ARAL o Lo ar el ar Anadde b/ Tﬂﬁt
4 | ds3 TﬁXBA;rPF@;l\] Lt D25 rTE/?‘d Ood n llf?(z;sgzy“hanged to
5 50 o KPRAL BHG 8|5, 110a sdin f30ter |va@3dsed to
6 priepar RIK BEGon¢ent rlafi on,| the3.0ilter ®WA3 f|rst

tested for endotoxin by spinning at reduced speed and

time (BRABLtRAL wirdddibinBtoredWiubeiftiRousbone in the@Rimal’s rear
testing the retained buffer for endotoxin in the sane

back omdgysals 4 ted Hr The pelutionsswesp adminfpiered wsingra hrgeauge needle and 1 or

3cc syr\i\%t%gr:lt%étggli%b%%?&l%l’lsss a%ggl ég%?:grﬂéﬁhbrﬁﬁ T %egxfe%%ii 0?3,%?6 ?E; 1 .QQIPSOf test

ot as osp e dibasic

article G the dbsedBolubesWscribedlinhé ebtd abovph The haihealnworedfgitly
0.1701 1 g/L of 1.25 nM.. The soléltion was filtergd
anesthatized by fnhaladion ohkatothang (1-3rkmefks) aad akso restrgined by hand. Dose

s RS o AR A A4 B i aminsrin

day. acrodisc. A sanple diluted and bl anked with sterile
TBS, pH 7.5 was neasured at A280 to determ ne protein
concemniffal OWere Dbsereud daibt fod mozbidfty, morality was gbndid] Health. In

particu”a?,ﬁﬁeL in?gc(%io% s?tg vffa% rob/sAg/rSQILfor signs of redness or edema. Body Weights were
measured and recorded on Days —3, 8 and 12 and used as a clinical parameter but not used to
determine dose volume. Blood collections (P-plasma, S-serum) were performed on Day -3
(P,S), Day 2 (P), Day 4 Pre-dose (P), Day 5 (P), Day 8 Pre-dose (P,S), Day 9 (P,S), Day 12
(P), and Day 22 (S). Approximately 50-100 puL of whole blood was collected at each time
point (for 25-50 pL of plasma or serum). Blood was collected from the tail vein. Plasma or
serum was collected as indicated in the schedule above. The tail vein was punctured and the

blood droplets were collected using RAM Scientific Green-Top Capillary Blood Collection

Tubes (#07 7250). For serum collection, blood droplets were collected into a tube with no
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3) PEGyl ation of NpPAL and AvPAL: PEG normally stored
at -80C was warned to roomtenperature. KPO4 buffer

woMes/addgd to PEG to resuspend by vortexi ng atpdt®e200806661
speed, and shaking tubehard in hand to ensure all

additiv%%rlqgsrﬁ} s ew%% Z;a@éé@ gﬁc‘f ?P%S-r@% n?&n & %tﬁlé \%ﬁu@edt%%% stdted at

either 129%C (pladrhs)Sdr 8OLC €sbriip PEG and ni xed by very gentle
i nversion. Tubes wapped in alumnumfoil were placed

Result®N the axis of a rocker and rocked very gently at room
tenperature for 3 hours. The tubes were fllled W th
TBS (
rore! Ao AT ALt G558 0 BUBRRR| AR cmacy of
the PEGyilated eneplys indowkingrexassioa phehyldtatineleatls oNotdtdy, unPEGylated
formul ati on buffer reci E)e/batch rrecord co |sted of
AvPAlL,didnot twrtpgeliy El)amn?,l?\ge any ngecmgp even, q_qelthe(rq goyld be any
d ;
1mmunP?%mce fég ortﬁgr gﬁgﬁ%ﬁ: opl%@ﬁl‘%tlyﬂ @vag ?ﬂcgvﬁ[gtoz%ﬁﬂe %B%gltu‘f@l%gulrement for
AVPAL ereer pdtemteal tréeltednt fdrdtKd FIGURE 6)as subj ected to
tangential flow filtration using a Vivalow 50 (snaller
lots) or Vivalfow 200 (larger lots) with an 100 MACO
regenerated cel lul ose nenbrane. The sol ution was
flushed with MQ wat er, EXAM Iﬂa'@ﬂ and 200 niL water

2
Curdf GPT RIS SRS LD 8D IO RL. ana
det er mi ned t BE€ydated NpBAlL oh PKU ATfeetesldViitd on was
buf f er exchanged by first diluting with TBS

appr oxiihgabidcyive of tigistady waetdgvaluag: the phtingicodynansik parameters
at least four tines. Coss-flow was typically 180-2

and impunegenigigretisstspivhtons (0 day) desingpeh Waﬂaﬁd@éfi USPeRH E%tﬁd
.
o M A O RO AR g
t t .
T e vivd Baglet oHe Bl adiCia TROPK U s WRE HER G ROACPAL.
PEG lgﬁhpPEDﬁHdJthPEd}ym& forer riﬂPe\LPEEKBI BS M)H\Iraﬁé\lyemble@r%HCl) were
were sealed in_vials and placed at -70C until

produced;ong yseg o5 the firgt léaéf ofthaprdy and the ssepndyfor Nbes%esenda half of the
' 0 | nE
study. %5&%%\%@5?/?\'8?&% PAePCcal %84 FS PEFO@I So"I*ESg \—Ngfs'ﬁ'}’[)ég'?ioggé}oup)

j ective o
homozgigiue BN U2 nfitea@ka BEIIBRfS}“IZ)AWam used,(@@d @nder no circumstances were non-

naive (mice previously injected with PAL) animals used.
Experimental Design

Table 5: Group Designations and Dose Levels

Group Group Descriptors Administered Number of N
Number Doses
1 Vehicle control, s.i.d. Tris NaCl 90 3
2 b.iw.? R91K 26 3
3 b.i.w. post week 3 ° R91K 22 3
4 Escalating Dose, s.i.d. R91K 90 7
5 Decreasing Dose, s.i.d R91IK 90 7
6 b.iw.? R91K 1:3 NOF 26 6
7 b.i.w. post week 3 ° R91K 1:3 NOF 22 6
8 Escalating Dose, s.i.d. RI9IK 1:3 NOF 90 7
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| evel s foll ow ng subcutaneous adm nistrations of NpPAL
or pegylated NpPAL. The effects of ( 1) a lysine

woshe37/B891K PAL from Rhodospori di um torul oi degtaikdodsi®dese1
pegyl at ed form( 1:3 PA PEG) (PEG from Ni ppon Al and

\I AL u ] L
Degvl af eQe?rS 1'¢ bfs% SI%L IKC_]'})NEEIIPF Pses ?gncu nla
frtﬂn 0/ 6 Batterial RA)L&S QVJcU/ rrhpPAhd 1BIDR/eh| clé3were 6

¢§Nl IIpéUIIé}ékygU EI\I Illr;g¥§§{vh% Ké]\/]sﬁng hav
S € Vv, o)
?ogpég?@a?g vrﬁ@% qé %Hg Hﬁq i %@n?&% 1°W the
Lsé‘EPF day sghgduleps growpsaeand @ t he prote| n. sol ut| ons
Kdpsedlay 1tomen’ daysabedule (@mmlmvmdwanwé/ae st ored at
-75-800C. The ENU2 or BTBRenu2 nouse i s honbzygous
mut ant at the phenyl,al gni_ne hydroxyl ase gene ( PAl

e hagRon o Eep cuar 0 7

| ocus resulting in a evere

hyper phenyl al anem a. The [hi gh plasma ph [
(Phe) levels nmake this anli rel—the—appr ng‘?@@‘é@{%ww

for eval uating the abilityl ofli4phdfiyi2f and$e42 [ 43-56|57-90

ya-|lyase (PAL) to reduce plasma Phe. Experinental

aGraup /
Nefibehs TheGaflp'beRPiptvRy € adm ni PHeeaevel iRIU/mouse/day
subcut aneous bol us betweegn the shoulder blades on day

i illt|!€1‘ﬁl 5W|uy4 et
1 abdomen icde coptrol ¢ 1 1yt i Bns

StPrPdO 0

89(8 639576 10

2udidanda |25-gange o e a;nd door
7subcut aneous space’ ]E h jani nal
49hd - O |LE§2:falattﬁ§tD<ﬁEtéiCde Iy he d@?@ volwes | 08 | 1.0

\V Avxe | I IJ T T CTTC,™ T

sapast het|| BPSg 95t i ot page |( 1-13% o/ B®) | - 0.6

and_als rpqtrﬁh‘&d by h stratilon was
1per f or ned BatteapbP Ak sawvel y tlhe s di) eachldose 1.0

14

admi nistration day. AninmalsS were observed daily for
nmorbidity, nortality and general health. In

e

o o S BTSSP B 1 .
Groupsr Emﬂ 6l éali. WI) vizay dosed, twﬁiceeped stbZk andays bdnd$, ag.ctvary dddnday and
ST RO S Y D TR
day 22, aft%r (&ﬁ)nc@ the @aifedale(rﬁ%tch%aéofp 81&5%025%1({ & ieve@aMoﬁd&P and

Pr e- dose , and Da
Thursdaja) (CBpupAﬂpvaMomt @noy- vk Iho O hﬂ_tesjfsomhewsraﬁﬁmlmwed y

e G ER R 3 s PR el 3 1 B e

subcutdrle88d¥padé b&WeHﬂihb%ﬁoﬁl@H Bad&d FiSh hhithdl 2Rt ed pré@etermined dose
schedul e above. The tail vein was punctured and _the

volumayateydated vging the Test solution @‘étveta{ (I¢mlg apdthesdossdeve (IIJ/mouse).
Dose a@hgﬁ raI%R v&%%ehjoff{lé(d EI g‘ﬂ% gfgtﬁ'k ?ﬁng lﬁgl% %QK dgéego)

erum col Shere co
adminiétfdtidonalayube with no addl t Ives. Plasma/serum were
harvested and transferred into a storage tube to be

st or ecAiinals were observed daily for morbidity, mortality and general health. In
particular, the injection site was observed for signs of redness or edema. Body Weights were
measured and recorded once weekly, (day -3, 5, 12, ..., e.g., every Friday) and at study

termination. If there was a death or unscheduled termination due to moribund state, body

weight was recorded at that time. Approximately 100 pL. of whole blood were collected at
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ei ther -20C (plasma) or -80C (serun). Results The
results for NpPAL short-term dosing studies

wodRedsticat e the efficacy of the PEGyl at ed en®k¢mass20d8/006661
| owering excessive phenyl al ani ne | evel s. Notably,

.UNPEGyY | at pPAL di d | r_phenyl al.ani ne.levyels .. .
cach it Gt LAY %5 LR st s wEPT bl cPASR A ous ATyt vein
punctule O QAR SusBHRAES The bIvRUAr&P16ts G Werk dofle@8d using RAM

absol ute requi renent for NpPAL to be a potentia

Scientifie &xeenehop CopillariBlopH Gatlection Tebea#QE720 0 Ferserum collection,

of Lnabaena .vari.abilis PAL. . AvPAL its P t .
blood s SAERRYY A Bo v ek Hisba foted Srereaphedloibs e for
no morédiant Dhéles befskd&phtation by Rbamfh@ition ime plddfe)schai ahd stored at 70

foll ow ng subcut aneous adm ni strati ons of AvPAL or

to -80°camyil agsessmmnbim assayse Bloodwas coltected)fonplagias ped parpmyfor the

RILK P rom Rhodosporidi.um tarul oi.des jn.it
determ{Fafh oot PO R 9B ) R o G Rllohind By re-stuay
start), BNd, FAB1, DEH)S, 82, 59, 66SE3, @D, $7 dhd U 10n ddyR9, Blddaland phsma was

its pegyl ated formé 1: 3 PAL: PEG NOF) at doses _of 0.6
also belcgﬂﬁeaecgﬁemﬁmupw, L9 anh 40 pimale hbingls tigsneinteachigveek may not

. ' .BTB i .

e pro KRB F G B R BB CSBUEhgoims
showediwhethed or foe Pht lewelstade wardyihgt pwedr ddses. UTlod dbysO $2bhple RA3 I6f vital

) is located in the helix_ spanning Asp8 o leuld, . )

importanog t HYdY ieariy Stice ftBanks Medime Whep Wi rio g isvardastinall dosing
. i - 75- 8Q0C.

regimelyp Skt i RIN0Y 200 ML LA RIS EIe, 1" 2 the

R Itﬂphenyl al ani ne hydr oxyl ase gene (PAH) | ocus resulting
€SN n an aninmal with severe hyperphenyl al anenia. The high

A b s A s

fter nRPEOYS RLAOY S ATTMROVEr 4 ¥ASPeckRDd (With 3HPAE -PEEG M
a ernPhe. Experlyﬁgﬁt al Design Thee spgl utit(ohs wer e ®
adm ni stered via subcutaneous bolus in the animal's
rear back on days 1, 4, and 8. The solutions were

adm ni stered using a 2EXgeM®EMmBEdl e and 1 or 3cc
syringe into the sybcuyt us s e, .Ea ani pal

recei ved @?‘2?"3&)‘9&,"[#6?"% 1@? %%." l?“l'%ﬁ“i"é% ‘QPFTSSF ein

t he dose_ vol unes described in_the table above. The

ani malAmigerasid substifuionswereaade g dhe i vP AlArodyRegHde fo reduce

.- 20 | 1 r.ai b .
e by BRI L 0 5 O e pegin
may red@reeenkzy e activigearid/atdaereagtninmnstogenicioyin vivo. One such form of

aggregation occurs as a result of formation of inter-chain disulfide bonds. To minimize this
possibility, various AvPAL cysteine residues, alone or in combination, were replaced with

serine residues.

