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variabilis (SEQ ID NO 4) or biologically active fiagnent, nutant, variant
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anagfpher %B&ﬂ 1 L r const ant
reg:oon agpﬁgﬁﬂlﬁhmgmnogng ltj?;l Bédr)ﬂgle?y:ig%ﬁgﬁ?o %ﬁgt?tg(%%et at;tl r tlfz'illhfr?]}g t he sal vage
epi t opecopasimgrowiht(Fstzaetalt b BioEhems2S I{AI)I726i(1 ¥6); Roberts, et al., Cafibe di scl osure
further . heal mdj, f jl.ed._ver si , ygept i des,

whi ch nESE BB AR estlen - (ol BEE RIS RPN TR BPIRERR &

advant ageCasceeTfeacRep. 65(): 1069881 ITRINBeatt far al ArBisl Chens. D88 {H).c247- 0. ,
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encodi 1§%T0rbid)bi ol ogi cal |y active fragment or nutant thereof may be used.
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sensitivity. appropriate for .therapeutic,s is a pegylate
For m ot RPN A Goden gl wal ST Ribme i oSt RIBAE, £ Vi oy "Rt her
exanple is a pegyl,ated form.af Anahaena variabilis, PAL. wi.th ipnproved
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‘at aratio of at least 1:1, at least 1:1.5, at least 1:2, at least 1:3, or
at least 1:4 PAL: PEG |In one exanple, the PAL variant is an AvPAL vari ant,
and the pegylation is achieved using a PAL: PEGratio of 1:3.

The di sclosure also contenpl ates re-pegyl ating the pegylated PAL variants
for reduced i munogenicity. In sone exanples, the pegylation is achieved by
reacting the NpPAL or AvVPAL variant twice or nore, with PEG each
pegylation at a ratio of at least 1:1, at least 1:1.5, at least 1:2, at

| east 1:3., or at least 1:4 PAL: PEG In sone exanples, the pegylation is

A A28



enzymatic activity that is fromabout 10% to 100% hi gher than that of the
w | d-type. Such biological active nodified PAL proteins may be forned using
nmet hods well known in the art, such as by site-directed nutagenesis. In
further exanples, the disclosure contenpl ates use of bacterial PAL that

met abol i zes phenyl al anine (i.e., converts phenyl al anine to anot her

subst a”éﬁ%knﬁ@b&é@&&@%ﬁ%g Plctide T LB TRMitdr OLodldIRad [EHTRBN hibicReglef | ci ency
in PAH activity, 1nna Fs, in particular, humans, as well as a

phar mac@oepps at alc 28035ikd bn cont ai ni ng bacterial PAL for use in treating a
deficiency in PAH activity. In sonme exanples, the pharnaceuti cal

conposi ti on conprAltesghP4hlpptaptisilyf hasoafdls iddusinat dnd therapbastapplications, a

bi ol ogi gal | t.ive fragmen nut ant _aor. anal.o hereof .. al one..or in

conb SePEH ST ey e RAER bt rh R ot BRGSO Ha PR RS txapl es.

pr epar aginiias oCcairahdtagtad ioteihs, BALONMATINastnrEithy thgtfapaticiccbnpmidoy 96%
97% 98% 99% 99.2% 99.5% 99.6% ,99.7% 99.8% ar. 99.9% In ofher
exanpl e¥VeRhEStRPRges SOCIFE MRS G| 30 PESQHE RREWH- ATk 2 8BHBHYi ng to
the preggifce ll SGlRIWeRvdes stBateitiNaMdaRBHhe AHHE &f achit®e SR RiafnkAin aCt i Vi ty
of wild-type PAL. ) I n one exanple, the present disclosure

f eat ur espnivolefi plasmarpbgaylatpnine iavels prthiny samprvdhat BT ERnED BLAiTEdehd

i ndustr]j ! Ll j . t hods of
treart ne RS Ronel e AR RARIP S vel BBofleREd ORoH EnBOTLRIVEL BRI TOTS D
adm i sparametgrsdiat herbagembdecdid ty agbliantof seucombatd Wichamidahknededgei cal

conposi ti ora. coggri si.ng bacterial PAL to a subject in need of such
t r eat melTEAUNEETI BT ency in PAH activity can be observed, e.g., as

activity levels 50% or | ess, 25% ess, or 10% aqr Ss,or 1% or |ess,
conpared to nor mat™ %r%erﬁﬁmﬁﬁéﬁ’mj@?‘oi?ﬂﬁéﬁﬂgﬁ@ﬁ% *U% el evat ed
pheny! abapd Rgisli@MBLSding BbieRXAMMHR, acBFity thdY¥RRIrMIGbYLA IRIAM, Freafd:| d

phenyl ket onuria or _classic severe phenyl ketonuria. |In sone exanples, the
di seasebioghaghesd ylakiditowid/or attematgd IMMYNGBYGIT; ¢ exanpl es, the subject is one
who has been di agnosed as having a mutant phenyl al ani ne hydroxyl ase (PAH).
Thelhut ant PAH may conprise a nutation in the catalytic domain of PAH.
Exenpl ary such nutations include but are not limted to nutations F39L,
L48S, |8BWMMARESS, A104D, S1 10C, D1290, El 780, V190A, P21 1T, Rz41C,
R261Q A300S, L308E, A313T, K320N, A373T, V388M E3900, A395P, P407S, and
Y414C. Severehbaptdrial PhLdepebsen arpadyddentifisd evpattef the pladrMdkeut i cal

phar mac S SEURle L AR ifoa PAx 6h Sehuofthod WarfleiR ko NETLAReZT, T

i s provEB&dDtNe:SUBEYIORE dhé AAVHALL fram H\fa:mtoc obndiifengr{@sesstion APeM H06M2T n

b P Dt Ngor Tl oA ey oAby P actiel brngr S et covsed &
Al SO COGeRIMsA LB HSn RrajRdNGEQID NOEBFIGURE SUPABGANB¥inEnabhame nor mal

concentration of plasm phenyl al anine (e.g.,.greater than 180 p. M or 360
pM conﬁ?ﬁ@ilﬁé(}a’éﬁﬁ%?@?@ég%h"g"aL%gﬁgﬁé"e%ﬂB’f‘%‘éf Iiae pERoRta-IPAEl ARARBE S i on i n
an armuo&ﬁa%izfs@gﬁcwggm,Mm@zg%@&%b@ﬁﬁﬁd:ﬂ HGERR @,Sﬂﬁggﬂa@ﬂm figni ne

concentration of the subject. The subject will [|1ikely ve a plasma

pheny| apwhamyetedoracatis niduiaon (pfahasdt, Z¥atufeechpM(pl-13x6%3e® AdAthitbt r at i on of

t he, ba rij . ) I [t biect s ,a_pl asmm

pheAy ! aPai b i bR ol Bl ity BhtlorabBEc B PRGLRR lri B80T g

%grrpl eéWilghgsdgwuj,Milcrdbatsg% xﬂltaﬁﬁﬁ-mﬁ@@@m]),aamtdrmepmﬂgeatveﬁﬁdimr bet ween
p. n P n i . i e su C as.a asna

phenyl Zk@%‘f‘?@n’c%ﬁ et éf’%i?ﬁ"bd‘%- E%é%\g@gggégé?)) W‘%‘Z"@Oawlwgfs zg\"ﬁﬁt her

cl ass Obvaudtdas SEepOmyCestmhaningsh (SarighDS &r 4/hat BRAMEh-AN 2uMBResistizzhed pl asma

phenyl al ani ne concentr at |c§lrr%sgr eater than 1200 In specific

M
exanpl e&0¢He CEHBIORT TS SuPSiAHFaRRRRR = NesiBa P veduPRFIgicd athireipegitio AEYi ng a
pl asgra Fl?@ﬁc}ﬁoﬁ|o@Bio@&i&%ﬁﬁﬁtﬂ}&dc&%ﬂh?@éeﬁémgeﬁq’fb &3@% gﬁky%ﬁed}gﬁgﬂaéd osure

contenpl ates nmethods of treating an infant havi ng y ra,
conpr i sPiegyrilrtic ppdvays Adoaedhét Foaductsdiapons 2(gh5$(b5?31@0§i)b}39@®r,i n an
amount gf fyegl.] £ ﬁﬁi‘%r el I eyl j.ne.
concent%ajt!'i’ %h%fﬁsf%é&? Er??gﬁ)f% eref %%'?hgé%n Igﬁ‘t‘ﬂ?inls gqu\%@énnﬁb%g‘%ghgn Vears of

age and the infant has a plasnma phenyl al ani ne concentrati on of between
about 360 pMto about 4800 tuM Prior tsq the adm nistering of bacterial

PAL, the infant has a phenyl al ani ne concentrati on of about 1200 pM and the
adm ni stering of bacterial PAL decreases the plasnma phenyl al ani ne
concentration to about 1000 ply'. In other exanples, prior to the

adm ni stering of bacterial PAL the infant has a phenyl al ani ne concentration
of about 8001. 1M and the adm ni stering of PAL decreases the plasma

~ NN o



Certain exanples include optim zing the dosage to the needs of the organism
to be treated, for exanple, mammals or hunmans, to effectively aneliorate

t he di sease synptons. PAL may be adm nistered in a single daily dose,
mul ti ple doses on a daily basis, in a single weekly dose or nmultiple doses
on a weekly basis. In some exanples, the PAL therapy is not continuous, but
rat her h ShePgHELY Bk ﬁ%ﬁ?c%r@ﬁétéﬂam@&l Sap Birid astheftasnmeaphanybal ani ne
concent%:l\'%}loon 0 the sﬁ% ec }s decr eased tojdl ess th n 360 }(jul\/tl ln sone
exanpl KU sudenthdr disohdersp| rmveph@mwéﬁrmﬂﬁtﬁ%c%w&wwa ‘P%?FF ph&™dubject is
moni t oy e | ??ﬁ o | Rkt Led cWhgiRe® 10% i ncrease .
in pl aé}?go%%angygﬂaé{n? l(t:sfs)ﬁlg{eég Fg%}agﬁlaflg%%ﬂg rved. 'I'n oct hereexarrpl es, doses
ar e debpiopertize, sutic s meridoyent Fndytk mlvmmgr@tmhm@mpical ﬁ@bthéé, fof at | east

0.001 nu/k 1 I to 0.1
g/ kg, n&%r%’«?%ﬂ?‘?(iff’??‘fa%%ﬁ’ga%ﬁﬁu%% H&%ﬂ‘@?ﬁ A ngeal&%r? 149 affg%élg ﬁ? Ito he dose
s 1 nypdaieriioRaldo ﬁﬁ/vi@gé wRekds @frpr&i&ﬂmmmbmkcn of bactsnal PAL and A

vari et of parenteral nonpar ent eral routes & ‘E !éf(r) i ncl udi ng
oral, tidegerdlypgtive %@m@%e&a&rs, VRIS ASH PRYRES e’(eP BT ﬁ’@ BT i zed)

i nt rangg&% Whe g@m 24 lhd'ﬁs{rﬁyﬁ npbsst hat deliver equival ent dosages
are conterrpl d] Al m ni tratl on by boluS injection or infusion directly

into the joi s s oSl hdrs a‘b§&e§£@’%.Lf’"aﬁél“%vﬁék%?%@mah%dzs@UCh as
intrathecal, intracerebra Intraventricu via | unmbar puncture, or via
the ci stterchanpeabip to Maars@irevildstypet 4% fromrsokpsyetic Q;g@u@@ﬂ mm k@%@ht aneousl y

] h f h
aub] e ctHigide BALFrom STERBR A A e el S he S @ TN Sy mdutge oA
geneI i %) Wﬁxﬁcﬁmﬁﬁwm@mm atBlG?m{B@aAsaﬁaawmahﬂmm%QthN@ﬂcl \L/I\?It Rg

ral vectors, honol ogo e i ife injecti in
;/ Iheas c (fﬁ@r-%’fE ), hib’léa"é@&ga’&‘ %i@%ﬁ%éﬁ%éé%‘?? rﬁ&of?ﬁ@%"& ?Saerg“o‘g]i?é nces
encodi ngygl soér i W{?@OS) Bld )bﬁﬁﬁfdpﬂimﬁéi-v&ﬁclﬂaﬂﬁk Me2ghsoa) dr ¥l ¢ laﬁtwmoabﬁg; ant or

anal ogs t her eof be adm nistered in vivo into cells affected with
PAH def(m:fregmgnts mutants, vanantsanﬁaaﬂ@mp &ichmldtyre sravEics M2t iiin Bjlan| so be
adm ni r {

pr ot ei 35 ?égtﬂ F%S{g?@pf%eg?ﬁda%%mﬁ Igo?ggeelﬁ{a?ér{&ﬂt@hgﬁ Cﬁéﬁ%‘%gg%me%%@r?@%ﬁ%ne that is a
pheny| adxaibitriecresssd cataiytdadivey anﬁeriabmaaﬂﬂéalfdifa#nqumyﬂeaﬂedm ne intake of the

subject, is restrjcte Ies ol exanpl es, the
prot ei rf“}”é‘ﬁ‘f’ﬁ?’{}?‘b’daﬁ‘?@ C}i’eémﬁ Pg{)‘geﬁﬁ%sp{%ggﬁ(rg? t:‘?g” e?ﬁtng}?';’%er ein the
total phemEngl Mtae, vaianssht laﬁztiegk theredfana HrhabeeR ek linkep ¢ ottierycheinicabt i | |

ot her exampl es, the gﬁgteln restrl%%ﬂed di t i%n%l}%ﬁﬂgle nted with am no
aci ds, meiehesRatnyPads ofber afyprtageouy cTé‘u%HC 8% 5Pt 1 SB2EBHT enpl at ed
I's a COﬂHQéfe}éne& t6 IR S bﬂﬁzaiaﬁgb?ﬁdu@g prodisysidp A1 phakRecHiute] Vatiaagcept abl e

carrier, "diluent or excipient. The conposition may further conprise a

medi cal anglags et @mm&b’m@gﬁe ‘fﬁfﬁl‘éﬁsﬁhqfe WOWWP%“ qfﬁE‘ﬂb%@é i i s part
of an i I Hdiln nt is
phenyl a%?{hnl nglfa %Lg}g O@ﬂdugmgoédr#oﬁgésgﬁ gﬁrﬁgirﬁ%%y %gﬁ?g%ﬁ fi eaﬁl‘mtB o

L- t yr osforeylatingdlligumhivil; typs, fagnentnenetents, veoausrnalags archemic2d mg/ 100 g
supplenené :taurine at a concentration of 40 ng/100 g suppl enent and

sel eni uftP® pﬁkﬁﬁﬁ “f*ther conprise the recomended daily doses of minerals,
e.g., calcium phosphorus and magnesi um The suppl enment further may
conprise the recomrended daily dose of one or nore am no acids sel ected
fromthe group consisting of L-leucine, L-proline, L-lysine acetate,
L-valine, L-isoleucine, L-arginine, L-alanine, glycine, L-asparagine
nonohydrate, Ltryptophan, L-serine, L-threonine, L-histidine, L-nethionine,
L-glutam c acid, and L-aspartic acid. In addition, the supplenment nay be
fortified with the recommended daily dosage of vitamns A D and E. The
suppl ement may conprise a fat content that provides at |east 40% of the
energy of the supplenent. Such a supplenent may be provided in the form of
a powder supplenment or in the formof a protein bar. The

di scl osure contenpl ates nethods of treating various fornms of neoplastic
growt h and cancer, including but not limted to | ynphoblastic |eukem a,
mammary tunors, and nel anomas. The di scl osure contenpl ates

nmet hods of using bacterial PAL for the commercial production of
phenyl al ani ne from anmoni a and trans-cignonanmate. Phenyl alanine is used in
aspartame, a sweetener and other food-products, including beverages,
cereal s, cakes, desserts, egg and cheese dishes, fats, oils, fish and ot her
seaf oods, neat and neat products, mlk and m |k products, nuts, sauces and
condi nents, soups, sugars, janms and spreads, and veget abl es.

It is further contenpl ated that bacterial PAL nay be used for the




chromat ographi ¢ resins. Subsequently, the purified protein is formulated
into a buffer designed to provide stable activity over an extended period
of tinme. In another exanple, the method to purify the bacterial PAL
conprises the steps of: (a) lysis of the bacteria containing reconbi nant
PAL; (b) treatnent of |ysate with heat to inactivate viruses; (c)
clarification of gt dsy&RtiBert W REvideSHCOHNDILAN RN RMalInfdégat | on st ep
and/or depth filtration; (d) passage of clarified |ysate through a charcoal
filtraemspnitpse @oPAbdyadg. wherein Qner 810re cywying rrsslughsdedtsdiaim g ¢ r at i on
step ( i -8 L] : | Mt iRRssRee of final
fiItraggnI&%?$%Hﬁsg%%%ﬁggﬁﬁ§?ﬁ%g@%%?%%ﬁg%ﬁégﬁg?%hggkﬁgggégin, such as a
butyl ksriheaphidis, end whechicridbAvRAL ot deapisycate ghepaslsrige-cofvesiingat e in (f)

over a i . I Q.1 ol umm; (h)
r ecovorsi o s SR EEL AU ARMKA S Do HEE P b R X RERATE
filtratN(wA). and (i) sterilization of the final product. Those skilled in
the art readily appreciate that one or nore of the chromatography steps nmay
be omitted or subsikexads, tepreshatdiscleropaeidenfactehiel Ry @t ogr aphy st eps
may be,changed within the scope of th n i-scl re. JFinally,
oor opP ARy st oo pRE R onh OIS o L ERTHEg s i
one exaagpbéal Piliefrqn doetot paicidirasyEEQIDMY @) babiekgialeectivedragsmsatys for i den
Tying bacterial PAL that c event .. aneliorate,. or treat enhanced |evels
of pheMAL AR MLy e REREl S SamplelgHisR g ey A8FT L Vel s of

phenyl ahadbilgSBOLID NG &) basibegically Rfle Abghdrlmitmminiagnidrenlies tHehwf bact eri al
PAL reduces such el evated ]eve%s g%)ﬁhenélalanLge. Such. screeni ng assays
may al SdSIOMCIRETRICE His varabyeRin e wid-PiRg aF PUHER NS 4L PISHEPMUde conservati ve
Or NON.GRASBAMUAL toVEr SUPALL SHEIQMSad (21 1-0€3)aC42YL [%ut28S, A8290, \EI369142,
ThrSer-Ay triad (143-145), Asp 146, lLen 14 Asn 196, He. 195, Len 192, Leu
76, AsTheaBo, ket |oBS s Lust6s, @uon 550 o) Bl fiopnReedospishiees mar i ti mus
whi ch are equivalent to residues Ser 210 Ala-Ser-dy triad (211-213)

Asp214, Leu 215, Asn270, Val269, Leu266, Leu 134, H's 137, Lys468, Glu496,
G n 500 in PAL from Rhodosporidiumtorul oides, in regions adjacent to the
active sites, or throughout the pol ypeptide sequence, followed by testing
the variants for in vitro phenyl al anine converting activity. In certain
exanpl es, the nethod is a high throughput assay. In one exanple, conplete
genones of the bacterial species are sequenced and screened for the
presence of PAL honol ogs using a bioinformatics approach. In yet another
exanple, PAL catalytic activity of the protein product of such honologs is
confirmed, such as by testing ability to convert phenyl alanine to
trans-cinnamate in vitro. In one exanple, the disclosure

provi des net hods of using bacterial PAL conpositions for the diagnosis of

di seases, including but not limted to disorders caused all or in part by a
deficiency in PAH activity. In one exanple, bacterial PAL is used to
measure | evel s of phenylalanine in blood sanples. In a further exanple, the
di scl osure contenpl ates a diagnostic kit conprising bacterial PAL for use
in nonitoring blood sanpl es of subjects with elevated | evels of

phenyl al ani ne. O her features and advantages of the invention
w Il becone apparent fromthe foll ow ng detail ed description. It should be
under st ood, however, that the detail ed description and the specific
exanpl es, while indicating particular enbodi mrents of the invention, are

given by way of illustration only, because various changes and
nodi fi cati ons WD 2008/ 153776PCTAI S2008/ 006661 within the spirit and scope
of the invention will beconme apparent to those skilled in the art fromthis

det ai |l ed description. BRI EF DESCRI PTION OF THE FI GURES 5FI GURE 1. FlI GURE
1A: Gene sequence of Nostoc punctiforme PAL (SEQ ID NGO 1); FIGURE 1B:
Protei n sequence of Nostoc punctifonne PAL (SEQ ID NG 2). FIGURE 2. FI GURE
2A. Cene sequence of Anabaena variabilis PAL (SEQ ID NG 3); FlIGURE 2B:
Protein sequence of Anabaena variabilis PAL (SEQ ID NO 4). FlI GURE 3.

Rel at edness tree of aromatic am no acid amoni a-1yases from 10 prokaryotes
and eukaryotes. Sequences were retri eP&d from GenBank (accessi on nunbers
are given in parentheses) and 'aligned with Custal X (1.83) using the

Nei ghbor Joi ni ng Met hod, FIGURE 4. Alignment of cyanobacteri al
protei n sequences of N punctiforme PAL (SEQ ID NG 2) and A. variabilis PAL
(SEQ 1D NO4) with EncP PAL 15(SEQ ID. No. 5) and P. putida HAL (SEQ ID

NO 6). Active site residues, which correspond to PAL or HAL activity, are
hi ghl i ght ed. FIGURE 5. Effect of (A) non-pegylated NpPAL (1.0

| U L) and (B) pegyl ated NpPAL 1:3 PAL: PEG (N ppon G| and Fat, NOF

- o~ I T



of Anabaena variabilis PALWth a cysteine to serine substitution at
position 565 (AvPAL_C565S, SEQ ID NO 10); FIGURE 8E: Protein sequence of
Anabaena variabilis PAL with cysteine to serine substitutions at positions
503 and 565 (AvPAL_C565SC503S, SEQ I D NO 11). Cysteine to serine
substitutions are underlined in bold. 5FIGURE 9. FIGURE 9A. Effect of

cyst ei maulpidesardoneratibe substitutions dthesositive site 5gguals). lovlhiclhbsia-8fs 565 and
503 of ~unpe t Ay i i{ro if) ynme activity after
neubaltonen e e ot e RD® ot btk S RESRMFIE 05 "B ect of
cysteine to seripge. I: ion t £ S5 or . itions 565 and
503 of pegyl at ed{9 f\ll@ﬂ?%%?\é#%&%( {%rc %‘dﬁﬁf()%é%ge%i h?% %I%zo§ lr?rlle?&gg S:Pe\?/%ﬁ{ y after

i ncubatdsidnestare veshirepiscel engitdasthef amhintrecid Qag., &Ade) residue to reduce piote@IRE 10.

FI GURE 10A: Effect of cysteine to serine substitutions in AVPAL on

f or at PERCESHIOP 6t e peasureltoat dorrend e A Iangsedtny  gel

el ect r apRARESEhRitYNARVor MR E NGt HRI&N dfRasin(hef t panel) or native
conditions (right panel). FIGURE 10B: Effect of cysteine to serine
substitutions Inm%\é%’&lﬂd%befcerﬂ{é%ils%ﬂw@cfed@ﬁ@mmaﬁ%ggaftee&nu{eclyéteﬁﬁl ution as
anal yzed by SEC- HPLC. | GURE 11. Effect of cysteine to serine
subst i tesidusré peditigpod(3t ¢fohe Ale basbrénsabstitepd Wilitasstine Fq%ilﬁ%l@ EREQAR

site- sw%ji c pegylation at various PEG concentrations. FI GURE
12. Effect’of treatnent of AvVPAL with 0.05% Tween80 or 10 nM EDTA on

formati on of pr [ N j I . = HPLC.
20FI GURE 13. FI %%éﬁﬁi‘g%%%g@é@s %@“??%Q{ﬁﬁ%ﬁ§@%@Pﬁ&%§ é??ﬁsl@%l%{?ei t ol
(DTT) ossiduerarpbddidon BF5 @t Avtieh b hagispee gabesuted withlaukerioarasivat@EQY4Bd by

SEC- leg?%il | GURE 13B: Effect of treatnent of AvPAL by DIT and

N-et hyFnalfelrm de (NEM on formation of protein aggregates in solution as

anal yzed by SEC-HPLC. FIGURE 14. Effect o tei.ne tp serine substitutions
at positions 565]I1_|1 gustasged. tb?f\?ﬁﬁﬁ’f"@%%@(%ﬁgéf‘ VEH e 5?1‘5%%6 ¥ on in

Vi vo phaisleadbapisint Bo®ind syEhs eitRelebbRtifik & Hip s@theWedidludd (2BQITD (top

panel), 1.0 Ili (mddle panel) or 4.0 Rl (bottom panel) enzyne as conpared
to ENUNGWlEe dosed with vehicle or 4.0 IU wild-type pegyl ated AVPAL. FI GURE
15. Effect of cysteine to serine substitutions at positions 565 and 30 503
( AvPAL_C565SC503ysitiable yagantamavinalppatusin piefaips weviyhk Sicopzionizsbede dosed

with O , - ] sed with
vent ol 4581 S PR gRhy R R TR B iAol B R
2008/ 153706 POFHIIE20 81200660 herbd (BUREC 2B thefshlyege afitopgdineivnen tho ager i ne

substi tuti On§ @gf ositions 565 and 503 (AvPAL C5038/565S) in pegyl ated
AVPAL OFFFHCV "1%henyl al anine (Phe) levels in ENU2 nice dosed with 4 |U

enzynme at variou PAL: PEG ratios:, 1:1.6. (.10 el), 1:.2. 4 (mddle panel)
or 1:3 (bottom pi??ﬁﬁc,ﬁs‘gg FRSarERPlE %ﬁ@ﬁ‘(‘%"goéﬁ%gé'ggoﬁ%fﬁmgehi cle or 4.0
1. ] WipbBHpEpties, ReaiH 1Al e BeohiBRLd Rta diemAaPAbieREGut RSV Ges@ilthed advantageous

FIGURE 17. Effect of cysteine to serine supsti t,ut%ﬁ&s at onsi ti.gns 565 and
503 ( APHAStS 96 SXmUe SPRTCISEGY Pt SYCIRG ag- OrfByas WRagROSWBIET NS i ce
dosed gotﬁheéls foldoBNEMiRs AlknbhiiR U AMPARNBESHAIRLiFOgrd khebof diciidi or 1: 3, as
conpared 'to ENU2 ‘mce dosed with vehicle or 4.0 TU wild-type pegyl ated
AvPAL anoiglfes avipAlsoPEtyce Aningnegonicity and OmITGREoEBse IEfiftarae. of re- pegyl ation of
pegyl at ed AvPAL_C565SC503S on AvPAL specific activity in vitro. (Top)
Recovery of specShéhbagietiphBAlyisdsolated me pupfia] ifgeeadanssgiithdbemetipda PAL: PEG
ratio of,_J1: i I esi : [ ' , after
re-pegy e%tct}llbgcrllg%ﬁ erhg%%%ﬁég%?%ﬁc?‘%%éﬁrﬁ g% F%égiéal%%gg%%\ce trations of

| ysi ne thespedtiedlyaboREGxrmblesH @3N Attt e dompBot ¢rovijd-Ree beatenial of

speci fig, .activj of rAvRPAL-PEG, fir 15pegyl at ed. at .a . PAL.PEG rati o of
11 (2 T et B Beseeindies evriascs PN EOEKe B B Mgty a5 P e

r esi dudhigfehndd iiktént thirbdfathche wke Surthad, tirrpreenpéigydatd govidader a variety of
PAL: PEG rati Qs ar%d conc&g&%@lﬁni gf N é%l ne residues nleEG.m)I.eCuI es as
i ndi catSegpositions ot optimize L opfangReY feRcturey MGFHNCPEESTHE t he
PAL: PEG Eﬁstab}fé_s 'aﬂdjéﬂ”@]eﬁq%aﬂ?-gﬂdc@ﬁé@%ﬁﬂ %@%tmag formoyEaral Isppagy! ati on of
rAVPAL-B G first pegylated at a L:PEG 20 ratio of 1:3 (2 mM I ysine
residues: 6 MM PEG, as determ ned by.Capillary CGel Electrophoresis (CGE)
anal ysis. FIGURE 19B: Effect of i ncf éasi ng the PAL: PEG ratio in the first
pegyl ati on reaction on overall pegylation of rAVPAL-PEG where the
re-pegylation reaction is perforned at a fixed PAL: PEGratio of 1:3 (2 nM
| ysi ne residues: 6 nM PEG, as determ ned by CGE anal ysis. 25FI GURE 20.

Ef fect of re-pegylation of AVPAL _C565SC503S, first pegylated at a PAL: PEG
ratio of 1:3 (2 nMIysine residues:6 nM PEG, on the percent pegyl ation of
specific lysine residues in AvVPAL after re-pegylation under a variety of -

e p— ey p—p—



WD 2008/ 153776PCT/ 1752008/ 006661 pl asma phenyl al ani ne (Phe) |evels in ENU2
m ce dosed subcutaneously as indicated in Table 14. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON 5AI t hough PAL is a ubiquitous higher plant enzyne that

catal yzes the nonoxi dati ve deam nati on of phenylalanine to cinnamc acid in
the conmtted step to phenyl propanoi d netabolites (Hahl brock, et at, Annu.
Rev. Plant Phys. Plant Ml . Biol. 40:347-369 (1989)). PAL has only been
encountEREEsicANtampla optiel spmaosiiner ef FAL pith faRreYsfeneafic asiiBoy | - CoA

bi osyn LS| de TS i1 ek : i:0dt+

277 2RO S D00 [ e S LR ool sy PO o o
Conunutierap@858-133 5Be 20089 s agngylatad fova ob NeggnpimesiosnoPALivitkaman de i n

Streptg e ericil. , ) obi.al .

16: 1479’%%@%%“% a%lf{%éfa%g%t?ééﬂr% ?é@gg irllcp eg%két%é fog%t% gfri‘g%qaﬁlMl ‘%Eg&irlfgt ural product
of t hePrlrwitlein@oteal spenifitSetiept. omyces mari ti mus" whose bi osynt hesi s

i nvol ves a nunber of unusual features (Hertweck, et at, Chem Biol.

11: 461- 468 ( 2004}, vaRbwglexarplesthe peghaion oBPAL varldn?is@4@+iB&bin( 2000) ; Pie!, et
at, J. Chem Soc. ' 0415- 8.(2000);,,.X an et, al .. Proc. Natl,
Acad. F‘i“’“‘fﬁéﬂﬂi‘f'off?‘i%%%‘gﬁf%ﬁ% P(%%gﬁ% .RS K%%‘H’Sfeflhgé‘é eSS EPrat i on of the
rare peldydeeidi e raonirBaE:PECKS) fefitta fcahtid kbl [siRerazioyds o ey AN ®arnt G0 A)

(Moore, et a%., Nat . Prod.. Rep._19:70;9? 200%%%.,The initial biochem cal
react | GFG molsPYestheregsiiian Kagion SrpiElan sd deteth. PIGRERTICHERIShe to
trans-cinnam c acid by the novel bacterial phenylal ani ne anmoni a- 20l yase
(PAL, EC 4.3.1.5) EncP (Xiang, et at, J. Biol, Chem 277:32505-32509
(2002)). Activation of cinnamc acid to its CoA thioester foll owed by a

si ngl e round of beta-oxidation yields benzoyl-CoA (Hertweck, et at, Chem
Bi o Chem 2: 784-786 (2001); Hertweck, et at, Tetrahedron 56:9115-9120
(2000); Xiang, et at, J. Bacteriol. 185:399-404 (2003)), which prines the
enterocin type Il PKS for chain extension with seven nol ecul es of

mal onyl - CoOA. 25The first prokaryotic PAL-encodi ng gene (encP) (SEQ I D NG 5)
was characterized and its inactivation resulted in the abolishnment of de
novo cinnam c acid and enterocin synthesis in "S. maritinus" (Kalaitzis,
etal., J. Am Chem Soc. 125:9290-9291 (2003); Xi ang, et at, J. Biol. Chem
277: 32505-32509 (2002)). Enterocin biosynthesis could be restored in
encP-inactivated nutants through supplenentation with cinnam c or benzoic
30 acids as well as conplenentation with plasm d-borne encP. Furthernore,

t he heterol ogous expression of the encP gene under the control of the ennEs
pronoter in Streptonyces coelicolor led to the production of cinnamc acid
in the fernmented cultures (Xiang, et at, J. WO

2008/ 153776PCT/ US2008/ 006661 Bi ol . Chem 277:32505-32509 (2002)). The encP
gene encodes a 522 amino acid protein that is considerably snmaller than
eukaryotic PALs by nearly 200 am no acid residues. Although sequence

honol ogous to.pl ant PALs such as from Petroselinurn crispum (R8ther, et aL,
Eur. J. Biochem 269:3065-3075 (2002)) (CAA57056, 30% i dentical and 48%
simlar), it rather 5shares greater honol ogy to bacterial histidine
ammoni a-| yases (HALs, EC 4.3.1.3) such as from Pseudononas putida (Schwede,
et at, Biochem stry 27:5355-5361 (1999)) (A35251, 36%identical and 54%
simlar, SEQID NGO 6, FIGURE 4) and to tyrosi ne ammoni a-|yase (TAL) from
Rhodobact er capsul atus (Kyndt, et al., FEBS Lett. 512:240-244 (2002))
(FIGURE 3). The honol ogy includes the conserved active site serine residue
at position 143 10of the phenyl al ani ne/ histidine/tyrosine famly of
ammoni a- | yases that is the probable precursor of the nodified
dehydr oal ani ne residue in the 4-nethylidenei m dazol e-5-one (MO prosthetic
group (Langer, et al., Adv. Prot. Chem 58:175-188 (2001); Poppe, Curr.
‘Opin. Chem Biol. 5:512-524 (2001); Schwede, et at, Biochenmistry
27:5355-5361 (1999)). EncP shares greatest sequence honology to Adm |
(AA039102, 63% i dentical and 76% 15simlar), a putative phenyl al ani ne

am nonut ase involved in andrimd biosynthesis in Pantoea aggl onerans that
is related to the tyrosine am nonutase Sgc4 from Streptonyces gl obi sporus
(Christenson, et al., J. Am Chem Soc. 125:6062-6063 (2003); Christenson,
et at, Biochem stry 42:12708-12718 (2003)). Notably, because encP has

cl oser homol ogy to a hunan protein (HAL encP may be potentially |ess

i mmunogeni c. Al so because they are 20very simlar it could be possible to
nmutate encP to | ook |ike human HAL, a humani zed version of encP.

HAL and PAL were shown to share in conmon a nechanismfor the chemcally
difficult elimnation of amonia from histidine and phenyl al ani ne,
respectively. Wth both enzynes, a superel ectrophilic prosthetic group 5



WD 20081153776PCT/ US2008/ 006661 create sone anbiguities in databases |ike
NCBI on the potential enzyne activity of a "PALHAL" protein conducting to
m sl abel i ng, such as with protein sequences |listed in the NCBI database for
Nost oc punctifornme and Anabaena variabilis. Therefore sone PAL enzynes can
be m sl abel ed HAL enzynes., Although the active sites of PALs and HALs are
very simdidagd, thbrdteyw APEGIvddireferdo the raid ¢fdEG mokoutes odysinestidugon( Cal abr ese
et al ' hem 6):11403-11416 (2004); Xi ang et at, (2002) ibid.;
WARN a%%é?fé{ﬁmn é’@ g’% tl)“%P Heactomr ¢ | cuI arI y in HAL, the nethionine 382 and

gl utam ne 414 fr Pseud utida are hi nserved in
all HALs but are nﬁ/ﬁ’ff?pfen%F &‘éce%“’ieﬁm&? é’eﬁf&it%d %%[swiﬁeﬁﬂg@d?cﬁg

(eukar w@hifos@iciR! AkAKY Slahple i §ﬂe@ﬁmarangitw A8 me PAS RGP ANV Baparf FI GURE
4). So it 18 caﬁ be sai dhlf%hat Afg?ﬁ rot ei ns vvltpﬁi a "PAL-HAL" region and

havi ng “itheednensonayipesnigy- Awhﬁﬁeeaw cdhipyiated irmed faaagneafiilisdeduence

si gnat g lofluctd folbRobenRELISHE 185 dofleRbln eyypLescr i bed
PAL si n&%}gﬁ%f@?;&’% e{ng? 8&51 }S&%ﬁe&%lb Oome/skﬁoﬂp\éﬁﬂ properly sone
enzyrres*arfamammthmeeylmuemhﬁe'@dwd be used to |dent| fy sorre new PAL enzynes
fromalre hed es.an r ent i nvention
rel at e§ cﬁg%thgu\gjlf)‘qtl%'r% rL‘Zaﬁlc pwpglo ary otﬁ?lglg% IEland’ G%Lﬁ y active
fragne gt;&oi (I?E(an}hmﬁm@xmple@ pesylitherie aéhmmd blyhredcting) éesNﬁ}be ther apeuti c and

Lo B P RRERe i PEG 1 B el Gor b BESE Ehey fit | arit et 1oh

have t Qea bl HAIOPSG. gﬁyrer&xg@dlémePpmvay@hsfaemmedartamaandt@es used in the
speC|f| cation and the appended cl ains, the singular forns "a," "an" and

"the" PagylgeRn ispehiayedustgr et PEA @8e of Ad- cont ext cI early dictates
ot herwi se. Definition of standard chem stry terns be found in reference
wor ks, i ncl udi ng Teadisgosus alssimupeligs feﬂﬁ@é%ﬁ’é‘é@%%@‘eé aEHEHst ry, 3rd

Edi i Ofeq, ¥ oo RAtPr( R ﬂnle QU QRS pee MO hict AR SeaclihEmpT ACt | CE_OF the
present 1 nvention W | Yy, 1 ess ot herw se I ndicated, conventional

met hod N¥AIsgmA bt L @ﬁmgmc@rmm with UG reasls pegylbition esxiapy | of priegsal:at i ve and
anal yt| | th f r oqr t ochem stry,

r econbi ﬁg At %qqeasﬁ 7 %t{}espg%d& aﬁ%?%%é? g‘gﬁt‘(LI1 ﬁﬁxﬁ@eﬁ%;ﬁée of the art.
See, e.pggylaflonbs a@ﬁewegl’mtymmcnﬁg i eipm’m; &Awmmﬁﬁmnawdcaﬁm@tmeu lf@ar Pr oper ties

Qﬂ)n SE%I?%”H”%%QQS ] ngﬁd%tbﬁﬁ%?)%i’fg 1@%@%& leor(efta ‘L?ggtql\g] E%ﬁ%{églv%r oning: A

Labor atuokyst Manurhst (2., O d@hd | APALIIRO )k onethoas e PAERZNAPI gy (S. Col ow ck
| an . WO 2008/ 153776PCT/ U52008/ 006661 eds Academ c Press, Inc.);

d N
?egm ngtwpf’s L priohgee teipsayiatg ispehesyed p3pg 2 £l Pen r %teagftlc?n%rbeﬁhﬁ&fw vani a:
Mack Pufld 0188 n80R N on A33s. Al'l publications, patents and

patent applications cited herein, whether supra or infra, are hereby

i ncorporated by ne{&reR6Rpld tﬁefb‘?dléol@éj‘l&'a&?&e3é1tes55?%dftﬂlelli}im ng am no acid
abbrevi ations are used throughout the't Al anine: Al a (A) Asparagine:

Asn (Npcgydingfotbe digjesurepaydemasificd aaéri:sefed @IQEP“J(HEZ)? Maldeingdicne: His (H)

L Th T
Tyt os rbaragliy 1o b AE S mMite ML B BusiBl A GheabNERRLED. e (T
(Q G yuiintein lﬂ;s;na(p@)enylsiefkiwbi\fﬂewiﬂﬁmhf( optima) singe of eprgt {3 ¥herlyuaP4hi ne: Phe
( F) Ser| IT\Q% 0 er eng 1eﬂ'h¥&%1%§8§13 ctwc \ﬁtl:d%/gtumatkcat t(léz/i)st aboy Ol ynucl eot i de”

efers nUCH ynuc eotldes i ncl ude
nat ur ald. Ns—bm@ﬁaterthgnﬁhmcﬂ(lﬁ €l.&csots exzsn;:!ld:i thebldngqnymbmmmldé' ied acid ("DNA")

and rihonucl eic id (" Y as ,nucl anal.ogs. Nucleic acid
el ogd s bl Siab et st v A Sl BRI FSF nf b SPRIRS  bases,

nucl eotﬂldeleidghﬁny enpeaendificddN I hakageso\betWeeotbarn 10ust E)inbbdeBJOOtqu t han

t he nat ur ri.ng phosphodi bond _or i ch incluyde bases attached
t hr ougH? P} ?f gﬂ%@ tg"ﬁ%&g? %Wﬁ?ﬁﬁgﬁﬁe%@s ﬁ&h‘ﬂc\g’h out ﬁﬁ@l eoti de anal ogs
i ncl udgsM fibogX 8o, I@Bﬂlewxﬁxmﬂbgt the bimogﬁllﬂ%veﬂxﬂﬁﬁﬁﬂgmteﬁm&&t es,

phosphor odi t hi oat hosphorot rie hos m dat es

Do ahoFHESHiR BT hy TERpSINbHAL BUS ol (Rdp Ky R rdhan et of

2- 0- rrettﬂwﬂakmra%krep&;ta@%s tﬁ@ﬁhlogi%amz&ﬂu&ln%&‘ﬁe@PAﬂ%xlﬁx%S) and the |ike.
Such pol ynucl'eoti des can be synthési Zzed, for exanple, using an automated
DNA synt hesi zer. The term"nucleic acid' typically refers to | arge

pol ynucl eoti des. The term "ol i gonucl eoti de" typically refers to short

pol ynucl eoti des, generally no greater than about 50 nucleotides. It wll be
under st ood that when a nucl eoti de sequence is represented by a DNA seqguence
(i.e., AL T, G O, this also includes an RNA 30sequence (t e., A U G O
in which "U" replaces "T." "cDNA" refers to a DNA that is

conpl enentary or identical to an nRNA, in either single stranded or double



WD 20081153776PCT1US20081006661 Conventional notation is used
herein to describe pol ynucl eoti de sequences: the left-hand end of a
si ngl e-stranded pol ynucl eoti de sequence is the 5 -end; the |eft-hand
direction of a doubl e-stranded polynucleotide sequence is referred to as

the 5 -direction. The direction ( L ion of nucleotides to
nascentnZRmAtE pefivaty thah isirem abeitdp t/ g 1@8 / Oehégltfﬁ éhag ﬂﬁ%“é?ﬁ it 1veR Bickect i on.