The AvPAL polypeptide has 6 cysteine residues, at positions 64, 235, 318,
424,503 and 565 (SEQ ID NO:4). The following AVvPAL single cysteine mutants were
generated: AVPAL C64S (SEQ ID NO:7), AvPAL_C318S (SEQ ID NO:8), AvPAL_C503S
(SEQ ID NO:9), and AvPAL _C565S (SEQ ID NO:10). An AvPAL double cysteine mutant,
AVPAL S565SC503S (SEQ ID NO:11), was also generated. FIGURE 8 shows the amino

acid sequences of these AvPAL cysteine mutants.
Cloning
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day. Animals were observed daily for norbidity,
nortality and general health. In particular, the

wo Th€e3henN site was observed for signs of redngsS3u608/006661
edema. Body Wi ghts were neasured and recorded on Days

-3, 8 TH dA%fz B%gné" géjalﬁ 1i e&hb&%{rﬂbg? c}b%s Oge%mp@ bna
used to ernne ose
(ATCO P41B3dSQiagen E)Neug) Kv%mhrfef\ﬁard pEiched rAv@ﬁBlALfoB (fP. 9),
re-do

CACT%&%@&E&M@CA@&%’@C?%P&MM(%RSF@D?}% @%9: 18pand reverse
primer R O B T S AR OCe g RARGRT ATCTT 63

(SEQ IBrNOcr)njlhe B¢sniichgyR(R pniduecwwtréateﬂ‘IMth datjaind theai ligated into
r.serum coll ected as,indi cat in the
pcm.ﬁkﬁiﬁr 2 (yayeeeniy bhe spltipgp %@“ﬁﬁﬂé‘?ﬁg iH‘“gnd t he
bl ood dro&l ets were collected using RAM Scientific

G eenép éﬁbﬁﬂ%@%ﬁdsp%leﬂ apinteraali el pitp avas rerpqved by OE-
PCR. ﬁi’é { ysSEeR & Al‘?ﬁr‘a %@%ﬁ@?ﬁ%@hﬁg pi8 :vﬁth%h!v&rﬁtp‘?ﬁ’ner N-Nhe-

a m wer e
AvPAIhéﬁ’ WeACEG TAET AG@FST(&AA@AGJACEF AT CIOCAAGICAQAA AG-3D(SEQ ID

d at eith -80 0C .
NO-20 R oV o BB ST A AT ERGBAL hor t - Lor th dosi mg.
GGAA%W'F@@T@éWATAWFG@C?&@@PFAT@AA@&TEBKM@&G@GG 3°) (SEQ

enzynes 1 n | ower | ng excessi ve p y al ani ne | evel
ID NOKd),zindyhe dovpiBehnt AdP Al Fragmgntiwapamplofied fromelpdd avlelnfomward

. ve‘L‘_'Z;%%\f1 er ,any i njection, even before there could be
Primer rie- &hic response. Therefore, PEGylation was

CCAC$MVFTG&TG@T@AE&A@WGC@&GCTWAT@GA@@AJAWK@C@ ) (SEQ
potential treatnment for PKU (FI GURE 6). EXAMPLE 9

ID NO@R) and eevese paisner AMBIAdraye €5°St udy of UnPEGy| at ed and
erc RGP e TR P LA g oo

Ina mr@%‘@l’ﬂh&@&lﬁﬁﬂgﬂge é\oa mlollepxadsaamrhd mmmle@ and exfegdeﬁlf Wik DNA
orf cnronjc ay (0] W t pegyl at ed an
polymespsseg preguse ngQQfllR -legth A Pgegmea%t%m ﬂflﬁ d ey ppimers N-Nhe-

AR P SO Ry T

KlenoviRali gRdd: witicSofll, 8nd h@?é\l_lmmﬂlel pEI2BECyatbe@rémred by digestion with
pPAL: PEG 1: 3 NOF, .and.vehj ri,s-HG ). were .
Ndel, g Kisrows addRegstiormmith Naeh). B pesyfringriencri oy e
3p86-28he second for the second half of the study. Test
solutions were stored at -700C to -800C. A total of 55
=3 &
STERe D) FReR AT SAECHE. GAREY 9B (IR e B from
plasmid 3p8@&22 with forward primer AvEcoRIfor (5°-

CACTGTGAATTCATGAAGACACTATCTCAAGCACAAAG-3’) (SEQ ID NO:24) and

reverse primer AvSmalrev (5°-
CACTGTCCCGGGTTAATGCAAGCAGGGTAAGATATCT-3") (SEQ ID NO:25). The
resulting PCR product was digested with EcoRI and Smal and ligated into EcoRI- and Smal-
digested pIBX7 vector. The resulting plasmid was named 7p56 Av3.

Cysteine Mutants

Two cysteine codons in the AVPAL gene, corresponding to positions 503 and

565 of the AVvPAL polypeptide, were substituted with serine codons by site-directed
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(mce previously injected with PAL) ani mal s used.
Experinental Design Table 5 : G oup Designations and

woDpeg1zenel sb.i.w. : twice per week s.i.d.: ongeTMES2008/006661
days:i.w.: once per week a Dose day 1 and 4 on a 7 day

schedyl. . ] n nd Th d .
mtae S E FRTE g, SERIteA 1B ol DA B o
changed @y a 3erind %Jéiohciié pismiid 2p Saae3 By @@Qhwgh iﬁ&u&aed pEMGF AWPESA3S (5°-
C Se da schedul e

and 6. l.on a7 da exanpl e

cTeARlacpAtREAscE ARl cRaTe R i Aais EobGs TisBRan bR 26)
o} aily for groups 1, 4, 5, 8 and 9.

and re‘@gﬁgﬁéﬁ Aa‘lr;r‘r?jség?g&l @vv. ) were dosed tw ce per week on
CTCAGITSCAGGT GATAGAGAGGEGCEHGEATARTARTGAGEY ) (SEQUPINO:27).

3 and 7 .(b.j.w post ek wer e .dgsed on day a .
The seneghdop s neT N BOp B Maion A AP TE-GER 4G & mutation
in the TORLGARE sttﬁﬁtg Riin@EAEP$h Bol@NThb rdsENREP1RNE Nas RBFhed j282. The

Thur sday) . oup 10 was dosed once ekly. The tes
cysteing ebdun atipositond 6advasvhangadad alsgrisaibslonan plbasmid j82ovitloforward

. (ol ing a 25 or 26-gauge needle and a 1 cc
pnnmrﬁv;ﬁﬁééskiko t he subcut aneous space between the

CAGTS0AWGAT AHICGTIESC CETUT FrGCRITTALCCE6GECPGEISY ¢S RDMTEINO:28)

dose volunme cal cul at ed using the Test solution
and revgeseipyimer AV_IGAPOPreyr{dt he dose | evel (I U nouse). Dose

il i N . ;
GCAGH R I PGB A G GLTAA A TR TG AR Lo BT
NO:29nUBler segifie daddryishumdertiped aald the,G tOC tnaktatioh minttle gediag srand (C to G

.health. In particular, the injectigon site was observed
mutatigngip the gersceding slaanc ds wdicated in bolds dhhe\igs g piagipid was named
: nmeasured and recorded once weekly, (day -3, 5, 12,
j298a. . ; :

., €e.9g., every Friday) and at study termnation. If

t here . i1Ofhe WATS e 1] [
nor i buéri\?%’?esl a?ogf,%hgbndyewel g,cﬂ? gé\/\“/aesa(ij P é@g%%%{’g’? §taﬂ§? 6§ i((gfrteh.e
AVPAIAP§Iy pegitidetvedry sibtitiriylsubbtituied I vaitdetined codoms wshlg the feitbwing primer

. ateach tinme point (for 25 nmL of plasma and 25 nlL of
pairs: Ga#Qfprvasd painerdy Bdéted via tail vein puncture

GCACHA TEORRIQUATE I G TR L PRATAU R Ereiso9) 5D

NO:30Canpi ﬂek/a_sg/pﬁhmoAv(_ﬁBHSmm(?’ln Tubes (#07 7t250) . For serum

earcEi EF Tt OB EAA ERIEERIRAT ALRETELD, e
NO:31 7% s hdpwardithe Refergsgsraration by centrifugation

I'nto plasma/serum and stored at -70 to -800C until
CAAGAISEsERd T CACHSEOYEL CELCH D CRLA GOATd diEaGH6r-3 PI(SERED NO:32)

B S BB IBL T 0% 7t oL eyl alanine
GCCCCAMABACNGGGGAAGGGATCGGAGTGAGTAACGATCTTG-3%) (SEQ ID
NO:33); and C565S, forward primer Av_C565S (SEQ ID NO:28) and reverse primer
Av_C565S8rev (SEQ ID NO:29). The serine codons are underlined, and the G to C mutations
in the coding strands and the C to G mutations in the non-coding strands are indicated in

bold.

EXAMPLE 11
In vitro Enzyme Activity of AvPAL Variants (Cysteine Mutants)
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start), 9, 17, 24, 31, 38, 45, 52, 59, 66, 73, 80, 87
and 91. On day 89, blood and plasma was al so be

woeRbg/gsiRd from Goup 1, 5 9 and 10 ani mals. peiagd2608/006661
ti mepoi nts each week nmay not be providing an accurate

bl
;/: re};/evp gﬁt}ﬁ: Ps}l?‘](%)%&?gggl { eS gg\?ag 6(% gﬁggrr% IB% gneI éggeg* éf éa%?iﬂle substitution of

the varitaik ¥ $16inb edsVRRE ndﬁ}‘é%vPﬁlb Bold¥ptiesaiiphversvplerylalmiih@hmmonia-
ortance to study integrity since it marks the tine

lyase (B\Anghew&el@tléﬁ}’ect was |ost in all dosing reginens
attenpted to date. A final 100 nlL bl ood sanpl e was
col | ecARAL Ragaiits §.eTvasteinegnetents) worsi chepediag dgscsibedun i n

EXaMPLETT T RRPRE 2Nt SaFsn i i Bl WETR [ Sformed into
bacteriNBRAePEDAL EXANRE Euldht GeRpEpfideRRved eXptPALd Wadésribed in

QI/S( eine Mutants) Amino _acid substitutions were nade
EXAMPEL héndﬁmpﬁl_edp%l#%ﬁled B EXAMPAECE aggregation that

occurs in bacterially Er essed, reconbi nant proteins.
Pr ot eiTheawjiid-tpat(W6H) A'alng @dd e“e/Pe’dzyys@elmmumnts)/wmdﬁwd for in

vitro Péggqrnggle? a!én\'r,%, %fegcré eda{n %Mﬁ“gf Pn”g?lﬂ,g? rAB%\J(\)/%)][Ha?compared to

unpegylldte® WT RaPA L] ksl fviiple PRONGhRcifil dchiviby 6f the plikified, unpegylated
ossibility, various AvPAL cysteine residues, alone or

AvPAlf pyséEinbmusnt proteing wes redyced brisarinetsubgititien ofdbe gysteine residue at

posiof 3 RVERS ERUDSR 82, S1RLA S B UGBy i or
cysteinbleddues 'Hhﬁtl{ee Sf p?lg%tﬂc‘gﬁ 565 [é@i & bOﬂSﬁ(BithﬁZ ISgB and Cg ?% <
Vi v
(AvPALSERD ”/%EBaAsI?.,chen@agé@é%@ﬁg sbeciivah)
AvPAL _ C5658 SEQ I D NO_ 10). AvPAL doubl e cysteine
mut ant, : Spedfichgbsity SEQVIPIZ}IP\QYS@I)C Mugants| so

mﬁﬁdm' oI 8 PGy falions T P ech&A%HWi(ﬁfmg)

ovaf r\

ol
™= \J_)’QIC e 1ot oant . A UTTIT I:jllly Ia\"A A i ll vy

WT A -
AvPAIéﬁﬁ@éSzgu% U _Q agen DNeasy Kit) with forvar dl-%ri mer

AVPAIAGHISALf or (5 - 1.3

AvPAICAGEGS GATATGAAGACACTATCT CAAGCACAAAG B') (SEQ IIIO NO

AVPAIL&)56384:> ever se|pri mer Avar PALrev

AvPAT, i€ 56586569 & T CCATGATCCAAGCAGCGT ARGATATLTTG S7) (2S£Q D

WTAWLly) |ne re>U| T ng PUR Pr oduct S [lredl eol th

+ Fa m'al 1 T

AVPALEh‘t:S@SQS 3'§" H I‘Jat CF'IAI nt oPO—TA vt 1ugc||)

LELELELY BN ARSI R RN

To determine whether the introduction of the serine residues had any effect on
enzymatic activity of pegylated AvPAL proteins, the WT AvPAL and double cysteine
mutant, AvPAL_C565SC503S, were pegylated as described in EXAMPLE 6. Table 7 shows
that the in vitro PAL specific activity of the pegylated AvPAL protein was not adversely
affected by serine substitution of the cysteine residues at both positions 503 and 565.

EXAMPLE 12

In vitro Biochemical Characterization of AvPAL Variants (Cysteine Mutants)
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A 5 Nhel site was added and an internal Nhel site was
renmoved by SOEPCR The upstream AvPAL fragnent was

wodipg/iRd from1pd0 with forward priner N- NecpAYRMs/006661
(5" - CACTGTGCTAGCATGAAGACACTATCTCAAGCACAAAG— S) (SEQ ID

NO. 20) and reve%ﬁlll gﬂi‘ﬁ %%ALW e%&k‘?fﬁ&&?fﬂl@umnon()f

the varjous $§@e1|11@ré\@dl?el)in thRNAVAE peBestdecain( HvdRbtlefatisiatility; (2)

was_ anplified froml p40 W|th forward prinmer
aggregpiedomyatians apd (33 site- specific pegylation.

CCACTAATTGATGT TGATAACCAAGCCAGCTATCATGGAGGAAATTTCC- S ')
Accelet@edStabilig. 22) and reverse prinmer AvPALrev-r (5'-

ACAGT GBCGGCCGCTTAATGCAAGCAGGGTAAGATATCTTG S') (SEQ ID

NO: 23)Thel effeat of segine setsRtutemaificgsteint hesidwes ilP@GRPA octuizt siro

wer e anneal and ext ende ol ynerase to
stability s et TGS |S|t°r}r&+§? ﬁurAgi%VEéiN%ﬁm PR@RISaFHiICr Prepdated or

un-peglatddl, Rir VARbEs m’n@%@rlo&é’ atAe@ngh AUENHeE M irng (8 vztro PAL specific
Fesufting PCR product was digested wth ﬁ , blunted

activitywf thedd motsins adidgesibed imEXAMBLE 3. and | i gat ed into the
pET28a+ vector (prepared by digestion with Ndel,
bl unt iwgdwypmAKPAnmmd AavRAdcgsaihe omtants, Rithixt upegylated or

sultin sn 3. Newrestriction
pegyla@st WErepL léar %R%Miﬁ% anplified from

pI asm d 3p86-23 vvlth forvvard primer AvEcoRIfor (5'-
CTGRepsrroAnEAGR the popeAlbactivalies of t 9%@&2)4@ AVPAL

T

substitiMidn’&f)the dyseeine ssiducngt fASRignrsedyct atwath pbsym}fsédmmﬂ B65S.

. .. ECoORI  and i gat ed nt Q EcoR
Similag S&Pa@gefég@gﬁgﬁ%@q SpecifersyiBes ot e g)egyla%f’dvl’ﬁals proteins
were stﬁﬁl’éqgr ARkt 6‘\ﬂ§ys L550€1 Mhe ﬁteTﬂ@A@P‘AL%t'ﬁﬁntc Q@Pﬁi C5658,

t he AVPAL gene, correspondirig to positions 503
Showe<5ﬁ5ncwhatt medutedtabibity ypepdredit, wdéﬁﬁ)esﬁbBALtaudehb Wllbh: cysteme

AvPALET, ARG SR G R BNE ERROR o posi 11 on 503

was_changed to a serine codon in pl asm d 7p56 Av3 by

AggregotF qrugiarhy war d priner Av_C503S (5' -
GTCATTACGATGCACGCGCCTCTCTATCACCTGCAACTGAG 3' ) (SEQ | D
NO: 26) Therrdfeckolesesiae pubstigtionof cpeigige ¢siques in AVPAL on formation

of protein aggregates in solution was determined by separating the purified, unpegylated
wild-type AvPAL and AvPAL cysteine mutants by either denaturing and native gel
electrophoresis or by SEC-HPLC.

The purified AVPAL preparations were separated by gel electrophoresis under
either denaturing conditions (4-12% NuPAGE Bis-Tris) or native conditions (8% Tris-Gly,
pH 8.3). The separated AvPAL proteins were stained with Coomassie Blue.

The purified AvPAL preparations were separated by SEC-HPLC. AvPAL
proteins were loaded onto a TSK gel column (G3000SWxI, 7.8mm x 30 cm, 5 um (Tosoh
Bioscience, LLC)) in 20 mM Na-phosphate, 300 mM NaCl, pH 6.9, and eluted at a flow rate
of 0.5 mL/min. The separated AVPAL proteins were analyzed on an Agilent series 1100

spectrometer.
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CTCAGTTGCAGGTGATAGAGAGGCCCGTGCATCGTAATGACG-3 ' ) (SEQ
I D NGO 27). The serine codon is underlined and the Gto

wo2008i8ticon in the coding strand (C to G nut atpcainyd2008/006661
t he non-codi ng strand) is indicated in bold. The

resul t s.m C
A SRR TR e KOPAD BN
AvPAIpKZ&DSCthMAm t@ﬁZfSD;br‘epirdtumsL Betnofin ﬂi'é@ﬁ@/(ﬁ C56SS and
GITTCAAGATATCTTACCCTCCTTGCATTAACCCGGEGECTGC (‘F 8
AvPAIN&%)SCéHa PESParatignp as Mges&\byestbsrgeéeleetsophorems IGURE 10A)
or SECC CI:‘AGGGT AAGATATCTTGAACTGEO ) (SEQ I D
e seri’ne codon is underlined and the Gto C

.n the coding strand (Cto G nutation in the
S'te'sPﬁ%hagg Iﬁ%ﬁ”’étrand) is indicated in bold. The resulting

Gene. S REE] S OREnE 10 B RS YBSEFT s ) APAL 0% S -specfi
pegylafiéh WRe Qétéﬁ'ﬁnlé‘@ 6? pegyThtid thy wildo§he Pad, Md dbubfy & é}@félne mutant

codons using the foll ow n%d riner pairs: C64S, forward
AVPAI (GBS CAGS Y asdescgbed in EXAMPLE 6, and then comparing the relative

s R AP SRS T N A SR R B R,

K413, WTK@MAJ@%TCAGAAGATGCCTGAAT ACCCTGC-3') (SEQ
I D N031) C318S, forward prinmer Av_C3 18S (5'-

D RO AL | O T o A LR br e

AvVPAIGHOEAPAE: mm&ﬁﬁmwmﬁﬁv&e ther %@ted ina
100 HW%N%F %\Hﬂ? gg@%ggg,r frtngf g%%a%%é.( &@’%E%(Sq? 37%@%3 trypsin-
di geste%?ot?ﬁrs e Pe%qg&fsl%)?‘ggat}ﬁ@g lth ggﬁ, oiapg/%bqg fg'r § %o(u} at 37°C,

ons Int |ngs

followdd 24 kePOBin Ngr\wlt}hsa pDOI5%6 THAD g)@teftamﬁmaﬁﬁwaécyepm&a dn' C18
bol'd. EXAMPLE 11 In vitro Enzyme Activity of AvPAL

reverse&&dlasgmlgnqugrc@nhpewmt??t@)eKmOM¢ p@&)éatéd AvRAd mmmlys was
calcula}'%so S%Pgrgétg re(rgegfldé mgp?mgsgueescol ﬁgrtn%n ?%%}ﬂ_gﬁlar 'ﬁ)oeg
on in Ml gvnplg%qékﬁiba? a?a ratio &1 A?lvygf rételnngEg pfrgethere was

act i V|4
no striking difference in the percent pegylation of any of the lysine (K) residues with the

possible exception of K419, in which the percent pegylation of the double cysteine mutant
C565SC503S was lower compared to wild-type AVvPAL. However, the results obtained using
the double cysteine mutant at increasing AvPAL protein:PEG ratios, in which no dose-
response relationship was observed, taken together with the relatively small percent
pegylation, indicates that the observed differences at K1419 are not likely to be meaningful.
Thus, serine substitution of cysteine residues at positions 503 and 565 does not appear to

affect site-specific pegylation of AVvPAL.

EXAMPLE 13
Mechanism of Aggregation of AvPAL Proteins

Studies were performed to investigate the mechanism of aggregation of

bacterially expressed AVPAL proteins.
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AvVPAL variants (i.e., cysteine nutants) were cloned as
descri bed in EXAMPLE 10. The AvPAL cystei ne nut ant

wWoE6PE/835ic0n pl asm ds were transforned i nto bagicaniQo@idess1
the AvPAL cysteine nutant pol ypeptides were expressed

as descri bed .in urified as, .de crlb d in
vpreonsOitaro it Bl Ay OAF. ARt ARUBREREDE B e
concenEPdtedrﬂréteﬁﬁfomttoﬁS f&®D hélirs bB 20, h&eféﬁhe@ Bg timtdfputified
as described in EXAMPLE 3. Table 7 shows that conpared
AVPAL proteipensodition. \iggaggation was@etqqtedlbmsspmt_nsﬁ@e%v L proteins by
SEC-HPEC, V{4 Yor@lmihB S it blsifhac PRS Bl oo e Ohs YEhf Re
ns Was Ser tne sy | Ion of
aggregﬁtﬁlﬁl S9 $111MI di&udthat(ﬂ (BTaY wasaiddddow thelcdnbemdtedCprbtyin sblution,
not adversely affected by serine substitution of
fOHOWan'éY ’é‘ﬁgli’aé}oﬂefoF 280388 341C ei t her of positions 503 or
565, or at both positions 503 and 565 (AvPAL_C503S,
Av PAL_Aogbsis pradeiss mm&sed:@ebmae@ererpé@ g @b degepiped in
XAV ot SRESUE A AL g AU b s

Protein Wrdb}ﬁﬁ] d1abowrys, G0f e filr adeweaniayeein an Eppendbfﬂ(?éﬂtnfuge 5415C.
yl ated AvPAL proteins, the WI AvPAL and doubl e
For cysffyg? glutantsihaticnd t%%s&zg%@s&(ﬁw}%@h%%s ﬁ‘&b@‘l"g{’@dcé@s)

protelng %% E@%ﬁnﬂgﬂg@éﬁ\ﬁ; Iu?Z@ m\ﬁ@?l fl?{xﬁ.@%@ﬁ fB{@Imlyggt yBC For

cysteinp rrmitantsl th&aSrel’reilstadMe ragglegatidif @t edvlhA(L S(éﬁ 638%and
substitution of the cysteine residues ot h

AVPAL £16586:383%)p prosgins wers coem@ tpAbpyt m EngdRehated) for 2

hours a%?‘{@a eri zation of AVPAL Variants (Cysteine
ant s) The purpose of this study was to determ ne the

ffect, of stitut t
Fesi dbhoRTRG SRR ognof B XPRAL IS e vt
AVPAS {899 drdYAVE A cuBSeRahed fl% r8@dtésAUponan€itadn for 2 hours at 37°C.
Site-specific pegylation. Accelerated Stability The

As exmtﬁ‘édhls@gg@eammwgw@pmtbatepiovhe@ﬁh@ PP AlLrjgotedns wiere songentrated
prior t(%A %P'ﬁla‘aﬁ%ﬂ fornZ K rﬁ%}_ﬁ‘%b 'h!let Qé%\f\r%%tlg‘? E(%IH] b?, ﬁ)gorcl%d %& abn;egg,re of the

urifired cystein

concen&ﬁted préeiy kDI, iddigating tharuke ﬁggi@aneh liDdise tatdlﬁlTﬁde @osk-linking.
then neasuring the in vitro PAL specific activity of

In contfash dke mee@rétlms Hfpugidisd P ystaisemvptantsAviALiCogpband
A
AP AN Nl Y LG Aol o 1

indicatihg thftahercysteifd foskdiie QAposnﬂlml Sqiﬁersmﬂvcﬂveahhlaggtelge‘soméf AVRAL via
disulﬁ(ye gsy llrﬂ(tlggd AVPAL

Table 8: Disulfide Cross-link Related Aggregation of AvPAL Cysteine Mutants

AvPAL Protein Treatment Aggregate Formation
AvPAL C503S 37°C/2h +
AvPAL C64S 37°C/2 h +
AvPAL C565S El 37°C/2 h -
AvPAL C565S E2 37°C/2h -
AvPAL C565SC503S 37°C/2 h -
AvPAL C503S Concentrate + 37°C/2 h ++
AvPAL C64S Concentrate + 37°C/2 h ++
AVPAL C565S El Concentrate + 37°C/2 h -
AvPAL C565S E2 Concentrate + 37°C/2 h -
AvVPAL C5658C503S Concentrate + 37°C/2 h -
AvPAL C503S Conc. + DTT +37°C/2 h -
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proteins were stable for at |east 5 days at 37C, and
were not adversely affected by serine substitution of

wd 1es/£38%1cei ne resi dues at positi on 565, or at prats2008/006661
p05|t| ons 503 and 565. Simi| arI y, as shovvn in Fl GURE

DAL

AvPAIZIQ@iS'i?E’El‘L' 76 300 I oA PR A AN AL

AVPALGGR65S Bl oy o ne | Appgy+ BRI t3T°GlON Ps65S shoved

AvPA 082 r educed Gonapt DIy +AT86Rrd To wild-type AvPAL
AVPALIPGSRESABSIb| e ¢ Eonei hBDTAYPAT G2 lant -

AvPAL_C565SC503S, after 6 days at 37C. 'Aggregate
For mat j on The effect of  serine substituti

cyst ei redsterming wdicheyalpbig residugs sxish as SRe ciﬂmdaflé. gpurified

a H t
APATHESATH 5 QR R B MG Y AR i

digestedy&tleiry;smnmd rhalybsd by LEVISd@vibofithe AgPaddeysteineesigets were

| ectrophor.esi.s or.b The purjfied AvPA
tabelecpsg P RGBT AR RILSR B YRR RSP BhfeLsially expressed
AVpAygggtrasq}eterg%[ﬂl gturing conditions (4-12% NuPAGE

Bi s- Trls) or ive condltlons (8% Tris-Ay, pH8.3).

The seRaj ,I[?,ﬂee’-\\i)_}_lj#g % x@ dU&"Fe ﬁltegélﬂ o the bltface of the native

Coorra33| e AvPAL" preparations were
proteins @ parifitde 4 vBA LSECpanicn was/ﬁ’#surpatod wiithN-ethyémhleanidd (WEM), then

TS | | (3'300 8 30 5 . .
denatuid JR s TR 00T BREAT RV EIRALG HATARELRHIS hessisd Wigfggoin, and
analyzé}iatgjyl LCANIS6 T ¢ Zﬁ&n@ lredi@ebs at p&lﬁétﬁ"!%%ﬁ& 404 vir&nSiLdIK§18ted by

he separ at ed pr oteins were anal yzed on an
NEM, axgi the ey steioe iresdduel Positien 81 8 mvas enlympetiallyzalledatgd by NEM,

1ndlcatfi\g§ietqglf)€s§1gﬁaevs\k{y typ%ggé\rllg?g,pgf [35%? 2 aﬁld 'upfage & native

AVPAL bied i @&kl pﬁh’lﬁﬁhﬁ@gﬁﬁ;ﬁ@zﬂ@& Qéli%ratﬁe(mﬁfacea&' native
udged by either gel electrophoresis (FIGURE 10A) or

AVPAﬂSEC— HPLC (FlI GURE 10B). Site-specific Pegylation The
effect of serine substitution of cysteine residues in
AvPAL Tordet¢rming pdisihfdystepegysidudsome wryolvigd e thei inted-chgin disulfide

| ati t wi | d-t v P doubl. e el ne
cross-Aff e B7 a2 Bistint b Ric o DU RPE fr ey B RIGENEE ArpaL
iGnt I beat P
e B8 SR 8 5 W RSP o L
reactioK30MLmel8idh tryjsei af pHABID ovdtdidBt (I Dhcams) aK32Z. The trypsm -digested
proteing reggﬁpg?até# %}dlooggg%gg gpass s;?etctrcl)rcr)let /igtvahigr]; peptides corresponding

to the predicted disulfide pairs were identified and quantitated as total ion counts (TIC).

Table 9 shows that disulfide pairs were detected for C503-C503, C503-C565,
C565-C318 and C565-C565. The cysteine residues at position 565, and to a lesser extent at
position 503, were found in disulfide pairs in the purified AvPAL preparation.