The DN, tgt pb@;ﬁ'o@@iea ?%L%nﬁﬁﬁ%NA@ gﬂﬁ AR M REGHE 8dnd g as the
"codi ng stran sequences on t stran aving the same sequence as an
MRNA t s&hgcipi sbedhrefcted mutaperesiDitudied exenipbh, tar dscloogatetnPlategsoset he 5' - end of

t he re ferr upstream uences on
tho ONA SERERE AR R B ehE SR B e ER ¥ B R RS, .37 o T
3' end r;tm‘stahtte) ncpidpargldﬂ% alrﬁcﬁdik&ﬁrenpfor drearcifdiet of 1 édicicacam Pm\mmmeam
sequences. refers to the.to i.cal

conat PR EPEgIs PRHiCEHTRGmoby &1 HEl S0t PR arete Sgrmets F bt S o

pol ynugd eehi i Sfor d UStreatinles cIeYiéleﬂE?'xr?t@A&liﬁc&wﬁ@fln bendgsepibdhad as conpl ementary,
and furthernore, the contact surface characteristics are conplenentary to
each ophaémacwupalp@mp@emwpe@@ﬁ haghly puisdol Aldat wrdyrang bactarive iy

pol ynug Fo%{tdaﬁ? ﬁét ve %é@ C&aPb! H61o g%@d}%ﬁ)ngfor i &@n{tifaibn RRYNUC] eoti de is
i dentica e nuc ot| e sequenc t he pol ynucl eoti de- bi ndi ng partner
of t heplseoandicpbl syitabld cewier. Hesom¥ rsples frecppoliym golteobictdaiiitése sequence

5 - TATA I Yo ucl-80t s bS 5 -
Graa 3t iR GEBRE e IR PR B P PR B R R S
refere&ﬁ@E@QhﬂM&keﬂmhﬂﬁtsﬁﬂuenaﬁmﬁkamhaysﬂmu&n&ﬁmdwﬂpkeﬂmngary to the
subject nucl eotj de sequence, is Su@ﬁkﬁa% aII identi reference

nucl eotd BePTERR,fisficgue is areaier than about e %ﬁ%*?“t “Wh@thﬁgrent property

of specific sequences of n cleot a pol ot| as a ge
cDNA, or an rrF{NA]eJl Qg exgiplfet 58”?68 Sicg’f g fpigfes Vﬁtj g"fsmg? %g‘ OI@S’BTSi}WgSrfgr and
MBCT ONMeLpbli nd dRi-al @%\gﬁl In BAOGES516 Ih Bt RGe ecbrtetmatea nRebingde2bs seguence
of nucl eotides (i.e t RNA and nRNA) or a defined sequence of am no
aci ds éﬁﬁat%@”Bﬂ@ﬁ@@?é@ﬁ“ﬁ%@ﬁ@ﬁﬁies resul ting therefrom Thus, a gene
encode iktbring 4 ABSH&HRAL feewe df RS b AL RAn Qeutidar a!}tepo@ftfaguced by

t hat g%ntzv%rbg’ ucésf t neg’t pr ot gélg n1 I %Péf or ot he¢ bi omégl cal stem Both

t he codibmgrising hmtleﬂatl Héh‘ta elsebt:t:’fdrene@cﬂféndetrwnwﬂ The jadiclegenty 'to the
MRNA segue r. 0,5 o - codi ng
strand,? 3ﬁ§%§ the 'ﬁ%ﬁc 18M5&§$g§§§%§ﬁ ?%ﬁéo}%gfggghggggsc can be
referr et% boleas ccemamﬂ togotrha lqs)/remoe Pm}bactmtth end pmodarg festafs eteh'atbd gene or cDNA
Unl ess ot herwi.se specified, a "n uenc ing _an anino acid
sequendd®® ??}%'Fﬁfﬂ]é’gg ij T RIS 18 E aatm@rpg’ t0rtd 0 |
2008/ 158446 E&&éﬁ%@ﬁﬁét@&ﬁ@% %ﬁ@%ﬁ@ﬂh@te@ tMeedhsd:a@@& phbn@RadhealiekUand t hat
encode the sanme am no acid sequence. Nucl eoti de sequences that encode

proteins and x:mfaymﬁcr&bﬁaes , thBbUbRIBSs one who has been diagrid@GQiRivingNt
pol ynucl eoti de" refers ﬁﬁucleotlde havi ng sequences that are not

nat ur aldByutped nheeylplagae hz&%mxwﬁeé F ¢ Thegniiantissd aysgmpsse A aep in

pol ynughekdigie: RiEMn BEP ARCEXGRS adyudh ﬁlmat@t@t ﬁcma@b@trmﬁmmhtee gyector can be
used to transforma suitable host cell. A host cell that conﬁrlses the

r ecombimaions SFYIAUARS oD HR45S, APHPr A 0EDROG BI73E ok iHake hbst cel | . " The
gene '%{iﬁi@“f{%% %@%é dtibghhﬁstﬁcmbnaﬂﬁvﬁmﬁssﬁﬁ/t E390%;, A309paRL78; 9.,

"r econbi nant po Vpept i A T econbi nant polynucleotlde may serve a

non- codindgy 4ldhcti on (e.g., pronmoter, origin of replication,

ri bosone-binding site, etc.) as well. 10"Expression control sequence"
refers to a nucl eoti de sequence in a polynucl eotide that regul ates the
expression (transcription and/or translation) of a nucleotide sequence
operatively linked thereto. "Qperatively |linked" refers to a functional

rel ati onship between two parts in which the activity of one part (e.g., the
ability to regulate transcription) results in an action on the other part
(e.g., transcription of the sequence). Expression control 15 sequences can
i nclude, for exanple and without limtation, sequences of pronoters (e.g.,
i nduci bl e or constitutive), enhancers, transcription termnators, a start
codon (i.e., ATG, splicing signals fr introns, and stop codons.
"Expression vector"” refers to a vector conprising a reconbi nant
pol ynucl eoti de conprising expression control sequences operatively Ilnked
to a nucl eotide 20 sequence to be expressed. An expression vector conprises
sufficient cis-acting elenents for expression; other elenents for
expressi on can be supplied by the host cell or in vitro expression system
Expre55|on vectors |nclude aII those knomn |n the art, such as cosm ds,



S5refl ect the exact sequence of the tenplate. In such a case, specific
hybri di zation of the priner to the tenplate depends on the stringency of

t he hybridi zation conditions. Prinmers can be |abeled with, e.g.,
chronogeni ¢, radioactive, or fluorescent noieties and used as detectable
noi eties. "Probe," when used in reference to a polynucleotide, refers to a
pol ynucl eoti de 1Qt i l. . il JQiZ :

desi gnat ed seque%careﬁ%'f ésgﬁcg}atﬁ%}ra 1%?31%%?@%%&%&t%alpr 0 é’gféig’}e”g‘?’ P?ﬁglasﬁgy

hybri dileesvRAL sartiart géthequegshieimesttian ang e lphmucdceatidatie acdeptablremdrierot r ef | ect

t he exact conpl enmentary sequence of the tenplate. In such a case, specific
hybri di zati on of Intadwxthagieet, therd ik erdvided elic e pé dasAIML harisit of thgency of the
hybri di zati on conditions..Prqgﬁ% %an b% Ig?eLed Zth,.e.%. . chr ompgeni c,

r adi 0aBTSTH IEPUPT HopreRTaien AlsiBrderedt {HdTting 2 flean B ACHbCE BTt i es.

A fir1shiSEGURRCS 4 Befdflence it bBERERaSRIMRRGEaddl(PAINESpPect to a second
sequence if ‘a pol ynucl eoti de whose sequence is the first sequence

speci fical l'y hybgidi-z@8mplatdt ida BRINVEYE e uhReS Ry gQH§ﬁﬁﬁnh§;the second
sequence. "Hybridizing specifically to" or ™"specific hybridization" or

" sel ecrincshiyatipotof plesae phemydrlanied @rs greptertibarbl SoiM gr 3elipMe xomprisiog

hybri di_zi I .d.mgl.ec . nt.i J.cul ar

ntcl cof i@l BISHALE AahHTPAT ARl B il Skl

pr esentdedreasa icthaplasmaphrd il enitecancenttadibalof thelshbjeetr ThDhBjeotr wiiNAely

The term "stringent .conditions" refer 0 di tions under ich.a probe
w1 Bl FBRR bt of eEein pgad SRR MRS ST R, BLoer
extent to, or not at all to, 25other sequences. "Stringent hybridization"
and "stringent hybridization wash conditions” in the context of nucleic
acid hybridization experinents such as Southern and Northern hybridi zations
are sequence dependent, and are different under different environnental
paramnmeters. An extensive guide to the hybridization of nucleic acids is
found in Tijssen (1993) Laboratory Techni ques in Biochem stry and Ml ecul ar
Bi ol ogy--Hybridization with 30 Nucleic Acid Probes part | chapter 2
"Overview of principles of hybridization and the strategy of nucleic acid
probe assays", Elsevier, New York. Generally, highly stringent
hybri di zati on and wash conditions are selected to be about 5C | ower than
the thermal WO 2008/ 153776PCT/ US2008/ 006661 nelting point (Tm for the
.specific sequence at a defined ionic strength and pH The Tmis the
tenperature (under defined ionic strength and pH) at which 50% of the
target sequence hybridizes to a perfectly matched probe. Very stringent
conditions are selected to be equal to the Tmfor a particular probe. 5An
exanpl e of stringent hybridization conditions for hybridization of

conpl ementary nucl ei c aci ds which have nore than 100 conpl enmentary residues
on a filter in a Southern or northern blot is 50%formalin with 1 ng of
heparin at 42C, with the hybridization being carried out overnight. An
exanpl e of highly stringent wash conditions is 0.15 M NaCd at 72C for about
15 m nutes. An exanple of stringent wash conditions is a 100.2X SSC wash at
65C for 15 mnutes (see, Sanbrook, et at (1989) ibid. for a description of
SSC buffer). Oten, a high stringency wash is preceded by a | ow stringency
wash to renove background probe signal. An exanple nedi um stringency wash
for a duplex of, e.g., nore than 100 nucleotides, is Ix SSC at 45C for 15
m nutes. An exanple |ow stringency wash for a duplex of, e.g., nore than
100 nucl eotides, is 4-6x SSC at 40C for 15 mnutes. In general, 15a signal
to noise ratio of 2x (or higher) than that observed for an unrel ated probe
in the particular hybridization assay' indicates detection of a specific
hybri di zati on. "Pol ypepti de" refers to a polyner conposed of

am no acid residues, related naturally occurring structural variants, and
synthetic non-naturally occurring anal ogs thereof |inked via peptide bonds,
rel ated naturally occurring structural variants, and synthetic non-
20natural ly occurring anal ogs thereof. Synthetic pol ypeptides can be

synt hesi zed, for exanple, using an automated pol ypepti de synthesizer. The
term"protein"” typically refers to | arge pol ypeptides. The term "pepti de"
typically refers to short pol ypeptides 2 Conventional notation is used

herein to portray pol ypeptide sequences: the | eft-hand end of a
pol ypepti de sequence is the amno-term nus; the right-hand end of a
25pol ypepti de sequence is the carboxyl -term nus. "Conservative

substitution” refers to the substitution in a pol ypeptide of an am no acid
with a functionally simlar am no acid. The follow ng six groups each
contain amino acids that are conservative substitutions for one another:

~ N N\



3) Asparagine (N, GQutamne (Q; 4) Arginine (R, Lysine (K); W

2008/ 153776PCT/ US2008/ 006661 5) |soleucine (lI), Leucine (L), Methionine
(M, Valine (V); and 6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W.

Am no acids may al so be gr ouped as follows; (1) hydrophobic: Met, Ala, Val,
Leu, Ile; 5(2) neutral hydrophilic: Cys, Ser Thr; (3) acidic: p, 4 u;

(4)  balicteriapBAL. More, pariciiarlyy esubjgcthesapheeaamiaﬂweqmﬁfr%@ﬁ% hai n
orientg%! dy( Ld 6 {1 o pPRRGa phiyRlidghd ¢ variant”
refers 08&112@ aﬁ%&%%&e@%%@% esgojr&r:ms oap agne ﬁcupyl ng the sane
geneti mnlcer!mason Aﬂb@dvccm Xﬂ@mMantb@ﬁO 18vli knestil ather axdnyplesh tﬁglme%hia%ml on, and may
resul t |n enot HIMAt 0 ©ons can be
si | ent P! @ﬁ? f%gq% e%%’@g@gwﬁgg?laéé IQIS’Yesnco fa%;ydpeptldes
havi ngsu%!]dc%rt@de aaatéti)isah‘dsd tl&emaxememesmédeﬁelasma\phenmareﬁe zainsmtxrae{ner to cDNAs
derived fro@n%HnRI\&btr nscripts of genetic 15a||e|ic variants, as well as the
proteiﬁ§m€h éd hen1 The terns "identical" or percent
"identity," in the cont ext WO Qr nore polynucl eoti.d ol ypepti de
sequences, ref er BSPeqip CxHm © SERJER e g’fl g’t?ﬁ%@ﬁﬂ%h%r 3 ‘E‘Hﬁ ™are the sane
or haVﬁaﬁng%ﬁgﬁaa SRR BNl S8 RBBerRhi OV El80f 1hR 3200 L ITTROdiSdbshr¢ esi dues t hat
are the sane, when coqgared and aligned for nBX|nun1correspondence as
measur e@l‘f@l’sjﬂﬁfgs mRhodpoigreatipgarf igfanbhdvig @é@d@ﬁ%@r@o‘ﬁ?ﬁﬁﬂs@éﬁ I‘%W”cghns or by
vi sual &t B UnAS%our é#?écw@w e HARBLAGAYS"  OF
substglrkl)? Brf gzonmocs:lgfmmlt%etsﬁ (t:ont ext ug two1 nucl el ceam ds or
poIypeﬂmqﬁaam;gemﬁmathomeﬁmnﬁmnofﬁmmnﬁmﬁVﬂmﬂenﬁ@qm%ﬁveédbwﬂs@b@bbuences

t hat have a Iea 096 80W 0 no acid
resi dudfye ‘?gletai} & éﬁ‘a ? %nr@aﬁgﬂnen%ﬁv%%ragé%@%dence as
neasur @i %&bu&azmgogm P@fortdﬁtﬁeh&hﬁﬁmm@ ﬁ@qua@é’ﬁdgﬁaanfasohnsaﬂ gorithms or by

vi sual jnspection. In so nbo he subst ant i i d ty exists
over aPPeyi W‘%COPF@t@E%%{??g’QEt ﬁﬁg{i%gﬂ ¢ pdmuisicrg of g%‘fs r}aggiﬁ\ ues in

| engt hde&c‘!z%és fRe PRGSO BhafylddnidLRnten@BOsH (0 :80ut €80 UNE$n ofBEr u@hblal | east
about 150 residues. In another enbodi ment, the sequences are substantially

i dent i EEPr ovks adnhpisining 0Ebacwi RAbftheinfans hasor PhsayHIaaBITSaRSBAIM Ypol yner s.

- 30For a reference
cequenatoH B8 A AL LA B e e < equence

conpar icemenahtyartd thogt GO@sM dmetilt ﬁlfrtémeqmm quenteticaduinisiping ¢fnto a

conput er,,. sub ence i. nat es n
2008/ 1%&7@5@%&%635}% nen%’g 8%ns ar 8{%{% fai(%d eh’r%g Ield %V\(Qdmntnhtm%% ogram
par aWEiP@ILSde%f@séi@E& gaaheﬂlenmmnmwaemeamabwdho aMydnisothen t hen

calculates th rcent. se nce identi st, sequence(s) relative
to the SKURRIFY ?@Hﬁ@ﬁ q“%éﬁ@ﬁaﬁ béagehawgﬁ% Ehﬁ&ﬁgﬁ@pargn%ters

Opt i nal h@ﬁ;ﬁﬁﬁﬁ%@on@énu%agﬁleﬂ@e&fmﬁo g ampabi SdRegabobel 20qnduciied: 36. 9., by
the 5 Iocal honol ogy gorithmof Smth & Waterman, Adv. Appl. Math. 2:482
(1981) Myt ¢ FREZRO q:twgyn abqugﬁ%%hMtane%%‘*ﬁrﬁl\éf Needl eman & Winsch, J. Mol .
Biol. 48:443 (1970), by the search for simlarity nethod of Pearson &

Li pman, Proc. Naf# 2 soxgad asimet. thepgsapesided fhe ‘{%9@@? AVBALERB 08 heAmgpent

| mpl e at) fﬂ%r%ara@%?%?a ﬁ'!egi%ﬂli 5 kSt pHRFAREbduria AR I)gm 20@icEEASTA in the

W sconsin net'l tware Package, Cenetics Conputer oup, " 575 10Sci ence
Dr., Madison, ar® [sHSRERE HRMYse of ition dMBrGXAMR A 2
useful algorit hm 18 %’%ﬁﬁéwgﬁ{fiﬁg creates a r?ucomlpoﬁleonscequrelnce al i gnnent
froma ngmﬂ pf tbé pregnainechtise pubnwesraisn nfj rpccbgmessfioveeanpm izt ainklghaem s to

show r ns and ent seguence., dentity. I a tree or
dendograRrERBNAHE TAEe BB rrRE MR AT b ekl R B B

al i gnmeRinbideh kEWRidaaesn 6f thé Eﬁiﬁp(fsitﬁ)ﬁhn@m‘omﬁn—tdﬁﬁlcfeﬁ dpett expfesisvevio lcaalrar@me nt
nmet hod of Feng & Doolittle,

35: 351 0 87 t hod
used i Phepsl F“&Pe ?@cwwtlﬂ%t%ap]&e%?ﬁ tB%aﬁ’W 4 Ygras g@ %ﬁ(ﬁi? 2“6&% e '

5:151- 153 d 9804 colgnddr-agtiadn-gan align up to 300 sequences each of a
maxi mum | engt h of 5,000 nucl eotides or am no acids. The multiple alignnent

procedure begins with the pairw se alignnent of the two nost simlar
sequences, producing a cluster of two aligned sequences.

-10 -



20This cluster is then aligned to the next nost rel ated sequence or cluster
of aligned sequences. Two clusters of sequences are aligned by a sinple
extension of the pairw se alignment of two individual sequences. The final
alignnment is achieved by a series of progressive, pairw se alignnments. The
programis run by designating specific sequences and their am no acid or

nucl eotide coordi,nat & Ejterd%l‘e?@ﬁ aQhet £ HeSr ﬁﬁﬁ?%feg?zﬂlt ant by

desi gnati ng the program 2bparaneters. For exanp erence sequence can
be conmamﬁghﬁﬂmﬂhhﬁmamﬁ&hmsﬁﬁﬂammgﬁ&ngmkmnmmwmgunhem@@mmhmﬁ@mbbﬂbnce

identity relationshi.p using the fol.lown aranejers; def p wei ght
(3- 00) 96 P51 TR RGP P GHETEEeI B R TG RREE G BT Anot her
al gor i tpm 1158 orli® cotaBihiton With B8 Pﬁﬁe’a}mr&ﬂqdml dibtal erf@kive ﬂﬂ@%lsfh@f sequences is

Clustal W (Thonpson, et at, Nucleic Acids Research 22: 4673-4680 (1994)).
30Anot henyistaninl eneiratioponitiiesienl thesuBigrtastspapaed e EPIFERFANgR Ber cent

sequen A thm which is
Goccr 1 U B of o AROREH ARG AL Rty bhulyles, B S8 gBEh M T e
for pemhﬁﬁﬁmﬁgpﬁbﬂﬁfmmﬂaﬂw&esmM&aﬁﬁﬂbH@fW@&MﬁﬁhﬁbB@uNﬁmﬂdghﬂwhéONatIOna
Cent er 5@ Bi.ot echngl ogy I.nformation

2008/ 153778 BHFT ¢ §6Bed hay ab?w%‘f?i%f%Bh%wy}aé%mrfedem i fying high

SCOr i NGoSRAHANHOIRAafS ﬁ{alalfaﬁﬁwbwum&smahﬁ%mgm Rogi WeEdsaales @gth Win the
query sequence, which either match or satis sonme positive- val ued

t hr eshohljegdos en W@aﬁéﬁecbplmﬂiwlﬁhn@em@nmﬂqmﬁ gecates thagdgbheMa a dat abase
sequence. T is referred to as the nei ghborhood word score threshol d
(Al'tschul et at (1990), supra). These 5initial neighborhood word hits act
as seeds for initiating searches to find | onger HSPs containing them The
word hits are then extended in both directions along each sequence for as
far as the cumul ative alignment score can be increased. Cumul ative scores
are cal cul ated using, for nucl eotide sequences, the paraneters M (reward
score for a pair of matching residues; always > 0) and N (penalty score for
m smat chi ng residues; always < 0). For amno 10 acid sequences, a scoring
matrix is used to cal culate the cunul ative score. Extension of the word
hits in each direction are halted when: the cumnul ative alignnment score
falls off by the quantity X fromits maxi num achi eved val ue; the cunul ative
score goes to zero or below, due to the accumul ation of one or nore
negative-scoring residue alignnents; or the end of either sequence is
reached. The BLAST al gorithm paraneters W T, and X determ ne the
15sensitivity and speed of the alignment. The BLASTN program (for

nucl eotide sequences) uses as defaults a wordlength (W of!!, an
expectation (E) of 10, M5, N--4, and a conparison of both strands. For

am no aci d sequences, the BLASTP program uses as defaults a wordlength (W
of 3, an expectation (E) of 10, and the BLOSUMG2 scoring matrix (see

Heni koff & Heni koff, Proc. Natl. Mad. Sci. USA 89:10915 (1989)). 20In
addition to cal cul ati ng percent sequence identity, the BLAST al gorithm al so
perfornms a statistical analysis of the simlarity between two sequences
(see, e.g., Karlin & Altschul, Proc. Natl. Acad. Sci. USA 90:5873-5787
(1993)). One neasure of simlarity provided by the BLAST algorithmis the
smal | est sum probability (P(N)), which provides an indication of the
probability by which a match between two nucl eoti de or am no acid
25sequences woul d occur by chance. For exanple, a nucleic acid is
considered simlar to a reference sequence if the smallest sumprobability
in a conparison of the test nucleic acid to the reference nucleic acid is

| ess than about 0.1, |ess 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 pol ypeptide encoded by the first

nucl eic acid is 30i munol ogically cross reactive with the pol ypeptide
encoded by the second nucl eic acid, as described bel ow. Thus, a polypeptide
is typically substantially identical to a second pol ypeptide, for exanple,
where the two peptides differ only by conservative substitutions. WO

2008/ 153776PCT/ US2008/ 006661 Anot her - Hii-cation that two nucleic acid
sequences are substantially identical is that the two nol ecul es hybridize
to each other under stringent conditions, as described herein.
"Substantially pure" or "isolated" neans an object species is the

predom nant species present (i.e., on a nolar basis, nore abundant than any
ot her individual 5nmacronol ecul ar species in the conposition), and a
substantially purified fraction is a conposition wherein the object species
“conprises at |east about 50% (on a nolar basis) of all macronol ecul ar




can be found in nature. For exanple, a pol ypeptide or polynucl eotide
sequence that is present in an organism (including viruses) that can be
isolated froma source in nature and which has not been intentionally
nodified by man in the |laboratory is naturally occurring. "WIld-type" (w)
is atermreferring to the natural genetic formof an 25 organism A

wi | d- t Ppgnins sabjsdtd wiluh pheda phayladaning @ntenfration grastecthgah2®mMiatehn a geneti c

mut at i on).. . The terms "pol.ypeptide” and "protei.n" .refer to a
Pol yrePuipulaty sEPcsar i Gu R AHe O LEFBY: 310 SR SR AALT engt b of
the pr @1@1wq;teaﬁnmg@@aﬂaﬂ%h@gﬁzatir%lddr@aﬁﬁp.tm 608 exathplBy, & wiidH thé mer s, and the

i ke, are included within the definition. Both full- 30 |l ength proteins and

f r agme fEieqt Ry dlrsmar Rbieayiplanipa sewgniiop %Eﬁaﬁ'éﬂ_laﬁi 12PRpM. b thegpsthodal so i ncl ude
post ex # LR Rhdnhi6REHARS BEH‘teih—Q@stx&ﬁé&’cB&% 't}%esubj‘;?gtr. I exanpl e,

gl ycosyl ation,” acetyl ati on; phosphorylation and t i ke. Furthernore, for
purposes of the presentLOvanks i ¢ 12 3dABRSH 340081096861 2
"pol ypepti de" re gfs tdq% brotéﬁ%?wﬁbic iﬁh?u&égﬁﬁgﬁifﬁgati%ns, such as
del et i onsgnt alith preoas irvackiauibghd freparasios of g erdicainknst foonseny at indeat havingat ur e) |
to the pative seq e, so long as..the protein naintains the desjred

acti vi PerHERBTRIA ) Bt peletes Garoder a et iy Blayie ehoelafe e
mut ageresdesiratith oTe)d DEaACEhe@R k@l infsi ¢dbeRSedn Il idGhyeitdtoflbgeom®l saidiisthudasi t h
hosts 5that produce the proteins _or errors _due to PCR amEIification.

As used Mspgiphenyijaning ponespiiationyp! befrasen ghgut v nMstogbeg dEBURY. e. 9., a
pepti de, having nore than about 70% sequence but |ess than 100% sequence
simlarity wth Zbegisplopredmpamacthels gf reainasdassic spaere girankeemirisgues or

deri vaty 5p¥¥] ' : ; i ' i
residugggﬁghc ug na&%g ﬁg%%nggﬁgggygqgﬁ%@%%ya?%ﬁ#%g¥$gﬁ€g?8ﬁ§%%%gginine,
o t hi netivepfagneint, i earian or aotegihere! wagendhd adagniviatumalfbyctesad ur ri ng

am no agci.d. residues, Such anal,qogues or der.ivatives na | so .be conposed of
one. or TALiSGEHIESP bp e ARy e serianey SRR iR ST ot bopt de

i nterl icokpges thakweRRnirMINGH tHlbeenaBbNBaceiallP AR SidthigsratibheA setsjsat" ef f ect i ve
anmopunt” neans a dosage sufficient to produce a desired 1l5result on a health

condi t iseeeteddariamerpcconiing @iihe wabedsof the disgipspetill brve poslevgtedpladifrost i ¢ pur pose.
The desi ' aé’-l:@ ' Fanof j ' ' Avgrent in
t he re??%?%ﬁ%ﬁ%¥k%ﬂgﬁ%gggggﬁ&ﬁgﬁg? pe&%%%gﬁ y 5??2%??5235%%§ﬁ{" refers to
t hat anipuaptutiof Other caapmits cefidradité vaibied it bduplsmbphenyitlended benefi ci al ef f ect

on health. An.appropriate. effective’ amunt .in a i_ndi vidual case may be
ot or micnBigogRE el ek 105 L EEh oIR8 il RE fiBmenar T "o
ment at ie@fmples, the combined adnfihi@@dioR Akthodsf Bk SiséiGsuprdapist & biaémd r eat ment or

t herapeutic treatnent or diagnostic treatnent. .. A "prophyl actic"
t r eat neenviadange consertirhen of ietihipc todps dhap BOGM UBCBRCE ARG, HiSes not exhi bi t

SI NS QfecasCl B8RS BP0 EDIdofhePBbMpR AR FonbidA Sarfiffirdifdg Pur pose of
decreasing the 25 risk of devel opi ng pathol ogy. The conpounds or conjugates
of t he demeayet iterplavem pbenyiglareme emncentyatiop hi/tha suhject in baranga froroehoadlife t he
likelih f |.api ng,_a pat hol o or.to.mnimze the verity of the

pat hol g © Pru il BiaBeih LR bRy Rl IR 1 L 2

t r eat neObjeatdstodusdies 8@ riredrodubhorc 1 20Mid e xbobR4S u8i. gns or synptons of

pat hol ogy for the purpose of dimnishing or elimnating those signs or 30
synptonms. The signs or synptons nay be biochenmical, cellular, histological,
functional, subjective or objective. The conpounds or conjugates of the
invention may be given as a therapeutic treatnment or for diagnosis. WO
2008/ 153776PCT/ U52008/ 006661 "Di agnostic" neans identifying the
presence or nature of a pathologic condition. D agnostic nmethods differ in
their specificity and selectivity. Wile a particul ar diagnostic nethod nmay
not provide a definitive diagnosis of a condition, it suffices if the

nmet hod provides a positive indication that aids in diagnosis.

5" Phar maceuti cal conposition” refers to a conposition suitable for
pharmaceutical use in subject animal, including humans and mamals. A
pharmaceuti cal conposition conprises a pharmacol ogically effective anount
of a PAL pol ypeptide and al so conprises a pharnmaceutically acceptable
carrier. A pharmaceutical conpositiehl enconpasses a conposition conprising
the active ingredient(s), and the inert ingredient(s) 10that make up the
carrier, as well as any product which results, directly or indirectly, from
conbi nation, conplexation or aggregation of any two or nore of the

i ngredients, or fromdissociation of one or nore of the ingredients, or
fromother types of reactions or interactions of one or nore of the _
ingredients. Accordingly, the pharmaceutical conpositions of t'he present




or topical, transdermal, or transnucosal adm nistration). A
"pharmaceutically acceptable 25salt” is a salt that can be fornulated into
a conmpound or conjugate for pharnmaceutical use including, e.g., netal salts
(sodi um potassium nmagnesium calcium etc.) and salts of anmonia or

or gani ¢ am nes. By "pharnaceutically accept abl e” or

"phar macol ogi cal AcS IQQL d A0theQ Silctecddbigh 1s not

bi ol ogically or b%ﬁbrmﬁge un egf g%? le Oﬁ@é tg ﬁ%te“?al may be
30adninm&nemadbbmﬁamdr&mhmmnp&ahmmnmﬁﬂmnhmmﬂu&mmgﬁamydumdeépmeﬁhe bi ol ogi cal
g]]: f ,? ﬁ;%bss ég%ng{ogrﬁst Fﬁgm%]yc%ai Plllgltgt%lrrel(glﬁu% Sing Oencfaﬂ%goge m%ﬂyp}g Eiosteg] §n gOMMPONENt S
2008/ 1581737 BRETMRO08L 6R6186 Hose or multiple doddi@ntaereaklybuists. Bosage form " as used
herein, refers to physically discrete units suitab |tary dosages for

I
human &4 el Al thejeRe s 89! CBREHO A 86t 1 §m§§88@9@3h1ned quantity of
CONPOUREs; Ofintt &Y figalaehely1iREn PERS M atibNYERE biiect &l detiledie@ e Jekk thdh FgTDUNt
sufficient to produce the desired effect in aSSOC|at|on with a
phar mac@l it wakeyangies cdpreasherlaime pheylalapng anegirgion ¢ehe Bbisct iThe _
speci f 'n‘f&tlﬂoﬂéa%n a.ﬂ% B%slsn«'ﬂl\ﬁethe PRLE s HOSARR LIS ano% h}ﬁ:re% gﬁzﬁsrdanve_nt 1on
depend on t arti ar conpound or conjugate enpl oyed the effect to
be achm@weﬁhmamdmmhemmhaxME@0®Whaﬁwc@wa@k@dps$edddwwhdeaeh conpound or
conj ug I" or a "pHin
t he ph9”§e%Y QB? glﬁﬁlos}nﬁﬁ%emplaéesl‘%%sgﬁ?faéleﬁsl@{001 %?‘ghglor ang /Eg’ 0@} mﬁprgom mately 7.2
to 8. 0 0L.0tchp&pVvaed i engsiy odl I mgiky, 0 6egkande negfkgpmlgbmmat ®kgk. 2 to 7.6

i ncl usi ve. used herel the t ct nconpasses
nannal§m@ﬁﬁxﬂﬁﬂﬁhﬁﬁﬁﬁﬁ§slﬁ%gﬁﬁﬁﬁéggfIW%E%&Tg@Pﬁgﬁgat§h%ﬁ?iere not limted
to, any nenber of the mammalian class: humans, non-human primates such as
chi npanzees, and other apes and nonkey species; farm 15ani mal s such as
cattle, horses, sheep, goats, sw ne; donestic aninals such as rabbits,
dogs, and cats; |aboratory animals including rodents, such as rats, mce
and gui nea pigs, and the |ike. Exanples of non-mammal s include, but are not
- limted to, birds, fish, and the |like. The term does not denote a
particul ar age or gender. In various enbodi nents, the pegyl ation of PAL
variant is described in 20 reference to the ratio of PAL: PEG or PEG PAL. As
used herein, and unless otherw se indicated, the ratio of "PAL: PEG' refers
to the ratio of Iysine residues on the PAL variant to PEG nol ecules in the
pegyl ation reaction. Simlarly, as used herein, and unless otherw se
indicated, the ratio of "PEG PAL" refers to the ratio of PEG nol ecules to

| ysine residues on the PAL variant in the pegylation reaction. 25

B. STRUCTURE- BASED PROTEI N ENG NEERI NG Nunmer ous net hods are known
for protein engineering using rational optim zation based primarily on
protein structural information (Brannigan, et al., Nat. Rev. M. Cell.

Biol. 3(12):964-970 (2002); Marshall, el at, Drug D scov. Today
8(5):212-221 30(2003)). Systematic replacenent of structural features can

| ead to i nproved protein properties and/or a redesign of substrate
specificity. Recruitnment of function fromone nenber of a gene famly into
anot her honol ogous nenber can be acconplished by the WO
20081153776PCT/ US2008/ 006661 i ntroduction of a |limted nunber of am no acid
substitutions in the i Mmedi ate substrate binding vicinity. Such

i nprovenents in protein function by generating inproved protein variants
can lead to useful proteins for industrial, agricultural, and therapeutic
applications (Bocanegra, et al., Biochemstry 32(11):2737-2740 (1993);
Failla, et al., Fold Des. 1(1):35- 542(1996); Hayes, et at, Proc Natl Acad
Sci USA 99(25):15926-15931 (2002); Voigt, et at, Nat. Struct. Biol.
9(7):553-558 (2002); Mal ashkevich, et at, Nat Struct Biol. 2(7):548-553
(1995); Wells, et at, Proc Natl Acad Sci USA 84(15):5167-5171 (1987);

Wl ks, et at, Science 242(4885):1541-1544 (1988)). 10 C. THE STRUCTURE OF
PAL The three dinmensional structure of wld-type prokaryotic PAL can be
determ ned using x-ray crystallography. The PAL protein is a honotetraner,
wi th each nmononer consisting of mainlyjjgl.pha-helices and subdivisible into
four domains - a central catalytic domain, an N-term nal domain, and a
small C-termnal domain with simlarity to the 15 Pseudononas putida

hi sti di ne anmoni a-1yase structure (HAL, Schwede, et at , Biochem stry
38(17):5355-5361 (1999)) plus an additional domain inserted in the
C-terminal region that protrudes fromthe ends of the intact tetraner

mol ecul e. The N-termnal first 25 residues are not visible in the structure
for all four _honomer s |n the tetramer, and thls reglon |s probably -

PPy AP SN NP N



25l ower resolution of these structures led to nore inherent disorder in the
structures (especially in the Ntermnal regions) and the inability to
unanbi guously assign additional electron density present on the MO
cofactor to an NH2 adduct. There are a nunber of rel ated
structures (using DALI, Holm et at, J. M. Biol. 233:123-138 (1993)) in
this famly of tAtvaaseofgarenayinesotradntadtralityzel adhenighdtionnatliiding 30 of

vari ous_gr.ou fr.om carboxylic acids, including the amonia-l.yases (PAL,
HAL,  aR"deBairyle TasRoeAL e dimoRin ol ing e sat o PR R acc nat e

| yase (Sehueefis, @tinttdvenddis@ligdh aslivat equiviBént ddsapdbhe baftdmf1aR89) ). I n additi on,
the 8-crystallin avian eye lens protein W) 2008/ 153776PCT/ US2008/ 006661
has a $dmtpigFatiogby belis injsctign g feipndRcle o M SRSERLSEdt dlik t ural family

( Schvedei b RbontdrhAARY, shlll & idtrathecal, intracerebrd EitlaERG I TBATLARR  X-Tay
structures of” HAL from™P. putida (R6ther, et al., Eur. J. Biochem

268: 60pURGOEOr(VEODE pistegehnesie; Ingpmg|exampleadhedisst wy delivasgb5- 5361 (1999)
5and PAL from Rhodospori di umtorul oi des (Cal abrese, et at,
Bi ochg?nﬁbgcﬁa%g%wﬁi% 1% 1416(2004)), reveal ed the active site residues of
these tetraneric WES, deh j : : hjadi ng,
catalysis and M 8ﬂ%rmtlgof%%%gg§q)% S %nethgégl?glﬁgyfi%ﬁse{ﬁhggre present in
EncP excEphplhed, ikg8diap desliatapwiiiankienoin P A lcamad pesisibte thaiughe vamedy gl ut ani ne
resi due respecti.vely (Xiang, L., etal J, Biol. e 277;.32505- 3250924
10 2009 s iy efidsa kv Sl b s O et BS R dazof o

moi et y DOYA injebificit Wilhiaghakodc bethackicvtrsdkhfplaifiatitngsinabiclatize an enzyne- bound
cationic internediate, whereas the boxyl ate group of E414 may act as a
base | ACRUGRER §aFGInE al o par Ogb_aﬁ?@ahﬁcfg%% %ﬁlefq&tqa@}ﬁa%tww&w H’é?fg‘ﬁjéﬁal prot ei n
cryst akhgddtuchidh 1aQbe BihintRdted s A0 RIFBERQASVHNYAH deRieREOt €i N

engi neering to i nprove the biochem cal and bi ophysi cal 15properties of PAL,

and to increase {gotidr Waidid, Besane Pl Cmef d18chd ¥Bmestr@finPAL. | n addi tion,
the structure provides information regardi ng which regions of the structure

are t héombautien with s|peoteing esiaeted dich ddc gerepaedigedietadaypisteesd IBME st abl e
form of, ¥k heddl € ang B34 Hgﬁe@iﬁadi{?&@sﬁﬁteﬁ%l?& whiRiAGE b8 phbhfalblie MUt ate in
order to enhance activity and/or mnimze the size of the protein as well
as to prigdeioddeisyifet weasitod fodess dp G¢4 me periday dvothalgkamriesrthelesi gn) , and whi ch
20sur f - ey B -0 1Y [ , ' L es

Cdent i Frag0T A T Eert 8o foR Rl HRUR IR MRl fle K BEBMARPRZS 1 rom

pr ot easetrivegx sy 30 exg per daly | howilhghdr exantphee, thaprotedueticod doft sit e- specific
mut ant s (];Igersudi l%r%%rtztegj IW%E]% tizi}oo%{] '(%f sd%fl%g) lar%gmse' 5531@0{3016 liﬁeegn'a(’i%lic\{ el Xlsof or
surfacé pegy BETSROr other” Them cal derivati zat T on to protect sensitive
si t es possmplatddis nadmpesitPAlcompbisiDg USESTHDP AT HiRd S THReXGTAIRE GIDOREICHATIES OF PAL
The hi h-res(fzall ution thr ee-ggi nensi L%nal cr al st r.ucturg. Olf P{AL may be used
in conpfit¥hi FEHPEERBSTYT OP SEpEEt Pﬁé“arye%ﬁ%‘?{s“@#’“%%mﬁ SEAHR For mut ati on,
modi f i cadplédient. O otied BhinpRE HFALL dogPo@Ra igmeicf irtiafadenuk0In sekanpl e, the
conunergi?jzlil I § av0 i | abl e programo 00 T,,é\ ) | cul at es surface-exposure for
ami no KEICHSREEIRY (REPTHER SEPGHEH I%EF@%%}Y@S&%G@W%%“BPIE‘B%}Fdi nates. WO
2008/ 1534 1eHeA S0 1 0R6HE1 1 -glutamine, L-carnitie aflh 8bhde@S@iodlof 00 mg/100 g

t hree-di nensional crystal structure can further be used in in-silico

met hod SUPRICHER; lyturing hIone@Hrafiggo %Qw/é(}ﬁ igﬁépﬁi?ln?fﬁén‘g?ff‘ﬂw- EByexanpl e,
COMTET Gipdhdr Yom¥Asd B0 RoSchdQI Bilp eds 3rkmiddls, 3L kaRgma MlodRshanRha g
structure-based small- nol ecul es” can be used to design PAL inhibitors

( Bi | | etpagnetiugt ThepjupplsmentBidhsiyeay sepprissths zepommepdod galy qosoyine o¥anas, et
at, Ac Yol ol X = ] P LON; =101 em stry
59(1) ifrg f&?gao%%‘%g%blﬁf%%%i%%’ heds 8%1,4 ot gsﬁ ﬁ%%’glc‘ #QlingtL Sﬂfgﬁlsn.eﬁ%%s?{zé?: 170- 175
(2003) )acet@er luvtlineel epkudinRAl-aEngicnbataniy, hene Lesparaginomonshydrate L abl e
three-q':gﬁ I St U FUctu : e . : 1S i LLe

macr ono c%ﬁéelgg‘ggre%ﬁ%’sl” %#Fl%ﬁ%h éél?{%r{“ {ngh%%grgel’rié %&%@fﬁ%& %@gtﬁétﬁ%cd for
opt i m zaidi bredaitimpieishpmesent uttyledodidad ovithf thersconmendedsduils dosageofiol ecul e
(Pennin et at em-Rev. 101(10): 3027- 6 ).« jm '

tppr oachamis iR aa BT g ORI v s e e Bl R A AOR,
specificity (Bocanegra, ciat, Biochemstry 32(1 1):2737-2740 (1993)),

i nprovenent of protein stabilities (Mgbhakauskas, et at, Nat Struct Biol.
5(6): 470- 15475 (1998); Jiang, et at, Protein Sci. | 0(7):1454-1465
(2001); Luo, Protein Sci. 11(5):1218- 1226 (2002); Filikov, et at, Protein
Sci. 11(6):1452-1461 (2002); O Fagain, Enz Mcrob Technol. 33:137-149
(2003); Camrett, et al., J Mol Biol. 327(1):285-297 (2003)), redesign of
substrate specificities (Hedstrom et at, Science 255(5049); 1249-1253
(1992); Failla, et at, Fold Des. 1(1):35-42 (1996); Ml ashkevich, et at,

AN == g P



20W 1 ks, et at, Biochem stry 31(34):7802-7806 (1992); Fell, et at, Protein
Eng. 10(3):255-262 (1997); Wiittle, et at, J Biol Chem 276(24):21500-21505
(2001)), alteration of ligand or receptor binding specificities

(Cunni ngham et at, Proc Nat! Acad Sci USA 88(8):3407-3411 (1991); Reddy,
et at, Nat Bioteclutol. 14(13):1696-1699 (1996); Doyle, et at, Curr Opin
Chem Bobfihe edrgy of8Be 68pic2000 Bhch angpplesreohgap bepiongledfn e ddrogeioml activities
(Chen, et at I?r ocC. 25N§ltgl . Ach. g%i%b USA 90(12): 5618-5622 (1993);

Sar kar PORder sEPPIRRERtST 57 RS OT Spro8ds P83 (2002) Blatt, et at, J
Interferon Cytokj,ne.Res. 16(7).:489-499 (1996)) . St ruct ure-based
engi neeri ng cankgg%ﬁgg%mt%’mé% l%i?sa %ﬁoai@f(u{?gt}%}gé’%?%ls For%? ?Jfé]ie{r)%asggati onal nutants
such agrorhl ABdan B Sincldgihg biGnslimites@N i pidlastplduk@nivanamas, tumornt

mut ati ons, substitutions, chineras, |oop re-engineered nutants, |oop

swappi Agl mgleanngs. surface 30veneering mutants, as well as

stochastical |l y-deriyed nutants (i ncl udi directed, ution- derived
mut ants, al one o?h‘?(%chﬁﬁ{ﬁ%&*iemg?t%‘?ﬁh?‘g%fb‘ﬁﬁg ?/thﬂﬂé@@é%{j&ﬁut ants). In
addi t i QBunRAkal bASduiirSo SRR RAdTRER6 AfMdrts Al PAL-cthARSPIAgTaRInthenUt at | ONS

have been introduced for site-specific pegylation and/or other chemn cal
der i vatd ysad irorsgartaniee a Paeetenst ant @herdpod predudhp indioiry BIP7EPCTHERR008/ 006661

i suchet hodsidg! 1530, ARV SURR Al abd sejihe sane

functi g?llg% %g%?%%%ag‘ga&weﬁ%{%}%ga%%ﬁbr u %ﬁ es I%AL, incl udi ngevari ants,

f r agme ptesiuctadilic rehmdkbrodects, wats) ssesesohd chiedipantersoupsabugarsojagisindDi r ect ed

Evol uti on g’r otcgi n %%ﬁl m zation 5Directed evol ution nmethods randonmly nutate

gene( sPPEPYS Abr &St expl ore nore conpletely larger regions of protein

nmut ati onal spacey,. rous. di t | wtsi ' ' i ng

err or - prone. PoR. it TERGoRcT REER S sEa FAL I o A o teihros AR HE! 12

i nt r odeidicsans bhtymiciobiil ghatt incdudhestequiinmd erdimdmyoine f ocused or

"directed" diversity-generating nethods such as site-saturation mutagenesis

and ot her 100l i goise keabidite pasedinittagaass s madbheogdsodiBraskarvganiAlet al .,

(2002) /bid. ). In addition, DNA sequence reconbi national nethods have been

used t¢" EBlﬁjﬁg’ﬁ@iyéﬁT\‘/"é NEEHEh G ¥ a?ﬁ?ﬁ%ﬁ‘?‘%ﬁ?%“gtﬁ W&CF Sfﬁ%g G8PS Y erove

del et erghaus ﬂmea'g@qmog SThdPr@EH QisAGuRQYAEMPING BRAGHEMECESH IRc@ra indTRiifgeg of DNA

shuffling, StEP, RACH TT, | T( . Finally, structure-based directed

evol ut inghirgited i SEertasnresy Sorar. BsBéprogas Blesiphadsia twh AsNeH 2ter apeut i ¢

advant R §IdHetur e b d conbi natorial engineering, SCOPE, and protein

desi gnqﬁgﬁ%%néétﬁ}t on, Pf)r%,‘ methods). The SCOPE method is based on a

seni - r a podeted pyshehartesintipnder SirptammeonetitimhatS. ugdsiliphstoragisnr uct ur e
%tﬂbt%gA, NOROE ﬁ)%%‘a%ﬁ,%a%& VaAHG8s. & dg&i%ali&ﬁm%d create

| nf or 00, coupl.£d
mul ti pl & ErBEsovEar Frotern vart an rari es from non-honol ogous genes

(0" Mai lpugda. Bitanather edahidd, pBikalyoticPAL (eh)yyrferfattiGOlis ROBRY ksind DDA, a

conmput atiQnal pre-screening af. 20 nutational .space allows the.ipglusion of
onl'y M ST AREBER Bt B oty EHraD SPERGED CORFIE: deor Bt 2 ol PEHA ng t he
nunmber RfivisesueREeny/AP ABHAL hidtid bt FesarBaabl e Al qegdps thargifiedfrosCr eeni ng

(U S. Patent No, 6,403,312; Dahiyat, et at, Proc Natl Acad Sci USA

94(19) :HHh72- 10177 (1997); Dahiyat, et at, Protein Sci. 6(6):1333-1337
(1997); Hayes, a at, Proc Nail Acad Sci  USA 99(25):15926- 15931 (2002)
Orencia, et al., INabrosdexspplpdie nsthsr compraghosier of Spnstring a . A large
nunber QiN&%AMAl L8 @Yind o iNa e ph®r HpRolafyodl PASIRA HeMGkibaR(M th coupling
to an effective selectron or screening protocol) has led to inproved

cat al ytfragnienherytan, wianinrepys themot prto peelil patbledogthe expgsiiathereof. In

i Munogeni. Gl (Hs[e - Qi L NAGLE L QB0 Lt T al enzyne

speci e%%gl%gia%%eg’ta?%gﬁ?sﬁgl?wg%gg:ugeégtt(?%arm%{T?Iée?!eqd atngl ora I ﬁprgved 30 function
( Vasseramtl Jinefor atpresirmuherBif slo overxgmiodhscl8{ B )s impagoniRé i(@BE8Y ) . For exanpl e,
successf yl nuf.an Y/ e ' ' dir i on and ot her

"r andor" d Ny ?%%%aﬁégﬁc%%an%f% o gébe%gérggsﬁcﬁ%bﬁg?&ng?o ‘%iﬁf]? girhgtg?r%%% t%éi ns

( Tr i osehphegpdal erddscne pakeryotie? AR spmptisatthe PepefNal gromomdelei  USA

87(2):696-700 (1990):..Beta-l.actarnase, S R

2005) 153PH6RCt] VR G5BNGoRRet g Bor R R TE st e op gy of
Orencia, MC, at at, Nature Struct Biol 8:238-242 (2001), Voigt, C A, et
at, (2002) ibid.; para-nitrobenzyl estgyase, More, at at, Nature

Bi ot echnol . 14:458-467 (1996); Gal actosidase to fucosi dase, Zhang, at at,
Proc Nat! Acad Sci USA 94(9):4504-4509 (1997); Aspartate am notransferase,
Yano, at at, Proc Natl Acad 5Sci USA 95(10):5511-5515 (1998); G een
fluorescent protein, Craneri, at at, Nat Biotechnol 14(3):315-319 (1996);
Hor seradi sh peroxi dase, Lin, at at, Biotechnol Prog 15: 467-471 (1999);
Cytochronme P450, Joo, at at, Nature 399(6737):670-673 (1999); Bi phenyl

o NN NSNS P N .