Table 9: Aggregate Disulfide Pairs

Disulfide Pair ~ Results (TIC/1000)
C64-C318 nd.”
C64-C64 n.d.
C64-C503 n.d.
C64-C565 n.d.
C503-C318 n.d.
C503-C503 11
C503-C565 112
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AVPAL proteins were denatured in 8 Murea. The
denatured proteins were then digested in a 100 niL
wo Reeiszon volume with trypsin at pH 8.2 over nipghtud2003®06661
hours) at 37C. The trypS| ndi gest ed prote| ns were
reduge -.‘Qﬁ t—wthT1t—rt—of lej-}r:;n/l ;J_::Al our at

37OC I\JL&"\Jhl T y L ALY h J LL® LJ /U 1
Di ges 6§nro separated on & C 8

revetse- pha§d18813d8n. Perdent pegyl #9d-on of each of
t he péeippt deteddeddvPAL pepti des was cal cul ated by
subtractive peptide mapping of the correspondi ng
unpegStadiesiwpeerfdemed\to ddtermine whethek iRiditidnal ateckanishs besides
) AvPAL . pr ot PEG, of . 1: 3, ere was no strikin
disulfi ‘F?%rléh% %ﬂsl ¥alvedhin Ap\é’g‘isﬁ REQLRIA 2gregpoLf thg
lysine (K) residues with the possible exception

K41
9, i n Rumified Atﬂ?é\lpéie@éli@fw{}%g’?!edﬂ?‘&ﬁteéfw*%@ﬂtFé L9k95e/° Tween or 10
t t
M B S8 Y SEEAPPC/R RIS 1 RIPAUBENS, Tycen

reduces bmtailm u@gregalmtcmle ne hpdiophbbia interacti@asamdEBY RAkduces protein

in: PEG ratios, .in which no doseres
sgregbimeAtedn oM pyesgase ghdwplraticationk. eAStSW HoFIGRE l?h%xposure to
% 1 o
005741568 Y 68 Y1 T8 B G ShCAFAC B AYGBRGHR e o
peak atniaminuggsuh theTHusM EBTiA geated sviPALL is doe of ahspshaacmef EDTA at 210
resi dues at positions 503 and 565 does not appear to
M- affect site-specific pegylation of AvPAL. EXAVPLE 13

Mechanj s f Aggregatjon of AvP, Protei ns Studi es
ver e %%ﬁﬁ%vwgm}é@ fqlgaf disphide GEass:, igpAvPAL protein
aggreg%?glr g&?ﬁécpﬂvpf%L%tr@Hﬁ@d:%' t?éé%?r;f‘tsﬁgl I’S\ﬁ‘%d then desalted prior to

I'ns. Concentrating t puri Av PAL
separatpmapaSREC{HHsC. Anchown ubBIGURELIRA, M@dnpnomln dggpegrtminrwas

.. Solutions for. rs.,at 37C, acgel e t tio
minimiged By hPHmenC KB RI D Bd Sea b Bformen ity B BiekhRign o 18
hours a‘(\@$°(31 elntsonfdstdys sheRANAIFICURE £3B\Hghte oRIcO HRI AUt ré¥orm once the

C-HPLC. To deternm ne whet her dl s i de cross-1inking

AvPAIV\mface spusiseperciropdifing (ta@gql@ganeﬁbbw treggmg with N-

methylffelt TRENEL ol DT, RSB B d ok BB B oBlelgp for 18

hours a@87¥€YC. AvPAL proteins expr essed in bacteria were
purified as described in EXAVPLE 2, and concentrated

Usi Ng Bhs&Pbitielabb s, a@Méghﬁ&Péﬁba@te@Hﬁ% expralseMIPAL appears to
Proteins were spun at about 15,000 g for a few m nutes

be due solelyrio Epmentionof irtemehain disulfals boads, Bod netduedp hadiophebic stfects

or pres%_;\lhc%tgf daggeé& gatﬁo?xg{ glgg tc%\élrng g%s%%uc P{A‘ }#‘os éOdlS%ggnd% 5 93 315 involved
in formagérbf e - dhﬁﬁltthﬁﬂﬁde berds3n RO prepardfionsor

o vt

EXAMPLE 14
Effects of AvPAL Variants (Cysteine Mutants) and their PEGylated Forms in Mice

The purpose of these studies was to determine the effect of serine substitution
of the cysteine residues at positions 503 and 565 in the AvPAL polypeptide on in vivo

phenylalanine (Phe) levels in mice.
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cysteine nutants that are resistant to aggregation
(e.g., AVPAL _C565S and AvPAL_C565SC503S), proteins

wome1Rencentrated to about 40 ng/ M and i ncubattagk2088006661
2 hours at 37C. As shown in Table 8, preparations of

purifi 4
AvPAL —%d%é%f%ge rdcrrfé ggg{ﬁ 3}1 \{ljggt g%@ﬁg)l #‘qu ?‘ u%qf or 2

AVPAIN QU865 Sa5033 Gerdested facih @d&o dctiviy ROlIsrROB g0 EWAR (also known as
Sxacerbat ed when the AvPAL proteins were concentrated

BTBR pr ) Bice basicallyipadessAbedim B LE &t The @Nla‘ih @ouse 1s homozygous

I
ot RG0S0 B S AR S Do e vl

make thiggnegd tthoapprepribte miodeldios eV dfluatimgahe slsility aﬂﬂd?AnQ to teduce plasma
contrast, the preparations of purified AvPAL cysteine

Phe. mytants AvPAL_C565S and AvPAL C5658C5038 di d not form
aggregat es_upon incubati on for 2 hours

i ndi canitbgyfitshaudy.re &yBAd; dpubreyisisine latltaﬁbéuvPAénC§6§CSO3S

was teégfd%t&éﬁ%ﬁfg%égeg %gg{zgg%te (%Blsegl é\dé:> rﬁ%%l"@er?l nkélélgl ﬁat egose

groupsAg gseg@upom=ah aﬁ&%v@jdé group (We2prExhanclet evagigiven 8 weekly

h cystei ne resi xst as. free sul f r a .
s.C. dOSﬁaP?V?@ eAlPPdosE PE dgHbIG.cus GO Zpy et YI%S@%? 1U), mid dose
i i :
pegylaﬁf’%SEHSSY%E‘tnﬁ“‘%‘*‘é‘.‘Vn‘%‘f“ oA B AOLIREHRD gyl ypine

mutanttAne? X PAQ IUyslr@cgydatedsrnuim@e vee/rPé\IL é(b@sllé);l Plgsma was collected pre-

dose and8 RGO e §F oy isa cullyesed onE PEAFEE. Sehiip s also

collect&dpretdodE ¥h@ at FPhSIRE P6IdOSe Wpit6 [Mag 35 Rr ARl SIS b MG AVPAL
resent on the surface of the native protein, a

antibodyulevels.eMigs, ware absoeyeighed encengs Week beginniag 2«tayipripr to the first

t leimde (NEM, then denatured in the presence
dose (ugtg %45? al kyl ated by iodoacetamni de, digested with

bt P ﬁ% SAE AR ey, R b SRl st SRR Tow cose

pegylaRdolible c§¥teine inRateSVIAIE-tdhtel @Sduse OAs %ﬁ&mas FKNJRE 14, a dose-
partially al kyI ated by NEM i ndicati n% that the

dependeytsqeéuqi@nrle é’uha isslsawasabserved is plegma 48 dours {6 gachrsec. djection of
pegylatte? Qouble ?gtgl gllitl A’&P@ Pﬁk &\ﬂgal%&edé)%gss ttl?qg@ Wal ﬁ? gﬁ{f'e%el%ce in

B80S It I's “par vlexpose e sur

‘plasmarEHel Iyl Adtiken micekedatsd it pediiletbd ONRILg O A VPAS] clurgylte

vol ved in the inter-chain_disulfide cross-linking

double@ystﬁ@e GrutantAvE N/ A shawviin BIGUREJay thereatyas alspag ;sngatf@am
dlffere e i })Bﬁou re‘{%l%a%e}%&pglﬁ]%t&%&dv@ﬁh danaf U#S%q'gdtéh %%&&%AWAL,

en digeste
or pegyiaad toable cpdteine mutarht AvPAds i 1 islikgbytiat Ao sigeifdaghdifferences in

body w%ig zs v5verlgoo r)veg Lecza%gé th-gl?)%tht mifen femgl%Sntn%g were used in the study.

The anti-AvPAL antibody titers in these mice were analyzed with an indirect
ELISA assay. In this assay, microtiter plates were coated with AvPAL, blocked, and then
exposed to appropriately diluted sera from each mouse bleed. AvPAL, which was bound to
the surface of microtiter plates, was recognized and bound by AvPAL-specific antibodies
present in the serum samples. Detectably labeled goat anti-mouse IgG antibodies detected
the bound anti-AvPAL antibodies. Serum samples were initially diluted 1:50, and analyzed
in comparison to the "cutpoint,” which came from pooled mouse serum diluted 1:50. The

samples with signal lower than the cutpoint were reported as <50, or "Negative." The rest of
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proteins were separated and anal yzed by nass
spectronetry, in which peptides corresponding to the

wartoeglhiRtwed disulfide pairs were identified antcr/us2008/006661
quantitated as total ion counts (TIC). Table 9 shows

e st ol B SYReBLRRIRE S OO ERR R ituion
which thesighabdroppedsbdlow th@ftpoian dlliechighdsedibetionsfuttenthadgave a
positjion 503, were found in disulfide pairs in the

posmvs sienel e Aveher thandhe cutpoig) Wastspertes! asile titeg f ghat sample. During
e
this nt%'s?fg{:sfmh%e f‘\f,\f,ﬁ g@%@}"&f égl A %{1 g r%é{ﬂgﬁfgg‘fnﬁé t@ﬁ%ﬁé}{c%@' tHe?
antibod}i daédiedisecansesthe diffdeenug coulyie the rdsnlt of u @tininmal Ahdide of signal at
rotein aggregation. Purified AVPAL preparations were

the cutpeiptds¥eled wi t h either 0.05% Tween or 10 mM EDTA, and

t hen separ ated by SEC-HPLC as_descr.i bed in EXAVPLE 12.

Tween Aethorasinghasice] G thegtegaP pbrntibedy Bters wersgawer ie mice
treated'vﬂh?ﬁ@%‘é?ﬁgt%d d%ﬂglfe %g?ﬁx{e%&%%w&ﬁ &5 8o Rsrﬂg%%&‘ S e with

esence of divalent catlons. own I n

an eunvbIEShRﬂbsl:Z4 0dk}) of pegylated OviliE6pd WyBA Lor A lHlioughinal3ldhr ldask response

no fect on AvPAL 0 ation di ti onal
was obﬁ%&g aicq g s hiahloss BPARP Eohme B taced doris epgiemmutant
AvPAIOHE] hiBhaRERLRIPAE AtibER Arerd th%JrQuéH?reaTéa &Hﬁ Eﬁk%w dose (0.25 TU)
I nvestigate the role of” disulfide cross-linking in
of pegylateddoyblo cpsteinagyrtagaAVRAL. purified AVPAL was reduced

by treatment with DIT and then desalted prior to
separation by SFabRAICAMSAVPAINIZE Tile(RE 13A, AvPAL

Dot ei-h—agaregati-op—\was nrimzed-byv treat pt—with

Pegyinted AYRAE Frotins ob SABPIG| nBEE 1o D Sui oD iy oA P |1 B 29

AVPALRCHSSCS0IT (025dU) | h $B3M8Br hsf30 ds 8hovin Ko EIlGIRE 13R 50

aggregat es did not|r®20brm eHee t A& AvPAO syrfdBe | 450

cysteines were nod{f$e85(].850 a0 dt ed}0 by t fF¥hat qentS0 |

wi th Nmet hyl mal ei nl d®2 06EM <HX tler<30TT _ex¥osur e 0buf) 50

AvPAIe G0 E5CHO83( 10 HY andS B AZupariton f€h0 18 HeUrg axSB7C. <50

Based on the above| 28608epgatibn of50bact €5¢ al|l y<50 <50

expressed AVPAL appesB 99t p 8 due<idol|el w50 o |f oxk3tat i on50

of inter-chain displ§sde porils,| arsd ot <slue {t 0<50 <50

AvPATY drs658TH08S (40 flect 5 o4 1pr psesicd ofsodi [vakemt [catsbong. 50

The cysteine residlies4ap possaijonsebg5 and 03 5ar e 50

Involved 1n Tormat{ ongaed [ ntser-ichagn [di @l T ijdesdponds 150

I'n AvVPAL preparatl pnsq1 VR gE [14<dof Tlecksp of] AxgeAL| <50

war A@HIS((dst el nef MIsaRt §) <and oyl 1T PESy/T gt egs0-01) MB450

rm Mce S516 <50 50 150 150 450
S517 <50 <50 150 4050 12150
S518 <50 50 150 450 150

Pegylated AvPAL Protein Sample | Pre | D36 D 43 D 50 D 57

AvPAL C565SC503S (0.25 IU) S203 <50 <50 150 150 <50

S204 <50 | >1350 ; >1350 | >1350 4050

S205 <50 | N/A* N/A N/A N/A

S 206 <50 <50 50 50 <50
AvPAL _C565SC5038S (1.0 IU) S307 <50 50 150 >1350 150
S308 <50 <50 <50 <50 <50
S309 <50 450 >1350 [ >1350 450
S310 <50 <50 50 50 <50
AvPAL C565SC503S (4.0 IU) S411 <50 50 150 50 50
S412 <50 150 150 150 50
S413 50 450 450 450 150
S414 <50 150 150 150 150
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The purpose of these studies was to determ ne the
ef fect of serine substitution of the cysteine residues

woadoopBstsi ons 503 and 565 in the AVPAL pol ypemardes2008/006661
in vivo phenyl al ani ne (Phe) I evel s in mce. The

/T
e
-Em
o
p_J>
[

=

P g
=)

SRR ° N XN 1 D

Pegylat 'leﬁilagﬁ&th& weopmple | Pre y L
VARG R D (ol o33 holn<ds BT88erdu2350: do S350 17 150
hF]QI r*nl | y_as dpcpr b 16 nl 590hveL H59  ITha5SEnp 4\5r()||c¢: I]QSO

hnrm7ygm|q mut ant At P A PARPQ 495¢ &5 14%5P ng i495%n 450

animal with severel HPAI8 The<i} 80 adne Bhe [l edBl | <50

*No sampllefdataingt amailable t he appropriate nodel for eval uating
the ability of PAL to reduce plasma Phe. In the first
st udy, THelredubeBAhti FouRA e €Y sitezs iremitetadniinistered 4.0 IU of pegylated
AvPAL C565SC503S was test&& at vari ogls do

double gy iging et Aok angerarreqin & 0dHnegutat %wﬁ%m@'ﬁgﬂ were

mainta eg%%u lfbu"tﬂr%tsnﬁf ups (n=4) and one vehicle group
ac nDus was given 8 weekly s.c. doses of

vehi cl t mut ant
Av PAL I? 6h é%‘é'?%f&ﬁ%ggﬂééég iégg‘e‘g"&% @3&¥Jge urg‘l’deagcyst ei ne
AvPAING 5658 CAUFRak ies&dlaU):hffd‘nengplegﬂSﬁommymb alMaxlie BN mice were
. .. cysteine mutant AVPAL (4 at e
dwlde%ynm dpse groypy; 4 test gwsms@@amoge t"é}a"%rgéa‘éiég’ Wbtdgé‘fh pguse
was gnYhs%ﬂ' 885 5 cI858s g)f'gei}ﬁae dg cﬁ@: ggﬁga@@ Bﬁﬂﬂ@ Qﬁahe Eﬂ%ant AVPAL

evel S. er um was SO CO | ect ose
(4 1U andurls6 poPALIBEG rtig), tnod dese fEgylatedrdomblel opsieseahutant AVPAL (4 TU

ti-AyP tib I I i gh
and 15y PEaIRo) Bl ot Peesined SIS vding s AvPALegU and
1:3 Av(wn PG F#to) 26D pegy MR d v B &-tyHeeAV BAIL i 9U ahe 1%tNdVALq1EG ratio).
vehi cl e-tr éat ed nouse and one | ow dose &wdl at ed