These studi es have repeatedly denonstrated the utility of applying "randont
nmut agenesi s techni ques to the devel opnent of inproved enzyne variants with
i ncreased 20stability, activity, and resistance to degradative pathways.
Structural analysis of evolved protein clones | eads to insight on the

nol ecul ar changes that are involved with the inproved physical and chem cal
pr oper pivksrybtiab Ahliea slbitabierpecyth Gredhum ®, anapp@ipriate derily anpredudera sBedt ei n

Chem stry: Eval utjonar rotei n,desi.gn, ,F. H Arnold, Editor,, Academ c

pr o5 e BPagBodgRE SRkt bl 110 o HaSteadie e ol it GGG w t b

di r ect gghvaN Rlebiuk0R tﬁ@ﬁbﬂ:ﬁ@tﬁﬁﬁn@(d? s@aRAah 8ld tyandfeeivl dERtfrdn theingldia Of t he
repeat ed occurrence of beneficial nutatirons that involve non-active site
resi dueentaipingthe enmei t es of nutation | ocated over 15-20 A from enzyne
active site regions having beneficial effects (Que, at at, J. Biol. Chem
D74(4) : 2344- 2349I(CPgGEyIPLe, RGP AV PYRFBICEHES 3t Nérmmghdom mut agenesi s

t echni - , o i used to
devel o P o L PP o (B T ol "t o
be usedvifhraniimdheie pratotgyshéhoastwitn® Tér (iscardpet-heteil-dliggaldctpyameyide. In

substitution thera .e. 0o or PKU. E. | F
2008/ 1%@B@PP §§%§)}r8,6%6%11s8ver—exp%sse|c:r11@35#35@8(8%)/ eLryf rr%?H?s have descri bed
nodi f i ecthfo afS-ta@fiddleg. IS sotheasxaple, thaihathdbof(pSeleisg grkareticat , FEES Lett.

349(2):252-254 (1994); Schuster, et at,. Pa t.I Acad. Sci A USA

02 18) PalasTust tha bt r UdRserite Srecdiing? ety BETIBaP™be71 (1997)
El - Bat @lyce®t stédloin Aedke IIG! @Rinlod R 5148 6&d2LhE 18 Q0N tolIBO blaedactobtn at , Eur.
J. Biochem 5269: 3065-3075 _32002)) and HAL nutants (Taylor, et _al., J.

Bi ol . @fkpatclonode £3).epopming saig puliere mygjaepse-sepplearisd mediapH (B> 20% Bj ochem
269( 6) 4 5 : tr b [ P, ' ' i FANGE iC

Mut gn% g gs\%matg %dl(é%%gé]c?;a dgcgltugﬁgtlilzdéﬂ @’F\??’E 3{1 u ré&c}lmgrbeééu‘l%%gmgr%l ogiaggﬁ y active

sites GP-1DI(eR23plars P indnsingdridguitarettith G udd tFbe; (Mgrovangwei dultet s

desire [ i nethc ehar riSti - rati on of
TosubstrafuebflePeARyE ek o8 naRhaR! b gl sy I A EpGRRASEN 2L it
t he t hdfapeumiliaa GHGI0ageyalbfofRAL); bmd (Fahatvedting bgctBieby enehsowsi t hi n an
acceptable . range, i.e., 120 4 to 240. RM. Km.i he affinity of the enzyne
For T heTBEE BT ko TR or Sy AR Yo eSS ESor cont 1ol ¢ he

ef fi cacy yakt avcteR@REp@EicnSiptdadbatdoat, elwlerdl] dabLKian heidQ Raeddaltgtndns. For
exanpl e yi f Km i?logigp pl vl?’%ﬁodols)%ori diumtorul oides), the activity of the
enzynephpffﬂhaﬁé’“ﬁs“P%éq}@ed to about 12.5% at bl ood Phe | evels of 240 RM and

to about 3 % at blood Phe levels of 60 MM |If Kmijs 240 M tha(je activity of
the enzyme will Beonesurde hepraspistischoys farprogactivheo pebacteta 3ab gMm and
to aboyy , 12104aly 00 daBhe | el or flalRAndRAt. Adcoliid ® ohebraitiMle, bhe activity
of the egéym WI}(| be reduced to about” 70% at bl ood Phe | evels of 240 RM
and t o Tabgenmed selhmats ingrowe aphiapiie] daging £roge rgmmbiopticpgmey Exqgerqysr apeut i ¢

obj ect iy Gk RiGa (BRNEm A FRER Woflerd Wfing LEBE cAehhyi ty to reduce
but al soa%r%gntéz}}n %ﬁ%e@mié}%g?n t he opti nal MV?‘)anfg:;;e of gboutclzo p. Mto about
240 gMChigmasegrgmhec wirifihatipnhs gindiied(dsing one ¢0QOergM) will | ose activity rapidly
as Phe Q. W .hi ... : W | t he

i npr actcli“go\gf @%%l{hﬁ??%@%\tg%%? Iﬂﬁ)i: gﬁﬁ’&‘h gig% en géswghh‘grgéeﬁ ﬁa}}t{éggggfﬁrﬁrres of

doses. d@igrtethe® podviderstahlaadivitpnvee mezaxtepdadi petiodeofvigne yin lovheKemample, r api dl y depl ete
Phe | evgls, . .which e fa >._hype v/ i my be useful
-t he TRREERaT elfel AL SmE e R AR BRsBaY IR ) act  ve
nodi f i ednfeingrasomabikaaP Adf (Bitrebteast ofdpeitt wih hes tdinactivgtesatess; (dhan about 0.5

s-1. In,other enbadinents, the biol qgicall ctive nodifie AL has a kcat
of "at 1A Ao 3RE g S0l Perl kG Bt o d ool e
igbOdl rfﬁﬂ&t&zéi(;) tdh @ai%hg)ﬂl%igjéﬁ'ﬁieﬁ)blzsa&tthﬂbﬁgm g%z{rg@d ﬁﬂﬂtioh@ﬁ:pﬁ(e%ﬁa}s@égebﬁf ween about
jiiMto out ln other | iments, the biologjcally active
Tod 11 dUPam ng“%“%ﬁ al %M@gﬁtﬂagmﬂt ® %Wéiaﬁ e?é’oﬁl %Wiﬁh ot her
enbodi nRghSe oft iRl HinateRF LA dYorRebic ViR erdBihinf dhesh Hdkraghedh tsEcteRzybuBa | C
activity that is fromabout two-fold to about 1000-fold tipes greater that
that ofiyAr@hohic Higryghion chipmstegsIrbanigd BrvRgstd clekidn b SV EFRIMNF active WO
2008/ 153776PCT/ US2008/ 006661 nodi fi ed PAL exhibits enzymatic activity that
is fromabout 10%to about 100% hi ghensthan that of the wild-type. Such
bi ol ogi cal active nodified PAL proteins nay be fornmed using nethods well
known in the art, such as by site-directed nutagenesis. Al active site
residues in HAL were shown to be present in EncP except for 5H33 and E414,
which are replaced with valine and gl utam ne residues, respectively (Xi ang,
L., et at, J. Biol. Chem 277:32505-32509 (2002)). The role of H83 in HAL
in binding and orientating the inmdazole noiety of L-histidine at the



10 carboxylate group of E414 may act as a base in catalysis. In the study,
EncP nmutants were generated by site-directed nutagenesis to assess the
contribution of V83 to cinnam c acid formati on by EncP. Repl acenent of
valine with histidine generated a nutant, V83H, which was characterized by
a loss in PAL activity. Replacenent of the valine with alanine resulted in
a nut actrpmuB@Asphwhisth swdisasad? enacthange chlamnt (e revolvekvtoy ealfmeduct/88A, had a
sl i ght 15l qwer affinity. L-phenyl al ani ne.,wi.th 0 0 .uM versus 23
ST oP SRl Ee RybMeil fo v AREnE S Lkl S dE R by pe. Ence
V83A hatos skillgd&rthk a@itcatiil ghiietedaiethabsemd meracithy ehrbhangizhiey stpsandyy pe

enzynme, Specc Prqtein Varjants: Varjants Havi ng Reduced |l nogenicity A
nunber b6 pPmEted g _ sigted, o %F_rqt:“_:eﬁ’l"fifﬁ}ﬁ’fl&%eeﬂ“?rﬁa@%‘iﬁ‘g}_@éﬂﬁsd’?aé’l }??n('i%u flogeni city.
20 1 n 500k GEBQML BEMESresBRAifd Gl PRSI, Rpbropfificisitiligidy 6k hay B ni M ze the

i mmune response do not destroy the structure, function, or stability of the
macr onBééeyicd as Befiedt i ve strategi es used include increasing human sequence
content. (chinmeras and/or other 'hunmanization' approaches), inproving

sol ution proper tngs¢ exagplsyihagreasst dissngyre epTTBPES scepitestet iyidendrineal

ger | Vabigahl O hSUGHoR%erR SV AL Blkent AGLRA1LLOH T TYI NG and removing M| C
25agr et opes. For an Pnj_ecte therapeutic, 1n vivo immunoreactivity can be
addr es pbchyiaanpey fioromiastinep ¢l bpatamipp elapiddlel dnetphspylplanino math thaut agenesi s to
nodi fy,and/ or, ,Qt her W se. nut I f'ﬂg}g}l I.Cl | gne and in
conbi ng %}8%&8%_ angil %é%qnélbné% %%%%%g%ﬁ%@%%agﬁé Fe |§%g,%wg§ ﬂeg%(%ve rogc. Nat | .
Acad. PhényldloAnd 8udi 8bechliBhstdld Gh)y,aldodmigde tht staps ofytatihg vaeanttha) : 106- 119
(2001); lLee, et at, Pharm Res.. 20 %}1 18-8 003)) or tg hem cal
S0der | PTRCEEOTS SHE PO BT RS BB RO Kc L P dy Tl M

accept apt-ely ©mel 143 Madi, fAspaus arual7 amdn I9BNIE 1S LERCE, PEQVEI Abnr7OgMens reduces
i m nunogeni Clté Chirino, et at, Drug D scov. Today 9(2):82-90 (2004)). One
met hod 489 Thigederdi? in hyedl e Steelowgrestraritinusigeh gpgaiissleniio ed prot ei ns
that reladRs SatAhYL RABK HallY211€218) A xRN 42DSPE BABGR RS FaIL6o Wau266

2008/ 15377%?3%(/ U22008/6006"!E'56fl ¥s_ uset)ql fS]ftfgi)lzr1 activity neasurenent )u A second
met hod Lefi 13 fyiiey&henys468p G4 nGiantiOne BALfepre BhplegoiduBltpgkidsrigeni ng, can

et hod e doip it . p Siigorieeni ng
et hod AP aalels e L P ek oA ARERE by 2291 o7

pegy! atdsofp Hevdridat foz aiienpheaylaetilognehowactivity rTe dereé: dxampisogeni city with the
test 5enzyne puri.ne nucl eosi de, phosphoryl ase (Hershfi.eld, et at (1991)

/ bi ), DT B VRGN BOBSHRIPST PORESTEPUSFALE | ocated in protei n
epi t Op%aé@g&z@g@iés@rm od BRLREGER] for HelpeSef SHPAL IRIm@bgs ubinlgrmune’ .
172(11):6658-6665 (2004)). In an approach that is anal og%o,us to anti body
hunmani 2 oAHEABPEE 0l S BIPCEEyiRn § Ahsetrlte 8RR ¢% M8 hunan ant i bodi es

are SP%%&duwf%QcH 16 48s CHF-ReRRSH RByHQARs LRGP SoRertPhAMARGOHS
protein. 10l nproving solution propertiés of proteins may ircrease specific
enzyme t@os-ciinepatgid dro. r educe i nmunogenicity. One sol ution property typical
of bacterially expressed reconbi nant proteins is the formati on of protein
aggr egat es due, fwencsxanplkdhe disclosrearoddraimetiyids of ysingdagiensd PAbr mat i on,

hydr op 1.C.l r.act i qq% tval i: i har m Res
20(9): %g%gsi@%%%( g%éfﬁ%? thl Aggrsgés{j‘a ?gﬁd%g%?égéwgldééﬁg %/ﬂ%rg;%?%ésds%l fg? ot ei ns
15can gnhayeedefitiencyimBAE aceeyohsme ekenpie bacigrial @ALAS ysePhampasRedevels of
21(6):897-903.(2994); Schllekepns, Nephrol, K Dial Transpla 20(suppl 6):vi3-9
(2005 Pheesis R el Suehihe Savorhs Sntit RaprRRsAARER ) o he
resi duast sohipsifd heterialm A0 foa Gbdtin hdGit6HIRDIdod s@nples & subiedts ith Flenhed ze t he
possibility of formation of inter-chain disulfide bonds. For exanple,

subst i tIEYSHT PEFOHRHNR%r f ace cysteine residues with serine residues reduced
t he aggregation of 20 chorismate |yase with m nor, effects on enzyne
activity (Hol denOtqr fegtures ﬁdg%ﬁ?lmgeﬁ 8%%9&%%%0& Wil dggqnye Wﬂ%é@ ?6‘02)).

Re myalfo%wiag bRl dReRFRAUIIsEoRA B 8dib&d, RERERS ShighSidtaRdcan al so
provide a reduction in | munogenicity by preventing_ proteasqnal processing,
t her ebyleprrdiien pdige sPcHis fﬁ@m@??d Wriscadisiting naptcylap epbrdiments afent s f or

anti gen,pr.esentd Bdatey ivapbmhgt&ﬁoﬁoﬁfy%éca&se%ﬂ&%mﬁ&@ AndAsdiespnebser ved
inthe alteration of flanking regions for class Il -1 C determ nants,
preventing display to autoreactive T c?%lws (Maverakis, et at, Proc Natl Mad
Sci, USA 100(9):5342-5347 (2003)). Epitope Mapping : Protein
t her apeutic epitopes can be cal cul ated using a nunber of algorithns or 30
experinentally determined with in vitro or in vivo approaches. Conputer
prograns such as "Peptide Conpani on" and "Protean” in the Lasergene program
suite from DNAStar are commonly used to estimate surface epitope regions of
a protein based on the chem cal WD 2008/ 153776PCT/ US2008/ 006661



50n conput er - nodel ed predictions-of potential HLA binding (Robinsoh, et aL,
Nucl eic Acids Res. 31(1):311-314 (2003); De G oot, et at, Novartis Found.
Synp. 254:57-72 (2003)). In addition, epitopes can be identified using in

vitro bi gghepisaadd Tangri, et al., Curt. Med. Chem 9(24iusZeh@dosdck99 (2002))
and in vitro cell-based nethods (Stickler, et al., J Inmunother.

23(6): 6 2 95-108 10
(2003) )%é&ﬁ'bgjgﬁé%l? gn?d)sce??ct M\tﬁé ﬁl%nt?otﬂwﬂ begcinll gl% %%w&%gglllﬁgﬁ?ﬁﬁ%éﬁogem city
can beﬁmnﬁ:ﬁso&wdﬂedlééscgpmays simlar to the invitro cell-based assay of
Stickler, et al. (Toxicol Sci. 77(2):280- 289 (2004)). Pepscan
anal ysis (epitope mapping) involves use of a library of overl apping ‘
pepti des covering surface regions of the enzyme sequence and probing with

r abbi t BrokyDEscrabrioSontriHeddcerey ai sed agai nst overl appi ng peptides covering
the entire enzyne protein sequence, and thereby revealing |inear epitopes
preSent in the eRKYIRE 1BasHGURE theGely egudiceafiNoanapurstifonat BAE (SEQt he

o Cher PaNGa R CHEE %o%ﬁs?@%&ké'égﬁ&ﬁ@ée" g8t PO b S ept t ope.
Fesi dues on the EiRES: neERh iR 3B Gane Spirnshbl KB BraBaE ALISRE, ons T or
pegyl aibauO$y, FIGVRE 2R roehtRGlentd 858ndbatSvatiBSiTy PANYBRQENI ISOMgCOgNI ti on.

ELI SA screening of these potentially non-inmunogeni c enzynme nutants (or

pegyl ated forns pfGIRESE EREHEEndTY trddbfakorRERVANARS adif adbiiohs-IyAREHbf cation
of subsets of enzynme nutants that display decreased inmunoreactivity.

Sudfac @rqi@giom@nqi BRIy AgSe %ﬁmcgmermtaweéﬁr@s@w@%@ﬁﬁ%@xwﬁw resi dues
fied. Th
| oot i AE2Eh R rpIEHROAP M Curfy il G CHlsd 1 SRR o B o IBby T e o

sur f acéMétbedit i ons present in the protein, dependent upon proximity to the
surface as well as proximty to regions of inununogenicity/antigenicity.
The t hr ee-di mensFEMARESt r uéhgm’eembfc)rwolpncmriel protedesequericeeef Nisi ng X-r ay

crystal |l ograph rciall
avé,u I algflggstg%%\%’sr‘%l pr ar ansgf%n%gxal é%ng? Jr%r‘g‘gggﬁﬁﬁeb? 142 tgll%‘g%% ?‘g]g‘éesm bl g
?léﬂﬁ aCE_SEQdB Néh® aﬂlep%utldecpbﬂMC@QmNi%@é?fgctggggdé ?gﬁggﬂ)%}'m cﬂ:rrésponcli_ b
raczki cz t at i : em : - ives a reliable
esti rnattt‘éF °§aﬁe[a?:°éwg$caé§§’iggp$l?t% for R torul oi des PAL. gGETAREA and

PARAREA and WO 377 CUU 08/ 006661 .sjm l a ns | cul ate

sol vent - accessi b?g&@éégace g?“éa g H’?Sﬁ? M%@WW@ paranetric
appr oaghgflaceNpPALINEP SBIFFR BURPET Ol REOF/NNORARNSAid) 106 ToskE Y al

i ntersection poi nts in the Gauss-Bonnet path using all atompairs in the
nei ghb®hepyt %lﬁm’éﬁ legele (M} o¥eF aiRelay RENCETAREA nor e efficiently calculates the
solvent exposed vertices using Sintersection half- spaces defined by pl anes

of 2Pwo- spher e i nFEFURE 6 onBffect of (A) non-pegylpted AvPdd: A IU/mEramER)i dent i fi ed
t vel ve psiifag & @AQQSﬁﬁAL%d FAMESi aflh Bt b@t B h ot etrameric
PAL prgtééegn survf ace, as 2 onel part% ]lkI (%)rsé gurg /rﬁib%/s resi due
( Cy's 14@henyltienies lovals (Hl\éh@veapé%iavegmq/ avai | abI e for pegylation
derivatization. Further, the three-dinensional structure of PAL can be used
to identify 10adBIGURRA  sEff¢cs of peaybitef P Al 43| ATl BEG(Nirgion ©ibhindefat, ed

nut agengs &, qpﬁf' I at e ndard protein
engi neeri ng E%%ﬁ%@q@'es t/}g?‘ggjlrllggé ?aﬁgrfege%% @Magb}fl %B,&anc ogxncftg%wn{:% reduced
i m@binogewdycity, inproved proteolytic resistance, and/or inproved
stability/activity. Strategies for nutation of the protein to provide
protein nutants RIGURASI npFIGLERE Sthetdi:i eguerk ofl Aasbaerdiverdilismmunogeni ci ty

are kno n the art e | ar e mJt ates ver non- al.ani pe resi due

in an 8 (l) W%ma'gﬁiem 5???‘?%3 tPHS'E\?P@‘Bu tope to

dy. omemmmdss@amv@ BEGYRE &E@rbtéﬁfs@@ii&bé 6f Aﬁﬁﬂa@h@&nﬁbm@ﬂm tope
nut ati on or deletiq nal_ nutation strategies

|r ﬁ? Ir ggaé@ea!s%y?tgmg 8%&‘1”?’? c‘f“t?ﬁJ‘f”é‘PPé‘hE"sl‘tlﬂnl d%@l“-s 1185 PERIIPINO@heni cal

deBd vaFIG’HRE@E P?cﬁéiﬁ@étﬁ@hnte%’f&&%ﬁbrﬁ'v%ﬂa&ﬁl@s RS dithQreybidfie b Qdidet i on of
protein overrents SI o] nfor ics analysis of PAL relative to histidine

anmoni é“}?s? ign A PQSition 4 3%% 3§r SRR AP NI IMIHERRE §D - Rypiginessauencd 16 and
1-564). In addition, analysis of the PAL 3-D structure provides an
alternative regi-on for truncation, badéd on the absence of a C-terninal
domain region in the structure of the highly honol ogous HAL protein.
C-termnal domain 25 deletion nutants, including nmutants where the
corresponding |l oop region fromHAL is fused into the PAL sequence to
substitute for the C-term nal domain protruding region of the PAL structure
(cal cul ated to have major epitope regions), formsnaller, nore robust, and




exanpl e, inplenentation of rational design along with experinental and
conbi natorial design has inproved the activity of conpstatin (Mrilcis, et
at, Biochem Soc. Trans. WD 2008/ 153776PCT/ US2008/ 006661 32(1): 28- 32
(2004)). The conbi nation of rational nutagenesis and directed evol ution has
al so shown prom se (Bonscheuer, et at, Curr. Opin. Chem Biol. 5(2):137-143

(2001) | of M RenaSariBlilis ?ﬁm%% &Qé{nééﬂn%nl%%ﬁ&%&aﬁ-g%ﬁga&sssl\mt ant forms of

PAL t ha I'sp gy I"'ess than opti ma zymati c acti vi n be 5evol ved for

acti vi tAVEIn§Sohe SELOEENR: énigFHEERERY: Rettio sequenagiof deplagnapirabdlisar

evol utign erei n a random nut agenesi s. st LS | ) ction
pr ocedugéLf%‘F s Setrﬁ’ﬁtsggﬁln;éutﬁ’ PRRDSE Bp%gﬁ%fnﬁlgg 6§ (égwg‘fg&?sr@és’ant pool
of onl ysthapaNG! 10N eSysdiad tohanee abbtitvliéns ard@iidedlikramh Boldi T a speci fic nut ant
PAL (that we have designed to introduce a surface |ysine residue near an
epi tgpe- cont ai ni NYGUFE ON HIGURE BA TEREScd bEJystetnel 1B 36iinevRbstRefdne &M g
directed 10 evolution on this nmutant (nutating the inactive nut an% and
sel ect i pepitier 56508 RathmorREARS S84 4K 88 of vnregylatfd furiitle8n & Ve ikt At IHool
cont ai ni IS ; WA 1I j . oySi j . subset
of addit l|[1£g'nn}aelhcmr alﬁ;eomi ir?uﬁ;:%l g%tfoglr% %‘?g% fghg‘?lﬁrggﬁ%lﬁgﬁ%‘} Fﬁeﬂg}?@&%r}}?ﬁdﬁ%ﬁ?

r est or e catdinaviotsyriniecsubstivhti arstal pesitidnoifé. or bathaebditions 65 arddeS0diof egyéatedvol ut i on

t echni que mol ecul breedi ng. t hat..can_.cros iff.erent s i es..of the
sare. br ABAL Gon SHATTAR G teeb® 39 PERlph oREPRSRREISTe ' oF
Nat yge, a392c288-291(1998); Mnshull, et at, Curr. Opin. Chem Biol.
3(3):284-290 (1999)) can substitute the sequence of human histidine

anmoni al yase to repiaee 160MEGORE hea rbEdc: bhenfganiseritcagbaisions iPAL Wi th a
human sequence that won't be recoa%ni zed hy the jnmunpe sy?tem Mut ant forns

of PAL deRAbeondbagtivadt pioteinREFELRSHIPSAlulPR ReRlNzad Py Relelasterw Ston

._ ; I i i | | of
sen ra%g&ge%g%ﬁ&%né it g%bég% hQﬁWeQQmHi%i&m@(rféﬂf g?gze) esterEogel o

;
protein desig ative to pu irected evol ution- d met hods, as wel |
as pr oviBffecigpficpsteine tooesne subdtmtipbesis|AMFALnen frineimer ofmaeficipAgatcgdes for t hose

regi.gns of .a protein,.st t identified using such biased protein
engilgeersglﬁao% BXEHY é%ﬁg&%ml e, the PDA nethod generates

conput ational ly pLe: n | ibraries of protejin variants I i ng for
nore rapid 250pt | ﬁﬁ@ﬁ:gﬁ g’?ff%crtfff@i'ske"ber%ﬁ%’?% Sélgﬁb%t ?nsﬁﬁP%snéoggaéfn%d;r

non- bi aseg (44l GL8AH) RNGIPREEHH Site-spetifio @agyidlich at Pai@BtPHMcorGertdBokl 2, Dahi yat,
Curr Opin Biotechnol. 10(4):387-390 (1999); Filikov, et at, (2002) ibid.;
Hayes, et al., (20QAYRELRA.Efftdiof rEitmettctlAvP AT2AARYD.0506 Twgen8GonitaM y, the
SCOPE net hod constructs hybrid enzyme variants bas%c} %n F@ﬂgl val ent"”
subdomaiFET A pr frmatienplprotgin agrergict Hesodrtionas palwred iy S5 rossover
protein variant |ibraries starti ng?’f r om 30non- honol ogaus 8en,es_ (Q" Maille,

etal20, (2002) ibi HIGUREA3a EIGHRER3AEHPG 8! reatmenedflifod AdebetigpeEisy Voi gt |
et al., . I.ds.: i i _ 0 i onal

al gorit h(%q?ﬁg% %ﬁ%%tr}l@l?gﬂégé% r %%#E%&%%g%%%%fﬁ&@%%%& Wct#r{g’? can be
r econbi nés: BiftdiobtredineniftAviall beDiliitand N-tthylpfalamubedNEiM) en formation of

t hr ee- di i onal _st. Voi gt t 002) ibid.). WD
20081 15T EPRPBESEUS ObSRE 1 EIE? B PEREal ybi 5 can al so | dentify

d i f turall d_functional |y i t.apt it
Cna protein fol dtGUREd ‘oncbEgahaarg e rtrrt Mri et o dlEsgivend o~ T O™
(M zugucini.(AeP ABL C5dBisais0E Y ih pakyiesd AGPAR)chliA bivd bhony(iARAAY JPheMetelnin f or ns of

PAL can be obtained follow ng the procedures of an¥ of %‘Se art nethods. 5
HAL as ofNWAR mdpeipsed witkAZp A (pgeneh. e @ 1U (middle panel) ong 8 Id(pofiompanelds encp
fromStr i+ IEHS ; : I R he
structur%@gg&anQBHAL. %ﬁ%ﬁ?ﬁ%ﬁ?ﬁﬁﬂgﬁ{h tEgggsy?ir?eu&(:ture of S.
mariti nusvEBAL.nore simlar to human PAL, naking encP a possibly |ess

i mmunogeni ¢ form of -an ammoni a-1 yase to use for PAL protein engineering. An
al ternative met hoFIGURELG. oBfizttmifieysteiontd serinn odhsfutiomydt pesitiprsritod apdvol ves

nmut at{ on_ Qf Lid P r r i -
oot SR Al ene ey RIREs Gl AT AL S Rigt o LG m G PR BB iy
Suchi, eg.2a1U, 1B DNCbt 410 [Bieaphysas odaipareB2d GBN2J2 A3 -da8H WiliDe&djcle onsd HY

mut ati on foll owed b eb tion for encP or other prokaryotic nutants with
PAL -acti‘(’?’il‘ﬂ'ﬂpet%g)ﬂﬁ%%\?‘r‘f gi"humani zed" encP or other prokaryotic PAL protein
that can be further pegyl atecl 15foll om{r{pg the steps of nutation and
selection for activity. Specific Protein Variants: Variants Havi ng Reduced
Prot ease Sensitivity ‘ A nunber of strategies are currently used
to reduce protein protease susceptibility. In sone enbodi nents, the

nodi fications introduced to mnimze proteolytic sensitivity do not destroy
the structure, function, or stability of the nmacronol ecule. Effective

~ N a



susceptible sites for subsequent chem cal derivatization with PEG or other
chemcally protective and stabilizing groups. 30 F. CHEM CALLY MODI FI ED PAL
VARI ANTS Macr onol ecul e chem cal nodification can be performed in

a non-speghhi@Eashi on (leading to mxtures of derivabpicgr@R6EEAS) Or in a
site-speciftic fashion (based on WD 2008/ 153776PCT/ US20081006661 wi | d-type

macr onol ecul e re Lyt y-diected deri i i / ! tive
nodi fication usi ﬁgg‘éﬂ%gébid%tg?‘:’l?Sﬁcyggl%eitggérg?e%é{(’:{%{egﬁﬁﬁgﬁ{) Oesﬁleoélggégn chem cal
modi fi 668 (ADADCS03/bEIT @ papglayed Arelt Adg or Xpriessletsyjatanirei(Rhd)ilgetsiion met hods

Hof mann, et at, Curr i.n Biotechnol . 13(4):297:30 02)) ... 1 one
Chbod, %M%ff“ceﬁ@ﬁﬁ%évgfh P srs AL TBCsHaq T é‘z@%ﬁﬁ%éﬁ%@i ty.
Pegy| aiin@fild sandl) d€ M TBdtioM g&e?eas%ﬁgmd&@gm- hidgdoedenticidhiciodr 400 ot ei ns
(Bhadra, et at, Phannazie 57( 5:5-2 2002) )., but glycosylation and ot her
chedi cal vils-ypapseyiaehonviib et MERALRECTSIABH! Fi cation with

phosphoryl ati on, _am dation, car boxi/?:i ation, acetylation, net hgl ation,

creation of aci dFEdeREildn Bffpct of cxghringde serangrsubsitutinng aprsyiong 863 4k | ves are
al S0 papsfliea( RevisSe e enGey R 4805 8R bbaOAGLIs of ENeclelisdaRial ef NS

A series of different pegylation reactions on PAL, usi n%ia range of PEG
cheni céllUraayenet wornb vRbPEGratiag: ildst. Iwd-f pr b oasicdmprRGIPRNUddricy at | ves
for ea i J ' . ' e pegyl. at 1 on can be

det er mﬁgseég%g@s%%%&%gﬁ' e%gs@ugﬁgg %ﬁ“‘.@i‘%"t@ﬁgﬁé‘?‘ ‘%ﬁféﬁ“ﬁgé rgtyc dg’ri vati zed
PALspeci es usin S nece a Ny Qi J O M and

na'ItT Pve gel anal ygllcéﬁg%qgé?%&%t %gre?ﬁ%9%§%lg%{1§e§§ :é%?ﬁ-&a%g:j%‘g?@g% Af ter

i ni ti alAvPaigescifit acplitynakimo dTép)dadcb ety af pedificarnvined rAeBADREG,fite Ki netic
anal ysis (i ncludipg x..and. Km determ nations, bindi onst ant s of

Subst - aretag st AP PERR G B0 i Bisa SR M, e e acer

t enper aé-pegisRpandancariefy oFPWLYPEY atiR @nd BoALBRFRRES bMiviiYe Rbidagddnaal PEG PAL

speci es_can pe determ ned (%y ELI SA, 20i murtoprecipitation, and Western
bl ot . PEGHBPKCUs A iRdriely EaHon) Recqyery i epeqie HaNEY at & HE--RESH fitshvor abl e

PAL s Mutgiiab @bt DEAYIPRET 180 b1 192 hiMg 1\RRe! rBRAuSOh VARG llle@Rqeragi dri1ans; by
mnimzing the size of the PAL protein and only nodifying the nost
ant i gedireMrlgginoresidugs @ mdt PAG, Blledr ciieles), eBenreargRE@®muder ¢ variahoel wi | | be

reduceg Ahpbikg ralos e céﬁgﬁréttihg%?of; iﬁ%iﬁé RRded 18 ﬁﬁgﬁgﬁﬁiﬁéﬁﬂ&icﬁ?e nzymatic

activity and mnimum anmoun _ hogenicit) _ e-specific
pegylation can be;ygefl 150 @W?ﬁ!‘ %&%&%&?W%AL:PEG ratio i the X N€T
chem cal nodifications Such as phosphorylation of other chem cal

nmodi f i eaxpégyiation réaction Mypveaaitipe@ytation of IEBAL &R dirstpegylstod pesRALBEENOgeni ¢

: ) > . i el Qi fi .
e nas R S RE St R R BECr S AR Bk CaRlENE (s or poraton
cr oss- [Eisvkviopipresid (QGE)fanalysispFIVIRE 1PBL EBRsit aflhdrédsing the P IPEG: ratio in

i mrunogenici t nd_ i nprovin rot ease resistan are representative
exanp) S SigRRr At e P R ALR Or AL LG YHesh TR PRILEIBY o i n

t enper adadtien Blipabinddat @ WRBOPABIPEL ratiolof 1AL niligMineRsidudsldhall BFG), 380
(1992)), and Al tus Corporation has found that gl utaral dehyde cross-1inking
i npr ov 8&CBRRGHRY %&mﬂﬁﬁwz WO 2008/ 153776PCT/ US2008/ 006661 To
di zgover if the in vivo therapeutic half-life of a protein such as PAL
wotPd benefit frBHPRGyPaEfss of &-pegyiatiop °8ﬁVBﬁM@5@$ﬁC5ﬁE&ﬁIMe€blﬁ}eégat es

are SyBidPALAak bt 20l @ iMAfhindellibds® ANFPEGE L thd firathl Beel PliooP e
reduction, In order to both optimze the potential fTect pegyl ati on
and t ospasefitlysipe residugsiaftAaPAd dafter reepegylatipEGndar eaatietyof PAL REG rajros Bndst r at egy
is enp F i i ree of PEG
at t achroe e St BoRetauites aRNEC mofalicebiRbicaly, ThINERESRHIESS 2l ea PAL
of t heppsitseh{Kiy &% pegyjaedualet ¢l terpndisens theedmopshosin).(a) reacting PAL
wi t h pol yet hyl ene gl ycol under conditions whereby PAL becones attached to
onélor nore PEG HHOURE 21.ankdffqchbdf whtegylntiomod Ad? Ao d23658G 5@ dimst t ( S) .

10Beca J. . PAL., nodi fi.cati.o ght sjgnificant]ly alter
the i npeBiEREsRRRLPES i SR Lo R UIRE o arivP el dremufBlnt Y o Peo
wer e explsemeBALPES whie rnd tangentasidn bblysine gasidhies and PEG BAllecoRs, ddw vaey! ati on
of the primary am nes of PAL using the NHS-ester of nethoxy-PEG

(O-[ (N-Succi ni m dyl oxycar bonye- net hyl ] -0' - net hyl pol yet hyl ene gl ycol).

Acyl ation w th nmet hoxy- PEG NHS or net hdxy- PEG SPA results in an am de

| i nkage that 15elim nates the charge fromthe original prinmry am ne.

The present nethods provide for a substantially honbgenous m xture of

pol ymer: protein conjugate. "Substantially honbgenous"” as used herein neans
that only polymer:protein conjugate nol ecul es are observed. The

pol ymer: protei n conjugate has biol ogical activity and the present




environment. The pol ymer may be branched or unbranched. In sone -
enbodi nents, for WO 2008/ 153776PCUUS2008/ 006661 t her apeutic use of the
end- product preparation, the polymer will be pharnaceutically acceptable.

I n sonme egBogdisnesbs, a water-sol uble polymer for use henRisRedsBodee Yet hyl ene
gl ycol, abbreviated PEG As used herein, polyethylene glycol is nmeant to

.h f h h L 0. dery. i h
oncoTP a8 e LR B, I LY AR R T,

The pradgortion of polyethylene glycol nolecules to protein nolecules wll

vary, as will their concentrations in the reaction mxture. In general, the
optimumratio (in terns of efficiency of reaction in that there is no
excess unreacted protein or polyner) will be 10 determ ned by the nol ecul ar

wei ght DTanbe Pedcrethpherang/iveoiTiorl ect ed and on t he nunber of avail able
reactive groups (typically c am no groups) present. As relates to nol ecul ar
wei ght, in gener allthoidieP Al ghetbiflinushigheuliat euinghthatahtalhes pel ynmer used,

t he fewer nunber, of. pol r | ecul es .whi ch e attached to the protein.
S | arpoR R Ry Do OR GBS CDUIH BOC ILRE ROPRPLARRaNt o

opti m %&Qlﬁrﬁﬁﬁ@i@ﬁéﬁﬁﬁh@i @Hah(BROR! @l dly Anhll Rl SPl@ Tys ISt NBbIEBIL.ar  wei ght
(or the nore branches) the higher the polymer:protein ratio. The present

i nvent i*8r*EORP iSPar BaLdwes enlxibesn sncapmered in ;3 baptena yéermib is inetiydia

i ncl udigeg, RUEAWiodyhtHetis th 40 nRrilifke ¢ Pag;of @l %2 50k-30 4y ar med

br anched&lggG Sol ;?rg.rs, 1i ncl utlzlriéfl1 1ﬁ%}%t eﬂ%ﬁ?ﬁ%’%ﬁ%@%@@%ﬁ&%@ lcDa. In
sort® er®d ) randtSoranginm edllmlEay(Halieoal r(dwor. Consnuno hl Bl 5Qt@ePNeardiin, t he

aver a i i I .0 0lc 0 ((the term
" abou%J ﬁh{rﬁh%a 3?1%8%&9%%73@?%?yﬁépémc%g)g‘%glggﬁgﬁ%z,%gstoﬁé“g@eﬁ%g' nmol ecul ar
wei ght Nterobirduté: B CDe(1610)abbhet bad@rikddatic abest ensdrodin 3fa nadirelr prodictbf he pol yner
to PAL will ner al, range from1.,1 for .nonoPEG,,6 2:1 for dj PE etc.
v anpl s AT -SSR s s ST FoRE SOy PSP e SRURPS Sbegy| o ed
forms mhusmmsfemrmﬂmemeﬂcti, BAbm fBNigmt 1M%agﬂoﬂb;mﬂ( ﬁrdél’Aﬁ?Qﬁ‘SBigfékL

r Qduc anohact eri um Nost oc_puncti fornme , an
Br gguc?&"‘g}/ﬁsgﬂgo@éﬁ%lbé’ -e?-i% %ﬁaiﬁgﬁﬁléﬁﬂ@@o@%ﬁﬁ@g, ¢l pREXSy| al ani ne
| evel s Nafl, Kb, ENURIsar 13TBR044 SMQOQXGMné&eQ@Mt%hHQiGnWt& @ mal nodel

is a honpbzygous nutant at the phenyl al ani ne” hydr oxyl ase gene (PAN) | ocus
r esul t iPA*FHeamBaseBR Saperersmideazdy)-pesngrianyl §lodn éMioare, Fimis Nat. Feodni gh

pl asma e ) i ( oy .S a0k t i nodel
For 30 Shal er g R OB (e YRRk oR AT b oo B 9Pk A

r educe apiddsphenPlatanintiie trefif-cionamio acid by yhcanad! Eatrinopipegylaaine dmivamizs  of

moall ere e Sy e Gvireg Bb RRP R R PR B o hned that

pegy| atretvitonms cohanjPald it CosPhioestesfulloedd by a gingRtretnd et d:0datio\D

compar ¥ EKf N gByateh gpAT ok IR 27028 B0 [ERGREeR vy such

ef f.ect Teniheprgydceatied-MNpPAL0ON Nigthietnlel vaieR]. N8enYs-2baM008))| @Nehs were
mai ntai ned Qver a ten-week period. These studi es show t hat pegyl ati on of

PAL fr SHPERECCYEHRLEPE L %1,<£R%§¥1%'8 CHGRYeT VER feven mplecnicaphmalonybEPADI i s, s
5e23enti al in re{jiljc' n(tzj phenyl al anine | evels in the PKU affected m ce. The
fi Adi ngs suggest | BHEEST Bropay0lict ab-cpegdinggens (ensRL(SEQ HY NOsD) wesy serve as an

ef f ect cNRadififlaRRY té mabivatibe YRR @E‘éﬁboﬁghngéﬁpof de novo cinnamicl4Afd 443V ention

cont enpl at es pe%yl,at ed PAL variants with reduced i mmunogenicity. One
enbodi FERTCCINSYRINBEEIN A axritigiugy dialagsts, o/l pdintmi CamSoPALZSIRS0MBPAL) vari ant

withr ] b | . j i | at.ed. f or,m of
Arabaci PSS KinETNAYE ) Ohent 277 IR0 0FSA0 MR iR R e cPef
Speci f berasivpsidn sael-achvataivpiiatte txpedhl suppledreRAlionaith ainhismicror bkt

eqyl at l: i eV r i .he NpPAl v PAL riant with a
Pt 2 adifit e Sel P Mool 3] fmiB ol i g, B heGisigous
enbodi memessionpé thel entP gend wndaciht erb! by theenaEt penidie iNSEAbo@kcek5AV PAL

i i,th.PEG at .a ratio of at.least 1:1, at least 1:1.5 at |east
175, “aroay B b prodipfh dfincpic a3g insBeRerminish oA msnel il e PAL

variant is an AvPAL variant, and the pegylation is achieved using a PAL: PEG
ratio of 1:3. Methods for preparing the pegylated PAL variants of the
present invention are described abovel9The invention al so contenpl ates
re-pegylating the pegylated PAL variants for 20reduced immunogenicity. In
sone enbodi nents, the pegylation is achieved by reacting the NpPAL or AvPAL
variant twice or nore with PEG each pegylation at a ratio of at least 1:1
at least 1:1.5, at least 1:2, at least 1:3., or at least 1:4 PAL: PEG In
sonme enbodi nents, the pegylation is achieved by reacting the NpPAL or AvPAL

o e g— gy




an AvPAL variant, and the pegylation is achieved using a PAL: PEG rati o of
1:3 for both the first and second pegyl ati on reactions. Met hods
for preparing the re-pegylated PAL variants of the present invention

gener al | yyg0hRik$es t he steps of (a) reacting a PAL vard-gilsskbitest
pol yet hyl ene gl ycol under 30 conditions whereby the PAL variant becones

attach t Q. on r obt ai ni,n e _reactjon, product(s),
(e) r oot MR g0t deels RHIBY APresh? P eser vy rane H14 S8R fabr

condi t iigéémswhﬁb@mfndilhﬂha@gmmd PRAS by a;eiar&gzodw%iﬁ?a&d assiced ?di)thngh ge( 8 ;

nore PEG groups at positjons not occupi PEG from st e a n

obtai n isﬁ@‘epﬁ‘e}“?"é@j%quﬁ g P%%Zﬁéﬁfss}’ils %é%@%???éké@gﬁﬁ%% %%ﬁ"ﬁn‘ﬁ étq é‘)‘r: Because
the spachidcherti 2665005-3674-(2008H) (CLAS TR, 809G hlentital Ahd U8B har it@het he
intrinsic activity of the PAL vatiant, different types and amobunts of PEG

wer & exprey ggatermnaipgniodeeprigésiiding mnmeaya-brapsiHoLs FAE Aialsdshieh acy| at i on

of the j ] ; Sj
(0 [ (N B B S L B 2 s O Sk ycol )
Acyl at i36Pe denthcahantdigiy sipiia, NEQ 1By NOwt, FERYRBEG8PR tyssiictasnmanialyasm de

| i nkag | bymi N s th h fro ri, 04 [ amne. G

SEL Emﬁ%aihﬁggggéﬁﬁﬁ?é°%¥§%R%§%Eg§dtp?‘€?u%€|ﬁ§g‘e§%é a0l e ot ve PAL
or HAL (WEBWRABS, Thaidmabgnntiadds thdadnesreedaqive Sié sefine agsidut iaf pasioarig3of t he
kn vect or_expressi on.systens, . such_.as the H s-tag.vecto Xpressi on

oy Do e ARG AR RS O BB SFEF SRBisgis PRPER | on st ep for
pr ot ei pracatsoRt the il ehydiodlftiReretiied inIBe SoRHIRGideN AL S8s-dye used to

i denti fX,{IfavorabI e protein variants._lnitial aé)g%l '51| ve clone identification

can usdMIPyposbetingioun (atgers & de AdbrP b hgio 8H(2BRbalerpedhite
t i i 5.8%F_avy¢ g, Tale) 15 th
auxot r qifh CHem. BRI 5:817 924‘(206\1)Egaﬂ;%e,ré?‘&ﬂ%%héﬁ%?%%%ﬂéﬁﬁggé‘H%‘O??r)éﬁn., e

0D290 absor bance neasurenent dgi ns, Biochem

ysS. .
32: 246-EngB shqrangestyst spavaads hemologyite Admit GLyBRaIt02p6 V6 édaniipa) and7604l | v,

screening..f.or ' ' (Usi ' ' ' . resence of
pr c%? eas'?ggl é%%ﬁp@ﬁ%%?&ﬂ}%ﬁ?ﬁﬁﬂi@%ﬁve; Voo :ﬁ%ﬁﬂ%ﬂ%&é%&?x@ﬁ@& 3%‘5%??‘0% g ‘hgi ng
conpet iagglometalns HAt reasied cortha twdsincaninbmutese Bgddafrom Soepthinyta\etutddploguspr ot ei n
variants, .20 H THERAREUR. C USES, AND.. I TLON OF OPTI.M ZED PAL
PROTEI @hﬂéﬁﬂl’égﬁﬁ&ﬁg%%@%%%m J(:ligi’l‘-i&ﬁjnsel‘f1ér?fr*esent i nvention
i's di r Bibedmisryt42el 2708-a2MEBR00H)). aNvably fbetamie e hpadidsenkonid@yy 1Btal ons wi th
nmet hods t hat cqrrgﬂxﬁﬁlty&e use of P onposi tions, Aﬁsi&t her alone or in
25conbiHAEP BFPUHP (- TPHEPERMUTAIALY FayimrBRROEeRigr ARerbseauitthPAand/ or  PKU.
| n2par tveslidilar it éoul SbERREBIRD e bitRtto RANK 1NQHRGRL H NS HiBMnbes used to

treat that patient population with phenyl al anine concentrations that are

| ow end@EPtH&RcKi et ary intervention is not normally used (i.e., patients

with mld HPA), patients with noderate PKU, patients with classic or severe
PKU, and any subg@r}uﬂﬁiﬁ%{ﬂg’e’c’%ﬁ%ﬁq sherrcin cpmmaar wedhrgismgpithanmenabl e to

treat MW RAL I bl QRS At ‘] C .1 d HPA
i ncl ugg;ﬁi)xﬁfééglrll%\%ltﬁbmnegﬁ an 9%\'5\0 20%%/%@%%%%%’%&%@%8%%%@%%&% “Afits with
ser um Yt both eaninenssa spetelesgoptibgpRetbetis. dvbul h encthyldnetisS -phydromsidaampul at i ons,

and:t hgi i r I e re di ssed in further .detail in
e pr 2tnetAOT btk BRI CodEioPoneofonk AHES Roesfive bR
i nvent iFoindayGrafis-rype neatktad thereatatingingl 58 signaeoarpixRKAY ibyenagitadpradearsi Ng t 0

t he subj ec .protein-restricted diet .in copbingtion with a_Sconposition
conpr i g*%’%%‘%%td%oq%tpémﬁ?sﬁ% e ya?&f"it“f}’é‘g\?‘a?' :gbésr?? ?""Pﬁﬁcﬁ?ﬁg 1o $e bndingent

t her eofpockehef e Briyae. CRREbReHoASMTEGLY i ddibRbohd R Koy & Bk Biimamtibh Ct ed di et
and PAL .is effective to, lower the ghenyl al ani ne _concentration in the plasm

of sai §f ¥RBPRIE regoMaGzigneand Fpemenntien n CasproathetirMIQ erqve intseensaicd! sai d
copbi nasd adFratiuet rdédnaR-or binadak td Shn ' { ! | ates
treati ng a grreé;nant fema?lre tha%?\%@%%i@%gbﬁ‘éfﬂ%i@{%gﬁ %ge"?‘g&% Egpfemal e a
10pr ot 8FA0PE36F8 @PRUdi et in conmbination with PAL or a biologically active

derivative thereof, such that the conbined adm nistration of the
prot ei n-rest ri ct Becayreef thhbisphpmploge beween Hali and vlarthe ¢nmsghetrgki@hani ne

concen [ iph gt AR t a uch a
concen?fgﬁLgér%dipr%&If%grghsenceagg?e %?A@%%}?%rgé}i’%g%nm S &g@?}({)oggd%% éaf)leci fic
enbodi ments, therapy is contenplated for a patient who manifests Phe | evels
greater than 15 420 gM O p@r enbodi nents of the invention
entail adm nistering a PAL conposition to any individual that has HPA,
characterized by a plasma Phe concentration greater than 180 pMprior to
the adm nistration of PAL, in an anount effective to produce a decrease in
such a plasma Phe concentration of the patient. The nethods of the
invention will be useful in 20 treating an infant having PKU characterized
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greater than 300 1.iMw th PAL conpositions described herein. By "infant"
the present application refers to a patient that is between the ages of 0
to about 36 nonths. Characteristics of Severe Cassical Plill and Methods

of Treat nggfoddp@s89f Severe PKU manifests in a pl asnme ghassauesaly ation
greater than 12001.1.10 25and may be found to be as high as 4800 pi M

Patients that have this di r dey. be.treat w t h Phe- iet in

e or " el i iSlifes in ShABHREINERT OF wb bERLAS) it RaToLL WALl ©1

cl i ni calAL” portptaiduetingtty phislabdling, duels & Wwitkapro6i0 sqaivbraes ligsdintthaNCBO0O kt M .
These tient re only .able to.talerate a.maxjnumof b en 250-350

i ot or Ve dr Nosr resbiinng aad AlbaSyanaBii ot hyp e someck A SRy TRS 68 ) | As
such, tfeesiglabadéd BAL endyfles ! Aitdagh 02 adiiBfes 65RALLARAB0E fevalyasidiigt bet ween

7-10 d%; after_birth and are burdened with this dietary restriction for
t he 5r erthgsrare predisesdrio diffes dpspme hgyyresugues (Galghiress eofl thiachsppstet dietary

restri i at 1 A b gk, W | 1Sk i be

benef i gﬂgmsi1%&1&62%@?%%@%%%28%}%8@2?{ £él a, szwwggi ests used for
t he di dipniosiaslyon HAldithe miethioning 388 and glytimirg 4 Phizora Pecudemenisaitidé (BBQir t her

det ai | A Y I.en 1 i.cal severe
PR 1 ed DG akGasy EORER R AL HAYEBLEGH. Llab, RBILANNaNE PARL RaRLEA

28: 228-23a (C@QORYr or Pruksryoiit) byslysionsrergiitamind, tehmectivdle (FURKIS). &o it he

i nvention,wl.kL..entail detern pj I the ient . .is bSsuffering from

ol 001 A 0B B HD LR T A AEAR rebiE BERRE e BREPR e i vi dual
The patlysd38R and Bletiniineat edvhe ael{ﬁbmestg@aﬂufegofm;ﬁmrm BPARALH GBS ti ons
al one or, a (f n;)i ned reginmen of a lqw protein diet and PAL such that there

'S pr odtRRYIRRCTIE seteried Boy iiae OVIIBARYAE abi 00 S AUaWe BEveAt i ons of ¢ he
pat i entprofdily SOME cRFVRRAIFFRNHAL oA INBIRBHAIdWelusedPloQ8kiEi8y SondOideLr ease in the

pl asma Phe concentration. In other enbodi nents, the 10 nethod will produce
a 40% <vavmesdimy alrepgly pgblished gones andjpraeinsdatdbaseease in the pl asma Phe
concentration of the individual (for exanple, where a patient with severe
cl d9si cal PKU hadhépmsent deieaton felatsdn canpesgpns of uchprksoutidBAlamde in the
Phe cong ; i g I i a
concenty aPF s iy ratmBl i bl AR, ool BIRERE Lk T Bipdhil aRl

rest ri dpdushdal p@posssur se, it shoul d be understood that the treatnent nethods
of the 15 present invention (whether for treating severe classical PKU or
any ot her HPA described herein), should attenpt to | ower the plasm Phe
concentrations of the patient to levels as close to a range of about 12012M
to about. 36MEFINKIONS gM as possible, or to an optimal range of about 120 gM
to about 240 gM In sone enbodi nents, the plasma Phe concentrations of the
cl a¥si cal PKU 20 Updess ethervied sigted, teafoliowing teredusetinfthis appstivpti anyinehidirgf

ol s PP ECu g Mg RASE R BB i teford JE LR bep Bt b #BS Loy mec

g reat rrémth_ewpec:ilﬂdaﬁbn gnri:ﬂthb Iaﬁpepfdted elaimns! Ehﬁfsi’ﬂgﬁl&;sfbrﬂh eT’" pd{r?,%]? StheRincRES g (r) .
ecrease in plasma concentration, e.g., .to a_level of between gMto

about 8 r@%fm?%f“é"j elcoﬁﬁxb‘?IWb’dﬁ%{%te%mg?Wec Asfiptipasad ﬁ?ang"’cﬁ% cone of the

t her apyhBaRey &@mp aldy dRfsuridia reBRKE: Works kSR EAGy GANSEMHLEARL KhaarcBa this

range can mansge the di sease by si rrpEI,’ é}ér estricting the anount of protein in

t hedi {reac bppBisEs ¥ oEUHPRNPlh APHeB Plenurebises. Noprtarh,1 99 Rerldpypractenl ti ng
in a mMeyriRGhréseRiRVERBA il BmblS, GHadks binéribe lnl cgteﬁ,f cohb&lﬂoﬁg'r}{étgéh@!of as wel |
as leading to greater patient conpliance with the dietary restriction. Any
i ncr eas¥NF i HEAMHHIFHYSIHS, MISLINEPYOSPIRY, Prepaptive dndtanalaticddenctlpidepfit ed by t he
30pat i : i | i dar ed e a

t her apgﬁ{oln%gcig?af hgwé%e%r%hghgﬁ% é%ngﬁg;@g%y \é\é)?glr%ﬁ’gnﬁlgg% tg&](%%utcge%’p ated that as
a r esulphamfaceldgy, withirethierskilk dfehdat. Sdecs ap¥.E. Chedgined, iPesttingd Sttucheesalatie to

i ngrea i it of _dietary.Phe fr 50: /d o 350- 400

ng% g ay ?IQ%&JI I%’?(h:’ee n&ﬁ Z{ﬁflgl %ﬁ%‘ﬁ%%%%%?ﬁe%ﬁﬁég%gﬁ%ﬁ? g%cthﬁmfsé‘?’ ed from

t hat offWarth|Pabshers, WO, 20 (Rittidn3 ZOBIRG USR8 2Q SfduRKClomiiat: i £nt to a

noder at.e, PKL1 ti ) course, it | d be desjrable that _the

t her apZ‘ﬁP?réo n%?‘ffgﬁi %Qpﬁu%giM?%?%%WW P%&'pﬁ ik (Y- KPlamncr ease
hi s/ her intake of dietary Phe from 250-350 ng/day to 400-600 ng/day (Le.,

t he Phe tol erance phenotype of the patient is altered fromthat of a
classic PKU patient to a mld PKU patReént), or in sone cases, 5to allow the
patient to have an intake of greater than 600 ng Phe/day (i.e., nornal
dietary intake). Characteristics of BH4-non-responsive PKU Patients and

Met hods of Treat ment Ther eof A second group of patients that can
be treated with the nethods of the present invention are those individuals
that have been determ ned to have an el evated plasma Phe 10concentrations
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adm nistered in the absence of PAL therapy. The dietary restrictions may be
a diet that restricts the Phe intake by providing a synthetic nedical
protein formula that has a di m nished anount of Phe or alternatively, the

dietary rngahhdsakion may be one which sinply requires bhgkysidigadadd ent imt
hi s/ her overall protein intake but nevertheless allows the patient 25to eat

normal foodstuffs.in limted gquantities. . . dhe. t herapeutic

out comet e aiehiefh o) REPIURY BhisiSiotion Seistpes 1RLBRISP AR nt o t he

pr esentPeffsyivania: Pigckt Bildisking Compasy,tibefapeuti ¢ outcones for patients with
noderate PKU (i.e., patients that has an unrestricted plasm Phe
concentration of AGGRbIdtibas, paRAks BHY pitert kpislizadibnsg @8 herdin? HHedtiecupase in the
pl asma Phe concentrations,of the 3Q patient. In sone enbodi ments, the

met hod #Hr 12755 d%""ép"é@t@/égﬁﬁf%r&%‘@m efalstasma Phe concentration. In

ot her enbodi rrentib }he met hod wi || produce a 40%, 50% 6 0/% 70% 80% 90%
or greater decr ea8efollgwingaming acid aplifavigine 8F yss¢ HupuebputtBe ¥kdi vi dual (for
exanpl e, WO 200@/izhpd! A8FGN US2008/ QOG66k: W@%U@ a patient with noderate

cl assical PKU has a Phe concentration of 1000 pM_a 90% decrease in the Phe
concentration wi Aspar@eRidsniND| asma Apaticgpidentr €2) on of 100 MM a
concentration th LS. Seiffd€i ently | . I little or no dietary
restriction). In S()th%e'e So(g?mants, t@g%ﬁiwﬁg concentrations of the
noder ate PKU 5 p&ilitamic doih Gip (Heat edSlyene:€duc€ed from any anount of
unr.estricted pl agpe .Phe,.c entratiqn,that i etween 600 MMto 1200 MM to
an;}epl asma Phe Ig\g%ifjmtehgfsct% | ess tﬁ%or%élﬁgﬁ‘w I n one enbodi nent, treatnent
wi th PAL (either Lakdbiee Lot (IL)n combi ndiysime:; Mgst(K)a di etary restriction)

produces a decre .in plasnp Phe cqpcentratiqn, &.9., to a level of

bet ween 200 MV tg’feiB%Pgﬁﬁ% whi eVﬁ?lf’mB%%&eé d as a clinically useful
outcone of the thejiapyprbgRAuse pati eftige: Mrtdiat have a plasma Phe
concentration in_this range _can manage the disease by sinply restricting

the amount of pr dPEPRNENIRRE) di et asiTopipRIE8dTHI YAt i ng a Phe-restricted

forgul a. | ndeed, HRsimeyygiydi es, ityligel@gly that such patients may even
eat a normal diet? Any increase in the anmount of dietary Phe

level s that can b alRbal@defls ta%o%e%e&{m@s%dafﬁmmegm he treatment
wi Il be considered to be a therapeutically effective 1boutconme. For
exanpl &ohinucleetides inchndp naeadly toeeirring nuclsie saids, seth asdadmiriboaudleigatiie PAL

t her apywhgist-her; .al 0L ols D i | ne i

1t er g A oAbl USRI s et RE kP all BRob LR ARAif potoms

di et ar yindnde thoserwl3&80480dapdrdeaturhlly d@QrrG(Mhasey] chajeotides thathemgiieant ol er ance

phepot of the patient.is altered from.that aof noder.at e, PKU patient to
VAP BRes®s by mhipbidss o’ it g grpRRl G %KprBe BFRERdiT ohE pher apout |
| nt er verHitivinckasiphts ARERIIThARghinltdeabtherthin hopgtiddeBler bondsNThegse hi s/ her

i ntake of dietary Phe from 350-400 ng/day.to have an intake of greater than
600 ng "Pﬁlé?‘b‘gfnf‘]io.g%‘.“?mﬁ%rfﬁ’aqxaﬁ’ipé’fta&ﬂWFhﬂt‘téE%‘}aﬁlOn’ phosphorothiogtgen  f t he

pat i entphBgihbebdithiBaks PhosphOroaicthRes, BRRAbEG&hRaRE) YorsH Qofiﬂé J.e., has a
di et arf alﬁil ovvancie of 640%)- 600 ﬁ’EIZ&Fnt ake/ day) WiOFI engsfit fromthe

PAL- baMximal}ﬂné@sa@fﬁr@iﬁeetbﬂgg@mhonﬁ% AtQ-aethyd sihorysigotidess persider abl e to
pr eguc : j t I to 360 MV
D 28 s AR e RS, HARTRE Nk BORRGALE, bl b el Sed or Sk © 0 Cone
wi || i neingde astomiated SINA spSbesies r Basternt Mmkcles qulidisppicalyareieortodage at i ons  of

t he pat] di-hen » Jyet hod wi | roduce a 30% decrease in
the pl rofboied el o TRE i FERbciedue: SRR o B8 PORRARRS A W | |
pr oduc eeeerdi}tgo &€ th@tsbont SGHmediotidesd dowidbiseuriderstdoe tiplt a8iR a Bh€eotide

concentration of the indiyidual (for. 30 e, .Where a patient with mld
U hasedienis Bareseed B p EAA ottt A Basmetiniiganpafra
coBgenteqicha(iwi Al UpGodyimesigciptaspiabheTconcentrati on of 360 pM i.e., an
accept abl e, normal concentration of plasma Phe). WO

2008/ 153776PCT/ USTINE! RE66f1a DNA that is complbmeReif: eda6eil iE i ;RNAGn pl asnma
Phe conﬁﬁntra}ions Bf the mld P atient being treated is reduced from
any anBURT SBEEREDGedor dpithle Hrapde Phe concentration that is between 400
RMto 600 RMto any plasna Phe level that is less than 100 RM O course,
even if the treatnment with PAL (either alone or in conbination with a
~dietary restriction) 5produces a | ess22- decrease in plasm Phe
concentration, e.g., to a level of between 200 MMto about 400 RM this
will be viewed as a clinically useful outcone of the therapy.

Any increase the anmount of dietary Phe |evels that can be tolerated by the
patient as a result of the treatnment will be considered to be a

t herapeutically effective outcone. For exanple, it is contenplated that as



-~ 20patient's plasma Phe |levels are within the perceived "safe" |evel of |ess

than 200 MM WMaternal PKU and Met hods of Treatnent Thereof Metabolic
control of plasma Phe | evels in PKU wonen pl anni ng conception and those who

are pr egn&gtmésﬁséﬁportant because of the serious cons%%g&%& o he fetus
exposed to even noderately el evated Phe levels in zaero, regardless of the

PAH st atus of the 25f etu Ther apeutic .c roI Phe conc ntratl on
is especially i BPYC&H?H Aetptign Pl“ﬁ%‘{heﬁlf‘ ‘é’?bed?"lﬁw@%’ngﬂ CRFALEF eIure to
achi eveefadR@uatief & einbleGraiddd| poly@abiebtidetelichod BensS iena] el nerfghaamc rocephal y,
mental defici.ency and congenital heart di sease For exa the NIH

Cons engérgetsngl érﬁiﬁhl?lev(sWﬂde polynucletids sequencsas seterredd, ﬁéﬁwegﬁgﬁﬁswpa%por t ed
that exaasieral vd Akfitth afqmeie&@dee% nd3B&ht RAVEHrEnsefips3 15481l W-as3pr oduced a

24% i nci dence of m crocephaly, whilst those exposed to greater than 20
nmy/ AL (tianecription disgcgpn.t RenDNAODrapdihyving the samgseduprdedis gt eI A i isfesséphal y.

o mat 38 AoE prafeaRE o g BR el ks Dol ko Beaef BBz ooobor

t han ZGnRrﬁAdtansdnbde frbmihdat;DNAtan&l adidbeeniongee to Hat5'ead of he BNAhe great er

than 6 [dL. signi antl,, crease the 10 of th d.. Th

| nper atTOETRL g s Bt Ep R B s s fesp o P SRRt e h ol

for s Qﬁmeb@;wﬂldeas GRARN A ané WhithtdieS'ao BRE érbdfl thgcddie RNWdeskcrifPAe must be
htlyfc rolled in order to gvoid the risk of maternal PKU 5syndrone.

ver e PRL A cEPYRFEm S GBI 'evel s for the plasma Phe concentrations of

PKU wonen that haye been used in U S cli n??is have  ranged between 10 ng/dL

and 15 ng/dL, whi ePMBEReRgEh refegie thertpppiogionl compatibiliny of matrding WEsdBhunended

for pr Qgr‘zﬁé}ractﬂ%@ﬁﬁa&ﬁ of B ﬂdlﬁdw:/aﬁ&est h?tbs %%ﬁ&ie&tﬂes&r&h% %E‘scﬁﬂéh ger man

clinics to dimmnish the risk devel opi ng mat ernal PKU syndrone.
10Anot Fempiersaienapad @@ngp,am @mlt#% purfice ghrsprterigbipbare compleBientapiier al |

protei %a%ﬂ‘&tﬁé&eA Rur %&gm@[e%gﬁ'@ﬂ%m cf'Jn me};a{at polfikiRaER aRat sufficient
protei n because It een su ge at a protein diet during
pr dgnamepleniide sequemcd of thmﬁrsep@lwexilequdnﬁl idedigal to pimsmcleahdle S’ﬂbwq oétie

reducti [ g f t i Yl pertension
| aculFoNBsaeS R RAIAE bardher RRERERR BT RREoRAE P s SRR 00T e
15f ol | oviasgsdgadrice SpTATAARS ivocempementarguo a pblymededtide whoee seqoaraistiled t ot al
dietary ,@g,% iLn intake for various individuals. Table 1: United States

Qui del | Dietary Protein Requirenents WO

2008/ 153776PCT/1 52 06661 ; . AS C be seen fromthe above
exenpl ary gui del MPC’P F $ARNGRiS e“ﬂbsﬁ“éﬂfﬂ@ém’?ﬂ@“?@%nf%ﬁ Mot ei n i nt ake

f orgwo nﬁaie@ﬁde@qu&lc@i@@sd RGuAI chfipi@menth§36 tHebaBiebnucicotifis @auakewt 44 to 50
g/ day, whereas pregnant wonen requjre are recommended an intake of about 60

g/ day. SPW%%@%‘H{‘}IPHECWTF’E‘HWPWQM"Q‘%Wrecormended protein intake for
pregnant Swonen is in the order of about 70 g/day_and 52 g/day. Thus, the
need to ensure t NBRCOAIRE" FATELS FathpRhcEOHPIORTHARY ﬁ‘“ﬁ%%ﬂ%ﬂ‘@ﬁ oﬁv%m € women

are ti QQEI[;;Mlyﬁ&HYéthale'ﬁSh ha fdie! PEHNAOHPAN HRNA] (derdd téxg@tate% Yﬁtﬂés?s group

of PKU patiént requires nofe protein than nonpregnant es of
conpar ®bpthenppymers agd macrgmotdsules bobielogicel Arecestsahavips aithet atdafinedPAL t her api es

of he I r wonen.
t 2o SERERRN AGMRRIL SN, OB BEAER) B2 ST beuchd B0

pregnamndmebzdog:gaimmﬁmlmgltmge@w&m WnlsLagenerﬁnam@d aqmotamcburse of PAL

t her ap ure th her ntratl ar. e nt ai ned
as cl o}sﬁé‘& oo R Y fi%%?ﬁ%@%&@??ﬁ?% pr §‘e(§’6‘isf?1§én%? l‘?fer apy
woul d a:ltﬂeobtoﬁdga:tal mﬁ&&n Bah iecodagathed, theaneleotide s@qamb opvhicRiididemicake.
15The gi cu 'Rn of l.s of . plas Phe conc ntratl ons ang the degrees to
aht on SR TERUR Reieati 5, et OO b OGS S S S SRging o e above
ar 80i nasedarthg Rehpiatd or trhl%cﬁﬁt&ﬁ@ Bfa g@ﬁtdr @DNOEanHeaeRABE 10\ BPadipMagi ng Pf al

in Infants and Met hg f Treatnment Ther eof
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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As di scussed herein throughout, it has been determ ned that an elevation in
the 20pl asma Phe concentration in infants (ages zero to 3 years ol d)
-results in significant drop in IQ of the child. However, as has been

di scusse Legwhere in the specification, patients thaglrhayRssigyat ed
pl asma Pﬁgscz?)[ﬁcentrati ons of anywhere up to 400 ItM do not nor ma?ll y receive

di et i nter, t . .Th i nfant t th f t i
S0t SuBPERPRIR ST FRELpIEe et CELPRONS UErEt FET R ARRT cSBRES ther api es.

The in%écﬁiéhce@lﬁi&tEﬁ@bﬁ&ﬁfbt@ﬁ&@ﬂtm|@yﬁ§clwﬁa_&bﬁw any infant having an
unrestricted plasma Phe concentration that is greater than 360 gM 15 gM

W th a therapeut 'RecofibRfi fdlpiuclddlie"GORRI b 293 1ynAticbtileMadipg stdueftegduce a
beneficial decrease the plasma Phe co,ncgnt ration of that subject.

I n somthas oot retkadly aihed tperthare Ansamplibigd petsieraied srcgmBHPNPYERCEOlde age and
hassan pURNRShdhdddah a RhigIByBie, 40 MERLIRtRPR Qbd aPRMsiobasuadbiphogr to the
adm ni stration of 30 PAL and said adm nistration decreases the plasma Phe
concentelht Adwst del teph eorapinss theapeombinant polssyaleatife iscefserehta #td on i s decreased

ot TP AR e st 0 o

2008/ 1537 A REOHISROOIIABHEEL" Foraombdentpilynaticotide54y sorid a mizengtling00 pM
about 450 .. about 400 bout ..350. about 300 about 275 p. M
about %@&tigﬁﬁ%w’gﬁﬁﬂn‘i‘%ﬁ% %f[arlegl FatpTy “(?t%% e“gl%%lgisgr%%ﬁ%i ast%egtl infant is aged

beh en zero and, ears of (ﬁge and "hafs 3n unrlestt i cted pl asma Phe
concentration of %f%%ﬁf@?c%té ?L%Bcepl\rﬁgﬁ © 2 AKPEOIC IS PhE Toncentration i s
dgcr ea%@@nhﬁe&ﬁf@?h&é r{g&&t@'&iﬁe &@r]@bﬁumﬁﬁﬁm r?gl_i/of Rardhiidh) %&L}Mt&@r&ﬁon f
adm ni stration of, ., el ther al one or in co natign wt iet. Those o
ski || iSFAYRE %aefa%'@!lwk%@em Py RS ﬁ%%_f&fp SiTuRHRER FBRGRTSPL r eat | ng

I nf ant $eiide tWOpASL iR v @AhPLASATR oPBR: SLNEYNIhAAHIPD S0 EB‘gu&E@t?sIn@tEriﬂtiBﬁh 360pM

with PAL to produce decreases in such plasma Phe Concentrati ons. e

di scus$esyhs Branasipmpe theiother Baftita § omaNsHIPtion oS the spanenen EXAeFEeT eangohbove i s

i nGgerp j . : 0% of the
T B B o A R S

t her apénducibloorn coostisutive), enhancelscraseniption terognaterns: ftart cades (infARGE. |t shoul d

be underst.o0 h A rapies may be conbined with dietary
restri gPﬁ%ﬁ%ggéﬂgﬁo{gﬁn@ﬁgd%ﬁgrcggéengti c decrease in plasma Phe
concentrations i . i nfant.s...Tabl e | 1sts. a nunber,.of di sease
condi tions V\herein%épgg%oﬁivg ?%trF%ﬁsat(Q) vf%%ééorméjﬁjesh 'acrg%r?b%ﬁtecti ve anounts of
PAL wopbinbdedirieebmprisihg efacssivhenairol seqehces@peatigdy liskaindamicleotidees of
adgpnistrati onband doggggpcan be determ ned usifrf)%Fstandard ?Et hoc}s. Tabl e
2: “ExeAPTUEPS BivS SARESEOH N FRUHES B D PP PRI B B BT A URg SRS Tor
Pheny| kepressid; athdy lempits RitlerprafiedH @n bE@sHRE BY theGRRE&II ordn HWPOSI TI ONS FOR
USE I N THE TREATMENT, 20The present invention contenpl ates, therapeutic
i nt er vERPIERIOTOT SR /EPIEssIa Kertorn instusle silitanse Kaowmudle At rhipg sPsmidst he use of
PAL, LEhidRY oD Mid ayBhdh &kl f 5 j Letions.
Furt h\é\liri5 PALdggnél’ g?%g?gtc g&té,/iﬁ?degltlﬁog??ons Cﬂgig/dsg ﬂ%h%?brggﬁ%ﬁﬁn%feﬁglg&\%@h ot her
t her ap@abypecledidsosi ti ons that are designed, for exanple, to conbat other
mani festations of PKU, such as for exanple, |large neutral amno acids to
prédent Phe 25acitwmplifiation’ fefers iveanymadans by whickagielyneeleetide spvencGsnet .
Met abol. .49 : i i T t section
pr ovi dcePied il Sl abld il ey h TP B BURRICRIREL BblsBiles EIF, Y EREN
t r eat memnsripton, eohireErasd chen eiantiorPAld gasp okxin reaackson. WO
2008/ 153776PCT/ US2008/ 006661

"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
30 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

L2 .



In general, the present invention contenplates pharnmaceutical conpositions
conprising effective anounts of protein or derivative products of the
i nvention together with pharmaceutically acceptable diluents, stabilizers,

preservat pbilizers, enulsifiers, adjuvants and/ @ikl s- Such
Conposi ti%’??ﬁ?%%?}&de di l uents of various buffer content (e.g., § ris-HC,

phosphate), pH and.ionic strength, additives such as detergents and

Do ubi O SFiR Ry A eras rice g e pRe Y Pl by Sp BB PR dant s
(e.g., psieaiyRiesx@fdotluclSiodtidsNbioes ahieSuatiblylof hyntitR 08 viafut e Dcb@rifg |

Thi mer osol , benzy| al cohol)  and bul ki ng substances (e.%.é, | act ose,

manni t gFimerse uselfor MpBRRRRHCHIONS. PRI ARATRIMeniy & EWLCMRIERC Edi tion
(1990, Mhaki: RuRkightd RhybRdize FARHRs aRfte forRROARIakOBSF dhldsis Wik G8kdaloe herein
incorporated by reference. 10An effective anount of active ingredient is a
t heBapaeiidct fieleyact seanghed of ¢hd templaje. Insuch arpso Specils hxpridizatien piide arment |

whi ch ' adi ), I 3 i r t aki ng
into cgﬁg}eggt?gtg %?ﬁ%“ﬁ%@aﬁ%%%%°@%ﬁ?’b\%| gﬁt&ll L%‘gg}dng'nghtﬁﬁ%r&gﬁgﬁti c goal .
The PEGRNd witmegsichiamgenit, afioagivesarftuorasvent motntiesand wied os detedtalde a
bufferin ) ent to maintain the pH of the solution within a desired range.
Exenpl a’?@ éeg'ent s 15i ncl ude sodi um acet ate, sodi um phosphate, and sodi um
citrate. Mxtures,of these bufferin ent sQ.be used. The.anmount of
but for § ng agent - (BoPE gt ptd it SieAely SR Naferler Bt mof Bl T Lt o
bufiDer thistéckapaisie bhepepifically hiybeidiingubiaaissighmnéd @yadnet of atied abBnidedidapr e
efficient buffer ah RI—{gS,than %Ij 6 so | ess aceﬁﬂate rrrga/ e used in a

sol ut i dhP®Pe prgerficatty Rybrdigssiesa targst opplemppianyRohmucieptidey PUISAERYY or t he
CONMPOSirhflNthe @kadt REmPIeRRBIRFyY deq¥@E bPMe tdmEAMB HirBalh 4 chse, specific The
conposi tiqns of resent invention may further incl ucre an

ns of the p ! > an,
i sot onilePrigisjarsfitirprabrigithe Gracedensnds encthe siringensy of Setyhridizating nor e
conpat icBh&ib PribelChd BLMabds GHAMPL & éxgégemdﬂmdmwv;e, %ﬂwr&&m a
concentration range of 0-150 mM used hereln, an en contenpl ating
PEGS PAImajeiigs agd vises! as dpiectele modBies.ner apeuti cal |y effective amount” refers to
an anount, which gives a decrease in serumL- phenyl al anine that provides

benefit to a pat idehist ssfhencaromiantiiehie sequepce rwith wapect fodi secehdedequancanot her

conai t 10 PAPRRRHRE 0 WAREE: Sing 5! Sotiont SraliBalE P ERTIBA oo an

accept golhyaucladtedeofhse saguehgehiethy kadoad seygestecr ease and nmaintains this val ue
at a beneficial level (usually at |east about 30 30% and typically in a
range of 10%t o SHY9ridiAng beciipelly iof ak 'spedfit ghridimtiandontiseloftiviehe present

conposi.tjons e readily ascert.aine .ane skilled i.n the art using
puishi < yoa0 PRbes b FEmngng BT Pe R ang g nucll acid molcouf

2008/ 193t eREIHISIMR81c0R6 Acleotide séguvaidhindsr iméhORadHBhs WHEH RSt eri ng

PEG PAL conjugates |l ess frequently than native PAL. The dosing frequency
wi | vaPJPeRRIE REFSFY 1 p GRMPIe MHUHE (8o fotrleicHyan [ 08 RNAut i n general wiil
be about one ti per week. It is understood that the dosing frequencies
actual |y used nans.h%ﬁ”? SEREs senditionn’ Fals 19 cnditions wadeg whichgduebewillei n due

to SvamyBlidigdisrefeedtRBP A 1S8Ry subbdolign@ Nnd i 185G et fo0oit 17 af G PAL
conjugates; the term™about™ is i k?tended_ to reflect SUCh variations.

The> pr &dsnsequenssnt | Bringrny htmidizagen' andd stripgens Hyleridizasion wash pindifidnal iani ne

| evel s. : Vaci SEY : . [ Fngreased due to
ybor PSSl e e A e SRl DR MOREAE oot

i nvent ikybridirationsl are seqnepes gripemdchy laach e elififerent s deri differentwint rorpheaml | ket onuri a.

Also tr adi tons .t hat . | e to.increased serum L-tyrosine

| evel s %%%n%%gsg ‘?%gﬁé&lr&% g4 §/ér%ogiﬂﬁegmybggla%tﬁo%%gﬁuﬂgﬁr{c“{ﬁﬁé%%g‘ caticer-rel ated
condi t i(H98) f,am?terydﬁq{alh&ikqharin @Eoc?zemismly lang Mﬂ@t{u&k &Ii&iﬂ@y—&mﬁﬂrigizaﬁ&?] urmﬁ
L-t,yrosine. |l evel.s wou e beneti ci al, y also_be treated with the PEG PAL
cotr%jgug ugfs%’cogm? ﬁéoqeﬁ%’?d\{ lf’)’baﬁ%r %5 Pyemirey %ﬁgﬁ’&lpﬁférﬁ’f ?y‘F‘E{‘ﬁgRE apdHicugat es

pr epar ethtegy efanoletttatitprobd isiyie, R Wew Yoant GeRralChigHi shirzksr ed by
|njecthqgggntrapeélt neahl%hFSchutaneously, gr intramuscul arly. However,
it wouldPHEZdeR Zpd pgstppnadions prs gelerieq incbeabouy 1stloeniban thgesmalb del i very
could also be effectively utilized using the conpositions of the present

i nvention. The methods descri bed herein use pharmaceutical conpositions
conprising 20 the nol ecul es descri bed2above, together with one or nore
pharmaceutically acceptabl e excipients or vehicles, and optionally other

t herapeutic and/ or prophylactic ingredients. Such excipients include

| i qui ds such as water, saline, glycerol, polyethylene glycol, hyaluronic
acid, ethanol, cyclodextrins, nodified cyclodextrins (L e., sufobutyl ether
cycl odextrins), etc. Suitable excipients for non-liquid fornul ations are

~ -~




30Sci ences, 18th Edition (Easton, Pennsylvani a: Mack Publishing Conpany,

1990) . Addi tionally, auxiliary substances, such as wetting or
enul si fyi ng agents, biological buffering substances, surfactants, and the
li ke, g%‘%rlg%@t in such vehicles. A WD 2008/ 153 %R onas8/ 006661
blologlca {er can be virtually any solutlon mhlch 'S pharnacologlcally

accept abl.e and ovid t he formu he H i.e., a
or 1 RUCHER By ferdnd yPesie apraenrent g ekt n By 7B TR Lt ons

Ib nﬂ ud&gé&hipeﬁmen@gmh aled)mhfcemedgs aiéd pi) aﬂ(ﬁhﬂl sn%bﬁmedaégal sbdil.fbn?d-lank' S
uffered,saline, and the [] endi ng on the intended node o

admi ni dvPEfizeo atméeﬁwépﬁah%w?%t)e‘? THHHEEE “9?&{7‘-‘%&%‘”}? di Be ppiRhioof

sol i d, ReMn 18Pk pshiGllad greibd. d dosage forms, such as, for exanple, tablets,

suppositories, pills, capsules, powders, |iquids, suspensions, creans,

oi ntsments, | otiong é%'ém%i&%f'sh‘iﬁ@em%9%&19a®%%n&ﬁ&%%ﬁ%&zahﬁh oni t dosage
formswtable for single admnistration of a precise dosage. The

conposiOMPHMERATY nYqei¢ peids %{hl%hﬁ%p@%h@nm?@m?wmﬁaﬁé@@pwneﬁﬁwug in
conbi “%{1 'agg #&%ﬁﬁ@ﬁ B RK006 &Mhﬁ%ﬁﬁt aﬁﬁ ‘atqirZ"@anth ke addi tion,

may includ er pharnmaceut| ca agents, uva | uent's, buffers, etc.
I n gendryéndizaimﬁmnm:rmd woayangghteMXamﬁ$oﬁh@énsmog¢Mash Gediioms isi st er ed

as phar a for..oral (including
boconr GGG s bab P8 mibdiee U6 DplehORrditleh el bR lita ' 01
pa[)lé)nt arat SSCmdshu_eh 65gCifot rfam:moa; (s, SanitFool)ter @la(1989)i zbz:cd far latdleainlpgfsmbi

subcut u n ntr nous) adm pi.strat. or in.a formsuitable for

i i S PRER- By e P tRee sk is precied Ry S hore TeResny RSP rtemere of

adm ni SYatladrowid dir&bd SrfaBVER @kt&&nplé h’i%ﬂlu?n SORA0Y Sadh Mok Hpl&osREe., et Men,

whi ch can be a kusted accordi ng he degree of affliction. For soli d

conposi ol nuglsatidss is AR S Crv A ‘@(f"é 1§6F1P‘éie~°ea‘?4 pramplq low swiRgengowasidex anpl e,
phar ma 1, OF a06S tRdn m%bfe%des,l RALASKC HLRPE for 13BHAGRE U rﬁ%tggﬁ%at €,

sodi um saccharin, talc, cellulose, glucose, sucrose, magnesiu onat e,
and 3t he qxgngto I!.Oﬂsqmiﬂd) qil?a&r(nnméhnr} than Hhyat albherved §Q1T@b1n@1¢tc£hp@bt iritbms can, for

exanpl gﬂﬁ{ sper, active corrpound or
conj ug te as scr ﬁgogxﬂ%g@ﬁéaﬁﬁ gfec’[ O(ﬁ(;alsﬁé?ﬂ nﬁ’tﬂ uzial“%gl adj uvants in an

exci pi ent, such a x_gfgp ext
gl ycerol, ethanol ﬁmﬁé&{ldﬁ %{E% é@’r’? rco%%l)ée?g’rffaﬁ%g%gag urtelég‘g spen5| on.
| f desinaeuiailytdn:euq:nlnglsmm vwmhtsmmgsﬁxemmmmtmelijachﬁmmgtaaabgs tmz;eoﬂl SO

t l. t tt
ool o1 iRkt e pBR VoRa bl Bl hialhy o e R R RES ZaE RS2 Al he i e,
f oQOexam‘ﬂrﬂly ®Odkrin el etsthereotS Gyhthe AN polPpuptidsy cah ®e s th&tzi&drl@iréf&rﬁ% sodi um
acetate,. triethanol g\g}ypgﬁt% eat etc, Act uaI nmet ho reéarl ng 30such

dosage g R automaed W nihesiEsT o Sha leBRt Profedn’ tﬁﬁg@“ﬁ’s‘ﬁ giedaigh this art;

for exgﬁ%eptu&@emg 8" fa&mga&%#&tmbn 6iyphaQSs, eferenced above. VD
2008/ 153776P CT/USZOOS/O??i t% For ?r:ﬁagdm ni stration, the

conposi ti on w I I camhahdmoiaﬁlsﬁzsm&i ﬁé}élﬂ‘t&f;oﬁaff 8Ok BlpiidE SRBLARs: B Sof t gel
capsul e, be an }gueous or nonaqueous sO utron, suspensit on or Ssyrup.