Plasmagwasotodleetpd ped-deserand ah# daypstdpsetedayd anglyzeb{on Phe

levels. :Ig gg%%ag%égdo lﬁct%? §§ed s%%gﬁ gia}/sr f)e(gs#J t%tg%eo@lg ol dg B 57 or anzﬁysm of
anti-AVEAIE ﬁﬁﬂlbUdF'QévdD@ Ml veete Aobl digliadsdrRe ?Er WedlebdgitM AL days prior
At equi val ent doses, there was no difference in plasm

to the fpgledaseielday ¥ -ween nice treated with pegyl at ed
w | d-type AVPAL or pegyl ated doubl e cystei ne nutant
Av PAL .Onsvebidevtreatad moasRdiedsiuring éheesru%)s A$ showroin FIGURE 16, a

1 gni t differ hts bet
PEG i dRpen Al tedbbatr bt oty R ¥ortR b puada s b feach s.c.
injecudiﬁmﬂegylac&ddmblee;y@ﬁéﬁieehﬁmmme At R4bivaleht PEGIrati, there was
that no significant differences in body weights were
no diffengaes ipgdpspiacZhedevelnbetiisem mies eatedivith pagvated valdype AVPAL or

pegyla a%gublg.cgggmﬁwé(m VA 2Nl sﬁl\fveﬁ‘lin RIBURRAY H g&'&lgw ights of
ese mce were ana ZGdWIt an 1ndirect E sSsa
mice treated biith pegglated vmld:—t}qfclA\d?AIp bapeas/iated doubdatysteing mutant AVPAL

were 31gn1fA antly iu%ﬁer tgan vé}ncle treeg.ted mice.

The anti-AvPAL antibody titers in these mice were analyzed with the indirect
ELISA assay described above.

As shown in Table 11, the anti-AvPAL antibody titers were lower in mice
treated with the pegylated double cysteine mutant AVPAL as compared to mice treated with
an equivalent dose of pegylated wild-type AvPAL having the same ratio (1:3) of AVPAL to

PEG. An inverse dose response was observed between the anti-AvPAL antibody titers and
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exposed to appropriately diluted sera fromeach nouse
bl eed. AvPAL, which was bound to the surface of

waneog/edsiricer plates, was recogni zed and bound CT/US2008/006661
AVPAL- speci fic anti bodi es present in the serum

t abl .
e o PP, B LAt PR . SR 0L AR g s, su
as AvP$£Lr, inassadipled svitkeredudedi drin&lﬂogexdt:ﬂtyu iredlvd.: 50, and
anal yzed in conparison to the "cutpoint,” which cane

from pool ed rmuarsbreenumm-mmﬂgcsfmewe sanpl es with
signal lower than the cutp re reported as <h0

PEGylateticApRAL Proteiine | Ssmpdé t|h Bresa nP Es,| deased D43 D 64

WT' RIAAL (RES I'3WEFe fupt Be0ldill gfed i4301:|312E30i ¢s 4050 >1350

titering to a dilut] oB1i06 Whksh [t MS0si{gn4d0 di opp@d { 04050

bel ow t he cutpoint.| The 1bi ghest |di butijonsbactoridhal 450

gave a positive sighak1(17i ./e<50 i giser [t h&so t he 450 1350

AVPAIC WO5BSSTEOBSREG 14T | esl2ag theot |t ersoof| tbd sampse. | 1350

During this titer serges7 g 3ds0 fjolissechangsooll 12150r | 36450

may not reflect a sjggphincanksgi|rtgpenceszsd fhexiso 12150

anti body detected DEcgdyg tneodi|T TBHENCE6450UI B6BEM 836450

AvPAT ®385SC IS PEG TRNF! | CH3nFE [0ksF1[aNsd 4T 13iF CULRQ NI 4050

tTters—were tower 1N §i3q§ [rgsﬁe' 9)’45‘6[8"‘ 2050

Tevel~—As—showt i1 [TaghggIq, 5@ TAVEHL }nt K0Ty 450

d
a
doubte bybl er e Tt dllssfl\gl‘/- L<ﬂ? CUS al Bd45.0U 1 L1§$0 4050

1 - LA LLL N i 4 +
AVPAL! E54 3%?3‘ 58§§A2$£§,'1:?jq“”_2§h‘64‘ do F V7500 1Y 5870 WEU504t FM 450
observed—m-ce—trea %5 Toi sl dosdlialg 130y L, 450
pegytated—double—eyst i4r" "u't< rJ.‘t /—‘ﬁd’AL hSQ R+ ghid 1350
aft—AyPAL—ant+-bedy tgﬁjgs hap- R el ed v ?Q* the 20
Low-QsRisle g o5 ) S 203l lasill d 6320 o neSSfhue halVA®
Av DAl Ta I:_\, Qo 1 ,An |S§‘ISJA Iﬁig Ti f<§§e* I\Inzi)nmxl n§5r¢nf <50

T T g ct

*N/A: B Serupsemplg @rﬂﬁéum%’éd anti - AvPAL | gG ti ters in

mce adm nistered 4.0 U of p }8yl at ed doubl e cystei ne

mut antThaabave wu%%mav that the pagyated dpullg cxsteipe miutenttANRAL
eSS S B SR NSNS A8 RE b U pesyincs
wild- tyﬁ&/ MIPAE %&ﬁﬁ%ﬁp&@?lateﬂ&h&ﬂtﬁk AFAehadho fegythbleiinmivo PAL

were divided into 5 dose
enzym@%%wﬁg (se4= E%éMPgIr% &}; ét i ﬁ%%lu‘giﬁid-hﬁn%"%% .ven@ltgrla%}]adlng the
pesy GBI EIRTHRE R AL VETP AL CRISSC R0, OB poffcd wia

type Ay¥RAhayelgichtenphenyldlaindodtiertiip@ctinity t)an the dildegpe AvPAL.
pegyl at ed doubl e cysteine nutant AVPAL (4 11U and 1:2.4

Av PAL  TheGbbaé teQllts dls@khatotiat pegepdbted AWRAI, eaﬁmt\ehian has
mutant AvPAL (4 11U and 1:3 AvPAL: PEG rati o),

reduced BEOJF1R ABEFEERTIQN iy Ayepiq cysteinelio s sbstibhps pekath positions

503 anc% gg%,_ g gé?u??dgﬁnaﬁggﬁlﬁ%éie)%énﬁ&%ﬁﬂ) 3(/1?8 3&?}2&3@%@%1& tﬂ?fyﬁvPAL.

Because pegylation itself is associated with reduced immunogenicity, it is concluded that

AVPAL variants have reduced immunogenicity in vivo as compared to wild-type AvPAL.

EXAMPLE 15
Generation of Re-Pegylated Forms of AvPAL Variants

Studies were performed to determine whether the pegylated forms of AvPAL

variants could be subjected to re-pegylation to increase the amount of pegylation, i.e.,
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15

| evel s. Serum was al so coll ected pre-dose at 4 days
post -dose (up to day 57) for analysis of anti-AvPAL

woabd/adh | evel s. M ce were al so wei ghed once peaius¥eskos661
begi nning 2 days prior to the first dose (to day 40).

- . . | .

percen @36t PECMARLIEEGEAEREDE L FALSUL 18 35 SRARE S pepacd
forms dthevi Al ebsantsiretaih earyeaatid aetipltpsaaingd aidyavahiyeimmacdd property
.. S.c. .injection of pegyl ated doubl e cystei ne nmutant
in vivospApRLy, rﬂg‘m@a&‘i‘l{?&“@&?m@% rati os, there was no

difference in plasm Phe | evels between mce treated
Pegylagipn pf JeBg LK arénnts | d-t ype AVPAL or pegyl ated doubl e

cystei ne mutant AvPAL. As shown in FIGURE 17, the body

wei ghtEheafoublegystemeanatdntA YPAbe4yP ALeG5S0MICE M ppwagpemilated

. r L.at,ed cyst ei. t ant P re
basicalfy oA P AR T E Y R DR s BRI EE e e
AVPARRTEI658¢ 804 S SUNERIGHT MEROOHS A0NE>ENFISCL VRIS PEG(IVOEY).
with the indirect ELISA assay descri bed above. As

shown g5 alale&tahlard RA8cHH hixiBAbn el 0P %%Lfcgh%sﬂ&lﬁﬁlg to 2

lower in mMce treated wth the pegyl at ed
mM lysips tesidues) i Rélt_AMPBAICHSS andBal etort @mii P BG28-HWi t h

an val ent dose of ed Wl d-.t) AvPAL havi ng

(methoR ot BpcEl gt RapoSymBET I Ehidrodyspcihithfe g 08Dl
BR@H@ME-MHSQRW)VE@OQW [3phatOBiier pHiody

SUN titers andthe ratio of AvPAL tSQ F’%C—Igbg:aotnsistel?ﬁB wth
correspohding tp ehst lat i oh S5t hatorgeyolariratin, oespprtielsl, o€ total AP Ak lysine
esicuc B, AGRRRE LR e A EPH St UHRERTE ol difbertre
the rea@lvdvgixt@re Wds busiopvkdHaaged i PEDMIM pedssity phespives, pHISS, and

mut ant AvVPAL AvPAL_C565SC503S has_1n vivo PAL enzyne
concentgtefl i gipaten than; 2) mgimlaisig tangestiahdow ddyatiandy ivaflay £9 pe200,
poyci o BFBLAS BRI S, tADORICT 8 dRyan
prepardbipn foit the sulesequdnt degdegiation/stépAL vari ants, including the

pegyl at ed doubl e cystei ne nutant AvPAL,

Av PAIT 4816 5&%@&&@%(1 Re-peegidtiahaConiitichisy/foe AL

have greater p pnyl alanine convertj ngact VA Ly than

the w | d-type' AvPAL. The gbove results al so show that
t he peBEGalsibnAvPAL vari ant, whi ch haReBBGylation ot ei n

aggregation in vitro due tlo cysteine to serine
AVvPAEUDLJtotAlULyspis AtmPEIGR0BOSI |t irddPAT03 |arbtdObysih@s| mPEG20K-
(mg/mr)ﬁduc%idmunglgeni SNHY conparpgd o tlhe pagdleat ed NHS
Wil d- t ppren AV PAL. RRESe HeOphaphipn |1 t Selhm)s (mM)
LS R AV S Mo S AU :
T oadachesl L a2 oovpds e oourLdype puenaLd
7 YD 6 35 | 17 3
7 2 6 7 2 2
7 2 6 7 2 4
7 2 6 7 2 6
7 2 6 10.5 3 6
7 2 2 - - -
7 2 2 7 2 2
7 2 2 7 2 6
7 2 2 10.5 3 6
7 2 2 14 4 6
7 2 3 7 2 6
7 2 4 7 2 6
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EXAMPLE 15 Ceneration of Re-Pegylated Fornms of AvPAL
Variants Studies were perfornmed to determ ne whet her

wo hes/p8esl ated forns of AVPAL variants coul d bBgT1/us2008/006661
subjected to re-pegylation to increase the anmount of
pegyl ation, i.e.,percentage of PEG nol ecul es on AvPAL
Iysi ne residues, and, if so, whether the re-pegyl ated

Re-pegyftyipy o beglaa APAL %flsv a broperty in vivo, nanely,
AT SRV T TR
pegylatﬁ@?}gﬁ@ﬂm A el EEXMEd@tCIQBQ bﬁ%ds%o@%ﬁgnﬁoteﬂegillated

ere rati os o PAL: PEG {1
enzymdaRAldi fE5 6 S0TAS SldNBREEHTTakibs ﬁﬁb’&fﬁe 26sidua in the AVPAL enzyme

and moEI S BRI T b U L5k s S0RaRAEG om0

2 rrMI sine residues) AvPAL C565SC503S and 2, 3, 4 or
epehenpggylation reaction, the starting material was a pegylated

o U e ST P
200 mMidopessiassphospitegihétse tREG2OKNHS vEis veghedsyuo setiangelly dor each

re-pegxiftiargiedftioky, g te-ispriblen 4t f Bt o PeRs W EEh Ay PATGEEC.

diluted 1R BleCoulkek as Abde§dar? washHldEd UREMRAD itR reddusp&RIRY mPEG20K-NHS
tenperature, the reaction nmxture was buffer-exchanged

solutiof tn maglmﬂlerﬂnaib g@@ggtra,tmrpmdg;pwdtl@ Talplﬁ 18. Fheagergregylation reactions

h
were alf G BY R 0 (O af fosly Geresiec DoAY B PERRY Bi@ine ovo-
fold wi€H 25 £ MeisHC b 713, UltesengeRibl fne ﬁltlﬁﬁ)nhﬂahw\mvaﬂow 50 or
Sartorius) in preparation for the s

b
200, polyethrgyifor s ieamersiecreabiniDsa merrhsss 400 BHagMCO, Sartorius) was

]
wed RIRE SO PO 00 T LoV EELER AL RL Sl iy 10
Tris HGl 1815 hiMMNaadtl, PAINM PEPhe pH|7o3s Theefinal e@pgwlabédAbHALeBEd}yamples
descri bed. i n EXAMPLE usi various concentrations
were ﬁ%ﬁﬂebewea&r@ad,awﬁ#d 4ige a?rftflgigemonaﬁ%tﬁmw and
different ratios of lysine residues in the AvPAL
In Vitre Chpnectenizntion) Methods of SUNBRI GHT ME- 200HS 20 kDa

NHS- acti vated PEG (NOF). For each re-pegyl ation
r eact m;ml RrbteinsAssayi ridre wanmntrauon&mf pagpleted|aat @erpegylated

AP AL SHRDRA S Gt 10 U0 FRN ROV HE P SRR Hoing

commediaiy bvaiABRGOHS KiHPo MR ette i HHETB207) witB R0 R s¢nimd élbumm as a
each re- lation reaction, and re-suspended in
standardi Mrigdly, 5 ]ﬁnﬁsa@;mplmm stzpm}aququbg@cubated with 200 pL of the BCA

reagent at 37°C for 30 min. Absorbance at 562 nm was read in the SPECTRAmax PLUS

microplate spectrophotometer (Molecular Devices Corporation).
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diluted in the buffer as necessary, was added directly
to the re-suspended nPEQOK- NHS sol ution to reach the

wo d008ds3egncentration indicated in Table 12. TheT1/us2008/006661
re- pegyl ati on reactions vvere aI I owed to proceed for

ai 1 ut 1AL RSB TR sie SRy UTERoE a8 re-pegylared

rAvPALAPBE Rhinples fWepd\déteinhinad based Imttl‘i@ébtz(ﬁlfishéﬂ PAW aEﬁvﬁy as?s@@ protocol
et hersul fone or regenerated cellul ose nenbra

ol
as described RDBX KNS E éarﬁrtﬁﬂmyowkdne&@r@t%Swlﬁ%weé&lah}@ethe 1 mL

assay r%gz%nﬁﬂoﬂﬁlfg %{s&% i) %90 ﬁgﬂn@%x{e% rri%l ffﬁ%ﬁ ’%kmﬁﬁ@dé@ W#({S %u{rﬁmw
acid. Wheraheoessapg gyxlnpte@ averddifited BEtBeaesapldelanm befférui 0 me TrisHC,
caoncent r at ed, ﬂeeded usi ng centrifugal

135 mMe(elnpHAS Daﬁor iont ¢Pssay. Each datp @ping IAPTeSANtRA AR Gueragest yglue of

threenEfeBtt:lﬁieH AssA¥ementh® concentrations of pegylated and
re- pegy ated r AvPAL- PEG sanpl es were determ ned by the

gl/c: Pgh‘ﬁ é;g %e?%!&tr()% sigPeal): Ok ?ﬁa‘gﬁ%@w\,ﬁﬁ%ﬁéﬂ using the

Proteoﬂnemi‘m SDSQVIWnAmIalgzum Kait ﬁ@nﬁBSctl@liuﬂla@dulteBl(d:ae#l3390925mPegjllated and
npl es_and_ st andards were incubated with 200

re-pegxlhf@d B@ﬁPAbanFe(ﬁtanéng%LfPoﬁGé’é’lnsaﬁlpl%ia%? beated ata?5 Q§6fz>r 5

mmutegm fﬁ?i)rés 9(%0 g!a(EE jrILe: W VPC%élmtﬁé’nolB!i@etd onto capillaries

(PASO(EOJE]Q 08 aini fased sﬁl%/d%h, tHacR/ACE MDQ SiaplltaryTEEcemmrésm System from
activities of pegylated and re- p% ated r AvPAL - PEG

BeckmapyGouiter. \(eGE paefiles displey theamauyp ¢ ahelf pRy Each
3
coe b g %%‘%Q‘é**‘@k% el

were rekodnditssmy bevaenirdnPALRREGrsemplese in QD2 0 i s nonitored
as L-Phe is converted to /rHs-cinnam c acid. Wen
B e ]E: ]Ees SENBS Asgdayp! RSr;%ﬂfobeldaeheﬁuﬁﬂmcractd(d [\m)&gssajd Waﬂ lllsed to
uffer 10 mM Tris 135 nmM NadCl
providg prpesi! @,0 f thg fPe RS BEIUAE PTEFtAR g}ﬂr@aylawdé\?érrs@éaylated
rAvPAE bree independent neasurenments. Capillary Gel
Iectropﬁoresi s (CGE): CGE anal yses were perfornmed

lézlc E g ﬁeB_@df # @gﬁ&:\gﬁ ;ﬁg%&?ggg@é )%%byr%q&‘fa {&RIBA%L and rAvPAL-

PEG- safpheoydsgledorméd i desBibedindEX AMPAIE RIS dRirineilegircent
were heated at. 95C for 5 minutes in the presence fof .
pegyla%satath@lygmeréﬁ%émswthsm Iawaphgwtql%aga agjoupt of pegylation,

I Nt
e HEPELATERIR G FRLOMELASEL L LIS 145, s
K301, B8a i e 3CK40886494CEE K52, of te rd-lpsgij'laty:dMAdnﬁﬁﬁS SEH088/ was
dete mﬁaorbance at 214 nm Each CCE sanple contained a 10

mgration marker as a reference for anal yses.

_Capillaries were re-conditioned between r AvPAL- PEG
In Vitrg recterization of Pegylated and Re-Pegylated AvPAL Variants

rAvPAL Enzyme Activity: As shown in FIGURE 18 (top), pegylation or re-
pegylation caused a temporary decrease in rAVPAL enzyme activity in vitro. This appeared
to be due to reversible pegylation at specific tyrosine residues near the catalytic active-site.
Compared to single pegylation, re-pegylation appeared to enhance the effect of the pegylation
reactions on rAVPAL enzyme activity, i.e., to temporarily reduce its specific activity, which
gradually recovered over time. A higher concentration of PEG in the pegylation reaction

correlated with a greater temporary reduction in specific activity. However, after a few
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TNBS Assay : A trinitrobenzenesul fonic acid (TNBS)
assay was used to provide an estimate of the free

WO B3H0Ups present in the pegyl ated and re-peagads@dsss1
r AvPAL- PEG sanpl es. Pepti de Mapping : Tryptic peptide

wesks JERR. I s B GER R APt s

vanetyRﬂWﬁﬂPEG&@Mbﬁ&rlen&éntidﬂ@nk yﬁemnre%udlm nﬁilbchlts (he A
variant proteins. The anmpunt of ation, i

concenyatiermeldyune resues iphuRALaad (?lECA%‘PAEdIF%‘ﬁql)n eeaﬁh%d 3 deast about

80% oé&?&n@ﬁéﬁ g?'}]aéé%ﬁgj‘ﬁg‘?EdF#géﬁ%{ég glém’gatgli/gL P Bitio of 1:3 (2 mM

lysine Rgidfes:Cutd FELE IBledasrclis). el?m"thmdorel, the\fiegylated and re-pegylated
racteri zation of Pe ted and Re-Pegyl at eq AvPAl
AvPAﬁgg’ Ch?nzgn}wmrwsﬂtzsﬂ%pg%@% W?Syofd acjyity rﬁ%erw f pgupation.

18 (top), pegylation or repegylation caused a
t enpor Asyhere ieBKEURE 18Abettom), asymilargesnd yas,observed when the
[ f.
peeylafd (AvPRECPES ks B e%%uégiusn@aﬁ%% 150 PARYor: 1 2t Iysine
residue3 X mivePEGY éilleCoqyasdsdOveral] z[lgioegh) egrpéatlation, temporarily affected
re- pegyl ation eared to enhance t eeff ct the . |
AvPAIp éﬁW"%t }h&{equétge{) pSFLICRtiyitig reépf,gynaée %Eq were, within
ccceptdtle KRR R (AR SEely ey R ‘%“ﬁ’."%‘e??“c%%sgaﬁﬁ & PALPEG
ratio obf 3PEG in the pegyl ation reacti on correl ated with a
greater tenporary reduction in specific activity.
Howev eCGE AriabysisoffRenwiedisandRel feoyldied seRAL] CGRCanalysey
of the re-pegylated rAvPAL-PEG first generated usin
indicated thaf respSRY, %Ancrmﬁed FysEal ?fﬁerw#@égﬁa%% gelatiys to single

pegylaﬁ&? YAE sifigh g‘ﬁlg’s JOREGYhCR- ﬁérg' HON rEQIeE ™ B@Jréa%@ efbtrophoretic

Si ne resl I'n AVPAL a PEG are 1 ndi cate
mobllmy@afcheﬂAzb,t-PEGamtplﬂb.un iBgessod mdﬁe:uéarrsgdewupe@yﬂtaﬂlmnt of

addltloﬁg,l% ggq%gq? rga gﬁd us[%& € aFgF;II%BF Efpgfggg cgirel%t:eﬁ v&e%l an the
concentidfidN16f PPGRised @MY rdbegh1aish $t&p. PRIVARIEH FIGURE FoR;

enzynes under vvent conpar abl e rates of activity
irrespegtisovfdhe reattien cq;@gwnatduucng thesfirshiprgylationsleURMMIRr higher

d h d
concenfsafity °f%*8@&©%@éé%&%§#¥?@?%§ﬁé i FeaithelYfigion of the
rAVPARAREBEGnTs fcotiphrdddonhé élM% lafdddlA@PAl pdVbéEistated
filled squares Overall, alt Iatlon

rAVPALIfa chaar D’)ﬁh‘aWFféfﬁdéﬁP%QﬁELm%llFMfldy heltqﬁemrcr@@éﬁdt mplecular mass.
specific act ivities of re- pegyl at ed rAvPAL PEG wer e
ee AsHinesHn a - A Re ylatinn: g‘mgms assay was

oo BB B8 ERER S50} BB B TS Rl
PEG, rél&y o th€SingBsdgy e rAvPAL-PEG. As shown in Table 13, re-pegylation in

the presence of higher PEG concentrations, such as 6 mM, most significantly decreased the

amount of free amines present on the rAVPAL protein, indicating an overall increase in
pegylation. Under the conditions used here, most of the free amines in non-pegylated
rAvPAL that are available for chemical modification are effectively pegylated after the re-

pegylation.

Table 13: Free Amines Present in Re-pegylated rAvPAL-PEG
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i ndi cated that re-pegylation increased the overall
extent of pegylation, relative to single pegylation.

wasosams 1 n FI GURE 19A, re-pegylation resul t eetm/82008/006661
decreased el ectrophoretic mobility of rAvPAL PE

rptyrng—anm T ‘ﬂ‘D‘l‘E.CUl at fue
of additiona @Wmul tﬁg're ' mést/ g EG /
of PEGyl atioh cdtFel af e? WI ég‘hcen
of PEG used Huring the erN gyl at| nWOEPB‘ﬁr As F\‘&\Y}PAL‘
rAFPAURE 198, | rréddfective 8% G helreact14® cond t| ons-
2 rolvr Lysy 6t | r s23fegyll at i 6m8step, 6 niA&r higher 11.8

PEcncentrati oh of mPEGROK- NHS vvas equal ly effegtive in
2-6 & B@SI ng pﬂgylzgtg on|of uj]g r AYPAL- Pg@ [I'n sphimrarip, 8
2.& ed-tTo [he 3§|1ng| jr peth}gllate TAVPALg— Te-DEgYT gyl

DEA

26,\,-“," h. ro CZBIZ SII%VVCUgé S:g:‘fu \/(j: J UI | rl] dllul,l.7

"U

1 nefe [P [ aWa m noc

||| L
26’%%6 PEG U nnxjﬁtzs- pe

\va| 216 xn 1 The TIQ%Q assavy Iwn:l4-0

2:andiBbrred tol esBO0dat elt he3dRounl of flée amine grddgs
present in re-pegylated rAVPALPEG relative to the
si ngl PepeayPatyéalianAfRAlsineRasidéss spuRe-pegylatidre ASshown in
egyl.ation in the r se of Nhi her PEG
FIGUREA: &pria pradiss mapine dicategipatre opey AR RIQYE] (he percent
pegyla@&%ﬁ?ﬁﬁ&&%e?ﬂﬁ FRQPRL PEGCERR ?@r tHé RRfRIre§8ud ﬁeposmon 10 of
rotein, indicating an overall i'ncrease in
AvPAIp @gyct}aWamireaUm d60% pegytatetoduringrtbe snsgkd; Hegylationstsp, the remaining

acony i o S S RO P PRl o ot notby,

the peggﬁa]ﬁ)éh at 8d 1fiherestdie af fREOH 301 FMAvPRD irdaded by @8 much as 500%
nes Present in Re-pegyl ated r AvPAL- PEGPer cent
upon rePpggylaiiono Reopegbz;aéuon@omélgpmgéh@ prsserRe-of bighen eonegntrations of
R tlc e e .cat
v RO B € NP b 50 RO B s e
extent Bl RRLOE f ﬂ%ﬂ&\@l’ﬂ(ﬁﬂﬁﬁﬂo@&@E@&@ﬁéhtrﬁﬁﬂnst fiehlag Qi meL.
resi due at position 10 of AvPAL, which was already
100% pegyl ated during the single pegylation step, the
remai ni ng un-conj ugated |ysine residues were targeted
for pegylation upon reEXAMPEEin. Mst notably, the

oA iR R FoavlahiE e eI RERPLRIMICE 01 o

Re- pedikat-pegylaea divip AN xzsassdsew(mmepaf} RPy})@enerated using
concentrations of activated nPEQOK-NHS, such as 6 va
a PAL:REGaatief { § isdherbeth the fistandsecond peayiasionitaertions apdessribed in

e L e P e
PEG), @ewﬁ@g},nhmﬁg 2§ ALNPRGRAo GEG3 dadestnibed in EXKAMPLES 6 and 15, with

re ted AL C56 03S (r AvPAL- PEG: R )
respectg% yagr csptaﬂmaa?gg? vel§ i agpoyse4ng IPEQ(%W tojjaduce an

antlbodfy'rEs“ﬂon%‘ﬁz sssond pegyl ation reactions as described in

The specific activity of the two pegylated and re-pegylated AvPAL variants
enzymes was measured as described in EXAMPLE 3. rAvPAL-PEG-RP1 was found to have
a specific activity (1.17 U/mg), which was about 20% lower than the specific activity of
rAvPAL-PEG (1.47 U/mg).

The pegylated and re-pegylated forms of AVPAL_C565SC503S, rAvPAL-
PEG and rAvPAL-PEG-RP1, respectively, were tested for in vivo activity in homozygous
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EXAMPLE 15, was conpared to the singly pegyl at ed
generated using a

woPbs/BBGer ati 0o of 1:3 as descri bed i n EXAVPLEScq/@808/006661
15, with respect to their ability to reduce plasnma Phe

AVPAL_C565SC503S (r AvPALPEG) ,

ENU2 aﬁ%’oﬁ%%oam‘

asaB'f'BRw) q;qgg bas?éal

response’i n

IC acC

designﬁMoWdCbenx&gyd ﬁhlﬁdlénd re pegyl ated AVPAL vari ants
enzymes was neasured as described in EXAVPLE 3.