Tabl et éef&H@dfé‘B%P@QIYB? idg Spruicnge if e aming-togawnusi the rightrhondend pf2  Tabl ets and
capsul %ly&;@énd&rs@&ueﬂéeels‘méé §9F{eﬂhin¥ns' ncl ude one or nore commonly used

carriers ‘such as 5l actose and”corn starch. Lubricating agents, such as

magnesi um st ear ab@yn«@h 5t ions are

used, the active a%nesnt rlrayﬁlgséﬁtg%é ?%i‘gé’st@ﬂ%ﬁs%% Sl flhhﬁwygn@%g@g%%ndl ng

agent s amifo afed withd hufctiguallyi Smg;larwhm aig Ehelfoliowingebt goupieacyenitsinmay be

added onents for Jjncorporation into an oral
%ﬁ'uﬂl%c:;lds t%ttl?er co?l?érlfdﬁﬂ% s?%Raém%Oc{r ope ?ﬁxo[tféc& to,

formul ation heréin i1nc preservati ves,
suspendi ng agent i 10and. the like. Par ent er al
formul ati ons can§ %Eg?gggyég &gbnvsﬂ?Po forms, either as liquid

soB0dti ons or sus@bﬁszamt&cxcs@)); GhﬁmmcﬂL(Ej,abl e for solubilization or
suspension in |i rior e n, or as enulsions. In one

enbodi nment , ster?#kgﬁ% 3 4%f§h§ hgﬁons are formul ated according to

t echni ques known4) Argidige @RI Lishe @ )sui t abl e carriers, dispersing or
15wetti ng agents and suspendi ng agents. The sterile injectable fornulation
may al so be a sterile injectable solution or a suspension in a nontoxic
parenterally acceptable diluent or seRgent. Anong the acceptabl e vehicles
and solvents that may be enployed are water, R nger's solution and isotonic
sodiumchloride solution. In addition, sterile, fixed oils, fatty esters or
pol yol s are conventionally enployed as solvents or suspending nedia. In
addition, parenteral 20adm nistration nmay involve the use of a slow rel ease
or sustalned rel ease systen1such that ‘a constant Ievel of dosage is

ey e A B



25phar maceutical procedures in cell cultures or experinental animals, such
as, for exanple, by determning the LDso (the dose lethal to 50% of the
popul ation) and the EDso (the dose therapeutically effective in 50% of the

popul at i oghy4dgn8s-H9se rati o between toxic and ther ape%msggﬁfsﬂggﬁ@ is the
t herapeutic |ndex and it can be expressed as the ratio LD50 /

Conj ugat es exhi bt l.ar thera i ndi ces yed | n some
enbodi nent s. 30#@5@%‘{‘%"‘%@){ &eﬁ‘eﬁe&sgﬁﬁ? Xa{’?ﬁ@gp?gsays and ani mal
studi es can be US}EPhdn?lafaﬁfd&lﬂF)atfmeG(Yﬁrlgﬁ)t@ﬁhad(@%ge for use in humans. In

sonme enbodi nents, the dosage lies within a range of circul ating

concentrations th@{md; aalsdey dlebPeapediat folldvist | € or minimal toxicity. The
dosage can vary wi.thin this e dependl ng upon the dosage form enpl oyed

ra
WD 2008/ 153776PC§BM@‘8’E@?3’6‘6M“3&8 VHelewdiee of adninistration utilized. The

thegapeutically @)fn%t}dl‘ﬁ%iz@@%ﬁcqg@ o8, gt ermned fromcell culture assays,
and from ani mal mod ary otein in addition to administering PAL

and rel ated anal 6ggcidis: ASR/@KU patients, it 5is contenplated that the
dietary protein t qq%ray be restricted or nodified. Those
of skill in the gjgtbtd%rgé@%v\gﬁgm%%é Us commercially available protein
formul as for use(ﬁ)memmssﬂraeanﬂm cbdin PRentatBuc Kl¥,drenands i ncl ude MAXI MAI D,
PHENEX 1, PHENEX axc blo 31;0“ es, Liverpool, UK), LOFENALAC,

PHENYL- FREE ( Meatf ShT P L Fhe |1 ke. 10Those of ski Il in the art may
use.the reference rot el .,f as,, ich are n e of Phe
coﬁgent rations. ‘I*% t?ﬂ’&f‘g? q??f?% ?Sﬁmgfcemgm %?T&o"?&agﬁﬂ‘* anm no
aci ds tohﬁipyﬁfg&héjﬁfm&geﬁ&ic 1lo€llsPM€:ﬁaﬁ/mﬁ%ibﬁs arfidGlaadliytBrodgh dSitatiog| dede, for

exanpl e, L-tyr.os and L- tam ne. It has been suggested th it may be
desi r abi® T ‘s‘ﬁﬁb?@ﬁﬁ%‘f pqiwgg@ﬁg{n ‘H‘FhlibREP‘B%‘iqnén%@wnP 1955 Gep ke S’i%ﬁ@ucu ne

and | eughh}R ik SR nbbded pERHEAdeNGY- mAs &égd%%ﬂ))pep{:dﬂss %591% RérBd Grhindidefd

mani f estati1 ons, the toxic effects of are caused y Phe bl ocki ng the

brain SpAURESof Alieliterarians nalsasfar s ORAs 3%“‘( rEpsn W N Hranseripts OpERAStC 1 t has
begy fgﬂaqjc\;a@@ﬁtss&g%leggﬂg% x{g&ﬁcd@b@B PKU patient with excess of such
cl

| arge neutral anino a Phe u ta e into the brain and |owers brain
Phe | evel s. Thus " i o] ﬁ@h@% e present
i nvention, the derl%gernlﬁrlgég}?fﬁgangér@ ¥ ﬁﬁ"“&’bé"{s}‘ggﬁ enent e%lgi\t/\nm%
corrpos ipolyongeatidator polrypqutsle SEUends, rnfgr ® o o nese saEmes ax:subseq(mmh et al.
7 3 03 Furt.her. IS knomn

Uhat Lk are B ARGl gkl BB dencicarides o aping SRR T e e
ot her ftimossteyfvhen m‘mmmdlmkl abgn@fm; ma:hsmnsdwmh;ﬁbnbmcempheaeﬂedi nsiAgldnd i on to

i In cer n_.enbodi ment the L-carnitine may be

th Al t
su(gBPrg’gg"&g ]ré(g%’félﬁ%?“}ao%cfoﬂ"pﬁ?soﬁl‘a& QRS asHehiPsPSSHd t he taurine may be

supplied as 40 00 g, protei | erent jin order to hel.p supply anounts
of these factors %%‘Pfﬂ'fal 3?&?58"&%'& %’ﬁ‘ﬁﬂ%’l‘sn‘i"i ﬁnléﬁtﬁi‘*@‘() l ?Fg origin.
| n addichhtestof RO sEciSE agilth bl polypepiides: a%erneﬁnﬁ rdferk @F ﬁﬁdortzﬂorte laequ%ﬁ)&@ obat i onal

Acadeny of Sciences-National Rese Dietary Reference |ntakes for

B FsemegET o BV e baRG0 S0t SOPAcs1%h, 26 BRALHIE 81 AOPOFRIINS and
m ner a'r&lédé@&enﬁﬂp When Q&nﬁéi‘%d%ﬁiigﬁé& fobRaR@idn® BorrdsPoRREL £ hBALat her

uppl enents are being provided déspite the dietary prote| nrestriction. WO
2o@§/ 1581z 60T this fiosyitneesenorepaparisag algeritms odiby wy@h inspesibyoy én pergar di ng
t ot al ne of skill
¢ he nrperipRIR S AR HaT BEoRr AT R0l HAE SRRERGE Bhl B3P 1sed
rest ri ebowiFOtresixiuet & lengihi aveda regibntdiasleaw jabmtt 100eesidived, onbver helemtabcant

accor di ; i a_nal e of age, that

i ndi vi &%}- %dﬁgsﬁhh%g?tfé’g‘re?%%ﬁe“gtb SHETISPHAS 591:{ ’“%ijiy é\?‘é%ﬂii‘f‘f?é et he

i ndi vi dotide lergtioofeihadr Hotsconpadseh MoRSFhas. PKU his unrestricted plasma Phe
concentration will likely be greater than 1200 p.M and nost, if not all of

t h@0di etary prot Eozmequnmcceorﬁpmsbmaﬁpmaﬁghome d&q&bnde&cislakelrefeieﬁcé&qﬁéxﬁm a

powder enent may. | ower his he concentrations
o T es i b Balifees 58%??{?&@5%&% Spsemg G‘B?Oé‘ ihestapeut i c
out COrrand\mfﬁrdxdaee@l‘eﬁcaWdhhpzﬁﬁﬂdu@@&pﬁ@r,gﬁﬁ.@h@d’ncg B60r8iAB0s hrd dbfignadpgma Phe
concentrations of patlent or alternatively, the therapeutic outcome is one
in which the individual's plasma Phe concentrations is lowered to a simlar
degree, but that individual is able tp7tolerate protein froma normal diet
rather than froma dietary fornula. Simlarly, for a male of about 11-14
years of age who has noderate PKU, it




15may be possible using the nmethods of the present invention to give him
the allotted 45 g protein/day through a normal protein intake rather than a
restriccted fornula. Determ ning whether the nethods of the invention are

ef fecti Vewlﬁ“z&o'an%@foa'l determining the plasma Phe concgﬁ%&gdgg&%?af t he
patient on a reéegular basis to ensure that the plasnma Phe concentrations

remain below at_ | east 400 tiM Tests for deterninin ch concentrations
are de8eScs B0 aBhseHRINGH,AlEOHER RO ERHHRAMPREIRES 8T¢ ‘S?G‘rgeétﬁ&'r ibj‘? HHE*F | ess than or

about hACHREL YA atds thPBENIdHT ¥8Nen ANBLANFO G} RKs sBAEh
P@ULA‘?"?‘Q&%{SMA;@B&AS d?s(\éussegs herein thdrﬂou hout, it wll b@l n?ggesssary in
var i ousclasiviodeifhaseiersness seapencprhasednn theJesigneies pregreaParameifs-whet her a gi ven
patient is responsive to PAL therapy, and to determ ne the phenyl al ani ne
concentrations oPptithe abigumenttof Bespupnden faricampyrizsos cpe Ba eodpciedhe. & Bistie of 25PKU
pat g en I ed a AE a@%;m ! i i to nonitor
the5 ef ??C%O%%éééy%h?%o reg?%%%gg]np arg@gg%vcn%‘phgt %}g?[iagrzglgggbri 8d herein
bel ow. hBhdlbey eldghmegt Algetithm of Needleman #n&/uBeh, f.odol Biplt 4844341 9 Ulsby the

di scrim nation betwee .en t _h HR, foLht, 4 n BHA or

t hr ougﬁeaé&’dégf P %@W&H‘?Weﬁ@%%lgméﬁ ’Vrr%fjce‘s a‘gﬁga‘?@&gi‘%@ %%%{Mﬁ s one in
whi f:h Q)&S@gmgfwmﬁhdénl izedl iﬁ@l’ﬂzﬁdn' ngitiensest thaye atgbﬁ'ﬂﬁisf(@@tfs EtEIdSTﬂ?h'E FadiTiAiand r i’iti gn
on lo [ o] ma Phe concentrations is . determined. Intr nous | oadi ng
of 2 miFRSTAD 18 Viorsis Cratcs St Latosy TSING CRpplir GRUBrSt 1. 1236 WO
2098/ 15324 QAL MABLROV/ 00066 4istdi9Gretiors BHA of greater purity has becone
avail able it has becone possible to performthe test using an oral

admi ni stration obnBnidle MPRHS aRbridBOW PIZEGP MBI Doads ey aiple ,
Utimately, a standardized approach was proposed by Ni ederw eser et al. in
whi ch &cqpencerpliermerifom @ swupiof mbaed sAUEIES PSRRI e PEVENp S Seser , et
at, Fur I : 20 ) eree Akt lig&s rdhesi;ndo still
use up\}\?a? ey %%gé%m%a%%gfcéﬁ%%gae@%ﬁ? ki §%O% ﬁa%?%g@ éfhg‘?mg he

si npl e tBHlustaringirelgtianekips usedpe oxtasshe dighmighte HEEUPuses 4 fimphficatian Phde| evel s

cudt onkipear: pREFa) RelBa B PR e BN L Oyl R B b 388 S o o

t o per heethdnged hasinhitzach thg ntetistd. dederBed by Eggikd & SharpaCaABIARI5el Snld3di st ri but ed

by Dr. (reks Laboratories (Jona, Switzer]apd). 10 This,_ Ki conmends a
dosage (@BZO TYEIRAPR ‘%%&V%Bﬁm“%??%et“%ﬁpm%@ Ofitsr?[o ke of a
nor mal piBadtidedl b BEits. OTheOhulkipR Beneen ki @d Hegins with the pairwlikere are
nuner ous net hoﬁs for determining the presence of Phe in blood (Shaw et al.,
Anal yt RHEIM9REPhBaEve womglwssﬂwa% ebEoR SabE iohe PERFSCYHRCHB cket t et
at 2015 ThtSoiustdPRERYL KRN W iha nditGno3Pfatéd 28lenkb O BOLINstE drAlignddfseq\iBnBa. Aci d

Met abol i sm Stuttgart, Georg Thiem Verlag, 47-56 (1971)). Typically,

pheny| diverdlvsicrapisegyansey e aligned &y esmenle piersion efdbepaiwistialignawnt Hféwser um of
a pati ent.:4s] u r"émﬁ%ﬁ Ihi 2 i f.ormation of
fl uor eg@}é‘r’#& slu utgna(%%:'e%mﬁgﬁagh nyl a éﬁ?ﬁ%‘fbﬁﬁéégﬁﬁﬁsﬁ%ﬁ?%ﬁsﬁ in the
pr es enebgrofentse (khy pad grarn nerup My Cesigmting speific stqudnabs and their arMed aci@®r885- 890
(1962)). .2QThe st ul ar ho or det.erm ni.ng, Phe .c entrations is
he ot FOE SRl A Akl (B o gital loniBl S e B R UCRORA, o e
beef sahmne@teeyd Ror blangpillaaeftrasapdqaericeean bheorpairediotothef It souémeemodi SCs are

e e By S ) LA PR D R a5 o

phenyl ghpkigt Groansktus chp ieitheei ptiti(.00) ek $6igheatead EAR. @@dther t he Phe
reverse thg}ﬂ{)&\ﬁ{?l tioon of 25bacterial growh thereby yielding an area of

bact er AT ppedyl fongenseating prdlinkg dignmenisiol ssusness ivelugdhWent rati on by

conpar icBiiingsen, ot B3 N1 A2)S RRGRFAIEL 144438 (fHgags contai ni ng known anount s
of Phe. O her nethods of quantifying Phe concentration include

HPBE, mass spect AadRéd dkamblRioT al AYi8im GBY 0 IRtHW BPAMeMHing Perckhtke. Such
nmet hods can be used to 30 determ ne the plasma Phe concentration of a

pat i enfeRERridentifpandiieaugnge sindlariy intsiBlerST Heotithe, abirbdpdesatibesiinduri ng t he
t her ap Mt T8 81 : BN f oG aG% -Tol i

2008/ 1%3%!‘?%%5?’ ?E%ngigg%gfg%g%%ﬁgldﬁ%@ S!Iat I's f%:)gﬁ{ errpfnfté,e}%‘%—ﬂg?awsﬁse pl asma
Phe | elstublighy availablsdhiough thedvdtion) Cenien fardietdchuolagyiviennativn. Thier val s (e. g.,
daily, every other day or weekly) throughout the tinme course of the

t herapeutic reginmen. By nonitoring thegplasnma Phe |evels with such
regularity, the clinician wll be able to assess the efficacy of the
treatnment and adjust the PAL and/or dietary 5protein requirenents
accordingly.




4. COVBI NATI ON THERAPY Certain nethods of the invention involve
the conbi ned use of PAL and dietary protein restriction to effect a
t herapeutic outcone in patients with various forms of HPA. To achi eve the

appropri peutic outcone in the conmbination thergRisSRsmRELEM! at ed
10her ei n%gﬁg&%ﬁl d generally adm nister to the subject the PAL clorrposi tion

and the dietar estriction.in.a conbi ned amount tive.to oduce the
closi r odleoREKa paFL sk Febiiaing bigh Song eriongaat Cvas e bR ot on

a _nd/h or vidigs %bér_ig'tﬁ W inGhé Qhey sdqReecahizh cAN® wclsh é}fsaﬂfﬁécpﬁ@p@ﬁitivei-m@ae )

wi t hout producing. a concomtant increase in_plasma concentrafions).
This priysgeld Sr?ﬂ?gf Woen %lég"&{ljﬁ‘i‘ Yo &%Sﬁ%e &Rﬁ&c%ﬁdg&%ﬁeﬁﬁqﬁﬁﬁe'?tg dietary
pr ot ei Ref Rt ARG HEAHIBO Wokd &dréthrdsRGd SRRR LT 1%, (T9V03, sapy).bEhaehi eved by
adm nistering a si gﬁ? e conposition or pharnmacol ogical protein fornulation
thaf i nnitiglneighhpthoed worshitsiast atrspedsifot isitisting epgraheniorfing langer 81588 i ncl udes the
PAL w tcghﬁ'nﬁ‘%tgexﬂr %?W&r&c lﬁfs.rgfé fHeh ?%'ten dtix‘?E@tﬁtdﬁrgueti s afofl egdhesE%fEéﬁc@fo?t eln
(suppl-eman{ nor mal protein nea I's taken at about The sane tine as a
phar macsfzgs el cufnatativt akigromen{ st exn, beiingressed. cburonlatvé sekies afe qulatg@AL al so
may be 20f of nul at N a tein r QL. ot her f Uf h_as browni es,
pancak &8 fngtfré’f( %‘,wﬁle‘sc’g’lg? zsfncﬁtugncfe(s)’ﬁﬁgﬁg?gf E%%nm?rewg‘“pscm i%?? ﬁ&gf'{%?tgglflg ernatives,
PAL t r eadidemtalways >pb)end de(penalfyacbeviot inasndickingrysifpuest divays -18). doy alnyno

i nterval s, ranging fromm nutes top hour n_enmhodi ment s where t rotein
ond Bt @ BAETHBos FOTDR SRR G el hE FEART v oreo RS 4 Genor ol |y
ensur e wdidhit@inash Sikictibe arthaRed wWagh: #e dunfatite @li%aﬁﬁexﬁ%d@ﬂré ealloefwyane t he tine
of each delivery, such that PAL will still be able to exert an

advant dyawits Kyfrem fts maxpppre pehigvedivalve; the qumvlative ssetegose e, zer¢ o leynt enpl at ed
H ol v AN | !
that ongevoul deaditidtion bfbnd @Eﬁﬁe@tgﬁggwm& é@gﬁﬁé, &6d Qagpror after)

of the dietary protein inta Y Ime o y about 1 hour in
sone erdiibetiseguense isrepched: t BierBleivbb digauthnsparametens Wohtasdp! daterthinethe PAL

ot Sep e e Fp@R R AL TR SN B 00 e ROAR: Bl

pr egnanisesvas mefauhiey wvogilangth/(Whe! i, halexpetwtions(B) of PKMafdN+PAndia may be t hat

PAL therapy.is I ontinued.for .as | on man i s pre t. and/ or
br cast SPOBRN oF BolbeEaRly B Tadtoid SrovBits JBrebRs TP FRbbea B SRR
addi t i arwdrdlehgt (0 ioes,heimaac@éct&gdrﬂl’:‘y oD{]B, tahethd @LOSNIED kel namlxl deet ar yI
protein.r on, e nethods .of .the present invention also contenplate
conbi n%ﬁ“ﬁ%ﬁg%ﬁwféfﬁﬁa’rlﬁ%e %&ﬁﬁ%g?ilaﬁ%(ﬁ%g}%peci fically targets one
or re of the s toms of HPA. For exanple, it is known that the deficit

i nzfr)ﬂ;r osi ne causSPIHHABAC @%T‘?%pqrﬁnés%gméﬁe@ﬂ%me@%%’t BEPAIMENIEG er s
dopam RRrfamh S8R iaﬁaiiﬁmﬁhe kithilabi@y E@Ré@tivo bquehSesRsRSERT Kinlgpt i on, it
is contenpl ated that PAL and di rotein based nethods could be further

1
Combi nelSHR L PragNat A6RhiSChMSA S SEHRE d LA EME TeRsuTS st 1 y pt ophan

neur ot r, 4t Shmt : r anmount s
of tyr ﬁ?‘iibﬁﬁ{‘igtﬁf‘%ﬁﬁ éclOAswt]!ﬁg, g[g%lﬁ‘l&%?lg% %??%ﬁ@g? @kL%ﬂﬁg Qﬁggs'gener ate
t yr osi nedigainh ok the parbiabiligt bawhish aghatehNRywesuiwl nuckeatidreortaming dcidti | | resul t

i NAkyrQsl i tjal i acid for such patients, Therefore

di é? ar 3%%@&? g&r?g gj[ %te P@%ﬁg\n’gﬁe' t%/o??}s‘iﬁgn%ie’naa%}w%éc ac?é&sjils rcﬁg “ier o?mﬁ}%’i Pént s

r ecei virefgreBed seijmencoifihaahalizet svint probabéliBia tdrapaiyn oflifhe kesShkERNINGOAND
CHARACTERI ZATI ON OF PAL . Anot aspegt of the invention
o sUrsfirng® Budks aig < e Fipehg ot PUHAD LIRS fian Apris 0t
aneliorate, or r enhanced, | evel s .of phenyl al ani ne by contacting a cell
contai ni ng el eva?‘g[ﬁ&ﬁeé\}’éc?%ar%‘(?fl g‘ﬁ?/ﬁ‘éﬁl%iﬁ?ﬁg S#FW?H@@&B%’@&?W PAL and

det er misobsngtinfieidbgtical 3ehdd @t Rilyprbti®Ancb &l ke StiChuddicyatied | evel s of

phggyl al ani ﬂe.. ?lﬁlg’ certain 20, odi msnt_%,3 the nmethod is_a high throughput
assdy. TPHUBPIESIEHEIPITERACH Ve BitH e RPLRSREfrecafed yethe sxeoad rugleis pddiass are
sequengegriseribdow TRE 2 beypbitRic B SPRAE sudbtaMMIVIAERICAAS aUsing 2

bi oi nformati cs approach. [n another enbodi ment, genes wi th_honology to encP
are i d@AYPERtds. fanerapipAs Pharedthy sve postidesdifferamdy byl conservative s®eifirns. | s
conducted to determ ne percent identity. Primary sequence alignnments of
such proteins are assessed for the presence 250f conserved residues
essential for PAL activity. Position 83 (HAL fromP. putida) of all HAL
enzynes is a histidine whereas it is-a8f-aliphatic amno acid, for exanple,

| eucine or valine in enzynmes with PAL activity. Analysis at position 83

wi || elucidate whether HAL annoted enzynes may be m sl abel ed and have
actually denonstrate PAL activity. For exanple, position 413 is a glutam ne

(Q in nost HAL enzynes and is followed at position 30 414 by a glutarnic
acid (E) in all HAL enzymes. By conparison, position 414 is a glutamne (Q




HAL enzynes from Rhodobacter sphaeroides 2.4.1 (ZP 00005404), from
Rubr obact er xyl anophi | us DSMB941 (ZP 00188602), from Phot or hhabdus
| um nescens subsp. Launonclii TTOL (NP 930421), from Ther noanaerobacter

tengcongqgézﬁﬂsglgﬁqﬁsmw) 5In a further enbodi nent, P’%ETH%E@%&%& activity

f the protern product of such honol ogs is confi rmed. ' I'n anot

enbodi men nmes of PAL nol o s are P nd.cloned into
oS8 ot rindln Gape RuciritachERrTOE Brr SR aPRdeE 1 SPL RSB ous! v
expr essfieculks Eybrﬁ?cﬁid to @6chHbtherlunggesrinpetf @hndisiony) f Héschibeddreeinssayed for PAL

activity. Assays for PAL activity may include but are not limted to

ability to convergubd@pneR\usd i i"R6lated" MenRaR®bRct Sheviet IsGhe prod@dhinbdty t O
convert terSI ne to -coug}agate In vitro, assays to teséu [ or HAL acti vi ty

and asSRRFESPESENAFR actich moler pans, RoReRqurdant fhapgay athsyindyidupl  pRODUCTI ON OF
PR%AR%QHO%&?&EM\E&%% e B@ﬁbo&ﬁoﬁ) %d'a@ﬁ@ﬂéﬂtﬁﬂy Fﬁnﬁed"ﬁé&ﬁ%ﬁi i©9f producing

pr okaryotic PAL n 15one enbodi nent, reconbi nant PAL i s over-expressed as
an N-t e@rnpmﬂzorbwh@ﬁn &q abjact sregige €OMDESED Al lersbakeun 5P% (an e molasbasi)ef abxanpl e,
E. coi k v ) ¢such as
with I S%EE% %ggre(sé% tt}ﬁ?%g gg}ﬁ%%%n}%ﬁ%g&ggﬁn%ﬁn%{r@gﬁ& r%enbodl ment ,

r econbiablamBG%Ab S0% wweore ek e axsmandlerular spasids pBIs@t(DES)copippsBon elthes Wi t hout
an N-ter | t r. a. bi t or roenter .js grown froma
gl ycer gﬁgfwélggc’ﬁ% g?‘ucthe O;Igfe%t %P%C’gglcc’ ug;e-g{g&)ceﬁ ‘{nrt}rglehom()gteﬁeéh used to spike
i nilo a(mmﬁmidtepbctumm«:b@dewm& mdh@ainqjmsmibdtby cGhwepticenl deegioppl enment ed and

pH is contr W th hase (NHAOH) aglt tlonlsu to 1200rpm 02 feed
Roeps GO SETEBHL Do B ca I N P ARE STTETEDIShIaF BGOSR o
t enper ghdéies, @ﬁalﬁﬁ&eélﬂé &50@@%@9 s@BHiz8008 , BEATmd @RnfendPiod3plli& and then

induced with 0,4 nM | PTG The tenperature is reduced to 22 to 26C and grown
unti | aif’tfi‘)\?F‘i’f&*‘@?rﬁéﬁa@mféo@%@@*qﬁlﬁmwp%ﬁﬁﬁ)%%Sﬁ?&fiélts?nzl #hrs and an
0D600 E%Bb&;ﬁlehﬁé @t o gundé%l donfuated bPtEBleRtibrdark YitsEAki %111/ gt bped and
conposed of yeast exttact proteln, peptone-tryptone, glucose, glycerol,
casan iolagsi dB some alvbodsmlems, thmdommphm®nbuﬁ$Eﬂf thginyahtien arThe r econbi nant
PAL pr I acterl a are
nar vest iy P 8t S8 el B REL M s ARG Py SEARE bR o]

equi valkkentsynth8ds. Kn sE?biRleEibﬁdﬂﬂeﬂd (e pRREIGARYCH] Cripakitioddf the mventlon

2008/ 1537 76PCT/ US2008/ 006661 . . Af r as t he.present
nvent FARPREA YPREAT BERECH orsolis popiverts A AL ol PSS o) theati Wl y

act i veagenagdmixed withloagbr mbreqnﬁh@@eﬁtli@nszaéceptasl%&eﬁp&gtto a first enbodi nent,
a transforned cell mass is grown and ruptured | eaving crude reconbi nant

enzgyne. Exogenoummﬂybad@magﬂaslap;ﬂmaltd)mlssg@@&@f&@dotﬁeqmtttMtwdw&t bul k to
prevent fou 50f the col unns. Chronat ographl C gurlfl cation_is conducted

usi ng SHEP "‘% ipdatire- chPTSHaTBISr 2 BAYRCRtEE PrROlYIYlsolds Requenpe thapis purified
pr ot ei Breisént i DamdHoat IO (sneﬁlam? vm&ésf&a%albg Ihtd DfrBh Q6biRe i MM RELT Vi LY

over an_extended peri od of n anot her enbodi nent, the nethod to
puri f yWhid h%é?‘é?eP%lﬂtMEn@b’rfﬁ?qhﬁé%bymlq thg laborstory frenasarel e edcarringnt ai ni ng
reconmbi nant PAL using a_pressure honogeni zer (but potentially by other
physi cal means 10%ildfyreS (ghdss tepmaeferripgite fhe r(aby-airgsmuctfﬂmpf@nt (c)

andh or CHAnCR A 3pP iy HSBRSHA Aond mASTHmERRCHINRIR RERBEIAET) | O =1 e

Fi Itromuta@pn]\/l |lipore MIlistak or Opticao filters); (d) passage t hrough a
charcoal filtration step (as with MIlipore MIIlistak 40AC); (e) passage
through a final Thdtermat frolypspiee” @ad “motn”acBatotapaipuer Bantiepaie 0.2 1..tm

filt t h t h
(as. 1 niorisbt e B Feedin Bt A BB i B B oo over & O
i on excligupgptides) dinmrs( msltinters) ahdh thedike e HcideQnithirhBileag)s. ol idh)

re e f final od ct ffer exchange an t al
fiﬁ)\r’a[ﬁx%& p(r%tlgnm : %%%538%3'?6@‘6’?@%38%8@% g I ﬁJSPane) Those
ski I | ethclude phgexgréssior attidifcall PRy &Gh di‘y;iebﬁ@e %}Q:x%pm)gl?c&, Iaisb&‘

chr omat ogr.aphy st eps my be i.ite substltuted of that the order 20 of
the c h?‘%?ﬁﬁ‘ftg’é‘r %ﬁ%’l"éﬁéﬂ ?ﬂ%ﬁggléf‘% EnQKF’t Y prrPeRes QEWip STeSENtiMEIoTR s ent
invention. Finally, appropriate sterilizing steps may be perforned as

desi red. Havi ng now generally described the invention, the sane
may be nore readily understood throughihe followi ng reference to the
foll ow ng exanpl es. The exanples are offered for illustrative purposes

only, and are not intended to limt the scope of the present 25invention in
any way. Efforts have been nade to ensure accuracy with respect to nunbers
used (e.g., amounts, tenperatures, etc.), but some experinental error and
devi ation should, of course, be allowed for. EXAMVPLE 1 WO

P L S T S~ o e a8 a R Y



N. punctiforme genom ¢ DNA was purchased from ATCC (29133D) and the PAL
gene (ZP_00105927) was PCR-anplified fromprinmers 5 - 5
CACTGTCATATGAATATAACATCTCTACAACAGAACAT-3" (SEQ ID NO 12) and 5' -

GACAGT %‘g CCTTGACI 1 1" AAGCTCGAAAAAATATG 3' ‘Mgﬂ The
resul ting gﬁuct was digested with Ndel and NoII gﬁt 636@ kb

f ragment, d into pET-28a( nd 30a(+ en . NNHi s
t agged ke y@ﬁ"t’tﬁggé ors F%%Bré’ \7’5] &‘“i](f)‘gcs ’{?g‘s}%ﬁof’é ?,tb*}sl @?e%@? aﬁ‘ﬁf‘@ﬁas ed
from ALGEshet8a:tidhs (g@@@@m} SonbddatnRSn axtufed,ab 8tk o @gRMIncB b IbiiCasthE gene

(YP_324488) was arrp ied by SCE-PCR to,renove an Nhel site. Prinmer 1
(5' - CACTOFOETABERT IY\ cﬂmemé&@@sywmcl@rme as/hrongly primer 2
(5 - CoeATIAE AR GBI TAT A AT R éls%g(\!xgﬁcﬁo@@ D

NO 15) were used to arrpilfy nucl eot i dés 1-1190 and pri ner
mmmmampmmmmmmmq | 1CC-3") (SEQ | D NO 16) and
primer 4 (5% CACTGIGCGGECCGCTTAATGCAAGCAGGGTAAGATATCTTG 3') (SEQ ID NGO 17)
were used to aanASfl?emﬂlém°aéd0&l1‘ifzﬁr 1W&H%’GS@CQWW @r%)ml-‘élds, wer e

¢ aoul 1y "B s PN sbt 700 hiass b ARIB Rt i aFel Pl (s

t hen digeypentl,wigt, pdlptde. Sﬁhk arlaldgzueh of deayreves meaﬁaeluogs@nmﬂ ofmbo»npﬁfal@Sa( +)

and pET- rial Str n nd |,tur. Condltlons E. coli
BL21( lef? ?%““ %%t" %S‘h“eseTglt\Rgmé% ° IR @ EIOPTakaRra) 25 and
conet dmcﬁtgzxim@la&)mﬁeoﬁemallmmm mmpm eslwlau ab henutafle laecdmﬁgmdm(a Sanbr ook
and Russe] | % | ar , Cl onin A, Labora{ory Manual , .3rd EditiQ

Spring TR QRS L Tivastiey may aish §° campRied oberp1gne PIHEGETcol | s
ver e t rpRghef MRfrewdhdl, BEmaB codﬁﬁﬁ’ﬁbn—?éﬁldﬁ WhtbiihRekeh Berdeediwd & Mdkh 50 no/ L
kananmycin and 20 ng/L chl oranpheni col ‘overni ght at 37C. Twenty mlliliters
of thi AR pcid Eesigies seeded into | L of LB mediumwith 30 kananycin,

chl oranpheni col, and 500 ng/L L-arabinose and grown at 37C. At an OD6000f
0.6, the cul t ur e ThaErehieffp@resmouse means adoseayiliien te produed 2 desiedas

oo B3 MATI MR 8 16y 0 By Rt

BL21( DEQ)epi@yls@ repilt may Smipaiss g ewlzifotive oe objective improvementti thavBipienind tieul t ur ed

i denti cal ’ i, nduct.i @n

Spur | £ 10880 I garsaly s ystabfou Rl 3015 Bt 06 o o pEECME € e 1 1 uge
in a bemmchwbdpm@ndettilkfetlg*ﬁ:xaibﬂsct(dﬁﬂwgl&f oAnalﬁpr@prtmi ‘effcativdttahustipannat ant

di scarded. . . The cel| pellets ety n at -70C prior to further
pr ocess‘f‘%&‘.du%ﬁ(??? PR em‘c“??gebé’eqnle 08 ‘B’t"gsﬂgr"bt ﬁgb’é‘ﬁ‘ééﬁu CXRPFoxi mat el y
80 20pt im@ltatibansity units (600 nm in TBS (25 rnM Tris, 150 i nM NaCl, pH
7.8). The cells were 10l ysed by two passes through an APV pressure

honpgeni zer at 12Trh4m%9' Bfets to PRépheTadte ntaisaiter WRsapei®r@atmlreat ed at 55C
for 2 hgurs. The % sate is centrifuged at 10,000 g for 30 m nutes and the

super ndteERpsticdtes and filtered with a 0.2 p.mvacuumfilter (Coning).
The PAL was purified fr&gﬂhe clarified |ysate hy passage sequentially over

a butyl 650M col dnPrePRyEsHe I':‘F“’égﬁ‘i’rér‘r“c?égﬁa“&% agmipi¥tpredEep SY esh Wiy etsurm

(Bi oRa t I bot h SDS
PAGE agl}j)t ?%{i/‘gtr %gnsglﬁgs&;gﬁ%L%%%N%ﬂ mjas{%i‘ar a{ |hgx)ﬁ}gfo g)JPOefE;H)‘)I"IE]{étet eaé) %‘S\L Vari ants
Pr @fei miskefgevglaping madméegyt dihe sampewsis @Ddﬂrﬁmm iof the inventipn mepbegbenet hods

5 0ty g8 s o B S i bl

cat al odhe seerdity wathegpaPBigyi fidevedepeldot h the | i near PEG succi ni mi dyl

succi nates (nPEG SPA, MN5 kDa or MN 20 kDa) and the branched PEG

hydr osucci ni m deg Ghﬁ?&@ﬁNH&aammllsam&tladﬁauﬂcrewmﬁxwa&aw)vho\aﬂﬁbiks are
both ca met hox I and..avail abl e from Nel ctar
Ther ape%t?ls pe’?lgﬁ gyaftgf g’%rﬁuﬁ’a?ﬁ% d"g’fm 1§ %ﬁ%’éﬂd&?ﬁ?ﬂﬂ%& S1¥PdPeins s
nof3fal Isymp@qm r'IéeI s{gh(eom}'ﬂmmsl:mh& be biockkimical, ceBulan ¢istolegicCaRatidaap Pol ymers
12:196-2 ect 199 %%t Lg%l ation condi &]ﬁons are determ ned using

di f f er SRUFAFi%O8VST AL ?’E@‘E‘E’ Fﬁbc‘?“ﬁ?%teéé’g ARVeRHen Ay B 81VSE PY2 of protein
al ong \l\hdrﬁpehﬁaﬁtréuﬂ!ﬁibﬁror(ﬁ(ﬁrdla}@bﬁles per protein nononer), different pHs,
different buffers,
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30various tenperatures and-incubation tinmes. H gh PAL protein: PEG
derivatization ratios are necessary since native PAL has a | arge nunber of
| ysines (29 and 18 per Rhodosporidiumtorul oides (Rt) and Anabaena

vari abi | i.g,q( oner, respectively) and because un-
0051 15570 n 006661 modi 1 ed PAL di spl ays im‘r’ﬁ%ﬁgé‘%’g’t"?ﬁx??lty upon

repeated injectiqn.in mge and,since naked (wld-t ) PAL.is quickly

i nactivated upon @%We@@sdpw&%%g’fe Wﬁéﬂe F’%W}lef‘gﬁeqa%h%l%re st opped by
freezi R@ndtion. 20fagnédiid nidiRdS AIFRk aSthWir kpechRitg Al Yaadiviy. SDSeRARicuMALDI TOF
mass spect ro_scopx, activity assessnment, proteoglytic sensitivity, and

i nmunordéagapstis esihodmay Bet rreyvidkt definitjve dirgapes s panditigngitispitigeret Hesessnent |

and in QOGS nbMdE SRR RiRGSioH Mk 30k ffldibgHasis! €actions are dial yzed agai nst
pH 8.5, 0. OSPM pot assi um phosphate buffer”overnight at 4Cwith stirring

usi gg Tube- O Di al : Yol -t el entration is
det gr m ned usi ng ?@%?&S%?gﬁﬁ%ng?ﬁ%st@%%e&%gwfﬁ[ﬁ#g?@g%}, PAL activity

nmeasur erameaseyiidal ugen peydcd primal, doeludinirimeans iazé tammplPRCPhmiacaticaled PAL
sanpl e Lt ] Ik i . i.bed.
S G A A s G
t he nosbmpriessiagihagnpegjdaly eckeptableapmiat.i 4 pbamaticelaticelscongiomgion he PKU nouse
nodel . Characterizati an Protein c ncef\nt rat i‘ﬁ‘? t{f@ﬁﬁher.mérped ﬁSi ﬁ%) t he PAL
ext i nctPENRBET 1 CIERTHPR UG Ie BPU5 mEgedentisy, BT REBAISRNd AvPAL,

r esipec tthatehakl upttheXBeriddashwdll sdcny paduéd vidclpreatial dircaypt aglinal;, fem pegyl at ed
protein sappl.es the concentration is calculated using the NI Protein Assay
( GenoTEERREIREHT CoOMpieationgrfggseaion st anp MR IEoTR 4T s IRBRYFHS M5 A8} ot ei n

cont amdaaBtigtid FonBoBhord SHRS inBreBichis! &t R BitF §p&Y Ar8dchofORGRIREKRASSON
determ nation. PEG PAL products are characterized with MALDI -TOF M5 to

det er nmioA@n¢ pemory of theplegregientpedeensilinaly) te hemmpetidisak omwaeiioryef thononer, as
wel |l a rs i US| [IVATS: . - : ive gel
anal yor R G Rbh SRy R bidh AR Rk Lo B e BBt 12 D
| 0d$ ofthe preseatrimvientid®/Aind hphamtaceticalleapepttbly elayier. For PAL and PEG PAL

sanpl es, MALDI - TOF nass spectroscopic analysis requires the use of 0.5 M
urea or 0.025 M (JBlamnd¢autcal@lactaptabhpraove” saidre i 4nydifsleotardtiidon and t he

reproduygibil Lt i 25det ection, PAL tivit S . . The
oo acirr el iBe Bl R SElng spobiar g Pk e B A SRerob car y S0)
i Nt he % agtebessolmibe. of Teroae,tand iefnylsivhs,RAth ¥ dooiliwpbesyvatidii asuisishstrate is
assayed at roomtenperature (25 by. measuri.ng, the production of

e G D D58 OB PB A ol on BTG bRl REREE Al S99 19 ( Hodgi ns,
(1968) fobmdations Taicsmiban iRéd nRPhe@elcbiticaBSieEs, 1 DAt glgam ¢ acid at
290 run 1s.10.2381 liter Mlenfl. Reaction m xtures contain 22.5 n

pheny| dlugHsiee £o EertomiP3Di Ebampyaceiicalcarriesydeapessl upogrthesintanded modses

2008/ 133mhTfikfalioh's2 HRCHALHEH: P@ﬁ?&ﬁfﬁ&&‘é@% adlfiidiafiG] inCRaY &%eﬁ?%ﬁf”t ration is

0.0035 ng/ni, but for kinetic studies the enzynme concentrationhin the assay
i s adj @E3lber naeentavak (egh subputpeoust iInpgmoussriapdntranenous or intraperitongad jesttion;. 005 to

0,92 P61l Y BndS SR RSSRE BB, ML LA - 1) e

uni t of PA 1 ned as that anmount o
t r hs- shlbinamisalt Batcindefermulitedi ing acompanmt beo@iugtafoephamiAddatiEal4sdest of I n

vitro Hal,f«Life andl ogeni ci.ty. After biochepm cal characierization, the
st pr B BRI GRAR, ket phen S PR v AL B 1 vi 1y

agai nstamaninidbadirgmis anhimed by PKU mice injected with native PAL

(non-pegyl ated) using three different and conpl enentary techni ques (Western
bl ot, EL1SA, andBynpharpacaticglly @tépabld ) pharmacologically acEsab¥st entb! ot
anal ysi s P% n i.-serunil .frt)mm'ce jn%ﬂe t,eg)vvi_th native PAL) is used in a
Gl Tut § eSS WG 15 AG! SO REIGEN YOOI R RIS dreu M PER BB | r oat ed-
1580 ce ailmiridterad usAtintividuabwiind® calising ah 9 IndelH5b16 BRAIAL ¥rapd dbody, al kal i ne
phosphat ase- conj uPat ed goat anti-nouse 1gG (Pronega), is diluted to

1: 5, 00CPIEFAEHNEIN Grdefeleriony Mapprs oV itiamy §f thiscomponraatafithe composition in mhish it
(Promegigontaltt@. ELI SA test is performed using Nunc/ | nmmuno Maxi sorp pl ates
(Nal ge Nunc International) follow ng standard procedures using 1 ng/nL of
PAL in PBS and bl ocking with PBS, 0.05% Tween-20, 2% BSA. The nouse
antisera (from 20 native PAL exposed mice) is diluted 1:10,000 in EB bl ock
solution (PBS, 0.05% Tween-20, 2% BSAB2-and a HRP-goat anti-nouse 1gGis
used as secondary antibody with TMB used for detection at 450 nit

| mmunoprecipitation is used to test for PAL antibody binding. Protein
sanpl es (PAL or pegylated.PAL) are incubated in | 1BS buffer (Tris buffered
saline with 25 0.1% Tween) and PAL activity is neasured before adding the
anti body sanple. Each sanple is incubated with 8-fold excess of positive



(50% vLv) is added in excess, taking into account the nmouse |1gG binding
capacity of the beads, and the sanples are incubated again at 4C overni ght
with rotation. Supernatants are 30 recovered by centrifugation and the PAL
activity npl e is assayed on the supernatant pellets
are not d‘?@&g‘?&?g%?@so that further analysis by Wster ?cgﬁ%?oog/gﬁegge

performed. To confirmthat antibody-bead binding has occyrred, Western bl ot
s Used to W0 20b6ITBPHbRERUBEON R SIS IR D A FSGERSon t he

beads. sBRaMSasibfthryNRY& D @R MukRE Qﬂ@ﬁzﬁﬂxabéhbﬁ@ﬂt &dch WERELMMnAllaer the PAL
bi ndi ng step are washed several tines wt TTBS and TBS buffers. Fol | ow ng

t hese mrefstesminghannoef componry eroniigat of Hgdaesentgnygntiop saladalgdén #he sanpl es
are heate i S20P ;R m% : West ern bl ot
usi ng %&%ﬁ%&ﬁr@ﬁg@%&%@%ﬁ antsl S %%Eaﬁghggglr ant | %‘%ggp%klyndi ng have
cor Bes poteagtably diluent, earfyorivehitiee Tpe bpesifedtidsdor the acvdl unk desigd firmstofd by

West er nd hi r,acti.viti [ ining.i.n th e tant as
conpar g%eb érgéeﬁg F?/nggg\rg? ?r%ngiq)%iﬁée ﬁiui%\rhﬁggﬁgoﬁ?;%ﬁgzﬁxgﬁfgeﬁupgoﬁ %ij o%{&%bi ndi ng.
EXAMPL Effectlid be a¢chiofed Rndtteasiarnbandytdmitd sssdiasdail easppnpgusd oidi es on nati ve

PAL fromR tt Orf#ggi des have indicated primary sites of proteolytic
sensi t iSHFEE 8" of such sites may reduce or elininate proteol ytic

sensitivity and gontribyte to, the devel nt, of, an effective PKU enzynme
Substitute. Howeber PRERIIEALBHEAT 8f Db e SrTSuOEisR Tares SoPSATLe Pobe 1 1 vi ty
ey or ekl fankdoflaprokhaey Tt 1018, Oinclusios, ridre e}?&m& iRfHeiride)of approximately ~ After
protein engineering has created inproved PAL (and PEG PAL) nutants that
retain ‘et A glusi¥er eening for protease resistance using incubation with a
trypsini chynotrypsin protease cocktail , followed by nonitoring for
retention of act AFiUESE epsin, thitron “sibiectir exenpIssesirapegisced npr-stagmele| eavage
(Via PAGEGRL orfidiShsholhd, BPal A6t 1rfiad) A5 Md-lid 8 1R thlifmihanks W th
appropriate in vitro properties to be used for In vivo testing.

Pr ot eolhpmiaps, serrbiunin priveates sush aa chiswewages ondh gthenangb and wrnkdytspeaeyp fastmease

cogGkt ai l . ' | nt.est. [ Lon and tains 2.3 nM
Cryps: b EheRRPERE BBLES shotB. bt SR ool AR b S R3S

car box\apé psts:datseatBry dAirodle alcliing rbdstd, sgphvas Irats,inmve knvbpenaypigd, kied thacubat i ons,
addi ng proteases to the PAL solutions, to.2bdeterm,n he r.ee of

pr ot eaé@‘e‘s Eﬁ%?@?%?f%?%?m‘?‘ﬁ “&ﬁl‘fd%’eﬁ'gﬁfe 'E?Mﬁeﬁtt% gr‘rid%%{sé’ %‘Qﬂﬁ%ﬂ&"x aﬁiened
(nat i veaer do¥s hédende atpattltular ke @genddrhout pegyl ation or ot her chemi cal

nodi fication), including tinme courses of activity retention and stability

retention after pf@irRasemBodIMentE ahe ReStaao6br BAL Wihddlis dSbribaaSH
sp %tro%tric mappi.ng_experinments wll be used to determne the | ocation of
anyOpr GFlEEeats 10 SHLIatip DEPALTES PRIAGHEAk: ATusey herein, ad ugess giepwe  30Tech.

9(3) . 5iddicdidd BR)rdtio JHPHL: PEOPIMGs IPBY ki o) dinedSsil iRV LANPAL Q2881 S M ne
primary sites of protease susceptibility (such as the two primary sites

al r eadyBhi@pkerylpeig)the pagylatign reartionrdimilarles Regdiensn 2ré PUFsBho08€006661
sensi t i:vis } . ‘ . i I oy : r

it at | o el e TR R P AT, U R bR R

ar chi t élest Rivle varienivRhepezyitonesagtiomn of PEGy| at ed NpPAL and AvPAL

I n general, PEGylation for both NpPAL and AvPAL involves m xing the protein
wi 2h SUNBRI GHT ME- 200HS 20 | cDa NHS-activated PEG (NOF). Protocol for

PEGyl ati on, standard "HC' net hod using NHS-activated 20 kDa |i near PEG
101) Th. pr oSERvC - pAsED PROgEIN BrciNgEBRINGesence of endot oxi n. A
protein solution (0.1 nm) was diluted in 0.9 m fresh MQ water and tested
wi t h a hand- hel dNGmardue meRiode aredppan dtrysot¢raeBESing wingamtmiabxi n at the 0.5

EU m NSt Ll Vit evel ., | f endot oxin r eat t han 0 . then
ondot opPH ko tafed BRutiyioh oo S el Ry et b Bl & ot by

St er ogdbed. EtibBisle3l R): 9@ 0RO Nsfatsitalh\es HEMTrE Diskbe M @iap By Rapine

puthfi L,on.. Reduction was |jmted hut sufficiently useful by passage over
DEA waiﬁeﬁé’ﬂs HeEPIRRF .né.(’% C&Bﬂ%%%'frf:%‘f%ﬁadaﬁqd IFELPIOS® hange of

pr ot ei 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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The protein was concentrated to greater than 25 ng/nml but | ess than or
equal to 75 ng/mM and buffer exchanged to 50 MM KPO4, pH 8.5. If a spin
filter was used to 20prepare this concentration, the filter was first

tested f%o%ﬁb@%&:ﬁ?en by spinning at reduced speed andP[CIr ztﬁx%&@srpm 3

m nutes) Wt r alone, then testi ng the ret a| ned bu or "endot oxi n

in the sanme way .a te| i.n st The buyffer tch record/reC|pe
f or 50‘%@@9@4’”3@ 35’ ?PEEPW‘?%!?F%?"“?@S‘ e‘imﬁ SHoSELF um phosphat e

di basi iddéARdiRitg/ duchiim &Zéxsfmn rofth faadRmSyUBnEa SveapRaBasi C
(0. 17013 g/gzjvgoft)g 25c Thg soIFutlon 25was f||tetr3§dmf}%roﬁgh a 0.2 4rn

filter vamahtseaglead t&t‘ﬁ@dﬁ?‘@@ﬁ&r‘&@‘ﬁ?@ app el wiEp cad therrsytin RRRIGEHOMRas sl owl y
fil tefgﬂﬂ&é %ﬂaﬁhézm}ﬂbc %932(91)%?@% Bobt); &rsma,a&wcm&mé\ 1#pmsle diluted

and bl sterl .5 was neasured a to déterm ne
pr of ei #2EHv6nHayas, eos., Prclr:el\lgkﬁpadﬁmwﬁc%ﬁ) kﬁ%ﬁﬂSWeals(?OOEBVmgﬁ, eNgRAL and

75 1 S0 AEAL i o FEQU. 4 0 AR BC. A ROk s APBR ppTRbl st o ed ot

-80vaas varmed to ‘r'oom was ad Gto
r esuspéradshyWeits; erendi, BepedfathmoadrienTUS Akl S)an 7-Shak{19§7) Whtks, oG,

200811 3776P 0 0 rd in hand to ensure all |arge chunks wer e
suspen ‘gislgﬁﬁ &ggqéﬁﬁ d to the well-suspended PEG solution within
one nlnute of having first wetted the PEG and m xed by very gentle
inversion Tubes wr apped in alumnumfoil were placed on the axis of a

rOﬁker rroc d ver &e y at roomtenperature for 3 hours. The tubes
g il ed THE %“'p 5and sterile filtered. The suspensions wer e

either fornul ate m’red atel r storgfil AC unti | 2& r fornul ati on.
4) Fornul ati on Th ‘%‘P’i‘s(’) W&Fe? ‘?ﬁ‘%) @ﬁ’*"é‘&% @BR€i sted of water
( Q5 t 0 dbtekmhined idigg B?@ecrﬁfs?cal%gi’d}ﬂxy ﬁrueswstrl,%o(ekﬁls& HoMotetaRir, SAMH dabh chl or i de;

the buffer solutjon was 10filtered throug 2 umfilter and stored at
room t SMPEFAE eanaistingef fﬁﬁﬂhéﬁlp@d}el}ﬁ?sdﬁdWé%d“élﬁib}eééioefawt@%ﬁg@rﬁqﬂﬁﬁl f1 ow

IN: 't b gtg bt 3G, 3bAginGan iy YAl F8mbiTRd a%mzhp@ﬁémﬁﬁa] MoM@invavh S8akidy36 g | Ot S)

regenerat ed celTul ose nenmbrane. The sol ution Wwas fl ushed
wi 1A MBsswompnasputidahisadipe ammenizadgasisirpgivne (Had a Sphwetlseet 9| Biockhamikns

por moatSOE Hot i Ryt el it B ARl OlbmblPrlépal 0P

was bufp’r@rudes&dnarﬂ@dbyf fhie ighct déttanter rr@lemuheh TﬁBSI»wppmbdins’aISedeyld@esfam d and

returning .t.o, ori.gi nal east fo t.i nes. SS- typically
|80 2060 R et 18 SRt or TR moBRma it 96 65 TR SR B OABE T | er b
E) hr Ougmﬂtﬁfﬁnghﬁiooﬁh%lp?m&m rodidien d09-033 AnO5RB53estalisaddedd @it er hdl | uting
. Wt steri otOX|n vvas r r than 1
EU/JZHL LA P L AR SLEE: %%ﬁ%ﬁé@éﬁg RPPOGERS A, eRaPandF and
steri | @ ARRGtAAde Twinitir X0kay WfhrddRF RhSEAbOG LM Miuidiesad, Rhatssh at - 70C
until ready for in vivo studies. 25EXAMPLE 7 Effect of Nostoc punctiforne

PAL ( Nﬁmwln%éﬁnag warpriynagatrnd Y jon epfitiontpreg Wy onystedization process, The
obj ect iy efonltdhs ofs. P@%ﬂ&%&ﬁg&ﬁ@%@% Pk%ﬁﬂﬁsﬁoap@g% g@'@d’l’é gse({g%f) | evel s

fol | owi ng subcut aneous t1ons of NpPAL 30The
ef f ect Siegherpisiry 43(3¢p:il h‘eO3nlﬂt4éﬁl(2®9])KThAL0Wnr@M Wao dospotalligation tmﬁrhhb oi des and

1022 oP o0 88 B s O T i AL e SR e s Bfligs ety s I

pegyl amedleﬂ‘bterm(nai zfegiaAt) 2R heNOEiliytto domalsgucusly asgigh ndiditid¢habelbdtfon. to 3.0
1U/ ni; 3) _vehi te zygous ENU2 m ce (al so known as
BTBr u2)de d%% e)s T‘%A@I%ggﬁ ?}Ww*ga%‘ﬁﬁ to have inproved activity
relative to wil dgﬁ%gﬁ%n et bPlefE shitbture Tsing DALE G150/ dl, §Mo"®! ' X

spanni ng Asp86 t
Biol, 233:123-138 (1993)) in this family of tetrameric enzymes that catalyze the elimination

30 of various groups from carboxylic acids, including the ammonia-lyases (PAL, HAL, and
aspartate ammonia-lyase (AAL)), fumarase, and arginosuccinate lyase (Schwede, ef al.,

Biochemistry 38(17):5355-5361 (1999)). In addition, the §-crystallin avian eye lens protein
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5 the surface of the protein. Al solutions had less than 1.0 EU nL _
endotoxin and were stored at -75-80C. The ENU2 or BTBRalla nouse is
honbzygous nutant at the phenyl al ani ne hydroxyl ase gene (PAH) | ocus
resulting_in an _animal w th severe hyperphenyl al anem a._The hi gﬁg? pl asma

phenyl al afCrf8%(BHdS | evel s make this ani mal the approgii4t23"AEYEM" £ or
eval uating the ability of phenyl al ani ne amoni a-| yase (PAL) to reduce

pl asna hehesimilgr foldwitiing peEnzyaitiy formati|this sructyral fampy £§ E.h€and Dose
Level S ( g%gﬁg iz Admnistered Dose Level (DJ/nouse) Test Article Activity
(I1WrnL se'{'/ol ume (m) 1 2 ROIK 1.0 3.0 0.33 2 2 RAIK 1: 3 PAL: PEG NOF

1.03.00.33 3 STHQ%-&n%nQo@aI 9(-13’1? structures of HAL from P, putida (Réther, ef al,,
Eur, J. Biochem. 268:6011-6019 (2001); Schwede, et a/., Biochemistry 27:5355-5361 (1999),
5 and more recently of PAL from Rhodosporidium toruloides (Calabrese, ef al., Biochemistry

43:11403-11416 (2004)), revealed the active site residues of these tetrameric enzymes that
are important for substrate binding, catalysis and MIO formation. All active site residues in
HAL are present in EncP except for H83 and E414, which are replaced with valine and
glutamine residues, respectively (Xiang, L., et @/, 1. Biol. Chem. 277:32505-3250924

10 (2002)). H83 in HAL is proposed to bind and orientate the imidazole moiety of L-histidine at
the active site and to stabilize an enzyme-bound cationic intermediate, whereas the

carboxylate group of E414 may act as a base in catalysis.