Tablerﬂv MB%/R%@IRRP (Y\Gﬁufyot%r@oﬁlﬁamG?laﬁﬁﬁﬁhﬂ IRe-PEGyKitéd Forms of

IV
whi ch was about 20%

speC| fic activity of ansyAMLPE®iqt 47 U ny) .
pegyl ated and re-pegyl ated fornms of AvPAL C565SC503S,

ower than the

The

@ﬁg dg%gié)}é? i E%ﬁ\ﬁpﬁ‘? 8. The study

Group' [AMHAL Phest anttier AV PADoskigerdddl | , DofS pECINowiay, | Wadose Total

# tlestled for in vivg aciwes)t y | (mbRgOLVga V@m0 | Number of
kino as BTBRenu2) m ce basitally ag desieiy bedmlfkg) | Doses and
BEXANPLE 8. The study design |s shown HBI/oW i p Tabl e Dose
4 able 14: Desilgn OL&L&\/ v:n&(?t y tzzl(‘nmmrp Frequency
H | at e- PECYge Eor of | an PAL | Var i ant

: T\Ii?)/nr nrﬁgl:ﬁ;‘lgEﬁ ce, e 90d4 1!l and® 2 lwerd adnmi ni ster ¢ 401?1%

2 subcuwm@w@zm nigbecksly $ml kgf0 ueekl y '#ose | of g eliminista-
[lAVBAL - PEG or r AvPAVeBSG-Rp[ | ré&peftivaly for tion (day 1

3 gks, AePAloREG by dVéelil (0| ngBkg) | week?Py dose of of a 7 week)
r{Av BAIAVPBG-REG-RPl PANCRSG-RPl | regpectivaly, flor 6
weeks. One group of mce, group 3, was adm ni stered

t he 2'”%%)_@%‘%1% gf;) Tnlia%y Bx‘&lpg’ﬂ_:@nﬂ Q| wemedntipistddel subsutdAssusly a high
of rAv
(80 mgfke) ivsgklylope OB%herdéggALa%G&ﬁ spyPAR-REG-RiHe respectively, for 8

ks BRI gH5 5588

9&659 g

tal ne

was col |l ected predose and at

(RIS T AVPALPEG-RP1,

respectivelySdotgnmeelss. adsogroap bénﬁ&d group-3j oms admdhisteredahé bigh dose of

raveaf 30 ElTenrd i oo sy -PEE Pl P

dose argﬁft%hg\?sdddy@ pWE Eanl“lAanaBngd f(ﬂ@h@ q‘é\%lso t]iléli

shown 1 n Tab
measurgd as| psscrlbecsln/\EXM/IHtE Reaid t}ne Qatal@td({lﬁcbla bhm neBIi‘sU RE 21.

Serum 3% af¥P sQlledf

PA PEG

Brgr%ogf ap

shown 1 n

§ S variop B SO E IR

ant

i bod

g aéasicaljected pre-

n'i‘a?ﬁhé l%vels were
for al 3

lys(%%ﬁantl-AvPAL

antibod¥l [66¢41€:S$ernfSAHHL- LV AL $4G Bikdr #@fd @Basafednlsarp@itedeén EXAMPLE

"'evel s to <200 mM After stabilization,

14, and #he Kip obtringg) isghewninTabledds dosing with r AvPAL- PEG
resulted in 4 days of plasma Phe levels to <200 nmM

The

a decrease to

plssimwhie RIGURE2],foENU2 gniupe, 1-8evtelsl ofuveekl2 80 mg/kg

subcuteggélggdosmg 6AfL rAv'lz’%Lg PEG (flﬂlll lf‘fl(ej:d c1rclces 2'111\el\éE 1nverte&’\§1rantgﬁag’)nor

rAvPAL-PEG-RP1 (2xPEG, open circles) resulted in stabilization of plasma Phe levels to

<200 uM. After stabilization, a decrease to weekly 20 mg/kg subcutaneous dosing with

rAvPAL-PEG resulted in 4 days of plasma Phe levels to <200 uM. The plasma Phe levels in
ENU2 mice treated with 20 mg/kg rAvPAL-PEG (DP, filled circles) were lower than mice
treated with 20 mg/kg rAvPAL-PEG-RP1 (2xPEG, open circles or filled inverted triangles),

possibly due to the greater specific activity of the singly pegylated rAVPAL-PEG in
comparison with that of the doubly pegylated rAvPAL-PEG-RP1.

As shown in Table 15, the anti-AvPAL IgG titers were lower in ENU2 mice

injected with rAvPAL-PEG-RP1 (group 2) than those injected with rAvPAL-PEG (groups 1
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circles or filled inverted triangles), possibly due to

wd Tees/guzemt er specific activity of the singly peayi@vethosss1
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brokaryrote—PAL—of iof'f}gi :a!<591 c“m:e V§S§a.t°%0 <50

rAVBALPEG wesksi 148, themeit SSvlnef e (| B0 | | H350he

rAvR AbPAERP] ovenks Aolds | of 3£he | pri®sentl 3Bvientisdn.| A350 | 1350
di scussed herei n thijousfBout, <PAL| w#id bed0dded i1350he 1350
treat nent of HPA ing¢l usidng| HRZ) m 150 pheryd ket ohsi a 450
(PKU) and classic PKU dinical trials wll be
condug gy *}e-gkg}l iitle G/ PHY-PEELTR RO WvitR 20T 1if¥far PEG
subcut aneous ‘doses o? AL for safety,

molecubdsap nmnredse thet paregnt aeglylatmint dtajaripesiysins eesodueb ot AvPAL was

. surrogat d,defined clinical endpoints. The trial
associafgd Wit & SR AR LT D FAm 45T RiShi BEE: Rt TIROC Bty iPyped
immunbbdhidi8bintyduo. 24 weeks to collect sufficient safety

information for 100 eval uable patients. The initial
dose for the trials will vary from about 0.001 to
about 1.0 ng/kg/week. In the event that this dose does
not produce a reducti oBXAMRBLEeES pl asna phenyl al ani ne

Ph | s | ti ignifi t
(Pre) et B b Sy RIS R 21
ol s ey e s amplrigbOb Efigticy SR dhe REREREE oL used for the
clinical®¥aR&E8A ¥f cAffosioi3tcdpeidinProleity AHAP AL @R Biolé‘%(iéﬁlﬁﬁdctive
e

_ period of, but necessari“lé)y limted to, 24 weeks to
variantg aypnts sidJeremantsihegreob (‘BN D an thefthgrapraric anqthedsf the present

inventiMF. aRYGRTRALS h?geinsﬂoq}g%om, HALI \Qﬁf %dl?sea‘?ﬁ/ fletRaf{GR LT HPA
al'lergi ¢ ctions,

rea
including HPA, mild phenylketonuria (PKU) and classic PKU. Clinical trials will be

conducted which will provide an assessment of oral or subcutaneous doses of PAL for safety,
pharmacokinetics, and initial response of both surrogate and defined clinical endpoints. The
trial will be conducted for a minimum, but not necessarily limited to, 24 weeks to collect
sufficient safety information for 100 evaluable patients. The initial dose for the trials will
vary from about 0.001 to about 1.0 mg/kg/week. In the event that this dose does not produce
a reduction in excess plasma phenylalanine (Phe) levels in a patient, or produce a significant

direct clinical benefit measured as an ability to increase daily oral Phe intake without
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conplete clinical chem stry panel (kidney and |iver
function), urinalysis, and CBC wth differential. In

woadod/ 1339018, ot her parameters including the redygeti®odsmosssl
Ievels of bl ood Phe |evels, neuropsychol ogi cal and

nitiveptestin n assessnent s also
neea DR PDERS %06 e B ARSI il o o
an addiiRh &I finkak) gerioalof A MEBE:Ok il ¢inifedRE) PNWEEKsIo @tablikh safety and
drug in the circulation, and general di stribution and
to evalpae funther 6ffisBCPAL in blood. It is anticipated that
these neasures will help relate dose to clinical
r es pori¥easuigmdntsief Rfty evitl snakirde duverse eV@Vatadidrgi@mbtéonsf

compl&l iy et pat (risey fug ERer ar i, S o And R witn

differch@A! M gddlﬁoﬁto'ﬂiﬁgﬁ'_gnﬁe@érs cledihg tHeabdictibAiRicel df®Rdod Phe
(CBC, Panel 20 , levels of urinary pterins,

levels, apwrpnsyspelogical and mu@teagsémgmlow\aés%smqﬁaalao will be

t ) .
monitof@F  HIShrBl AP Gy dRESBL RANGIA@ 18 QLU AP o AGl P pecifecc
parametthe of tHerndrag irP¥ak ictrotlativm,land rgehmhdlmbhﬁl@n ahd Rdlf1ifeosf FAL in

npl ete eval uati on one week after conpleting the

blood. tIF @@mﬁ@@@teeéhaté%ese oKasEs Wl elpdelatedase tp Htm?aé EEAPPRY;

the patients will follow the sane schedul e outlined
Methodtove. Safety will be nonitored throughout the trial.

Di agnosi s and I nclusion/Exclusion Criteria The patient

may bePatmants wiro Ha@mleevatedﬁlt\telaofdﬂmt@?heewilbﬁm@rgm Baseline a

. HPA or m |l d PKU confirned enet i tes
medical i3yth B4 By L6 SR opR sy PO ] B BT hs T agandand se
of clmi‘éhll lhbdraetyEsts HEB PaEé’iQOE@HS@nU%)W@OeIQ ef G@ﬁar?‘foi‘éﬂfn@t ely
ol l ow dietary control emal e tients of

dlhydrmtenl@b@eﬂdquﬁ@smﬁﬂéhk) kvelsuand Ehm@nabln@@ énlpsrea)mangirefsem
amino %cﬁs f}lljer Iagl%{lp wﬁ@ fglﬁévtgdpgﬁ ?{y ?l&w%?lg& v? Oah%nC?lnlC S'liatlents

will ret@ﬁﬂtoftﬁé emiit 86 4 suraplefe@valuatien sheithvek #ftd?@biplétingithd tréstment
excluded fromthis study if the patjient is_ pregnant or

period.| dhquid dasy, esa%lgthrb'afeieﬁeae%ﬁm Batieats Wik follaw theipamae sahedily
outlmeg!gbg\‘?e%’ SRty Q¥inR nis e LAY ré BEfthe i) has a nedi cal

on seri ous |ntercur 'néss, or ot her

ten e I hat may S|gn|f|cantly
Dmgmffé‘c‘f "é"?‘{!ﬁ?x%fé t?r Di et ary Int ervention
Foll o the|n| i al on and twqQ-week .
7 ons rhibbalif miy eamalescer[}dvnkaw 2 doghmented chaennsia pRHPA or
mild PRURIGAFRYmMEPBY g8ihdtidGesting it lehidetd SreId asddartitaevklslirtBlood. The
and/ or a standardPhe-restricted diet conplenented with

study viHdne pdaHPAcorRidl patierity pdhe doarot acqusately foflow gigtany soniral.
ks, Di il Db h ' .
Female}l\ﬁﬁlgﬁ’g o\%cﬁlétﬁ\gnp% Bgﬁ%aganrﬁ%& glg?c% 231/ ng%?glgg Bgeggllar%yatreglt (urine B-hCG)

Jjust prior to each dosing and must be advised to use a medically accepted method of

contraception throughout the study. A patient will be excluded from this study if the patient
is pregnant or lactating; has received an investigational drug within 30 days prior to study
enrollment; or has a medical condition, serious intercurrent illness, or other extenuating

circumstance that may significantly decrease study compliance.
Dietary Intervention

Following the initial randomization and two-week treatment period, all study

participants will undergo dietary counseling and will follow a standard diet and/or a standard
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Anal yses of the intakes of nutrients and nedi cal foods
and the percent of Recommended Dietary |Intakes (RDl)

wonobs/1RE7ecONPar ed anong the treatment groups. pAlUS2008/006661
Safety PAL therapy will be determned to be safe if no

Cani .
Phe-reﬁh?t{é!ri] éﬁe;f ngtng%&%glge ggfltl? Eﬁg Qée% Cﬁj 1c§lf’t§h&sgf?)§ FQ(?t%%f four to six

weeks.aDigtswill bainaagedfat hbgedhd glemdy lintalkee Wil B¢ racoriddtio dbigy logs.
safe if no S|fgn| ficant abnornalities are observed in

Analysehef e iinakes of girgnteandgnedical ifpedscmd the pereeny of &epemmended
I f
piearHURPABL LA R A bt oL 1 ©

PALS@Y t ei ne nutant AvPAL, AVPAL_C5658C5038 wll be
nically evaluated in humans. The obj ective of the

[ | uat IS ta det th
ol or dovk Mgay b dcdemad el it ha sighBant aquge prehronic
drug reRKid Mt @ ttingBhOeshrihenué stuapi The (JA38)-ter@Vinfinidtrhtion of the

serve as a clinical_ endpoint.” Phase Phase 1 is an
drug wipbed¢tammained t brysage d@@élmﬁ@ﬂna@bmn@hueﬁyarb bgB vy the clinical

examn%g Is?%mxgglflagfgsgﬁ)%t X.Eper?%ri %gtflg{ 20 years. The primary

sse y and tolerability of
pegyl ated doubl e cystei ne nutant AvPAL,
AvVPAL C565SC503S, and the secondary obj ectives are to
eval uate the pegyl at edpgkMPEES1$K and Phe reducti on.
Seven cohorts of 5 subjects are adm ni stered
sequent i aClipios Evaluation of atggitaded AsPAJ. Yarian0. 003,
0.01, 0.03, 0.1, 0.3 and 1 ng/ kg pegyl at ed
Av PAL_"KHE@RSQE&@SlouEwecyst@hjeenmanﬁ AVRAEhAEBAbr €5 65331?25(1&5 will be

clinicafly BiANAISd FrIRrare e QR eohrs o iRk chbical YA afian i (oot the
h I
safety, (ERAAbIIRY, pﬁ?ﬁ‘?@%“‘ygg?ﬂg"‘? IEURCAGSTI0palttifs | BIRY

phenylalanisy (Pl;tﬁ)dWﬂllSd‘éd senveoastawlinieal esdpginth no i nterrupti on:
o Part 1- 16 week - 8-week adm nistration, then dose
Phase dptim zation o Part 2 - 40 week - extensionPhase 2 is
a two-part, open |label, dose optim zation study in 35
subj edhaseM isanRifldn 1R tsidgle dosdLestAaticvandin®s PKU patients of