The high-resolution three-dimensional protein crystal structure of PAL may be

used in methods involving protein engineering to improve the biochemical and biophysical

15  properties of PAL, and to increase the in vivo therapeutic effectiveness of PAL. In addition,
the structure provides information regarding which regions of the structure are the most
flexible (to remove and generate a more compact and stable form of PAL), which residues are
located near the active site (to mutate in order to enhance activity and/or minimize the size of
the protein as well as to provide information for structure-based inhibitor design), and which

20 surface locations are close to immunogenic (e.g. linear epitopes identified in mapping
studies) and/or proteolytic sensitive sites (from protease mapping studies), allowing for the
introduction of site-specific mutants for direct disruption of problem sites or, alternatively,
for surface pegylation or other chemical derivatization to protect sensitive sites present in
native PAL.

25
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

30 GETAREA calculates surface-exposure for amino acid residues based upon X-ray
crystallographic coordinates,
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4 5 npPAL 0.4 1.2 0.33 5 5 npPAL 0.6 1.8 0.33 6 5.npPAL 1.0 3.0 0.33
npPAL 1:3 PAL: PEG NOF 0.2 0.46 0.43 8 5 npPAL 1: 3 PAL: PEG NOF 0.4 0.92 0.43
WO 2008/153776 PCT/US2008/006661

The high-resolution three-dimensional crystal structure can further be used in
in-silico methods to design ligands for the active site of the enzyme. For example,
commercially available software programs for docking and designing structure-based small-
molecules can be used to design PAL inhibitors (Billett, e al., Biochim Biophys Acta

5 524(1):219-230 (1978); Janas, et al., Acta Biochim Pol, 32(2):131-143 (1985); Zon, et al.,
Phytochemistry §9(1): 9-21 (2002); Alunni, et al., Arch Biochem Biophys. 412(2);170-175
(2003)).

Struciure-based PAL Engineering

The elucidation of a reliable three-dimensional structure or structural model
10 for a specific macromolecule permits rational design to become a productive method for
optimization of specific structure and/or function of said macromolecule (Penning, ef al.,
Chem Rev. 101(10): 3027-3046 (2001)). Optimization approaches include but are not limited
to re-engineering of coenzyme specificity (Bocanegra, et al., Biochemistry 32(11):2737-2740
(1993)), improvement of protein stabilities (Malakauskas, er al., Nat Struct Biol. 5(6): 470-
15 475 (1998); Jiang, et al., Protein Sci. 10(7):1454-1465 (2001); Luo, Protein Sci. 11(5):1218-
1226 (2002); Filikov, ef al., Protein Sci. 11(6):1452-1461 (2002); O’Fagain, Enz Microb
Technol. 33:137-149 (2003); Cammett, ef al., ] Mol Biol. 327(1):285-297 (2003)), redesign
of substrate specificities (Hedstrom, et al., Science 255(5049):1249-1253 (1992); Failla, ef
al., Fold Des. 1(1):35-42 (1996); Malashkevich, ef al., Nat Struct Biol, 2(7):548-553 (1995);
20 Wilks, ef al., Biochemistry 31(34):7802-7806 (1992); Feil, e al., Protein Eng. 10(3):255-262
(1997); Whittle, ef al., J Biol Chem. 276(24):21500-21505 (2001)), alteration of ligand or
receptor binding specificities ((;umﬁngham, et al., Proc Natl Acad Sci USA 88(8):3407-3411
(1991); Reddy, ef al., Nat Biotechnol. 14(13):1696-1699 (1996); Doyle, et al., Curr Opin
Chem Biol. 4(1):60-63 (2000)), and re-engineering of biological activities (Chen, ef al., Proc.
25 Natl. Acad. Sci. USA 90(12): 5618-5622 (1993); Sarkar, ef al., Nat Biotechnol. 20:908-913
(2002); Blatt, ef al., J Interferon Cytokine Res. 16(7):489-499 (1996)).

Structure-based engineering can be used to generate PAL variants including
rational mutants such as truncations, deletions, insertions, splice variants, point mutations,
substitutions, chimeras, loop re-engineered mutants, loop swapping mutants, surface

30 veneering mutants, as well as stochastically-derived mutanis (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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| MYNOY&aRicEuré-684R20 @§ﬁbml'i&ﬁﬁleé}@ﬁ@emf’é5©ﬂm’® kU prote dARSAnRLbEGWA ement  for
NpPAL tzr?eti?cﬁis) The SCOPE method is based on a semi-rational protein engineering approach that
uses protein structure information coupled with DNA manipulation techniques to design and
create multiple crossover protein variant libraries from non-homologous genes (O'Maille, et
al., ] Mol Biol. 321(4):677-691 (2002)). In PDA, a computational pre-screening of
20  mutational space allows the inclusion of only mutations compatible with a specific protein
fold, thus reducing the number of sequence variants to a size amenable to experimental
screening {U.S. Patent No, 6,403,312; Dahiyat, et al., Proc Natl Acad Sci USA 94(19):10172-
10177 (1997); Dahiyat, et al., Protein Sci. 6(6):1333-1337 (1997); Hayes, et al., Proc Natl
Acad Sci USA 99(25):15926-15931 (2002) Orcnc:a, et al., Nature Struct Biol, 8:238-242

25  (2001).

A large number of examples exist where the use of directed evolution (with
coupling to an effective selection or screening protocol) has led to improved catalytic
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

30  function (Vasserot, ef al., Drug Discovery Today 8(3):118-126 (2003)). For example,
suceessful mutants have been obtained using directed evolution and other “random”
mutagenesis methods on a numbcr of different proteins (Triose-phosphate isomerase,
Hermes, er al., Proc Natl Acad Sci USA 87(2):696-700 (1990); Beta-lactamase, Stemmer,
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| evel s delorlfRatiorkpaitvayn Cainture e 420 dat BRnehndll 15(3306€p8 T/ )Article Activity
(1 % m_)Cegﬁaﬁgsp\({gilnysge Cr mé)i, e'?%f:[ ﬁat%%%l?ﬁrﬁ%%jf&gygl (:?998); various proteins, Shao,
et al., Curr Opin Struct Biol 6(4):513-518 (1996), various proteins, Skandalis, ef af,, Chem
Biol 4:889-898 (1997); Subtilisin, Cunningham, ef al,, Protein Eng, 1(4):319-325 (1987);
Nitrilase, DeSantis, ef al., ] Am Chem Soc. 125(38):11476-11477 (2003); Alpha-aspartyl
dipeptidase, Kong, ef al., Biochem Biophys Res Comumun. 289(1):137-142 (2001); Aspartate
15  aminotransferase, Rothman, ef al., Protein Science 13(3):763-772 (2004); L-aspartase, Wang,
et al., Biochem Biophys Res Commun. 276(1):346-349 (2600); and lactate dehydrogenase,
Wilks, et al., Biochemistry 3 1(34):7802-7806 (1992).

These studies have repeatedly demonstrated the utility of applying “random™

mutagenesis techniques to the development of improved enzyme variants with increased

20 stability, activity, and resistance to degradative pathways. Structural analysis of evolved
protein clones leads to insight on the molecular changes that are involved with the improved
physical and chemical properties that are obtained (Orencia, et al., in Advances in Protein
Chemistry: Evolutionary protein design, F.H. Amold, Editor, Academic Press: San Diego, pp.
227-259 (2001)). The rewards to be gained with directed evolution techniques are especially

25 evident in light of the repeated occurrence of beneficial mutations that involve non-active site
residues, with some sites of mutation located over 15-20 A from enzyme active site regions
having beneficial effects (Oue, ef 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

30 of PAL to be used in industrial applications or, alternatively, for enzyme substitution therapy,
e.g., for PKU. |

E. Mopiriep PAL

.38.



Vehicle 0 0 0.33 SC Days 1, 4, 8 2 5 avPAL 0.2 0.6 0.33 3 5 avPAL 1.0 3.0
0. 33 4 5 avPAL PEG 0.2 0.6 0.33 5 6 avPAL PEG 1.0

WO 2008/153776 PCT/US2008/006661

Previous experiments have described modified forms of PAL, such as PAL
mutants (Schuster, e al., FEBS Lett. 349(2):252-254 (1994); Schuster, ef al., Proc Natl Acad
Sci USA 92(18):8433-8437 (1995); Langer, ef al., Biochemistry 36:10867-10871 (1997); El-
Batal, er al., Acta Microbiol Pol. 49(1):51-61 (2000); Rother, er al., Eur. J. Biochem.
5 269:3065-3075 (2002)) and HAL mutants (Taylor, er al., I. Biol. Chem. 269(44):27473-
27477 (1994); Baedeker, et al.,, Eur, J. Biochem. 269(6):1790-1797 (2002)).

Optimization of PAL Kinetics — Prokaryotic Mutanis with Enhanced Catalytic Activity

The biologically active sites of wild-type PAL according to the invention may

be modified as desired to optimize PAL kinetic characteristics. Km, the concentration of

10 substrate that gives half-maximal activity, is intimately associated with the therapeutic
efficacy of PAL in maintaining Phe levels within an acceptable range, i.e., 120 uM to 240
uM. Km is the affinity of the enzyme for the substrate. By controlling affinity, one can
limit or control the efficacy of any enzyme against substrate at different concentrations. For
example, if Km is 1000 pM (Rhodosporidium toruloides), the activity of the enzyme will be

15  reduced to about 12.5% at blood Phe levels of 240 pM and to about 3 % at blood Phe levels
of 60 pM. If Km is 240 pM, the activity of the enzyme will be reduced to about 50% at
blood Phe levels of 240 pM and to about 12 % at blood Phe levels of 60 pM. IfKm is 120
pM, the activity of the enzyme will be reduced to about 70% at blood Phe levels of 240 pM
and to about 35 % at blood Phe levels of 60 uM. Optimally, a therapeutic objective would be

20 to have an enzyme with sufficient activity to reduce but also maintain Phe within the optimal
range of about 120 pM to about 240 pM. An enzyme with a high Km (i.e., 1000 uM) will
lose activity rapidly as Phe levels drop to within normal range and will also require the
impractical administration of highly concentrated or large volumes of doses. On the other
hand, an enzyme with a very low Km may rapidly deplete Phe levels, which may be fatal for

25  hyperphenylanemias but may be useful in the management of cancer.

In some embodiments, the biologically active modified PAL has a keat of at
least about 0.1 s-1 or greater than about 0.5 s-1. In 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

30  about 1000 pM. 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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approaches), improving solution properties, removing antibody epitopes, introducing
chemical derivatization (such as pegylation), and/or identifying and removing MHC
25  agretopes. For an injected therapeutic, in vivo immunoreactivity can be addressed by
performing epitope mapping followed by rational mutagenesis to modify and/or otherwise
mutate these sites of immunogenicity, alone and in combination with site-specific pegylation
(Hershfield, ef al, Proc. Natl. Acad. Sci. USA 88:7185-7189 (1991); Leong, ef al., Cytokine
16(3):106-119 (2001); Lee, ef al., Pharm. Res. 20(5):818-825 (2003)) or other chemical
30  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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O 2008/153776 PCT/US2008/006661
is used for activity measurement). A second method of improvement, protein engineering
coupled to ELISA screening, can also be used to identify mutants with reduced
immunoreactivity. Another method introduces point mutations for additional surface Lys
sites for pegylation derivatization, a method shown to reduce immunogenicity with the test
5  enzyme purine nucleoside phosphorylase (Hershfield, e al. (1991) ibid). An alternative

pathway uses mutation of residues located in protein epitope regions to remove immunogenic
sites (Yeung, ef al., J Immunol. 172(11):6658-6665 (2004)). In an approach that is analogous
to antibody humanization, homologous loop regions and/or residues from human antibodies

are substituted into the corresponding loop regions of a homologous protein,

10 Improving solution properties of proteins may increase specific enzyme
activity andfor reduce immunogenicity. One solution property typical of bacterially
expressed recombinant proteins is the formation of protein aggregates due, for example, to
inter-chain disulfide bind formation, hydrophobic interactions and/or divalent cations (Chi, et
al., Pharm Res 20(9):1325-1336 (2003)). Aggregation of recombinantly expressed proteing

15  can enhance the immune response (Hermeling, ef al., Pharm Res 21{6):897-903 (2994);
Schllekens, Nephrol Dial Transplant 20(suppl 6):vi3-9 (2005)). One method of improvement
involves substituting surface cysteine residues with other amino acid residues (e.g., serine) to
minimize the possibility of formation of inter-chain disulfide bonds. For example,
substitution of two surface cysteine residues with serine residues reduced the aggregation of

20  chorismate lyase with minor effects on enzyme activity (Holden, et al., Biochim Biophys

| Acta 1594(1):160-167 (2002)). '

Removal of protein therapeutic proteolytic processing sites can also provide a
reduction in immunogenicity by preventing proteasomal processing, thereby preventing
clipping and processing into peptide fragments for antigen presenting cell binding. A similar

25 phenomenon has been observed in the alteration of flanking regions for class [l MHC
determinants, preventing display to autoreactive T cells (Maverakis, er /., Proc Natl Acad
Sci, USA 100(9):5342-5347 (2003)).

Epitope Mapping

Protein therapeutic epitopes can be calculated using a number of algorithms or
30 experimentally determined with in 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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antigenicity, based on the amphipathicity and other conformational parameters of calculated
surface protein regions. Alternatively, agretopes in a protein sequence can be located based
on computer-modeled predictions of potential HLA binding (Robinson, et al., Nucleic Acids
Res. 31(1):311-314 (2003); De Groot, et al., Novartis Found. Symp. 254:57-72 (2003)). In
addition, epitopes can be identified using in vifro biochemical (Tangri, ef al., Curr, Med,
Chem. 9(24):2191-2199 (2002)) and in vitro cell-based methods (Stickler, er al., J
Immunother. 23(6):654-660 (2000); Stickler, et al., ] Immuno! Methods 281(1-2):95.108
(2003)). For protein engineering, the relative reduction in immunogenicity can be monitored
using assays similar to the in vitro cell-based assay of Stickler, ef al. (Toxicol Sci. 77(2):280-
289 (2004)).

Pepscan analysis (epitope mapping) involves use of a library of overlapping
peptides covering surface regions of the enzyme sequence and probing with rabbit polyclonal
antibodies raised against overlapping peptides covering the entire enzyme protein sequence,
and thereby revealing linear epitopes present in the enzyme. Based on the three-dimensional
structure of the enzyme, the experimentally identified sites of antigenicity are mutated by
either randomly mutating epitope region residues to remove the epitope recognition sites or
using site-specific mutation to introduce Lys or Cys residues on the surface near these epitope
sites to provide locations for pegylation to cover and protect these sites from immunogenic
recognition. ELISA screening of these potentially non-immunogenic enzyme mutants (or
pegylated forms of these enzyme mutants) provides ir vitro identification of subsets of

enzyme mutants that display decreased immunoreactivity.
Surface Residue Identification and Mutation

The surface-exposed residues in or near the immunogenic regions of the
enzyme can be identified. These locations will be a subset of the total number of solvent-
accessible surface locations present in the protein, dependent upon proximity to the surface as
well as proximity to regions of immunogenicity/antigenicity. The three-dimensional
structure of the protein, determined using X-ray crystallography, NMR, or homology
modeling, can be used in commercially available sofiware programs to calculate
macromolecule solvent-accessible surface area. The output provided using the program
GETAREA 1.1 (Fraczkiewicz, et al., . 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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similar programs calculate solvent-accessible surface area using continuum methods with a
parametric approach based on the Gauss-Bonnet theorem. PARAREA finds potential
intersection points in the Gauss-Bonnet path using all atom pairs in the neighbor list of each
atom, whereas GETAREA more efficiently calculates the solvent-exposed vertices using

5  intersection half-spaces defined by planes of two-sphere intersections.

In native PAL, GETAREA identified twelve surface-exposed Lys residues,
distributed throughout the tetrameric PAL protein surface, as well as one partially exposed
surface Cys residue (Cys140). These positions are directly available for pegylation
derivatization. Further, the three-dimensional structure of PAL can be used to identify

10 additional surface residues available for site-directed mutagenesis. These additional sites can
be mutated using standard protein engineering techniques to generate more favorable PAL
mutants with reduced immunogenicity, improved proteolytic resistance, and/or improved

stability/activity.

Strategies for mutation of the protein to provide protein mutants with
15 improved properties, such as reduced immunogenicity are known in the art, One popular
route mutates every non-alanine residue in an epitope to Ala, and mutates every alanine
residue in an epitope to Gly. Other methods remove charged and hydrophobic residues from
epitope regions, either by mutation or deletion. Additional mutation strategies introduce site-

specific mutations followed by site-specific chemical derivatization.

20 Truncations can also be used for the production of protein improvements.
Bioinformatics analysis of PAL relative to histidine ammonia-lyase (HAL) has suggested
truncation mutants (residues 23-716 and 1-564). In addition, analysis of the PAL 3-D
structure provides an alternative region for truncation, based on the absence of a C-terminal
domain region in the structure of the highly homologous HAL protein. C-terminal domain

25  deletion mutants, including mutants where the corresponding loop region from HAL is fused
into the PAL sequence to substitute for the C-terminal domain protruding region of the PAL
structure (calculated to have major epitope regions), form smaller, more robust, and predicted

less immunogenic variants of PAL.

In another method, protein engineering using rational mutagenesis in
30 combination with directed evolution can be used to obtain mutant forms of PAL. For
example, implementation of rational design along with experimential and combinatorial

design has improved the activity of compstatin (Morikis, ef al., Biochem. Soc. Trans.
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pr edet EMEAEH 4 o%’éen%i‘{lﬁ@é?&ill%@l*&ﬁdg&@hg the Test solution activity

(W) and the dose level (I U nouse). Dose adminjstration was perforned at
appr oxi mat el y t hiusaghforms HEIQ% %@ﬁplf&éﬁsMOHP%’PL%{W’G‘HU%I%‘S}’WM s were

obser V.@Qollq@d fo¥ a tgz'it?f RBh R il ﬁré’tei_n%@ir@éﬂiﬁgﬁm@tﬂgd SENRICRY ifidduld evbidtion, -

20particular, t njection site was observed for sjigns of redness or
edena. vbemjn ywingemsniiegeacsirdenis doflaned byacslegden Irewiuiflor mptanisdhigt ars 5, 12,
- o I i [Aas| j a death or
unschedt ngsﬁégéér{ﬁlggab%ﬁ%éﬁgﬁ}ug%ﬁg(w%ﬁ%l?sﬂ{igastg g%olng:gt 3‘1 1&%& gﬁgﬁy\/\/am?% ecorded at

t hat t iermmplagpa epecifatrabtgntFOQ @hdt vofhawh dbséeristl codirpduas acotfheclyside at WO

2008/ 153776PCT/ US2008/ 006661 each td e i nt,.(for.25 . and 25 uL
of ser ETOCErB AT TP ORI PPl FRERR iR at o BineitaR 00

aniigal svolihién &l dadneasginetasing dic ipdativemuneat enceldcang fvt tranifommdRSMyiBei enti fi c

G een-Top .Capillary Bl ood Col | ecti an, Tuhe 0.7, 725Q) . ,For serum

ol | oo ArBN) BrRSEH e B BRI 6o T B g PR Ak s PyBEs MBingo

sanpl egiNeIes S¢BER A Aital dafi€orh Bfutdidas IRERd ihéibhduBY kisuddat gfse Separ ation
by centrifugation into plasma/serumand stored at, -70 to -80C until

assess Aesre peiiviy dagach aphiviodonga dn agditien thedirested svelsten KaNgw fm for t he
determ i - &l i i : | owi ng
Gays. AR bRl ih DR AL ARG A AR e Syl kel @S | 20, 57
and 591 of diffeday pB%KindComderastizlpNaga 30E28&R 8 b( 1988 dindwiled 4. GWr@pinp |, 5,

9 and NLORI Sqy. ' [ : E?E . Ryl ng an
accur a’gcg’e&r g\%{i 'oﬁ?’)bgggﬁ Ogﬁ‘léeégj}és posﬁésgm%gﬁ%osgﬁ%g?% It o}%% dgfei mapa(;[#%t s showed
whet hellymse tameplaBhenesf ehesmast énumnyganiy rogibmesi Ao stth .a liendegueBcssthapl e was

of vital i,trq)ortance o.study inteqrity since it marks the tinme when the PD
ef f ect RRS! Ho8OEReS X&'ﬁd?fr%aeﬁ%g ns attenpted to date. A final 100 uf..,

bl ood sanpl e was | lected,. Results 15The.long:term.dosing stu shpwn in
I GURE. 7 Shove. o Bt PAEAH) BB pParar biarains e P pi B iitve, | &
t erowe el spi-tadidndl\WhpidadiePMNereBE @lownAdRL inokQtifeene lave] e prokinAieRifh Vari ant s

(Cysteine Miutants) 20Am no,acjd substitutiopns were made in the AvPAL
pol ypeﬁ?lﬁﬂ%ﬁtP@“Féé%@dawP%’a‘qu me fiss&wa{fés Pwvmfgrmqrwésmessed,

r ecombiiQanbs Ri@ticHad haniBhREE! for RAIE BYRIns @Pa protein structure identified using such
biased protein engineering approaches. For example, the PDA method generates
computationally pre-screened libraries of protein variants, allowing for more rapid

25  optimization of protein properties over pure random, or non-biased protein engineering
methods (U.S. Patent No. 6,403,312; Dahiyat, Cwrr Opin Biotechnol. 10(4):387-390 (1999);
Filikov, 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

30 non-homologous genes (O’Maille, er al., (2002) ibid). In a similar fashion, the method
developed by Voigt, ef 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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may reduce enzynme activity and/or increase inmunogenicity in vivo. One such
form of aggregation occurs as a result of formation of inter-chain

di sul fide bonds. To mnimze this possibility, various AvPAL cystei ne

resi dues, _alone or in conbination, were replaced with 25serine residues.
The AvPAL ﬁo%lég fde has 6 cysteine residues, at posiX§ ?9@%?66%5, 318,
424, 503 and 565 (SEQ ID NO 4). The follow ng AvPAL single cysteine nutants
wer e gérrErmtasignal anpixpls cayalsq ideatify pongervest congregipnscef syetustinand No 8)
AVPAL_GBO3S {ISERpoRaNGeRion @Rl AURALLEEBRSH bSEQohBi-NAruckiht clderd PAL doubl e
cysteine rru?aﬁtﬁ, EIJC(%)O AvPAIfE%5§5§ﬁ¥C§03$Q( SEQ I D NO?ll ! V\r%s aﬁeso Eéjener at ed.

FI GURESss growents (Mizagrichs eodi, Biciofpmsnaiiess 6012): hbls ] IAROE0) ysluginhormephint s.

Cl onin 200 7, / he AvVvPAL gene was
ol 1 1 A P R OISR R v ot per meB0906415. U, o agen DReasy
Kity with for\/\%rg%rf}% QvgsP?ékjgr (:5 - _
CACTGT FeRA X FG3) (SEQ I D NO 18) and reverse primner
Avar PALrev (5'- T TAT \ S D NO 19).
The. resulting PORSBHUEE Chak rTad Oe g FoePra iy e atenHBRRaY": 100 pcke.

TOPO TAnddeleditusedgerthe stflveure eSRI fhutidg Hplla saltiebupla smaliareichn 0. the structere A

5" Nhel .site.was added an i nt | Nhel sjte rempved by SCEPCR. The
sty S eAlRs SR oo MR AD mallg st b sl S PSRt oy

N- Nne VB of SilanGAGTIETIEET AGRA TEANGAATTATITRARREAGAAAGE e 18RRI fdP 10 NO 20)
and reverse prinmer Nhe-AvPALrev, (5 - , .
@MTP%MW@?W@W% 3"35“1'(‘18&}‘011}@ Rthep 1), and
t he do P, 41 =YaN i £ 14 W £ rd prinmer
Nho- AV ?Eﬁ‘ s AT e T&%&%ﬁ%&%&%ATCA?T%%%l&P 3')

( SEQ 15cquonsge(HAL, gHehisr 4t wbr Biochin. Meophps Putta B316(2)(2896295 (1993)), using

ACAGT eesecel nF : AGH ' 5%”;5 I : s a single
PCR rgjlﬁl on, t%@é% product s d\%g%ran egkéﬂd%%d%?‘g%%vﬁ’?% DNA
pol ymercktén ¢ Shymandiaed’ endPeoriother prokmaryotic BdPArotgienbgt camble further pagglatekli ed wi t h

i NheAVPAL and AvPALrey-r . T | ting PCR prod di d
W 15 rfouf (G BF Ewkahfifar 88 b8 « N Notr, "and 1 gated i Ao the

pET28a+, vect repar ed . di gest.i o it el, blupting with I Clenow, and
O gost 1BHEL Dok TAreins: Fatiagnrin Bedickd Bhicise Sentynhdo. s,

New restriction \%;ite we gldded b PC&. A\éPAdeas amplified fromplasmd
3p86-23 wi th 1 or QeI HSH OhEF ORI ATt 5ed 9 Eedice piotdhn protease

o Tor AV Sl v (8% CACTGTO0OCOOT T AN CEARGEAGL CRARGATAT G 3y SEO 1 D
primer AvSmalrev () \ -3 N

RO 25) SERRY oot ferlonde SHHEHHTe FUTRAGh of HESTBANN RegeoRlecdisdElikiveand

| i gat edtrhivgios HEREE prodidin 12618 S @Chne Bl s Qe zing PRIk € Sith bk Y pl asmi d
was nanmed /p56 Av3, 30 Cysteine Mitants Wo cysteine codons in
the AvPREPgERE inkibiterd&ibeticndl +(69%0hidi Hrns Potent New 6568.644; ¢.HE . /oPAL

pol ypeptdadasg! L I3t eD; i : I ter g WO
Do0B! 15 3473 g%g’@#ﬁ% 00 %8%‘%%?9 %gg‘é‘%?g @%@E&%ﬁ%’&@eﬁﬁy& g@tjglg‘%rgge ne) .
The cysited tablaghdopsiabinging sites mBaRechsmeoppriestnsitiva Tss Phagndaddp i n pl asmi d

7p56 Ay3.: ' ' YT,
GI CATTX%%&%W@ %&K@@#@R@f‘&‘i@q’% él%é%abihg,%mf&r cglﬁ’&e reverse
pr i2frer PAL G3888pmicctist mabroGBAGKS CRAET RAMBAGAGSRHESHGRABGOTAN GAC- 3' )

(SEQ | 7). e serine codon is,underlined,and the Gto C nutation in

t he cogie!ﬁ’\%)mé{r)rIgjr?yx(lt‘??’%po(nﬁmg)ﬂ?%‘{}?%‘ﬁﬁia ucf%er‘yﬁ(ﬁ’ﬁ#cg’f)ﬁ'f%dm?tﬁraﬁﬁﬁe i s indicated

i n bol duscdftibly sty lfér snfscphas ohémiealier aatRdti¢r2dith PEGer otk ehéngicapdon at
position 565 Y\g@s Chian ed to a serine codon in plasmd j282 with forward

pri mer PIRISEEEaRd $abLIZIPg SrOMRS TCAAGATATCTTACCCT CCTTGCATTAACCCGGGCTGC- 3' ) ( SEQ
I D NO 28) and reverse primer Av_C565Srev (5%

GCAGCCCGGGT TAATGCAAGGAGGGTAAGATATCTTGAACTG 3') (SEQ I D NO 29). The serine

coggn iL.s underli ned t he é’%&%ﬁ C nutation in the coding strand (Cto G
nutati on i n PREIAOHCHPPRGER JRIANTS ndi cated in bol d. The resulting

pl asm d was naned, 15j 298a . , stei ne cqdons .in the AvPAL gene at
positions 64, 31%138??&"02??@1"&!‘6‘?‘[‘?@1 mﬁ’ﬂﬁa 7P EpPF B2 pRrspegHicy

subst i fashied (Mebding Semixi@cs OURRAVatied RPedidiPor ifllal sRWSPELI Y fa08bn RAkddSon C64S,
forward priner Av_C64S (5' - GCAGGGTATTCAGGCATCLI ® CTGATTACA |
1AATAATCCTGITG 3') (SEQ ID 20 NG 30) .apd reverse primer Av_C64Srev (5' -
CAACAGCATTATTAATGTAATCAGAAGATGCCTGAATACCCTGC-3') (SEQ 1D NO 31); (C3185,

forward priner Av_C318S (5' - CAAGATCGITACTCACTCCGATCCCTTCCCCAGTALLl( GGGC-3')
(SEQ I D NO 32) and reverse prinmer Av_C318Srev (5'-




25 GCCCCAAATACT GGGGAAGGCGATCGGAGTGAGTAACGATCTTG 3') (SEQ I D.NG: 33); and
C565S, forward primer Av_C565S (SEQ I D NO 28) and reverse priner
Av_C565Srev (SEQ ID NO 29). The serine codons are underlined, and the Gto
C nmutatiop coding strands and the Cto G nutatjons.in th

g Hirbodfienzy me

in th
non- codi ng szf’ﬁ?gélr?ﬁ" Sare indicated in bold. 30 EXAMPLE Tt
Activity of AvPAL Variants ,(Cysteine. Miutants) . . . .

2008/ 15%‘*7‘17 p@ggag@pty@uected ‘_ier“’aﬁ??é‘obﬁ‘&&%‘eﬁl_e%‘feén%‘i‘ﬁ%ﬁ?%s to
deter mlﬂﬁx_gtaf‘t%nﬁbﬁﬁa%ﬁ oPditeSBFcbRE hésisdndQRefoal :H@diﬁ@e&ioﬁ}’@r, cysteine
residues in the AvPAL pol ypeptide on in vitro phenylal anine ammoni al yase
(PAL) eizyatvelntusiigeypresipdpiotsin tigatimgngthods (Hofpamme'wd, Gurdifis) were cl oned
as desgg;i [ \ > [ B ' pl asm ds
vere triapiheldaeoBSANE bk, ISl Hibofiahe S ARl BRE I BN T Mo
wer 6 expdrsdmoivasgaiedyr Phgmdation iEXANRYSTEted mthmdrtd fedack msnolegeniciyed! i n

EXAMPLE 2. . The w l.d-tV AVPAL and .AvP. stei ne, mut ants
wer e (GEOSRS (B1e «at PEORRE )R IO e Y B SSRRLE o
Tabl e Tesikatwatidhpiocinrg pusiity mediﬂiﬂatldiﬂﬁﬁﬂwl‘[ﬁkﬁfbr%io‘iw%ldaﬁbxhe in vitro PAL
specific ,activity of the rified, unpegyl.at AVPAL cyst ei ne mut ant

o of ef eI Jeyatgp. SO fsettiop oY bejiagiipn gPhestPEsitidt at

posi ti QRyldbrivAWRAkre@bPossibe (DUAS, ReRhcasyRdRedgr @bdarted by serine
substitution of the cysteine residues at either of positions 503 or 565, or
at ot hpRoskdl mpsr03 and 565 (AvPAL_C503S, AvPAL_C565S, and
AvPAL_CS%SCS%S, respectively). 15Table 7: Specific Activity of AvPAL
Cystei ne Mitants ARALofAifERh bta@ibnSRE PIAL, GsifiCh batlol ¥ PRGTD) WI AVPAL
T AvpaL (505 RS Rtk aRicallbn R CSGSS.IQ% 7570 AVPAL C565S E2
- 2.1 Ahpmicalogemgtindyd- protein ratios, will provide PEG-PAL derivatives for each

modification method. The optimal degree of pegylation can be determined based upon the

residual activity obtained for each derivatized PAL species using the absorbance assay in

15  combination with PAGE and native gel analysis to determine the extent of PEG
derivatization. After initial ranges of optimal modification are determined, comparative
kinetic analysis (including Vmax and Km determinations, binding constants of substrates,
proteolytic stability, pH dependence of activity, temperature-dependence of activity) and
immunoreactivity of optimal PEG-PAL species can be determined by ELISA,

20 immunoprecipitation, and Western blot. Protein engineering can also be used to generate the
most favorable PAL mutant for pegylation using the optimal derivatization conditions; by
minimizing the size of the PAL protein and only modifying the most antigenic regions of the
PAL surface, cost of PEG modification will be reduced while at the same time retaining the
maximum amount of enzymatic activity and minimum amount of immunogenicity,

25 Similarly, site-specific pegylation can be used to provide enzyme derivatives.

Other chemical modifications such as phosphorylation or 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

30  stability, reducing immunogenicity, and improving protease resistance are representative
examples. Bednarsaki demonstrated that polymer addition improves protein temperature
stability (Wang, ef 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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2.2 W AvPAL 1.1 AvVPAL C565SC503S + 1.1 To determ ne whether the
i ntroduction of the serine residues had any effect on enzymatic activity of
pegyl ated AVPAL proteins, the WI AvPAL and doubl e cystei ne mut ant,

AvPAL_C56§/§9§&Z}1§%77¥\ere pegyl ated as described in EXAI\/PIJ&N%Z?@%%?& 7 shows

20that the i'm vitro PAL specific activity of the pegylate protein
was not adver sel ﬁ‘ af f ect by serine sub%taituti n of ,the_cysteine residues
¢]

€
at both position siassoamfd gy vipadhpaepeutipalfrile pf ¢ grofsin syrh s EAL would

Char aCtb%ﬁéfﬁ@E&n@%egiatiﬁﬁfﬂaﬁ\é?fdf%ﬁ'ﬁéeﬁt@Eﬁ:?&ﬂ%@ﬁﬂdk&@é &¢ syhdsized, _
2008/ 153776PCT/ 008/ 006661 The p ose of this study was to determ ne the

ur
ef f ect cheragienzaddn g{fresandtegtsdon visp f?ﬁe%bafqdﬁﬁﬁiﬂ%)@@éieh@ hadls prfireige the t he AvPAL
pol ypept. ; r : [P Y7 : ti.on. and (3)
O 2 keifie Vool oF pROARIGR 20 BFlaoh Y e grteret i AUOP B A dein 2
subs$t i tstrefegniseinpdyyst evheecin pdiydaeisnith, canfatimaton, iand tetdegres APEGI ty was
detern‘ia@tga_in_tl)%ﬁ“stvor.wg the purified AvVPAL cysteine nmutants, either pegylated
or un-pegyra e(i %8t various time periods at 37C, and then neasuring the in
vitro PAL specifiﬁ ivity of s described in E )E/PLE 3.

0

C f t.hese p i,Ns
Wi type avpaL M i Rpenor v caL g B STt by SRl
peg;lé : atoedzpdzeﬂhte ﬁtapem(lap?égamgmt. ﬁth@dlyb?y?%@@hﬁ dhﬂi?-:r ctoncéitixnspxltereby@s shown
in , e specific activities o unpe ed Av proteins
wer o Stk BUOPBiES SAchELsrong onapes BG FREPS nd (LR HbE taqvaeh b PpaRitibor od by
serjigne Bdebist ifdbpesific eftestdT® ATVHbEFBRioh @RI RdanP altdritRNinBRRIc Lfvigl both
positions 503 and 565. Simlarly, as shown 1n FIGURE 9B, the specific

act i vi t9f & rivgnte. gidgienilyaes aad pmoups 6f BEGyvera expleiied  Thaghemisiorused fareast 6
d t . Thes S ' , , S what
ays a é)egglguon & Al gl &&gﬁ%@@&ﬁ;@/@@% ofﬁgﬁﬁlﬁégggegﬁpes%&%ﬁ somewha

reduce ability conpare ype” AvPAL an cystei ne AvPAL
mut ant ,metheatPESG 68$06088; ninfid dexysanpayd)-met3 Ve -methylpglyethykoe girtélbn The

ef f ect er i ' [ ' i s i.n.AvPAL.on formation
2001 pr G o AURGLPHSIGTS Bl mEdSHERRY.S728 (UGl SIS AER 8L e

purlisf i etiminatgsaiyy tlatrgdiom ltieh- drigie] pudAdy sanide. AVPAL cystei ne mutants by either
denaturing and native gel electrophoresis or by SEC HPLC. The
purified AvPAL pilépareatit orshode peviiefar atubstabyaliydlonelgaeius apkiareasi s under

CL S SRR AR OIS hel N b el ong L) o
Coonas globmBrpeotein conjugate moleciliseaR wbbdriexl The PAlyniyr pRAsiALbNSatwRIse Separ at ed
by SEC.HPLC. AvPAL proteins were |oa onto a TSK gel _colum (G3000SW«I ,

7. 8rm Pidpgicalacvity, 4pd therateni) %E%?’EﬁﬂggOfEE@)“P“%"rFeEﬁaWﬁ&RfPR%%W&ﬁ e, 300
I TI2W Napedviddathefoi aredhcke RFHMIESe RémSdhb@VerbadieroisflayxnlbdvinBeesldte separ at ed

AVPAL proteins were analyzed on an Agilent series 1100 30spectroneter. WO
2008/ 1HSMPEPOY DSPHGRID @@ st in clinical application in predictability of lot to lot

pharmacokinetics.

The polymer molecules contemplated for use in the pegylation approaches

described herein may be selected from among water-soluble polymers or a mixture thereof,

25 The water-soluble polymer may be selected from the group consisting of, for example,
polyethylene glycol, monomethoxy-polyethylene glycol, dextran, poly-(N-vinyl pyrrolidone),
propylene glycol homopolymers, a polypropylene oxide/ethylene oxide co-polymer,
polyoxyethylated polyols (e.g., glycerol), HPMA, Fleximer.TM., and polyvinyl alcohol,
mono-(C1-Cl0)alkoxy-PEG, aryloxy-PEG, tresyl monomethoxy PEG, PEG

30  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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Aggregates were present in the wild-type AvVPAL preparation and in the
AvPAL C503S and AvPAL_C64S preparations, but not in the AvPAL _C565S and
AvPAL C565SC503S preparations, as judged by either gel electrophoresis
(FI GURE ]\93‘)2?0%f15§%c' HPLC (FIGURE 10B). 5 Site-specifi %C'fﬁﬁi/dogﬁdéc%

i AL on

The effect of serine substitution of cysteine residues in Av

site-specific pegyl,atign s, determ ned b e ting the w. d-type AvPAL
2nd dodBrretS e R e SR AL s Ge s yates Sl BE PR M E 6 and
then cqoemplableg the relative pegylation at the AvPAL |ysine residues: K2,
K10, K32, K115, K145, K195, K301, 1(335, 10 1(413, K419, K493, K494 and

1(522. In RARMYoRARIY 2 WkrRElubIEGoBlmeatiforhide Reréinlis polyetiploggy| at ed
or pegyl at ed AvPALdgrot eins were denatured in 8 Murea. The denatured

pr ot ei BYcAer@revidhd BEfedtsated heraing prdyghilencativqa! Brimeadt rRBCONPas BBYYsin at pH
8. 250V f ol of(PELD 1ROEvE Ioedl usdd o dmiiewmgmeﬂg,gﬁa; ShPioi@Lasyver e
reduced by treatment with 1 pL of 1 MDTT for | hour at 37C, 15 fol |l owed by
quenc hiatkgxyi ar lgrydoprrolpebier glpiagest ed proteins were separated on a C 8
reverse-phase col um. Percent pegyl ation of each of the pegylated AvPAL
pepti des was cal ¢&¢ propertioy oS piivethenaslyqsd proleuleatpprotein wpleewes widk r espondi ng
unpegy e L: : i - t | V. rot ei n: PEG
of 1: SEV hgsr@%&/géslpﬁ%méﬁﬁﬁﬁﬁ%% %‘?F&enrggﬁé{&#en ?‘fﬁeeﬁ%légrctzﬂee%tp (E%legylllge{ |(1§ n of any
of t he tdrpsiofieffickhey efSeahiios inthiahthtieas ROpasss ireacted peptinen polymikd 3}l ben whi ch

t he _per.cent. ati on of the double cysteine mutant C565SC503S was. | ower

confar daerng PR rleafhe et SO fvelRlsts B ol kRt BRERITR BIREY e doubl o

cyst ei Aeailbleapdctiaé glolfs @ASENG A Pl PréteMER 18kicd@ %o mblRelil GHighO

dose-response rel ati ons IP was observed, taken together with the relatively
er

smal | peewer thrljghudhomolervian weigkioftheaolymer used dhadswetmynlsr ehces at Kl 419
are no%ofyhﬁ?h%lécﬁﬁ?wﬂﬁﬂ%ﬂ@eﬁi %%5}}991% prafinl REmals Hahlﬁﬂg%gf @f cysteine

residues at positions 503 an oes not appear 'to a t site-specific
pegy| applymepshonldrig takemXnRiceoung whee bptimhising tespggrmgiats. drenefallA¥AL Pr ot ei ns

bac? or PPy T BERELI LRGP el S HBBAE 35 RS 0Dl er TR e

Conc entpreatnt gyehtien qudniplaes sverAL diffeepalirets PBS pobmekr langthe didlutding e

concentrate rqt.ein l.utions.for 2 _.hours at 37 el erat ed aggregation
o " pur PPt BRI R 20D FongRle o6 7o AR e e B 2o lBEe s e by

separ a}iﬂcﬂlgiixtgl‘lﬁlt Auﬂmnmmuegm fu 45E?aHBL@mér Embtetigenis, Ter m@eg@rﬁtidﬁ ﬁul fi fle
cross-1linking was responsible for t 5aggregati on, 50 rnM dithiotheito
(DTT) WS BB O eE e YRR PR B P o AP 7 kDpafo qmicl 09ykDa

i nepbaithe feriChbohit NipHicBtR +/O7Da), In other embodMERY, 1R Alefigh SndttRIE{RM: | N
bacteria were purified as described in MPLE 2, and concentrated using a

spi n f #9abept L P2 10 gheret O malherabxofatgry solyrlopelymer indiAd. wilizenarallibout

15, 000 gof @lonfi . | 8W AR BERS 2i1NoplpERPgRdOr f Centri fuge 5415C. 10 For
cyst ei necmitants that tend tooaggr edate (e.g., AvVPAL_C503S and AvPAL_C64S),

protei ns were COREEA ] Hgﬁé hour s at
37C. For cysteine nuéléaﬁglg? atga%?%HbF glgel égftgg{rﬁnf? (g)gye{%tg(? ega q%g?éﬁgete% ,
AvPAL €865 of bnsuhe anreait ROSEFSS 688) Rhagvspooidive inexleiden Rédngroduced by theabout 40

ny | or 2. [ 7C, sho i.,n_ Tabl . preparations
o7 25 e ERobRSRHAR] RokOho LR INBIATY S PRL SR b s Fiefackerf 100

aggr egavresieupeariabiiu(daPiadn of pheridiminisieadls PG ENSI 200t BIBRY? nidhksSover

aggr egati,gn was cer bat ed en the AVPAL proteins were concentrated prior
to incﬁggt %’ﬁerfoéf 15 apal ‘B?g\eg*f(f‘.hWy%‘ﬂ’jr‘%‘Sﬁ‘ftiaﬁﬂle@B?ﬂy&S%n%l ocked by
expos uhgdrotylise @esO(Prdi Ibalseesulig! it iah Sni@l With severdhyiRipheslylkiRRdmibhe
aggregation i.s due to disu]fjde cross-linking. 20 I n contrast, the

pr epar the %&hﬁmwt@aﬂ (Rbed develsanaks thip primal thajappaoprate megel for

AVBAL _6afehied 0Rbditd oNplient RIAMRIGIRSAL-RasdPAL ) 1O FaBEL h100nd Be, Zgours at

37C, ingdicating that the cysteine residue at position 565 is involved in

aggr egSEsTriPeesiedand pepngeyatet forms of bsine muyipnt RP1 KL angNpPAEGhf | de
Cr 0ss- hhdhlaBalmtiedisid 3kis ORIU Qﬁlefm(Et"{e& %565 & &afiGtel L8 So-YFfkEr ot ei n

Tr eat ment Aﬂgr egate Formati on AvPA
The resulls showed that pegylated forms of NpPAL and AvPAL resulted in greater reduction
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C64S Concentrate + 37Cl2 h -Ft- AvPAL C565S El Concentrate + 37C/2 h -

T SR LN X s T R
in phenylalanine in the PKU animal model in comparison with unpegylated NpPAL and
AVPAL, respectively. Further, such effects of pegylated NpPAL to reduce elevated
phenylalanine levels were maintained over a ten-week period. These studies show that
pegylation of PAL from the cyanobacteria, Nostoc punctiforme and Anabaena variabilis, is
5 essential in reducing phenylalanine levels in the PKU affected mice. The findings suggest
that a pegylated variant of bacterial PAL may serve as an effective therapeutic in the

management of PKU,

The invention contemplates pegylated PAL variants with reduced

immunogenicity. One embodiment is a pegylated form of Nostoc punctiforme PAL

10 (NpPAL) variant with reduced immunogenicity. Another embodiment is a pegylated form of
Anabaena variabilis PAL (AvPAL) variant with reduced immunogenicity, Specific
embodiments contemplate NpPAL or AvPAL variants in which pegylation is achieved by
reacting the NpPAL or AvPAL variant with a water-soluble polymer, e.g., polyethylene
glycol (PEG). In some embodiments, pegylation is achieved by reacting the NpPAL or

15 AvPAL variant once with PEG at a ratio of at least 1:1, at least 1:1.5, at least 1:2, at jeast 1.3,
or at least 1:4 PAL:PEG. In one embodiment, the PAL variant is an AvPAL variant, and the
pegylation is achieved using a PAL:PEG ratio of 1:3. Methods for preparing the pegylated

PAL variants of the present invention are described above.

The invention also contemplates re-pegylating the pegylated PAL variants for
20 reduced immunogenicity. In some embodiments, the pegylation is achieved by reacting the
NpPAL or AVPAL variant twice or more with PEG, each pegylation at a ratio of at least 1:1,
at least 1:1.5, at least 1:2, at least 1:3., or at least 1:4 PAL:PEG. In some embodiments, the
pegylation is achieved by reacting the NpPAL or AvPAL variant twice, three times, four
times, five times, or more, with PEG, each pegylation at a ratio of at least 1:1, at least 1:1.5,
25  atleast 132, atleast 1:3., or at least 1:4 PAL:PEG. In another embodiment, the PAL variant is
an AVPAL variant, and the pegylation is achieved using 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 giycol under
30 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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AvVPAL C64S_.Conc. + DIT + "37C/2 h - AvVPAL C565S EI Conc. + DIT + 37C/2 h -
AvPAL 05658 E2 Conc. + DIT + 37C/2 h - AvPAL C565SC503S Conc. + DTT + 37C/ 2
h - To determ ne which cysteine residues exist as free

sul f hydryls, i fied AVPAL preparation was denatur I esence of
8 Mur ea,évg’lzﬁ@(lgﬁ% by i odoacetam de, digested with tﬁgg}s{{%%%&@ﬁg&anal yzed

by LG M. Al of the AvPAL_ cysteine resjidues were 5l gbel ed by
i odoac PrCED. Beryse e sAGANGHES af PAbmodiieation gl sigpilicpptliedltchtbepact erial | y

expr esSpendY BAlvi§ 6 fe PR $4tR8t, AutehdhY dip¥t Snd amounts of PEG WEreGRpIBEA e Wi Ch
cysteine residues are present on the surface of the native protein, a

puri f i ebemispapsesifeppaeatation oL Mas the acylatiercef the prmpryatipesef Pdilnwsing ( NEM) |

t hen d [ f : i_odoacet am de,

di gest eg wﬁlrsﬁeg%e?%%lg‘ﬁo%ﬁgégg né%u?/?gdg“ %@a’iyé?’l 1\17@6' ‘%ﬁ?ﬁ‘a&?éi ne residues at
posiBt i omshyisdyetimdent2yontr edaybation Mithl ragteakylREGES amdethby-BESt$RAe resi due
at positiaqn.318 onl i al | kvl : indicating that the
cys!tO ei ﬁ"nésuﬁééq uaén\é@%{l&éggpﬁ?%l%{éﬁg%gﬂ%(fggrgﬁggglégggﬁg%%rp "THEY 80 ace of native

AvPAL and the cysteine residue at position 318 is partially exposed on the
surface of native AvVPAL. 15To determ ne which cysteine residues are

i nvol v in ] - I isulfide cross-linking, 67 pl of a 0.7 ng/nL
sol uti #‘ of S%E?ﬁ’%é&%%g@g@ﬁ&f@&”‘ | d-type AVPAL preparation was denatured
in 8Murea for 1ghour.at. 37 and. t hen di ted.in a.100.ul. reaction vol une
W th taypsin ar FoPo Bt iR Jo et GHAR Begtd el Ak

trypsi ridhicgepieatbnan iglifsanyeif ehesl@panhatad: aupebsatn bystats, Bychr dis SRagd ronetry,
i n which peptides correspondi ng ﬁi%FO tﬂge]wpredlgft eij di sutlfl,de pai.rs were

i dent i FEEET BPEESHQR AT R dagdliging o pigh-thrgiehpytmetal ¢hefaty punfication step forTap) ¢ g

shows C%J?@Ein@aﬁ&ﬂﬂiio%oﬂﬂk&ﬁre%fe@ s @Bl 9ttt Qhn B9 02dQS HntifHAGrANES,
C565- C518 and C565- 0565. The cysteine residues at position 565, and to a

| esser PEgeiaterignts. pfaifial posiivsene dantiicasiongan Hsedrapsformationpaidisgleptipnfae
bai 1 Reu ot p PR RBEl R P ) oS AR B bR sRE ol R, Oses
n.d35 the OD290 absorbance measurement (Hodgins, Biochem. Biophys. Res. Commun., 32:246-

253 (1968)) amenable to high-throughput processing. Finally, screening for proteolysis

resistance (using incubation in the presence of protease cocktail) or, alternatively,

immunogenicity reduction (using competitive ELISA measurements), can be used to identify

favorable protein variants.

20
H. THERAPEUTIC USES AND ADMINISTRATION OF OPTIMIZED PAL PROTEINS
1. VARIOUS FORMS OF HYPERPHENYLALANEMIA (HPA)

The present invention is directed to the treatment of a variety of HPA patient
populations with methods that comprise the use of PAL compositions, either alone or in
25  combination with other therapeutic regimens, for managing HPA 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

30 with PAL compositions to ameliorate the effects of mild HPA include pregnant women and
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C503- C318 n.d. C503-0503 Ii C503-0565 112 WD 2008/ 153776PCT/ US2008/ 006661
C565- C318 13 C565- 0565 37 C318-C318 n.d. #not detected St udi es
were perforned to determ ne whether additional mechani sns besi des disul fide
cross-|inki ' be involved in AVPAL protein aggr W ified
AvVPAL pr 2%’3@?3??8%@ were incubated with either 0.05% Tween sgéhs/f@% nmv EDTA,
and then_separated by SEC- HPLC as described_jn EXAMPLE 12. Tween reduces

pr ot ei AR M@épw%e@ﬁtasmﬁgﬂﬁamm?@% eFJfa%qut?ﬁgPatsﬁaap pediites

pr ot ei fhAOGHEQA! thORpde nbQis! PE dREGIENTuRher Gl Me ﬁ?%t:ﬁt%&iom“‘s shown in

FI GURE 12, exposure to 0.05% Tween or 10 tri M EDTA had no effect on AvPAL
protei n aggr egat QRain LRBo@ARhisio? AR priRatinGdntibh afd (IERE td Bedtitg chSsid™ EDTA
treated AvVPAL is due to absorbance ‘'of EDTA at 210 10 o To further
i nvest isgerePKRebyragménigiering touhe subject p prseinreskiangl dier inemnbingiion witlha

aggeegat,l o J£ . : t W t hen

G oo8 D AhBbsia iy BT ARSIOREANS BBt R SR ofiidahcdl iR ' "0
pr ot ei rwhegge thgapmbmedadministiativnr eftthb prateieatsimanmgd diettdnd DAL is effbctivagyr egat es
re-forqed f Ilé)wiln i ncubatjon f.or 1€i 15h(}ur a‘é 37C. In contrast, as shown
n F1cupreriBephetsiithoins concniraibn B theplpspys ¢ spid bl X GempagR r i Lyt ef nos
wer e nmeghdeneakidn inehe abadncy bhdabildoriyinéd shtinBihtion. tTh adNiméA) vhemal &itioh dio ( NEM
after DTIT exposure, but before gte al.ti nd j ncubation . fqor 18 hours at
37C.  BRORATBIRRS eSS AR e SIa LB Fonhes fiThat dratenng A ihe dutle Ay PAL appear s

t 0130 heotdimGesifbted Hiet iQ ch@bBLbORIRIP AN bisIBgca i SvE Bésiatibondsor and not
due to hydrophobic effects or presence of divalent cations. The cysteine

r esi dud¥chuthatihe pamiyped adennignation®s thy otehyissivield dist prd RALilveffastive ¥t er - chai n
di sul fi i i AL
I sul fijglgeapn nyztalaﬁm@/ésnd%gﬁggag% waﬁa%%ﬁ%;ggg@g?@%&ﬁ{\f@ﬁ%ﬁ

Variants (Cysteihe Mitants thei'r rms 1n € purpose
of t hesechsa enticergralios in the desergemfisaidicombitfel @dmnindtration.i nespscifist i t uti on of the

cyst ei resi duye 0S.LLI 65 in t VPAL .pol ypeptide on in
Vivo pRoficat %’Si%%ﬁﬁseﬁ%{eie“%%%%dséﬁﬁa%&g‘ﬂé’?‘”%@a?ﬁh&ﬁ? B BB £ OB
Thaspeggbatd forns of the AvPAL doubl e cysteine nutant AvPAL_C565SC503S
were tested for in vivo activity in honozygous ENU2 (al so known as

ETBRe" "2) mce b%&eeaﬁlﬁydiﬁﬁnﬁi@ﬁﬁfeiiﬁ@ﬁtibx}ﬂeﬁﬁ%iﬁis&ﬁny&@ﬁlﬁﬂb&n%&uﬁﬁ i's
onbzygous nytant. at t PAH | ocus resulting _in an animal with severe HPA.
The h?/ han xggwg]u%tgaqhé@gwg, tLaracter?zed %y ap asm% Phe concentration greater than 180

1M prior to the administration of PAL, in an amount effective to produce a decrease in such a

plasma Phe concentration of the patient. The methods of the invention will be useful in
20  treating an infant having PKU characterized by an elevated Phe concentrations of between
greater than 300 uM with PAL compositions described herein. By “infant” the present

application refers to a patient that is between the ages of 0 to about 36 months.
Characteristics of Severe Classical PKU and Methods of Treatment Thereof

Severe PKU manifests in a plasma Phe concentration greater than 1200 uM
25 and may be found to be as high as 4800 uM. Patients that have this disorder must be treated
with & Phe-free diet in order to bring their plasma Phe concentrations down to a level that is
clinically acceptable (typically, less than 600 uM or less than 300 uM). These patients are
only able to tolerate a maximum of between 250-350 mg dietary Phe per day (Spaapen ef /.,
Mol. Genet Metab. 73:93-99 (2003)). As such, these patients are started on a Phe-restricted
30  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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5make this animal the appropriate nodel for evaluating the ability of PAL
to reduce plasnma Phe. In the first study, the AvPAL doubl e cystei ne nutant
AvPAL C565SC503S was tested at various doses. EN1J2 mice (mal es and

f emal es) W%rzﬁﬁa?fsw §ied into 5 dose groups: 4 test gr Ou%ﬂﬁbz&)m@a%&% one
hZ2 . doses 0O

vehi cl e group . Each nmouse was given 8 weekly 10s.c vehi cl e,
| ow dose pegyl at oubl e t ej.ne nut ant. AvPAL .(.0..25. | m d dos

pegyl at ed doubl e%gﬁgetsgi“ﬁ%d %ﬁﬁrﬁm%&\(}ﬁﬁﬁﬁe o "‘,"&h‘i‘*@ﬁ%“:a‘?s% %%g%??’g‘iegd doubl e
C?/St ei mﬁﬁﬁﬂieﬁdlﬁﬁlttaiﬂvﬁ&b. ((Aedl téswhavgﬁevﬁﬁggﬂﬁt Elienis|vilth olpeicdlvitdre PKéD | U)j |
Pl asma was c ect ed pr.e-dos nd at 48 hours paost-daos t g day 57) an
anal yzé?ﬂ“l‘"@r‘ﬁ@ﬁé’ F'@(d)%‘g%‘?e %@Y@ﬁ&@ﬁa@ a;iu %@i%ﬂ%@@’&%@géé@%%m, M8 hours
POSt - d@S&nkdhphlhted HAY the Metfdds o BRliNhBoPilPeHiAit AEMniAo B iHRQHYedt GVel s. M ce
were al so V\l/legpghed once per week beginning 2 days priof to the first dose

(up St o sulgri om classical PKU byppenitgring the plastaPhagpneniragen gi/the éndévidual.

vehi cl [ , ] tei.ne nut ant

Ao paL. T BRALR S B REANG, SRR IREARGY PALEBMALE JUR IS Ll on i n
Phe | evemnbingdsegiseoladw projsiradietand § Alovchk that there ie autdusedeat léanjae23% on of 20
egyl at t &in Av ) equi.val ent .doses.. there, was no
B PY o QR SR RS o b BMorS P e patibn: CHHOHR! FloafiSRRE e AL ¢

Wi | d- t il pAuiat a 30%ptegiekatie theddatm AP heyotahtration tiabtheAubbdimésis shOwWn 1 n

FI GJRE 1 here was also L gni f.i G fference in bod i ghts bet ween
o s i R aoPe s B0t h P O e e R S AR dol ¢
cyst ei IP@c ObiicaRtratidAlhe thliividaal df&%xﬂmgié,aivhé}@ a Pkt ithablers bkdsgaepges in 25
body wei ghts were observed because the both nale and fenale m ce were used

i n t he hgt g fjc concentration of 480 M 407 pdesmaseinthoBesconpersiagion will pwsdeced ce wer e
anal yz gghsidateie @&dgﬂ%ﬁt{cﬁgf 45% }Z@ﬁ a8 @Niratidh thid ;S sBBERNuy M%c}tﬁr@ rIiIttRJ at es

were coated with AvPAL, bl ed, and then exposed to ‘approprtately diluted

sera f dinterEaesticions cObtavesd, it shauid be yirderstooddhat s irratment methasla of tiee of

m Gkot i i - | Kil&-ant i bodi es
30 1oy cdnarn i nfitn (U B8 A R P My I R Bl 0T g

ant i bodieesm)oshpeidtatidmphie ibwenrtbe plasma RrdPAincantaiibadifebe pdienuimisaislses wer e
initial iluted 1:50 nd .anal yz inc ison.to the "cutpqint," which
car ne Fl%ﬁ?opao@%%o%ﬂ%l@éﬂﬁﬁ? %?%ﬁgg%”@%m ROSFINE Y 1A% Hp%rﬁénal | oner
than t hg,oe Wt Bl 20BF i8R uedMas <50, or ' Negative.” The rest of WO
2008/ 153776PCT/ U52008/ 006661 t he sanpl es, deened "Positive," were further

diluted in 1:3 sefifs dhidaitirh i [ j ' i dropped to
bel ow the cutpoint. The lgigghéeigsf’&lgﬁ]?ﬁétﬁ?éo%kfcg’g%égr&dt‘%asﬁg{ae{}gasgk%%qi ve signal

( i20e. patingheing treetad istfedused Foimmny ammynt o poreseigtedplashe Rhiccencepfratidiat  sanypl e.
Duri ng E | j - I oh.reflect a
signif it%ag%fgr%t%tﬁéﬁﬁ{:dgw t(??f;ei/ %%Sg’%aﬁ%}%g%%gg}ag%tlée%%cégg?y t ?gc%ulr?ef erence
coul d lpeertifihercogibinted afeatment with®ALcavdnbreprofeirsreginiatedaliet pheiucestyessat | evel .

As sho in Table 1 t he ant.i- AvPAL anti bady titers re lo i,n mce

Ot eor oty T RaSpd Bhs tpeutiibin oy altle SR s SRIAR SR llarda ™ % i ce
t r eat echivivilhbavieesd byatltndallg eseful dutédrid f tad thergy badaask pitikats tBAPRavAGPAL .

Al égougp no.cl ear dose r.eaﬁ)onse 10 was o%sserved, mce treated with the high
do€d ( R'¥§F e GPRFRIBHORIR HUIHB0BT CAnTPRAPET (6 RSEseiy SRS RRIngtiher

ant i - Auiiblnt@Tprdieie in theldidt 8s bpiRRediotatind £RhELEEsMicldd f&ﬁﬁl&,%f&ﬂﬁ%ﬁﬂ@ﬂ#5 IU) of
pegyl at egmgﬁ%g\l e cysteine mutant AvPAL, Table 10: Anti-AvPAL IgG Titers

Pegy! at®e j

IMPROYERERH isHipualiteof Lifs of thy indivisuah apweb) aniepding G565%586503S
(0.25 pdidht RrdpliBceRih the dietary restriction.

Any increase in the amount of dietary Phe levels that can be tolerated by the
30 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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PKU patient to a moderate PKU patient). Of course, it would be desirable that the
therapeutic intervention taught herein would allow the patient to increase his/her intake of
dietary Phe from 250-350 mg/day to 400-600 mg/day (i.e., the Phe tolerance phenotype of the
patient is altered from that of a classic PKU patient to a mild PKU patient), or in some cases,

5  to allow the patient to have an intake of greater than 600 mg Phe/day (i.e., normal dietary
intake).

Characteristics of BH4-non-responsive PKU Patients and Methods of Treatment Thereof

A second group of patients that can be treated with the methods of the present
invention are those individuais that have been determined to have an elevated plasma Phe
10 concentrations i.e., any concentration that is greater than 200 M, but have been diagnosed to
be non-responsive to BH4 therapy (as determined by the BH4 loading test described below).
Such patients may include those individuals that have mild PKU (i.e., plasma Phe
concentrations of up to 600 uM), individuals that have moderate PKU (i.e., plasma Phe
concentrations of between 600 uM to about 1200 uM), as well as patients that have classic
15 severe PKU (i.e., plasma Phe concentrations that are greater than 1200 uM).

The patients that are non-responsive to BH4 therapy are given PAL in
combination with a reduced amount of protein in their diet in order to decrease the plasma
Phe concentrations of the patient. The methods of the present invention are such that the
administration of PAL produces a greater decrease in the plasma Phe concentrations of the
20  patient as compared to the decrease that is produced with the same dietary protocol
administered in the absence of PAL therapy. The dietary restrictions may be a diet that
restricts the Phe intake by prdviding a synthetic medical protein formula that has a
diminished amount of Phe or alternatively, the dietary restriction may be one which simply
requires that the patient limit his/her overall protein intake but nevertheless allows the patient

25 to eat normal foodstuffs in limited quantities.

The therapeutic outcomes discussed for classical PKU patients are
incorporated into the present section by reference. The therapeutic outcomes for patients
with moderate PKU (i.e., patients that has an unrestricted plasma Phe concentration of 600
uM to 1200 uM) include at least a 25% decrease in the plasma Phe concentrations of the
30  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 exampie,
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where a patient with moderate classical PKU has a Phe concentration of 1000 uM, a 90%
decrease in the Phe concentration will produce a plasma Phe concentration of 100 uM, a

concentration that is sufficiently low to require little or no dietary restriction).

In some embodiments, the plasma Phe concentrations of the moderate PKU

5  patient being treated is reduced from any amount of unrestricted plasma Phe concentration
that is between 600 uM to 1200 uM to any plasma Phe level that is less than 300 uM. In one
embodiment, treatment with PAL (either alone or in combination with a dietary restriction)
produces a decrease in plasma Phe concentration, e.g., to a level of between 200 uM to about
400 pM, which will be viewed as a clinically useful outcome of the therapy because patients

10 that have a plasma Phe concentration in this range can manage the disease by simply

restricting the amount of protein in the diet as opposed to eating a Phe-restricted formula.

Indeed, in many studies, it is taught that such patients may even eat a normal diet.

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

15  outcome. For example, it is contemplated that as a result of administering the PAL therapy
{either alone or in combination with other therapeutic intervention), the patient will be able to
increase his/her intake of dietary Phe from 350-400 mg/day to 400-600 mg/day (i.e., the Phe
toleranice phenotype of the patient is altered from that of a moderate PKU patient to a mild
PKU patient). Of course, it would be desirable that the therapeutic intervention taught herein

20 would allow the patient to increase his’her intake of dietary Phe from 350-400 mg/day to
have an intake of greater than 600 mg Phe/day (i ¢., normal dietary intake).

Even if the patient being treated is one who manifests only mild PKU, i.e., has

a dietary allowance of 400-600 mg Phe intake/day) will benefit from the PAL-based therapies
of the present invention because it is desirable to produce a normalized plasma Phe

25 concentration that is as close to 360 uM % 15 uM as possible. For such patients, an
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

30 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 uM, i.e., an

acceptable, normal concentration of plasma Phe).
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In some embodiments, the plasma Phe concentrations of the mild PKU patient
being treated is reduced from any amount of non-restricted plasma Phe concentration that is
between 400 uM to 600 uM to any plasma Phe level that is less than 100 pM. Of course,
even if the treatment with PAL (either alone or in combination with a dietary restriction)
produces a lesser decrease in plasma Phe concentration, e.g., to a level of between 200 pM to

about 400 pM, this will be viewed as a clinically useful outcome of the therapy.

Any increase 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 contempiated that as a result of administering PAL therapy
{either alone or in combination with other therapeutic intervention), the patient will be abie to
increase his/her intake of dietary Phe from 400-600 mg/day (i.e., the Phe tolerance phenotype
of the patient is altered from that of a mild PKU patient to a mild HPA patient) to allow the
patient to have an intake of greater than 600 mg Phe/day (i e., normal dietary intake).

Furthermore, even if the patient is one who only manifests the symptoms of
non PKU HPA, i.e., has an elevated plasma Phe concentration of up to 600 uM, but is
otherwise allowed to eat a normal protein diet will benefit from PAL therapy of the invention
because it has been shown that elevated Phe concentrations have significant effects on the 1Q
of such individuals. Moreover, as discussed below, PAL therapeutic intervention of subjects
with special needs, e.g., pregnant women and infants, is particularly important even if that

patient’s plasma Phe levels are within the perceived “safe” level of less than 200 pM.
Maternal PKU and Methods of Treatment Thereof

Metabolic control of plasma Phe levels in PKU women planning conception
and those who are pregnant is important because of the serious consequences to the fetus
exposed to even moderately elevated Phe levels in utero, regardless of the PAH status of the
fetws. Therapeutic control of plasma Phe concentration is especially important in the first
trimester of pregnancy, as failure to achieve adequate control will result in disorders

including microcephaly, mental deficiency and congenital heart disease.

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

discase was found in over 10% of children exposed to maternal Phe levels that were greater
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than 20 mg/dL. Importantly, it has been noted that levels of Phe greater than 6 mg/dL
significantly decrease the IQ of the child. Thus, it is imperative to ensure that the plasma Phe
concentration of women with all forms of phenylketonuria, even those manifesting the
mildest HPA, must be tightly controlled in order to avoid the risk of maternal PKU

5 syndrome. However, the acceptable target levels for the plasma Phe concentrations of PKU
women that have been used in U.S. clinics have ranged between 10 mg/dL and 15 mg/dL,
which are much higher than the 2-6 mg/dL levels recommended for pregnant women or the
1-4 mg/dL that are used in British and German clinics to diminish the risks of developing

maternal PKU syndrome.

10 Another important consideration for pregnant women is their overall protein
intake. During pregnancy, it is important that women eat sufficient protein because it has
been suggested that a low protein diet during pregnancy will result in retarded renal
development and subsequent reduction in the number of nephrons and potentially leads to
hypertension in adulthood. (D’ Agostino, N. Engl. J. Med. 348(17)1723-1724, (2003)). The

15  following table provides exemplary guidelines for the recommended total dietary protein

intake for various individuals.

Table 1: United States Guidelines for Dietary Protein Requirements

Infant 6 months or less 13
6 months-1 year 14

1-3 years 16

Children 4-6 years 24
7-10 years 28

Males 11-14 years 45
15-18 years 59

19-24 58

25-50 63

51+ 63

Females 11-14 years 46
' 15-18 years 44

19-24 46

25-50 50

5+ 50

Pregnant 60
Lactating 65
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As can be seen from the above exemplary guidelines, in the United States, the
recommended protein intake for women of child-bearing age (e.g., less than 51) is from about
44 to 50 g/day, whereas pregnant women require are recommended an intake of about 60
g/day. In Canada and the United Kingdom, the recommended protein intake for pregnant
women is in the order of about 70 g/day and 52 g/day. Thus, the need to ensure that the
plasma Phe concentration levels of pregnant women are tightly controlled is further
complicated by the fact that this group of PKU patient requires more protein than non-
pregnant PKU females of comparabie age.

In view of the above, it is contemplated that PAL therapies of the present
invention will be particularly useful in pregnant women. It is contemplated that a woman
suffering from any form of HPA who is pregnant or is contemplating pregnancy will be
placed on a course of PAL therapy to ensure that her plasma Phe concentration levels are
maintained as close to 180 pM to about 360 uM as possible. Such a course of therapy would

allow that woman to increase her level of normal protein intake.

The discussion of levels of plasma Phe concentrations and the degrees to
which such Phe concentrations should be decreased discussed herein above are incorporated

into the present section for pregnant women.
Managing PKU in Infants and Methods of Treatment Thereof

As discussed herein throughout, it'has been determined that an elevation in the
plasma Phe concentration in infants (ages zero to 3 years old) results in significant drop in IQ
of the child. However, as has been discussed elsewhere in the specification, patients that
have elevated plasma Phe concentrations of anywhere up to 400 uM do not normally receive
any dietary intervention. Thus, infants at the age of zero 1o 3 years in age suffer from
significant deleterious effects from the present therapies. The instant application
contemplates treating any infant having an unrestricted plasma Phe concentration that is
greater than 360 pM £ 15 M with a therapeutic composition that comprises PAL in order to

produce a beneficial 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 M, about 1100 uM, about 1000 uM, about 960 uM, about 800 uM, about 700 uM,
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about 600 pM, about 550 pM, about 500 uM, about 450 uM, about 400 uM, about 350 uM,
about 300 uM, about 275 uM, about 250 uM upon administration. In other embodiments, the
infant is aged between zero and 3 years of age and has an unrestricted plasma Phe
concentration of greater than 1200 pM and, this plasma Phe concentration is decreased to

5 about 800 pM, to about 500 puM, or to about 360 uM, upon administration of PAL, either
alone or in combination with diet. Those of skill in the art would understand that the
invention contempiates treating infants with unrestricted plasma Phe concentrations of greater
than 360 pM with PAL to produce decreases in such plasma Phe concentrations. The
discussion of therapeutic reductions of plasma Phe concentrations above is incorporated

10 herein by reference. Further, any decrease over 10% of the initial unrestricted plasma Phe

concentration will be considered a therapeutic outcome for the therapeutic regimens for the
infants. It should be understood that the PAL therapies may be combined with dietary

restrictions to effect the therapeutic decrease in plasma Phe concentrations in such infants.

Table 2 lists a number of disease conditions wherein administration of
15  therapeutically effective amounts of PAL would be beneficial. Parenteral, oral, or other

standard routes of administration and dosage can be determined using standard methods.

Table 2: Exemplary Disease Conditions Amenable to PAL Protein Therapy

Phenylketonuria
Hyperphenylalanemia
Tyrosinemia

Cancer

2. COMPOSITIONS FOR USE IN THE TREATMENT

20 The present invention contemplates therapeutic intervention of PKU/HPA,
Such intervention is based initially on the use of PAL, which may be used alone or in
combination with dietary restrictions. Further PAL and/or dietary restrictions may further be
combined with other therapeutic compositions that are designed, for example, 1o combat
other manifestations of PKU, such as for exampile, large neutral amino acids to prevent Phe

25  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 {reatments contemplated herein.

PAL Compositions
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In general, the present invention contemplates pharmaceutical compositions
comprising effective amounts of protein or derivative products of the invention together with
pharmaceutically acceptable diluents, stabilizers, preservatives, solubilizers, emulsifiers,
adjuvants and/or carriers. Such compositions include diluents of various buffer content (e.g.,
Tris-HCIi, phosphate), pH and ionic strength; additives such as detergents and solubilizing
agents (e.g., Polysorbate 20, Polysorbate 80), anti-oxidants (e.g., ascorbic acid, sodium
metabisulfite), preservatives (e.g., Thimerosol, benzy! alcohol) and bulking substances {(e.g.,
lactose, mannitol); see, e.g., Remington's Pharmaceutical Sciences, 18™ Edition {1990, Mack
Publishing Co., Easton, Pa.) pages 1435:1712, which are herein incorporated by reference.
An effective amount of active ingredient is a therapeutically, prophylactically, or
diagnostically effective amount, which can be readily determined by a person skilled in the

art by taking into consideration such factors as body weight, age, and therapeutic goal.

The PEG:PAL compositions of the present invention may also include a
buffering agent to maintain the pH of the solution within a desired range. Exemplary agents
include sodium acetate, sodium phosphate, and sodium citrate. Mixtures of these buffering
agenis may also be used. Thé amount of buffering agent useful in the composition depends
largely on the particular buffer used and the pH of the solution. For example, acetate is a
more efficient buffer at pH 5 than pH 6 so iess acetate may be used in a solution at pH 5 than
at pH 6. In one embodiment, the pH range for the compositions of the present invention is
pH 3.0-7.5.

The compositions of the present invention may further include an isotonicity-
adjusting agent 1o render the solution isotoni¢ and more compatible for injection. An

example is sodium chloride within a concentration range of 0-150 mM.

As used herein, and when contemplating PEG:PAL conjugates, the term
"therapeutically effective amount” refers to an amount, which gives a decrease in serum L-
phenylalanine that provides benefit to a patient. The amount will vary from one individual to
another and will depend upon a number of factors, including the overall physical condition of
the patient. The amount of PAL used for therapy gives 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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The methods described herein use pharmaceutical compositions comprising
20  the molecules described above, together with one or more pharmaceutically acceptable
excipients or vehicles, and optionally other therapeutic and/or prophylactic ingredients. Such
excipients include liquids such as water, saline, glycerol, polyethylene glycol, hyaluronic
acid, ethanol, cyclodextrins, modified cyclodextrins (i.e., sufobutyl ether cyclodextrins), ete.

Suitable excipients for non-liquid formulations are also known to those of skill in the art.

25 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

30 Sciences, 18" Edition (Easton, Pennsylvania: Mack Publishing Company, 1990).

Additionally, auxiliary substances, such as wetting or emulsifying agents,
biological buffering substances, surfactants, and the like, may be present in such vehicles. A
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biological buffer can be virtually any solution which is pharmacologically acceptable and
which provides the formulation with the desired pH, i.e., a pH in the physiologically
acceptable range. Examples of buffer solutions include saline, phosphate buffered saline,
Tris buffered saline, Hank's buffered saline, and the like.

5 Depending on the intended mode of administration, the pharmaceutical
compositions may be in the form of solid, semi-solid or liquid dosage forms, such as, for
example, tablets, suppositories, pills, capsules, powders, liquids, suspensions, creams,
ointments, lotions or the like, and in some embodiments, in unit dosage form suitable for
single administration of a precise dosage. The compositions will include an effective amount

16 of the selected drug in combination with a pharmaceutically acceptable carrier and, in

addition, may include other pharmaceutical agents, adjuvants, diluents, buffers, etc.

In general, compounds or conjugates of this invention will be administered as
pharmaceutical formulations including those suitable for oral (including buccal and sub-
lingual), rectal, nasal, topical, pulmonary, vaginal or parenteral (including intramuscular,

15 intraarterial, intrathecal, subcutaneous and intravenous) administration or in a form suitable
for administration by inhalation or insufflation. One exemplary manner of administration is
intravenous using a convenient daily dosage regimen, which can be adjusted according to the

degree of affliction.

For solid compositions, conventional nontoxic solid carriers include, for

20 example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium
saccharin, tale, cellulose, ghucose, sucrose, magnesium carbonate, and the like. Liquid
pharmaceutically administrable compositions can, for example, be prepared by dissolving,
dispersing, efc., an active compound or conjugate as described herein and optional
pharmaceutical adjuvants in an excipient, such as, for example, water, saline, aqueous

25 dextrose, glycerol, ethanol, and the like, to thereby form a solution or suspension. If desired,
the pharmaceutical composition to be administered may also contain minor amounts of
nontoxic auxiliary substances such as wetting or emulsifying agents, pH buffering agents,
tonicifying agents, and the like, for example, sodium acetate, sorbitan monolaurate,
trigthanolamine sodium acetate, triethanolamine oleate, etc. Actual methods of preparing

30 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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For oral administration, the composition will generally take the form of a
tablet, capsule, or softgel capsule, or may be an aqueous or nonaqueous solution, suspension
or syrup. Tablets and capsules are some of the oral administration forms. Tablets and
capsules for oral use will generally include one or more commonly used carriers such as

5 lactose and corn starch, Lubricating agents, such as magnesium stearate, are also typically
added. When liquid suspensions are used, the active agent may be combined with
emulsifying and suspending agents. If desired, flavoring, coloring and/or sweetening agents
may be added as well. Other optional components for incorporation into an oral formulation
herein include, but are not limited to, preservatives, suspending agents, thickening agents,

10 and the like.

Parenteral formulations can be prepared in conventional forms, either as liquid
solutions or suspensions, solid forms suitable for solubilization or suspension in liguid prior
to injection, or as emulsions. In one embodiment, sterile injectable suspensions are
formulated according to techniques known in the art using suitable carriers, dispersing or

15 wetting agents and suspending agents. The sterile injectable formulation may also be a sterile
injectable solution or a suspension in a nontoxic parenterally acceptable diluent or solvent.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's
solution and isotonic sodium chioride solution. In addition, sterile, fixed oils, fatty esters or
polyols are conventionally employed as solvents or suspending media. In addition, parenteral

20 administration may involve the use of a slow release or sustained release system such that a

constant level of dosage is maintained,

The PEG:PAL conjugates identified described above can be administered to a
patient at therapeutically effective doses to treat or ameliorate cardiovascular disease. The
toxicity and therapeutic efficacy of such conjugates can be determined by standard

25  pharmaceutical procedures in cell cultures or experimental animals, such as, for example, by
determining the LDso (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 LDsq /EDs.

Conjugates exhibiting large therapeutic indices are employed in some embodiments.

30 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 EDg; with little or minimal

toxicity. The dosage can vary within this range depending upon the dosage form employed
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and the route of administration utilized. The therapeutically effective dose can be determined

from cell culture assays, and from animal models.

Dietary Protein

In addition to administering PAL and related analogs to HPA/PKU patients, it
is contemplated that the dietary protein of the patients also may be restricted or modified.
Those of skill in the art are aware of various commercially available protein formulas for use
in the treatment of PKU. Such formulas include MAXIMAID, PHENEX 1, PHENEX 2
(Ross Laboratories, Liverpool, UK), LOFENALAC, PHENYL-FREE (Mead-Johnson}, and
the like.

Those of skill in the art may use the referenced protein formulas, which are
generally free of Phe concentrations, The protein formulas often are supplemented with
amino acids that are deficient in PKU patients. Such amino acids include, for example, L-
tyrosine, and L-glutamine. It has been suggested that it may be desirable to supplement the
diet of PKU patients with valine, isoleucine and leucine (see U.S. Patent No. 4,252,822). In
certain clinical manifestations, the toxic effects of PKU are caused by Phe blocking the brain
uptake of other amino acids such as tyrosine and tryptophan. It has been found that
supplementing the diet of a PKU patient with excess of such large neutral amino acids blocks
Phe uptake into the brain and lowers brain Phe levels. Thus, it is contemplated that for the
methods of the present invention, the dietary regimen may further be supplemented with
compositions that comprise one or more of these amino acids (Koch, et al., Mol. Genet,
Metabol. 79:110-113 (2003)).

Further, as it is known that L-camitine and taurine, which are normally found
in human milk and other foodstuffs of animal origin, also should be supplied in addition to
the protein restriction. In certain embodiments, the L-carnitine may be supplied as 20
mg/100C g of protein supplement, and the taurine may be supplied as 40 mg/100 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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Similarly, for 2 male of about 11-14 years of age who has moderate PKU, it
15 may be possible using the methods of the present invention to give him the allotted 45 g
protein/day through a normal protein intake rather than a restricted formula, Determining
whether the methods of the invention are effective will entail determining the plasma Phe
concentrations of the patient on a regular basis to ensure that the plasma Phe concentrations
remain below at least 400 uM. Tests for determining such concentrations are described

20 below. In some embodiments, concentrations of less than or about 360 uM are achieved.
3. IDENTIFYING AND MONITORING PATIENT POPULATIONS

As discussed herein throughout, it will be necessary in various embodiments of the
present invention to determine whether a given patient is responsive to PAL therapy, and to
determine the phenylalanine concentrations of the patient both initially to identify the class of

25 PKU patient being treated and during an ongoing therapeutic regimen to monitor the efficacy

of the regimen. Exemplary such methods are described herein below.
BH{4 Loading Test

The BH4 loading test allows discrimination between patients that have HPA
due to a deficit in BH4 or through a deficiency in PAH.

30 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, ef al., Lancet 1:1236
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In order for the simple BH4 loading test to produce reliable results, the blood

Phe levels of the patient need to be higher than 400 pM. Therefore, it is often customary for

the patient to be removed from the PKU diet for 2 days prior to performing the loading test.

A BH4 test kit is available and distributed by Dr. Schircks Laboratories (Jona, Switzerland).
10 Ths kit recommends a dosage of 20 mg BH4/kg body weight about 30 minutes after intake

of a normal meal.
Determination of Phe Concentrations

There are numerous methods for determining the presence of Phe in blood
(Shaw et al., Analytical Methods in Phenylketonuria-Clinical Biochemistry, In Bickett er al.
15 Eds., Phenylketonuria and Some Other Inborn Errors of Amino Acid Metabolism, Stuttgart,
Georg Thiem Verlag, 47-56 (1971)). Typically, phenylalanine and tyrosine concentrations
are determined from the serumn of a patient using a flucrometric assay, This assay relies on
the formation of fluorescent substance when phenylalanine is heated with ninhydrin in the
presence of leucylalanine (McCaman, ef al., J. Lab, Clin. Med. 59:885-890 (1962)).

20 The most popular method for determining Phe concentrations is the Guthrie
test in which discs are punctured from filter paper that has been saturated with a blood sample
from the patient. The uniform discs are incubated in a tray of agar that has been seeded with
Bacillus subtilis and contains a specific inhibitor of Bacillus subtilis growth. As the
phenylalanine transfers from the uniform discs onto the agar, the Phe reverse the inhibition of

25  bacterial growth thereby yielding an area of bacterial growth that can be correlated to

| phenylalanine conceniration by comparison to similar assays performed 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
30  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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It is contemplated that the plasma Phe levels of the patients will be monitored
at convenient intervals (e.g., daily, every other day or weekly) throughout the time course of
the therapeutic regimen. By monitoring the plasma Phe levels with such regularity, the
clinician will be able to assess the efficacy of the treatment and adjust the PAL and/or dietary

5  protein requirements accordingly.
4. COMBINATION THERAPY

Certain methods of the invention invelve the combined use of PAL and dietary
protein restriction to effect a therapeutic outcome in patients with various forms of HPA. To
achieve the appropriate therapeutic outcome in the combination therapies contemplated

10 herein, one would generally administer to the subject the PAL composition and the dietary
restriction in a combined amount effective to produce the desired therapeutic outcome (i.e., a
lowering of plasma Phe concentration and/or the ability to tolerate greater amounts of
Phe/protein intake without producing a concomitant increase in plasma Phe concentrations).
This process may involve administering the PAL composition and the dietary protein

15 therapeutic composition at the same time. This may be achieved by administering a single
composition or pharmacological protein formulation that includes all of the dietary protein
requirements and also includes the PAL within said protein formulation. Alternatively, the
dietary protein (supplement or normal protein meal) is taken at about the same time as a
pharmacological formuiation (tablet, injection or drink) of PAL. PAL also may be

20  formulated into a protein bar or other foodstuff such as brownies, pancakes, cake, suitable for

ingestion.

In other alternatives, PAL treatment may precede or follow the dietary protein

therapy by intervals ranging from minutes to hours. In embodiments where the protein and
the PAL compositions are administered separately, one would generaily ensure that a

25  significant period of time did not expire between the time of each delivery, such that PAL
will still be able to exert an advantageously effect on the patient. In such instances, it is
contemplated that one would administer the PAL 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

30 adaily 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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Further, in addition to therapies based solely on the delivery of PAL and
dietary protein regulation, the methods of the present invention also contemplate combination
therapy with a third composition that specifically targets one or more of the symptoms of
HPA. For example, it is known that the deficit in tyrosine caused by HPA results in a
deficiency in neurotransmitters dopamine and serotonin. Thus, in the context of the present
invention, it is contemplated that PAL and dietary protein based methods could be further
combined with administration of L-dopa, carbidopa and 5-hydroxytryptophan
neurotransmitters to correct the defects that result from decreased amounts of tyrosine in the

diet.

As the administration of PAL would not generate tyrosine {(unlike
administration of PAH), such treatment will still result in tyrosine being an essential amino
acid for such patients. Therefore dietary supplementation with tyrosine may be desirable for

patients receiving PAL in combination with the BH4 therapy.

L. SCREENING AND CHARACTERIZATION OF PAL HoMoOLOGS

Another aspect of the invention is a screening assay for identifying bacterial
PAL that can prevent, ameliorate, or reduce enhanced levels of phenylalanine by contacting a
cell containing elevated levels of phenylalanine with the bacterial PAL and determining
whether the bacterial PAL reduces such elevated levels of phenylalanine. In certain
embodiments, the method is a high throughput assay. In one embodiment, complete genomes
of the bacterial species are sequenced and screened for the presence of PAL homologs using
a bioinformatics approach. In another embodiment, genes with homology to encP are
identified and BLAST analysis of the related protein sequence is conducted to determine
percent identity. Primary sequence alignments of such proteins are assessed for the presence
of conserved residues essential for PAL activity, Position 83 (HAL from P. putida) of all
HAL enzymes is a histidine whereas it is an aliphatic amino 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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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).

30

K. PURIFICATION OF PROKARYOTIC PAL
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Cloning of Nostoc punctiforme and Anabaena variabilis PAL
DNA Manipulations
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N. punctiforme genomic DNA was purchased from ATCC (29133D) and the
PAI gene (ZP_00105927) was PCR-amplified from primers 5°-
CACTGTCATATGAATATAACATCTCTACAACAGAACAT-3’ (SEQ IDNO:12)y and 5'-
GACAGTGGCGGCCGCTCACGTTGACTTTAAGCTCGAAAAAATATG-3" (SEQ ID
NO:13). The resulting PCR product was digested with Ndel and Notl and the 1.7 kb
fragment was ligated into pET-28a(+) and pET-30a(+) (Novagen) for N-His tagged and
untagged, respectively.