16 weeks duration_involves the adm nistration of doses ..
ages begwesiu iy angd Ayysrrp Al hemmabrstiyg dsloasenss (hergfety a%g@ie;abﬂlty

of pegy 1Akl A¥ESle BYst@nP Rt AVPAL, AVPAL_C5655C503S, and the secondary
objectives are to evaluate the pegylated enzyme’s PK and Phe reduction. Seven cohorts of 5
subjects are administered sequentially with increasing doses of 0.001, 0.003, 0.01, 0.03, 0.1,
0.3 and 1 mg/kg pegylated AvVPAL C565SC503S. The subjects in each cohort receive a
single dose, and then are followed up for a total of 6 weeks. The inclusion criteria is that the
blood Phe level at screening and the average blood Phe level over the past 3 years is >600

uM.
Phase 2

The Phase 2 study is divided into two parts with no interruption:
o Part1 - 16 week — 8-week administration, then dose optimization

o Part 2 - 40 week — extension
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attain bl ood Phe concentrations bel ow 600 MM The

woPHbdrB3y760b] ective is to evaluate the safety aird/us2008/006661
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dose o@YrFém J egé%(ﬁssglgja%cI Ot os% \Q@%@d fté%tyqn bﬂ)% %%h&e%%d tlons below

ose re uec mnls |on

600 uM. Ohé prifriagy bhjastevelis wgvaZuiﬁé t—lﬁl sefetydirel t@mmlﬁfyeof multlple
addi t1 onal studies potentially include a Phase 3
adminigirationsithe Beaybited BIvPAde 565565035 tad gxeéa@@mamm eqtivgs are to

evalua%ggéu‘?%y?%en%\%ﬁ&%hg%fg%c??&ll bivbd ‘i"h? %o%c%gﬁ'gtg(fﬂsf mmune response, e.g.,

or exa

anti-AVR A, batibady, tltﬂ@mﬁlﬁtbddyﬁwt@hﬁn ylnqiaﬁilmi hesubi#des) are administered
gnsive PKU patients and ngn-BH4-

pegyla@és”p\é’rﬁlrﬁ@ﬁweé f@rﬂ%""?@“d"&h prdiiidualized opEmjznd; dose and
frequerf@&%%hﬁfuﬁ@ﬂré’tﬁ) pamoni a- 1 yase (PAL) variant wherein said
PAL variant has a greater phenyl al ani ne-converti ng
Pha&??ctivity and/ or a reduced i nmmunogenicity as conpared
o a wld-type PAL. 2. The PAL variant of claim1,

wherein o re i.nQ. aci d re |du

subst | treafe Bt Sifien e omite & RO kRSP e
potentigp ficlidetal IHasé BEHEMDBE dRbk- Blﬁ{d‘eéi 's@u)zl?; Mglg%ate{reﬂﬁﬁﬁﬁ of subjects,

sal d i mrunogenicity as conpared to the wld PAL.

with adglitionabstpdies nspegial pepulatiarisnsuth agdfer efamnple encbn@t er limgtation,
rin

non-PI?%ss'ﬁf%J ﬁenl?aﬁ%xﬂelﬁ?é A{I@i& %?g% tgc’ Lfﬁ-ﬂ resﬁ&nsgvebp(v%er ea?lentts %nd non-BH4-
respondi@é PHUL pdtiennabaena variabilis PAL. 5. The PAL vari ant

of claim4, wherein the one or nore cysteine residues

substituted by a serine residue is selected fromthe

group consisting of cysteine residues at positions 64,

318, 503 and 565. 6. The PAL variant of claimb5,

wherein the cysteine residue at position 565 has been

substituted by a serine residue.
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7. The PAL variant of claimb5, wherein the cysteine
resi dues at positions 503 and 565 have been
wosMbsidstit ed by serine residues. 8. The PAL vaidrad206%006661
claim1l1, further conprising a water-soluble polyner.
9. The Pﬁy_ ﬁ\.f%rjnant of claim8, wherein the
wat er - sol Ubl'& pol yner is a polyethylene glycol. 10.

0

The PAL vyariant_of claim9, erein the variant \i.s . .

made by Jonct Aiyokpmait Bhaltitng smoRt-lAfd GALayiriant wherein
sai®@PAY Sfai¥hens aPrysed p}ﬁshyﬁldrmé-@brﬁénﬁlépaeﬁyw Byd/enereduced
_ glycol per lysine residue of the AvPAL variant. 11.
immpeogenicity #6 campargfl te h avild-type Pdler ei n t he cysteine

resi dues at positions 503 and 565 have been

substitu2ed b{he@Alneariaatoficlaim 12vhokeinranemaoeue amaio acid

conposi.tion far treati an .am nqg acid tabolism . .
resiiREbterd LS HastHerribBP arg e PhrR Yor Sfisution
incRASks3afNRIIVRE 8Hd/bf RlduYesaaRBiRim e RidIt) h§ Eompated f the wild-type

method for treating a disease caused all or in part by
PAL. defici ency in phenyl al ani ne hydroxyl ase ( PAH)

conprising the step of adm nistering to a subject an

ef f ecti v8. anoiihe PAL warzotpbddaim dwhoeiprthe bmgoamore cysteine

rokaryotic PAL variant.of claim1. 14. The nethod of
res@l“ﬁ%kﬁﬂs anpg']tﬁhgsﬂi‘@er%‘gu?s a characterized by

el evat ed phenyl al ani ne, | evel s. 15. The pethod of claim

13, wher & n sAbgPadpyasiant abdaigy 3, whergionthe varang 1pngpacna
varl®BfipAPAH activity. 16. Use of a prokaryotic PAL

varitant of claiml1l in preparation of a nedi canent for

treatingca hu fferi p i Gj j .

activi tys 17 THERAS Ve Gr bk WA hEDEY of Hofltcine
residued subdtitutedbyepseriat iredid e is deloeidd franethe gk@lp dohsiatingigf @ysteine

human suf fering from phenyl ketonuria (PKU). 18. A
resideehy Positiens ﬁ‘égﬁliSn@O%iﬂéjs X severe phenyl ketonuri a

(PKU) in a subject conprising adm nistering to said

subj ect & ¢ orrifbg PALorarteshel ¢lainh g, whyseiokhe gteine pajdue at

osfil 8 B QitTlikacd WPE SlrhelBggeim ni stration of the
P corrp05|1%| onis effective™to I ower 'the phenyl al ani ne

concentration jngsthe pla of said subject  as .

conpar ed’t o sAhePed AT s g SrobeEindhe S eresidypger
positibHs 303 tah@ 569 Rave been substituted by serine residues.

8. The PAL variant of claim 1, further comprising a water-soluble
polymer.

9. The PAL variant of claim 8, wherein the water-soluble polymer is a
polyethylene glycol.

10. The PAL variant of claim 9, wherein the variant is made by
reacting AvPAL variant with NHS-activated polyethylene glycol at a ratio of 3
polyethylene glycol per lysine residue of the AVPAL variant.

11. The PAL variant of claim 10, wherein the cysteine residues at

positions 503 and 565 have been substituted by serine residues.
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19. The nethod of claim 18, wherein said subject has
been di agnosed as having a nutant phenyl al ani ne
wonos/ ,sylsase (PAH). 20. The nethod of clai m 1$ctWieos 006661
said nmutant PAH conprises a mutation in the catalytic
domai n of , PAH. 1. The. t ho f i m.20, wherein
sai d rruté ion Acéhrﬁg?ﬁa%eeuzlcglﬁceom %SI:%TIIS)P go%%a&n%&qsangg 3%19 ed
metabolidh iesegdeidm i3 the cofipoditibrBadcordid@ Sairh @%ahd aR68S,
A104D, Sl 10C, D129G, E178G VI190A, P21 1T, Rz41C,
pharrgeyticalbpacseplablygiarrinz 13T, K320N, A373T, V388M E390G,
A395P, P407S, and Y414C. 22. A nmethod for the treating
a pregnand. f edfamethedfonigedtingardisnass taaisethalheningpatiHipyy deficiency

. GO {.Sin dmi ni st to .sai d subject,a ¢ 0si tion.
in RGP R PR RobRrSParsi SFdarfaPHR Ty sBBiectan
effERIVeafiduh 06 ¢ drhipaitiindohptisisSd prokagdticl PAIL varaat 6f ¢laim 1.
the conbined administration of the conposition and
protei n-fqgst r mybeckikdPéf Gaiff {5 GHHedn R diSMBE istd\haracterized by
phenyl al ani ne concentration in the plasma of said
elevaieq planytadardingrsaelsd to said concentration in the
absence of said conbined adm nistration. 23. A nethod
of treatilfig aThametldd dfolaingl Rlvheecinsaidwlbject has about 10% or

concentrati of .pl asma phenyl al ani ne conpri si ng
lessy ﬂ‘i’@lail%ﬁ%ga‘itl}”@ai d subject a conposition conprising
a prokaryotic_ PAL variant of claim1l in an _anmount .
ef fectivédt o pise@fiadrekagticdisle vasiant g€ clairg d iy preparation of a

e o P B PRI Lo i 3 ALl SRR S,

(PKU), c rising.admnisterd .C ition .

Conpr | si b0 a SISRLPPEITD AP A VIAH CEPRim 1 prenegption of a
me8ihflesttd} Geitirigh RumaiRifferingfffoas phet/ 1 ketoirdBEE))a

decrease in the plasma phenyl al ani ne concentration of

said i nfagt WASHGIHOdFE Eedtiih R MHssit SeReé PR&Y IRt aIPKU) in a

years of age and said infant has a plasm . )
subpdeé Agmprising admirusierng toagaidbiubidct peompesition 6empBHOg Aprakgryotic

hout 4 . S...An Anabaena.variabilis .. . .
PR A iesin o Y RRBRRAGO TR B tPasitioninslseve v

lowich thepheh glal@ineanteittatioh i dfl flaspiisofxan] sibjecbadScdhpared to said
AvPAL have been substjtuted with serine residues (SEQ
concentration in the absgncemfsaidadminisatiofat of cl ai m 25, whi ch
i's pegylated. 27. The AvPAL variant of clai m 26, )
wherein $%i d ghgyneshadoef dlaimabhiveeain B3id subjeet hag beerediagnosed

as %;(/E@La YRt PhentidiMibt Ry &6k M @Amp°! yethyl ene glycol
20. The method of claim 19, wherein said mutant PAH comprises a

mutation in the catalytic domain of PAH.

21.  The method of claim 20, wherein said mutation comprises one or
more mutations selected from the group consisting of F39L, L48S, 165T, R68S, A104D,
S110C, D129G, E178G, V190A, P211T, R241C, R261Q, A300S, L308F, A313T,
K320N, A373T, V388M E390G, A395P, P407S, and Y414C.

22. A method for the treating a pregnant female having
hyperphenylalaninemia (HPA) comprising administering to said subject a composition
comprising a prokaryotic PAL variant of claim 1, in combination with a protein-restricted

diet, wherein the combined administration of the composition and protein-restricted diet
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ratio of at |least 1.6 polyethylene glycol per lysine
resi due of AvPAL variant. 28. The AvPAL vari ant of

wocload/ 19326, Wherein said pegylation i s achi eveddayus2008/006661
reacting the AvVPAL variant with NHS-activated

is e@% t%yl})gfgrgthg lp)‘lg%%lal%mg corgcilerr]lgat?%ns ing Sﬁ?&g%ﬁiild subject as
comperrecani sa1dZQonc&riiteati/évﬁﬂdthe/ﬁisemtof@ﬁxd&iombmal&dnwhmremdm.
sai d pegylation is achieved by reacting the AvPAL
vari ant w.a th NHReel iof %@t%goa)wb?écla }ih\ﬁﬁg aBbweGRrmal ccfhcentratlon
ratio of 3 polyethylene glycol ysine residue of
of plesopa phenyladanine gonprivieg sterengi taﬁmd@mbx,elctaa pRImpOSsition

t n
cotiQifd BpRalyefy pALvAERER bl 138 3h Aol ReYBURSe Mproguce o
decpdast hethepRBamaphechAdalanifetopegittatibedf sa3d subjbe. AvPAL
variant of claim27, wherein at |east 28 percent of
lysine regi duasmathoR@Ftreh nfab® havidg phédiilketSrurial®PkU),
413, 493, and 522 of the AvVPAL variant are
corp@rgs}mmchmnmrmgmcqmmmmmqmtsmﬁa prokanyotie PAkhearianhof claim 1

to s%gd | jaescggganl gﬁn Egéctlvet cg ]ae({s ﬁr%g Biﬁe gl?l%ﬂlg Ipf;f'pnsylalanine
corRe@ydtivned saidInfahhwhéredaid Bifara is be&riveen @iafid 3§cavhoéags ﬁhd said
. at least 51 ger cent, of lysine residues at p03| tions
infang hag g glasupa phenydajaning goncentration pfbeayeon aboup 3o B @ta@eut 4800
uh@4. The AvPAL variant of claim 27, wherein at |east 75

per cent of Iysine resi dues at positions 2, 10, 195,

03 andaR22 o ALY OB RO st ROt

varlahﬁSWﬂEreirﬁﬁlle@yﬁSmatreWstat pdﬂﬁtléhs 503,and $%5 o‘ﬁ%&PA&ﬂﬁ’a@%en

of the AVPAL are pegg
substituted with serine residues (SEQ ID NO. 11).

26.  The AVPAL variant of claim 25, which is pegylated.

27. The AVPAL variant of claim 26, wherein said pegylation is
achieved by reacting the AvPAL variant with NHS-activated polyethylene glycol at a
ratio of at least 1.6 polyethylene glycol per lysine residue of AvPAL variant.

28.  The AVPAL variant of claim 26, wherein said pegylation is
achieved by reacting the AvPAL variant with NHS-activated polyethylene glycol at a
ratio of at least 2.4 polyethylene glycol per lysine residue of AvPAL variant.

29.  The AVPAL variant of claim 26, wherein said pegylation is
achieved by reacting the AvPAL variant with NHS-activated polyethylene glycol at a
ratio of 3 polyethylene glycol per lysine residue of AvPAL variant.

30. The AVPAL variant of claim 26, wherein at least 28 percent of
lysine residues at positions 2, 10, 32, 145, 195, 301, 413, 493, and 522 of the AvPAL

variant are pegylated.

31.  The AVPAL variant of claim 27, wherein at least 28 percent of
lysine residues at positions 2, 10, 32, 145, 195, 301, 413, 493, and 522 of the AvPAL

variant are pegylated.
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32.  The AvPAL variant of claim 26, wherein at least 51 percent of
lysine residues at positions 2, 10, 195, 413, 493, and 522 of the AvPAL are pegylated.

33.  The AvPAL variant of claim 28, wherein at least 51 percent of
lysine residues at positions 2, 10, 195, 413, 493, and 522 of the AvPAL are pegylated.

34. The AvPAL variant of claim 27, wherein at least 75 percent of
lysine residues at positions 2, 10, 195, 493, and 522 of the AvPAL are pegylated.

35. The AvPAL variant of claim 29, wherein at least 75 percent of
lysine residues at positions 2, 10, 195, 493, and 522 of the AvPAL are pegylated.
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