A. variabilis cells were purchased from ATCC (29413). Genomic DNA was
extracted (Qiagen) and the PAL gene (YP_324488) was amplified by SOE-PCR to remove an
Nhel site. Primer 1 (5’-CACTGTGCTAGCATGAAGACACTATCTCAAGCACAAAG-3)
(SEQ ID NO:14) and primer 2 (5°-
GGAAATTTCCTCCATGATAGCTGGCTTGGTTATCAACATCAATTAGTGG -3°) (SEQ
ID NO:15) were used to amplify nucleotides 1-1190 and primer 3 (5°-
CCACTAATTGATGTTGATAACCAAGCCAGCTATCATGGAGGAAATTTCC-3”) (SEQ
ID NO:16) and primer 4 (5°-
CACTGTGCOGCCGCTTAATGCAAGCAGGGTAAGATATCTTG-37) (SEQ ID NO:17)
were used to amplify nucleotides 1142-1771. These two PCR products were combined to
amplify the full-length gene with primers 1 and 4, The resulting PCR product was digested
with Nhel, blunted with Klenow (NEB), then digested with Notl. The 1.7 kb fragment was
ligated into pET-28a(+) and pET-30a(+) (Novagen).

Bacterial Strains and Culture Conditions

E. coli BL21(DES3) cells (Stratagene) were transformed with pGro7 (TaKaRa)
and competent BL21{DE3)pGro7 cells were prepared by the Inoue Method (Sambrook and
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 ODgqg 0f
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.

OR

r AvPAL nononer-. noles PEG/ nole rAvPAL r AvPAL 13.9 204.0 14.6
- 2mMMLys: 6 nthl PEG 23.5 66.8 2.8 11.8 2:6 and 1:3 22.9 42.3 1.8 12.8
2:6 and 2:2 33.1 118.1 3.6 11.0 2:6 and 2:4 32.9 96.3 2.9 11.7 2:6 and 2: 6



0.6 14.0 2:6 and 3:6 30.5 37.2 1.2 13.4 Percent Peuyl ation of
Lysi ne Resi dues upon Re-pegvlation: As shown in FIGURE 20, tryptic peptide
mappi ng i ndi cated that re-pegylation inproved the percent pegylation of
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concentrations of activated nPEQOK-NHS, such as 6 mM appeared to be nore
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15  eluted product showed a high level of purity by both SDS PAGE and reverse phase HPLC.

EXAMPLE 3
Generation of Pegylated PAL Variants

Protein Pegylation

20 Pegylation uses modifications of literature methods (Hershfield, ef al., (1991)
ibid.; U.S. Patent No. 6,057,292; Lu, et a/., Biochemistry 40(44):13288-13301 (2001); Nektar
Therapeutics, 2003 catalog). Activated PEGs include both the linear PEG succinimidyl
succinates {mPEG-SPA, MW 5 kDa or MW 20 kDa) and the branched PEG
hydrosuccinimides (mPEG,-NHS ester, MW 10 kDa or MW 40 kDa), which are both capped

25 onone end with a methoxy 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,

30  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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(my/ kg) Nom nal Test Article Activity (RJ/ nL) Dose Volume (nL/kg) Total
Nunmber of Doses and Dose Frequency 4 rAvPAL-PEG Weks 1 - 8 80 12 10 14
once weekly admi nistration (day | of a 7 week) Weeks 9 - 14 20 3 2 4

r AvPAL- PEG BEL \eegks | - 8 80 12 PCT/US2008/006661

modified PAL displays immunoreactivity upon repeated injection in mice and since naked
(wild-type) PAL is quickly inactivated upon exposure to proteases. Pegylation reactions are
stopped by freezing at -20°C, and the samples will be analyzed by SDS-PAGE, MALDI-

TOF mass spectroscopy, activity assessment, proteolytic sensitivity, and immunoreactivity.

5 Prior to activity, proteolysis, and immune assessment, and in order to remove
excess unreacted PEG, reactions are dialyzed against pH 8.5, 0.05 M potassium phosphate
buffer overnight at 4°C with stirring using Tube-O-Dialyzers (GenoTechnology). Afier
protein concentration is determined using the NI protein assay kit (Geno Technology), PAL
activity measurements will be performed on underivatized and PEG derivatized PAL samples

10  using standard reaction conditions, as previously described. Following in vitro
characterization, in vive trials will be conducted with the most promising pegylated

therapeutic candidates using the PKU mouse model.
Characterization

Protein concentration is determined using the PAL extinction coefficient (0.5
15 and 0.83 mg mL'em™ for RtPAL and AVPAL, respectively) at 280 nm for non-modified
protein samples and for pegylated protein samples the concentration is calculated using the
NI Protein Assay (GenoTechnology) that includes sample processing to remove non-protein

contaminants that might interfere with accurate protein concentration determination.

PEG-PAL products are characterized with MALDI-TOF MS to determine the
20 number of PEG molecules attached to each PAL monomer, as well as characterized using
activity assessment and SDS-PAGE and native gel analysis, to assure retention of activity,
complete derivatization, and no loss of tetrameric PAL formation, respectively. For PAL and
PEG-PAL samples, MALDI-TOF mass spectroscopic analysis requires the use of 0.5 M urea
or 0.025 M guanidine-HCI to improve subunit dissociation and the reproducibility of species

25  detection.
PAL Activity Assay

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
30  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 Mlem™. Reaction
mixtures contain 22.5 mM phenylalanine in 100 mM Tris-HCI buffer, pH 8.5. For standard
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Welcs 9 - 14 20 3 3 4 rAvPAL- PEG Weks 1 -8 80 12 r AvPAL- PEG RP1
Weeks 9 - 14 20 Two groups of mce, groups 1 and 2, were adm nistered
subcut aneously a high (80 ng/kg) weekly dose of either rAvPAL-PEG or

r AvPAL- Pgagglz?g@n?{&gépect ively, for 8 weeks, followed b¥c?m{sﬁ%ﬁ’so/§&8m”g/ kg)

weekly d AL- PEG or rAvPAL- PEG RP1, respectively weeks. One
group of mce, group 3, was adm ni ster e high dgse, of. 15 r AvPAL- PEG

fol | owSRFagHePeRS ﬂ’@\ﬁ%&m °PW%1®E?§%§¥.]‘“§P%%H" &?ég-‘rt?BF pagicsepr e- dose
and at YAmOURcAMEBoR ASthe Q88 AfidieaRa st ar sfegé a0 e pel min iPlgeR Phe

| evel s were neasured as descri bed in EXAMPLE and t he datg} oblt ained is

shown irmngEloBURES x10.0BeAotivipedtanis sxpressed actpeeifip petivitydpmghaniat mgapi ous days

post - dgse for .anal.ysi f anti-AvPAL anti | evel.s. rgm ant i -r AVPAL | gG
Prter s Unbptag BAF ¥ ferhed as B el oh BB el bndiS ST RGP B e s
shown iaﬂid-f)%bﬂnﬁmi@atroomtemperatureAS shown in FIGURE 21, for all 3 groups, 7-8
weeks of weekly 80 ng/kg subcutaneous dosing of rAvPAL-PEG (DP, filled

circles or filled inverted triangles) or rAvPAL-PEG RP | (2xPEG open
circles) resulted in stabilizatign of plasma Phe levels to <200 jtM After
stabilization, a decrease to weel@%A kg subcut aneous dosing wth 25

r AvPAL- PEG resul ted i Beg #2¥ Sirff B HTBnBNR th&Ydeicitp <200vM  The pl asma
Phe levels in ENU2 mce treated wth 20 ng/ kg r AvPAL- PEG (DP, filled

ci rcl es) e e | ougir baknlTa 8nk 88k Aol hlmaQ pihsihe PP REGERI, ( 2XPEG

open circles or filled inverted triangles), possibly due to the greater
spd8i f iare weeehed foy iramupdreactivivy bgeinsé gtitedied ra wd A PRIE@i¢ninisoieparithson with

t hat Ofnaﬁ&ef’fglg H&%Jane@%Yéd%S&'g ﬁa’?&é%%’i‘férggt%nﬁeggjmpiememmy techniques (Western

blot, ELISA, and immunoprecipitation (IP)).

For Western blot analysis, PAL anti-serum (from mice injected with native
PAL) is used in a dilution 1:10,000. As a negative control the serum frorh buffer treated-

15 mice is also used in the same dilution. The secondary antibody, alkaline phosphatase-
conjugated goat anti-mouse IgG (Promega), is diluted to 1:5,000 and color is developed using
the AP substrate Western Blue (Promega). The ELISA test is performed using Nunc/Immuno
Maxisorp plates (Nalge Nunc International) following standard procedures using 1 mg/mL of
PAL in PBS and blocking with PBS, 0.05% Tween-20, 2% BSA. The mouse antisera (from

20  native PAL exposed mice) is diluted 1:10,000 in EB block solution (PBS, 0.05% Tween-20,
2% BSA),and a HRP-goat anti-mouse IgG is used as secondary antibody with TMB used for

detection at 450 nm.

Imrmunoprecipitation is used to test for PAL antibody binding. Protein

samples (PAL or pegylated PAL) are incubated in TTBS buffer (Tris buffered saline with

25 0.1% Tween) and PAL activity is measured before adding the antibody sample. Each sample
1s 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

30 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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30As shown in Table 15, the anti-AvPAL IgGtiters were lower in ENU2 m ce
injected with rAvPAL- PEG RP1 (group 2) than those injected wth rAvPAL- PEG
(groups I WD 2008/ 153776PCT/ US2008/ 006661 and 3). This indicated that

re- pegyl at.i VPAL variant to have an increased 9 gyl ati on,
in parti ?&ngﬁ% F\SA\ZO | cDa |inear PEG nol ecul es, was %ggg%}ogt;fggeo% th a

e e 3E e PTHAESRAS ot Bt Bl Bt R BE S hhel o 7L
150 1z rR0bREinkIRD AdRashel sevirad tided with O THIAdIBO0uERE) Following these
rinses, SDS-PAGE loading buffer is added to the beads and the samples are heated at 95°C
for 5 minutes. Samples are then analyzed by Western blot using PAL anti-serum. Enzyme
5  variants showing poor antibody binding have corresponding little PAL in the pelleted bead
fractions as detected by Western blot and show higher activities remaining in the supernatant

as compared to native un-modified PAL which displays high antibody binding.

EXAMPLE 5
10 Test of Protease Sensitivity

Protease mapping studies on native PAL from R. toruloides have indicated
primary sites of proteolytic sensitivity. Removal of such sites may reduce or eliminate
proteolytic sensitivity and contribute to the development of an effective PKU enzyme
substitute. However, elimination of such sites for proteolytic sensitivity may result in the

15 reduction or loss of enzyme activity.

After protein engineering has created improved PAL (and PEG-PAL) mutants
that retain activity, screening for protease resistance using incubation with a
frypsin/chymotrypsin protease cockitail, followed by monitoring for retention of activity {vig
0OD2¢p measurement) and reduced protein cleavage (via PAGE gel analysis) allows for the

20 identification of mutants with appropriate in vitro properties to be used for in vivo testing.

Proteolytic stability will be assessed using incubation with a protease cocktail

that approximates the intestinal environment and contains 2.3 mM trypsin, 3.5 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

25  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., ef al., J. Biomol.

30 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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sensitivity sites can be removed using pegylation protection and/or mutation to remove and/or

protect susceptible regions from the PAL architecture.

EXAMPLE 6
5 Generation of PEGylated NpPAL and AvPAL

In general, PEGylation for both NpPAL and AvPAL involves mixing the
protein with SUNBRIGHT ME-200HS 20 kDa NHS-activated PEG {(NGF).

Protocol for PEGylation, standard “HC” method using NHS-activated 20 kDa
linear PEG:

10 1) The protein was evaluated for the presence of endotoxin,

A protein solution (0.1 mL) was diluted in 0.9 m] fresh MQ water and tested
with a hand-held Charles River apparatus (EndoPTS) for endotoxin at the 0.5 EU/ml
sensitivity level, If endotoxin was greater than 0.5 EU/ml, then endotoxin was reduced
initially by Mustang E filtration, followed by Sterogene Etox resin, and optionally by further

15  chromatographic purification. Reduction was limited but sufficiently useful by passage over
DEAE FF (Amersham) at pH 7.8,

2) Concentration and buffer exchange of protein:

The protein was concentrated to greater than 25 mg/ml but less than or equal

to 75 mg/ml and buffer exchanged to 50 mM KPO,, pH 8.5, If a spin filter was used to

20 prepare this concentration, the filter was first tested for endotoxin by spinning at reduced
speed and time (3000 rpm, 3 minutes) with buffer alone, then testing the retained buffer for
endotoxin in the same way as the protein in step 1. The buffer batch record/recipe for 50 mM
KPO4, pH 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

25  was filtered through a 0.2 pum 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 .83 for NpPAL and 0.75 for AvPAL.

3) PEGylation of NpPAL and AvPAL:

30 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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<50 r AvPAL- PEG weeks 1-8, then 3-1 50 450 1350 1350 450 r AvPAL- PEG RP1
weeks 9-14 3-2 50 1350 1350 1350 1350 3-3 <50 450 4050 1350 1350 3-4 <50
50 450 150 450 5 In summary, re-pegylating the AvPAL- PEG

vari ant V‘@vb@o@a@xs&ﬁpa | i near PEG nol ecul es to increase ﬂck}?us 5 @5@‘%
[ [ ?e%ﬁw h a

pegyl ation at Vvarious |lysine residues in AVPAL was assocl a
is er;rg E'z)l&éﬁﬁg W%%%W%Sgﬁ Faggpamt I Vﬁjfl ; %‘c Lftr;sp\éxlléerd.o Thg l;}'dteiiw r\rvpa(s) ;}i&%tttl) Ye well"© ed
suspended PEG solution within one minute of having first wetted the PEG and mixed by very
gentle inversion. Tubes wrapped in aluminum foil were placed on the axis of a rocker and
rocked very gently at room temperature for 3 hours. The tubes were filled with TBS (pH 7.5)
5 and sterile filtered. The suspensions were either formulated immediately or stored at 4°C

until ready for formulation.
4)  Formulation

The formulation buffer recipe/batch record consisted of water (QS to 1 L),
Tris-Base (3.2 mM), Tris-HCI (16.8 mM), and sodium chloride; the buffer solution was
10 filtered through a 0.2 um filter and stored at room temperature. The buffer solution was
subjected to tangential flow filtration using a Vivalow 50 (smaller lots) or Vivailfow 200
(larger lots) with an 100 MWCO regenerated cellulose membrane. The solution was flushed
with MQ water, 0.1 N NaOH, and 200 mL water again. The solution was equilibrated with

TBS, pH 7.5 at 50 mL/min cross-flow. The pH of the permeate was determined to ensure a
15 pHof75.

The solution was buffer exchanged by first diluting with TBS approximately
3-fold and returning to original volume at least four times. Cross-flow was typically 180-200
ml./min for both Vivaflow 50 and 200,

The final product was filtered through Mustang E. The presence of endotoxin
20 was evaluated after diluting 0.1 mL with 1.9 ml sterile fresh water, If endotoxin was greater
than | EU/mL, reduction was conducted with Sterogene Etox gel. Formulated and sterile
PEGylated NpPAL or AvPAL were sealed in vials and placed at —70°C until ready for in vivo
studies.

25 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.

30 The effects of (1) a lysine mutant R91K PAL from Rhodosporidium toruloides
and its pegylated form (1:3 PA::PEG) (PEG from Nippon Qil and Fat, NOF) at a dose of 3.0
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Clinical Evaluation Wth Prokaryotic PAL Conpositions The foll owm ng exanpl e
provi des gui dance on the paraneters to be used for the clinical evaluation
of conpositions conprising prokaryotic PAL or biologically active 15

vari ant s, wuh@nksme and fragments thereof ("PAL") in the m%‘;"%‘%ff ¢ met hods

of the present 1 nvention. As discussed herein throughout AL w be used
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eval uate further efficacy. Measurenents of safety will include adverse
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medi cal _hi story land piSi cal | exam neuropbychol ogi cal and|cognitive
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groups. 5 PAL Safety PAL therapy will be determ ned to be safe
if no significant acute or chronic drug reactions occur during the course
of the study. The | onger-term adm ni sttation of the drug will be determ ned
to be safe if no significant abnormalities are observed in the clinical
exam nations, clinical |abs, or other appropriate studies. 10 EXAMPLE 18
Clinical Evaluation of a Pegylated AvPAL Vari ant The pegyl at ed
doubl e cystei ne nutant AvPAL, AvPAL C565SC503S will be clinically eval uated
in humans. The objective of the clinical evaluation is to determ ne the




15safety, tolerability, pharmacokinetics (PK), and efficacy in PKU ~
patients. Blood phenylalanine (Phe) levels will serve as a clinical
endpoi nt. Phase 1 Phase 1 is an open |abel, single dose
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claim1l1, wherein the cysteine residue at position 503 of AvVPAL has been
substituted with a serine residue (SEQ ID NGO 9). The AvPAL variant of claim
I, wherein the cysteine residue g 'tEiDQn 565 of AvPAL has been
substituted with a serine residue I‘I NGO 10). 4. The AvPAL variant of
cl ai m 1 Effcheoiod mbabes earitbélis Ak ¢AvPiAbyamd itp BEGyiared Fofid imFH1bARettade been
substituted with serine residues (SEQ |D NO 11). 5. The AvPAL variant of
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5, erein said ation_.i.s achi eved reactin he AvPAL iant with
NHE? act i vat ed poﬁﬁg%‘;‘?‘f‘é"ﬁé’f&ﬁ%&y ggsrgcggmn@e&?as %ﬁ%‘FVé WP%WE‘%I ycol per
| ysi ne ¢l fdlewing sédtidtineMaradaiistrafion®of AVIPAL or papdidi@hvPAamherei n the
cysteine residue at position 503 of AvPAL has been substituted with a
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3077 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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Wendt, Dan <120> Conpositions of prokaryotic phenyl al ani ne ammoni a-| yase
and net hods of using conpositions thereof <130> 0165 PCl10 <150> US

11/ 451, 999 <151> 2006- 06-12 <160> 33 <170> Patentln version 3.4 <210> 1
<211> 1718gsekAzsBNA <213> Nostoc punctifornme <400> 1 petragadegb@aesicat ct ct aca
acagaacata acgcgttctt ggcaaatacc tttcactaat60 agttcagatt caatcgtaac

t gt a09Gaaliv&I PRAKASRAN Ak FIALHE B tiRARE 140 a oA ARl vakPaRagaca
ggtgcgctta actgataatg cagatgtcat tcggggtgtt180 caadcatctt gtgattacat

t aac aatgba -§0¥y@émoayocafdfdsaan).t t acggggt g240 acatctggct ttggcggt at
ggcagatgtt gtcatctctc gcgaacaagc agcggaactt 300 cagactaatt taatttggtt
t ct gaadesgltisggcgcaggaa acaaattatc gttagcagac360 gtgcgtgcag ctatgetctt
acgtgcaaat tcacatttgt atggtgcgtc tggtatacgad420 ctcgaactta ttcagcggat
t gaaactttc ctcaathetegulgcigt 4aBATchacatrgtdokiag 400ieg dghbtigetthetfitaygifge

tagcag t ccat tafcct.acat tact cas540, ct aa c t tcctag
ot LE SR BiSRtes 1T RHAE Beetiie HRtTERREe ey NoBRlt bl o
PRI At b g s i it -t i A g e b
cat gacaggt attgcagcta gtg a_cgat gcgaaa gctcg ctctgacaa
gggt gt ARERIEEAICTSIRORE- ?@E&ég@?%@%@g‘g g7BdC Betabaplute equteReBE Br ¢

tatt catGat il 9RaAGerARaAtGERAN FGPRAS [AGIGEceR40 gcagat caaa tgttttctct
gct gaaagat tcatctttag ttcgtgaaga gttggatggt 900 aaacacgaat accgtggtaa

agatctgata caggatcgtt attctctccg ctgtctggca960 cagttcatag ggccaat cgt
t gat ggggt a tcagagatta ccaagcaaat cgaggt agaal020 at gaactcag tcaccgataa
ccdlttgatt gatgtcgaga accaagtt ag EXAVIPAERCc1080 ggcaattttc tcggacagta

tgtgggtg 4 acat cga
{0t geagarrate et ToReEatthig L VPR LIRS PE LRI APRIARANERRY 51
t ggt aat agc gat cgcaaag tRE(Glated NpPadt onBEJoL 2661 PHge 1

The objective of this study was to evaluate the pharmacodynamic parameters

and immunogenicity effects of chronic (30 day) dosing with pegylated and unpegylated
15 RO1K PAL and pegylated NpPAL in ENU/2 mice, a disease model of phenylketonuria.

Two batches of each test article (R91K and its PEGylated form R91KPAL:
PEG 1:3, npPAL and its PEGylated form npPAL:PEG 1.3 NOF, and vehicle Tris-HC]) were
produced, one used for the first half of the study and the second for the second half of the
study. Test solutions were stored at -70°C to -80°C. A total of 55 (n= 3-7 per dose group)
20  homozygous ENU2 mice (aka BTBR*™?) were used, and under 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 20 3
2 b.iw. ? RIOIK 26 3
3 b.i.w. post week 3 ° R91K 22 3
4 Escalating Dose, s.i.d. ROIK 90 7
5 Decreasing Dose, s.i.d RYIK 90 7
6 b.iw. ? RS1K 1:3 NOF 26 6
7 b.i.w. post week 3 ° RO1K 1:3 NOF 22 6
8 Escalating Dose, s.i.d. R91K 1:3 NOF 90 7
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ttgcaaatca gtggaaactc gattatgcca ctgttgagct tctatggaaa ttccctagccl320

gatcgctttc ctacccacgc cgagcaattt aatcaaaata ttaacagcca aggctatatt 1380

tccgcaaatt tgacacgtcg ttccgtagac atatttcaga attatatggc gatcgcgttgl440

atgtttggag, @g% [gt tgacctccgc acatataaga tgaaaggtcgd; 1500

cgt acat gcc tc cacccaa tactgtgcag ttat acacag cagtctgcga gg tgga1560

aagccact as r\nf r\tn aco-tccatacat t ggi ar\nagr\aaf fffngaf g9g1620
t

a6
cat att gccg g%ttt %@rqa@’é‘ﬁg&c‘éﬁétldgc bt F‘W tit gt g€a aggagtt gap1680
catatttttt cg@gctta&&t@hﬁﬁ&%ﬁ@&ﬂ]%ﬁ%ﬁﬂ%N@@lb 569 <212> °RT| <213>
Nost oc purrct =f-orn <A e ] 1 o | || \JI I‘\DII 1 e Thr Al’g
Ser Trp Gnl:? “}J g% a nce gt d (ngWSe?'nc eram )Thr Val Gy
Asp Arg Asnb Agély 1 %m% é | H| Gy Thr
G n Val 3540 qu Rp dé ) "Ttarluf‘%o’A & AI a Ser
Cys .505560 3-{%@ %ﬂi‘t’m uT G|n Pro Ile Tyr dy val
65767580 Thr é? hd day ehefyle (Rrpmpleas ‘%&fia lle Ser Arg Au G n
859095 Ala Ala du Leu Gn Thr Asn Leu IIe Trp Phe Leu Lys Ser Ay Al a

100105110 Ay Asn Lys Leu Ser tgmedl poInv¥Rl Arg Ala Ala Met Leu Leu Arg
115120125 Ala Asn Ser His Leu Tyr Gy Ala Ser Ay lle Arg leu Gu leu lle

130135140 G n Arg Ile Au Thr Phe Leu Asn Ala d yDdaIDajer Pro Hi s Val Tyr
145150155160 1-14 |15-28 [29-42  43-56|57-90
Group
Numbers Group Descriptors Dose level in IU/mouse/day

1 Vehicle control 0 0 0 0 ]

2508 | Sigticdose,biw. | 1.0 | L0 | 10 | 10 | 10

4 and 8 Escalating Dose, s.i.d. 0.2 0.4 0.6 0.8 1.0

5 and 9 Decreasing Dose, | 30 | 20 | 10 | 08 |06

10 Bacterial PAL, s.i.w. 1.0 1.0 1.0 1.0 1.0

Dose administration was performed once daily for groups 1, 4, 5, § and 9.

10 Groups 2 and 6 (b.i.w.) were dosed twice per week on days 1 and 4, e.g., every Monday and
Thursday. Groups 3 and 7 (b.i.w. post week 3) were dosed on days 1 and 8 and then again on
day 22, after which the schedule matched that of groups 2 and 6 (every Monday and
Thursday). Group 10 was dosed once weekly. The test solutions were administered by
subcutaneous injection (bolus) using a 25 or 26-gauge needle and a 1 cc syringe into the

15 subcutaneous space between the shoulder blades. Each animal received a predetermined dose
volume calculated using the Test solution activity (TU/mL) and the dose level (IU/mouse).
Dose administration was performed at approximately the same time on each dose
administration day.

Animals were observed daily for morbidity, mortality and general health. In
20 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 uL of whole blood were collected at
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~Gu Phe Ay Ser Ile Gy Ala Ser Ay Asp Leu Val Pro Leu Ser Tyr 165170175
Ile Thr Gy Ala Leu Ile Ay Leu Asp Pro Ser Phe Thr Val Asp Phe Page 2
180185190 Asp Ay Lys Qu net AS Ala Val Thr Ala Leu Ser Arg Leu Ay Leu

19520020 uGnLeu Gn Pro Lys Gu Gy Leu Asn Ay
210215220 By o S L 2 y Ile Ala Ala Ash Oys "\%lrﬁm%‘?"%’“ﬁém a Lys

225230235240 val Leu a Leu a L Lle Gn
Ay 24 ‘E‘BSP‘P}E&ETGF;&? P% V‘%‘fﬁma@ﬁ%% @Iéf‘-mﬁﬁe\éiﬁ’%dH &Ahﬁ%eqe T'é '%f%ﬂ“ta n Cys
Lys 26Q28a8rtGrdat forkhiSusinPinsk Y TR ﬂlob@ﬁro [eBs thﬁiaﬁhéwé&&o@e&ed\@ﬁn er Leu
Leu 275280285 Lys Asp ser ser Leu val ug Gu Leu Asp d ys Hs Qu

Tyr 296239880CrNey-TepapijlaryBleod &i¢llpgtiond ese@*B‘? AP T¥er sepmeellecipy Cys Leu
tve i Rl e Retni tube S b ot fre, BiofRsoipfs S e oeliol tn &, T
As p 5Valno34@8 48 30o@sbe AsnsaBarativaby S@ﬁnfﬁgatidﬂ iptoGlizsn@/sprufs anda.heedl et-l@y Gn
A% Lydo 3905 38abmseiten Foosagls. Wiro iR otk br plaimi Bt elimaafiogr 5 6w pne
Ser  Asnic®8hih3030540Ath SHeyylkRHinERAd Hittbode titekSoh Ma folldwind 84y s Sey (p@é@tu@f g Lys
val ASI SR 17924825, 52, 59, 6,73, 80, 87 and 91. On day 89, blood and plasma was

also be collected from Group 1, 5, 9 and 10 animals. Single timepoints each week may not

10 be providing an accurate view of blood Phe response to dosing. Additional timepoints
showed whether or not Phe levels are varying between doses. The day 9 sample was of vital
importance to study integrity since it marks the time when the PD effect was lost in all dosing

regimens attempted to date. A final 100 L blood sample was collected.
Results

15 The long-term dosing study shown in FIGURE 7 shows continued efficacy

after numerous weekly injections over a ten-week period (with NpPAL-PEG).

EXAMPLE 10
Generation of AvPAL Variants (Cysteine Mutants)

20 Amino acid substitutions were made in the AvPAL polypeptide to reduce
aggregation that occurs in bacterially expressed, recombinant proteins. Protein aggregation
may reduce enzyme activity and/or increase immunogenicity in 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

25  serine residues,

The AvPAL polypeptide has 6 cysteine residues, at positions 64, 235, 318,
424, 503 and 565 (SEQ ID NO:4). The following AvPAL 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,
30 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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Ay Leu Lys Gy Leu Gnlle Ser Ay Asn Ser Ile Met Pro Leu Leu 420425430
Ser Phe Tyr Gy Asn Ser Leu Ala Asp Arg Phe Pro Thr H's Ala G u 435440445
Gn Phe Asn Gn Asn Ile Asn Ser Gn Ay Tyr Ile Ser Ala Asn Leu 450455460

Page 3 Ser Val ASp Ile Phe G n Asn Tyr a Leu
46547047&9@6%Fﬁé‘ﬁe Ay Val Gn Ala Val Asp Leu Argw%h’rr{ﬂf%()k @gélwlet Lys
Gy 485490495 Hi p Ala Arg.Ihr u Ser Asn Thr. G n Leu
Tyr 500505510 Th?h%‘?(ﬁp‘@ ge‘t?y‘gud*'%’i\ygflf’\%r“ eég?e’ﬁ‘i/‘éa”fﬁrb ’SLgé’H°‘?WrD"¥§r val Arg
Pro 5155206294T3-U, Qlidged mqeé@ﬂm}sw}i\wwadtpr@m AQ&SPAI?ML rleslsp SI:J g:s IA:e d?
eu lle Va n Ala Va

Arg 53 535540Ile Ser Ala Asp lle &
G u 546849 @4@@%@&%&?@%@3@% sty SﬁQ I35 IYpnd reyewsp11> 1704
<212> ?Hﬁ\esa%émﬁ?a%e 00 RS TEPEL WS AUOORAS (B G88FANATA TATE T E8RTS

acaaagtaaa acctcatctc aacaattitc ttttactggab0 aattcttctg ccaatgtaat

t at § gg( 3@ lBAYaadktldw resudiingd %Ry prodyettveps &gatgd 2ithgiag god tyndigated intacct t
28t aaPoRt o Poaar v ESRR CHh o IRAPRIL A R eRRARER Ot Tt Sacogt
spccant s secal oSl b aRsErSHD AR o0
gcgt gc &R Tletwpatraigs vish dtagmantovdsgordificd fad2p40 with forward primer N-Nhe-
AVPAL (5’-CACTGTGCTAGCATGAAGACACTATCTCAAGCACAAAG-3) (SEQ ID
10 NQ:20) and reverse primer Nhe-AvPALrev (5°-
GGAAATTTCCTCCATGATAGCTGGCTTGGTTATCAACATCAATTAGTGG-37) (SEQ
ID NO:21), and the downstream AvPAL fragment was amplified from 1p40 with forward
primer Nhe-AvPALfor (5°-
CCACTAATTGATGTTGATAACCAAGCCAGCTATCATGGAGGAAATTTCC-3%) (SEQ
15 ID NO:22) and reverse primer AvPALrev-r (5'-
ACAGTGGCGGCCGCTTAATGCAAGCAGGGTAAGATATCTTG-3) (SEQ ID NO:23),
In a single PCR reaction, the two PCR products were annealed and extended with DNA
polymerase to produce the full-length AvPAL gene, and then amplified with primers N-Nhe-
AvPAL and AvPALrev-r. The resulting PCR product was digested with Nhel, blunted with
20  Klenow, digested with Notl, and ligated into the pET28a+ vector (prepared by digestion with
Ndel, blunting with Klenow, and digestion with Notl). The resulting plasmid was named

3p86-23.
New restriction sites were added by PCR. AvPAL was amplified from

plasmid 3p86-23 with forward primer AvEcoRIfor (5~

25 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 pIBX;I vector, The resulting plasmid was named 7p56 Av3.

30 Cysteine Mutants

Two cysteine codons in the AvPAL gene, corresponding to positions 503 and
565 of the AVPAL polypeptide, were substituted with serine codons by site-directed
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ttagaactta tcaagcgtat ggagattttc cttaacgctg gtgtcacacc atatgtgtat480
gagtttggtt caattggtgc aagtggtgat ttagtgccac tatcctacat tactggttca540
ctgataggct tagatcccag ttttaaggtt gacttcaacg gtaaagaaat ggat gcgccas00

acagct ct ag,9h&h g%ggaa tttgtcaccc ttgacattgt tgccgaagya3aasikaeead60

at gat gaacg gcact cagt catgacaggt attgcagcaa actgcgtcta cgat actcaa720
attttaact at ct ct tcca ct aacc780
At canPEeT U e T SEfe gt R et Grot 295 R0T S Hhe 8840
gcagat ¢R&Hked god §a&~ﬁ& tbddntih @&@@&a’tpsts@magm@g with @gtveiad gamet Aagasggt$00

cagt at Gy Biscadnan S9ardticFARERL e LGEAAREET ERAIRNGE 020 page

4 atcgﬁ@;&,@ge ﬁﬁ,gpg@t@;ggg t.aatt gat gttgata accaagctag ctatcatggalO80
PPattc &&E«é%%a%&%%ﬁa@ﬁ&%%s%% dieerae E&éo%&?éﬁ@%é;& G Haadae D200
ttaftg ] 200
ggact a t %‘z?? GREG gf'ﬂﬂ? 60
ct gcaagﬁgge@%géﬁéégb%d%gﬁ gcca g?@ﬁ? acct tctat ggéaaa ‘?ﬁ?zcatcgcc 20
gat cgctit the mhaomgsgm@@aad:aabdl in imidl c"ﬁ]yaamﬂtmgzamgtv@a naggdu%@a&“hawo
t cagcgact.c. ta qya%% t atg1 ég g §tt1at ﬁ@ ?t % 440
2t ottt GyRgnt EeREgepET Iy E e L AR R B 500
cgcgcctp@mrté&tcamgc aact gagcgc ttatattcag cagtccgcca cgt agttgga1560

catlt qekeT AR it BAC Lahar bR FREDRARRIETED rd B NEdneeo

gat at Clah@feveib gﬁ,@ggg@ ti3x1A04-<210> 4 <211> 567 <212> PRT <213> Anabaena
variabilis <40 MeT Lys Thr Leu Ser Gn Ala Gn Ser Lys Thr Ser Ser Gn
Gn Ph@Q%@6@§G§@WTWWG§éGAWET%ﬁWQ 3DIGERIIR @y Asn A n

Lys 202k399)-Cthe tBfind dRloM R LS Hin¥@hnd 1h@ GO L NHariGh & hE BodiiPsildnd (ERE Gleu val

mutation in the non-coding strand) is indicated in bold. The resuliting plasmid was named
i5  j298a.

Cysteine codons in the AVvPAL gene at positions 64, 318 and 565 of the
AvVPAL polypeptide were similarly substituted with serine codons using the following primer
pairs: C648S, forward primer Av_(C64S (5°-
GCAGGGTATTCAGGCATCTICTGATTACATTAATAATGCTGTTG-3) (SEQ ID

20 NO:30) and reverse primer Av_C64S8rev (5'-
CAACAGCATTATTAATGTAATCAGAAGATGCCTGAATACCCTGC-3") (SEQ ID
NO:31); C318S, forward primer Av_C318S (5'-
CAAGATCGTTACTCACTCCGATCCCTTCCCCAGTATTTGGGGC-3%) (SEQ ID NO:32)
and reverse primer Av_C318Srev (5°-

25 GCCCCAAATACTGGGGAAGGGATCGGAGTGAGTAACGATCTTG-3") (SEQID
NO:33); and C5658, forward primer Av_C5658S (SEQ ID NO:28) and reverse primer
Av_C565Srev (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.

30

EXAMPLE 11
In vitro Enzyme Activity of AvPAL Variants (Cysteine Mutants)
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354045 Ser Leu Thr Asn Asn Thr Asp Ile Leu Gn Ay Ile Gn Ala Ser Cys
505560 Asp Tyr Ile Asn Asn Ala Val GQu Ser Gy Qu Pro Ile Tyr Ay Val
65707580 Thr Ser Ay Phe Ay Ay Met Ala Asn Val Ala lle Ser Arg Au Gn

859095 Al Leu G n Thr Asn Leu Val Trp the Le y Al a
100105110"%&%%8&5%#?45 Leu Pro Leu Ala Asp val Arg A a'{ag};){%@l}?;ﬁté%& Leu Arg

115120125 Ala Asn, Ser His Met Arg d eu lle
130135140 Lys AFHe REPOsgof thi F%&%M%ﬁ“}&l% ?ﬁ}(“g? ?}gﬁe"“r‘%?“lbﬁ?t&“%? val Tyr
145150 mﬁug%te?ﬁﬁe@%s SetheldwAd il olfbepti@Ebn A WirdpRenlyBlany@l anfthenid-eu Ser

Tyr 165170175 I'le Thr Ser Leu Ile dy Leu Asp Pro Ser Phe.Lys Val Asp

Phe 18@}1@5@@)@@@@% Gu Met Asp Ala Pro Thr Ala Leu Arg G n Leu ASn
Leta 195200205 Ser -Pro Leu Thr Leu Leu Pro Lys Gu Gy Leu Ala Met Met ASn
Ay 210215220 ThAVBAL vapnthEte., Fiisteiae ynutanés) ayeze dpredas descpbed Tyr Asp Thr

G oA SONEIEE A0, THE (VRAL el ek piSgla B HaherOighed s 2P 12
Ser Ly$a@e028%he ARPALIysteiRe mv.@ny pGiypentidas Wepe cAprgssall as despril@dinMet 11 e Ser

Leu Loy, 25280205 AL ArAPD. S8l ERAMPLE 'O ASP G U Leu ASp Gy Lys Hs

Asp Ty
The wild-type (WT) AvPAL and AvPAL cysteine mutants were tested for in

vitro PAL enzyme activity as described in EXAMPLE 3. Table 7 shows that compared to

10 unpegylated WT AvPAL, the in vitro PAL specific activity of the purified, unpegylated
AVPAL cysteine mutant proteins was reduced by serine substitution of the ¢ysteine residue at
position 64 (AvPAL_C645), but was not adversely affected by serine substitution of the
cysteine residues at either of positions 503 or 565, or at both positions 503 and 565
(AVPAL_C503S, AvPAL_CS565S, and AvPAL _C5658C5038S, respectively).

15 Table 7: Specific Activity of AvPAL Cysteine Mutants
AVPAL Protein PEGylation - Specific Activity (U/mg) |
WT AvPAL - 1.7
AVvPAL C5038 - 1.9
AvPAL C64S - 1.3
AVPAL C3565S El ' - 2.0
AVPAL C5658 E2 ; - 2.1
AvPAL C5658C5038 - 2.2
WT AvPAL + 1.1
AVPAL C5658SC5038 + 1.1

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_C565SC5038, were pegylated as described in EXAMPLE 6. Table 7 shows

20  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 5685.

EXAMPLE 12

In vitro Biochemical Characterization of AvPAL Variants (Cysteine Mutanis)
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Arg Asp Hs Qu Leu Ile Gn Asp Arg Tyr Ser Leu Arg Cys Leu Pro
305310315320 G n Tyr Leu Gy Pro Ille Val Asp Ay Ile Ser Gn Ile Ala Lys
Gn 325330335 Ile Au Ile Wu Ile Asn Ser Val Thr Asp Asn Pro Leu lle Asp

Val 3403 n Gn Ala Ser Tyr Hs Ay Gy Asn Py Gn Tyr
val 35532@280@5’7@; Gy Met Asp H's Leu Arg Tyr Tyr M ’Z”Sé‘?%"’ S Ceu Ala

Lys 370375380 Hi s _Leu Asp Val G.n Ile a Leu, Ley Ala Ser Pr u Phe Ser
ASn 385390395400%§W8£§%S BrgY 8as 1o &F"E‘&I?‘E?V??Séiqseﬂf‘as‘ésﬁm}??@° ys Val
Asn  MetiheHBiHES dldreindrOidd&As the TANP NS0l Fydpti@k YnASNacoeieratddastability, AQp Arg Phe
Pro Thr Hs Ala A.u 435440445 G n Phe Asn G n Asn Ile Asn Ser An Ay Tyr

Thr Seraggiegattformalion A0 ADsHEEPIGe eeylaliely Ser Val Asp Ile Phe G n Asn Tyr
Val Ala Ile Ala Leu 465470475480 Met Phe Gy Val @ n Ala val Asp Leu Arg
Thr TyrcegleratedsSabilivy v 485490495 His Tyr Asp Ala Arg Ala Cys Leu Ser Pro
Ala Thr Qu Arg Leu Tyr 500505510 Ser Ala Val Arg H's val Val Gy Gn Lys
Pro5Thr Ser Asp ﬂiﬁl@eﬁ%’% of y5ime guimttutipp of pystefpeyesidyesig AVRAK W VEHh Gy Leu
Asp d | : ASPm : y Val
Th VarteiEy %agd@gﬁm%é%b’g% té%%%@%%%&g? }}%ﬁfe‘u PPM&EQ%J%&%%SO?S
un-pegylated, for various time periods at 37°C, and then measuring the in vifro PAL specific

activity of these proteins as described in EXAMPLE 3.

Wild-type AvPAL and AvPAL cysteine mutants, either upegylated or
10 pegylated, were prepared as described in EXAMPLE 11,

As shown in FIGURE 9A, the specific activities of the unpegylated AvPAL
proteins were stable for at least 5 days at 37°C, and were not adversely affected by serine
substitution of the cysteine residues at position 565, or at both positions 503 and 565.
Similarly, as shown in FIGURE 9B, the specific activities of the pegylated AvPAL proteins

15 were stable for at least 6 days at 37°C. The single cysteine AvPAL mutant, AvPAL (56358,
showed somewhat reduced stability compared to wild-type AvPAL and the double cysteine
AVPAL mutant, AvPAL_C5658C503S, after 6 days at 37°C.

Aggregate Formation

The effect of serine substitution of cysteine residues in AvPAL on formation
20 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,
25  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

30 spectrometer.
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> 5 <211> 523 <212> PRT <213> Streptonyces maritinmus <400> 5 Met Thr
val Ile Qu Leu Asp net Asn val Thr Leu Asp G n Leu 151015 A u Asp Al a
Arg Gn Arg Thr Pro Val Qu Leu Ser Ala Pro val 202530 Arg Ser Arg val

Al a Val Leu val Lys Phe Val G n 35404 g val Ile
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Val Gy Al 5 APt Wels PRSHIm e B A0EAL NSRRI AND 11 16 Mot Leu Ser
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a &m%‘éﬁ&%ﬁﬁr%@é@@ay%ﬁsséae%méﬁ GQCVOSWSLS@I@?W#P&)L% Al a
||%réhé~mgﬂbt%ldﬁ)a Ay A n 145150155160 Trp Lys Ala Arg Tyr Asn
Gnille Mt Pro Ay Ar'g Gn Ala Leu 165170175 Ser u Ala Ay Val Qu

Metsiddshedif@pelarib” Lys Asp Gy Lea 180185190 Ala Lea Ile Asn Gy Thr
a f“%/é‘ “Val- @y Lea dy Thr Met Val 195200205 Lea Gn Ala Ala Arg Arg

Val Asp Arg Ty efeQ®ofderiny dibsRfioAbeyd ke leddts in AVPAL on site-specific
pegylation was determined by pegylating the wild-type AvPAL and doubie cysteine mutant
AVPAL_CS5038C565S as described in EXAMPLE 6, and then comparing the relative
pegylation at the AvPAL lysine residues: K2, K10, K32, K115, K145, K195, K301, K335,
K413, K419, K493, K494 and K522,

Approximateif 100 pug (10 uL at 10 ug/ul) of unpegylated or pegylated
AVPAL proteins Were denatured in 8 M urea. The denatured proteins were then digested in a
100 pL reaction volume with trypsin at pH 8.2 overnight (~20 hours) at 37°C. The trypsin-
digested proteins were reduced by treatment with 1 pL of I M DTT for | hour at 37°C,
followed by quenching with 3 pL 15% TFA. Digested proteins were separated on 2 C18
reverse-phase column. Percent pegylation of each of the pegylated AvPAL peptides was

calculated by subtractive peptide mapping of the corresponding unpegylated peptide,

As shown in FIGURE 11, at a ratio of AvPAL protein:PEG of 1:3, there was
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
C5658C3038S was lower compared to wild-type AVPAL. However, the results obtained using
the double cysteine mutant a’ﬁ 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 1o be meaningful.
Thus, serine substitution of cysteine residues at positions 503 and 565 does not appear to

affect site-specific pegylation of AvPAL.

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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I1e 290295300 Lea Ay Pro Val Val Asp Val Lea Asp Arg.lle tSly Ala Thr Lea
G n 305310315320 ergsniging thapyifirdgatt Adepreparglions panddpcybating 198 val Lea Pro

Gud [§Bidhs YoH 2 1R Aei39°A\SBedR iredi okl pdifledd N Tyr Val
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Lea Al &v325360®686 in siviion: hgmrepation wasfetaies Iphisparatingidbe AWALSEPERSPYSer Asn
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Arg d gogéﬁed%éﬁc Fo égh?‘ﬁrrsa}é}ncil a Ala Tyr vVal Val Ala Phe Qu Leu Leu

s Aa O/ 504300 O e Yok AR R BSBR e o Ser s
Phe AsEXXIPBER, and concentrated using a spin filter (Millipore Biomax —10K NMWL).
Proteins were spun at about 15,000 g for a few minutes in an Eppendorf Centrifuge 5415C.
10 For cysteine mutants that tend to aggregate (e.g., AVPAL_CS503S and AvPAL_C648),
| proteins were concentrated to about 20 mg/mL and incubated for 2 hours at 37°C. For
cysteine mutants that are resistant to aggregation {e.g., AvPAL_C5658S and
AVPAL C5658C5038), proteins were concentrated to about 40 mg/ml and incubated for 2
hours at 37°C.

15 As shown in Table 8, preparations of purified AvPAL cysteine mutants
AvPAL_C64S and AvPAL_CS5038 formed aggregates upon incubation for 2 hours at 37°C.
As expected, this aggregation was exacerbated when the AvPAL proteins were concentrated
prior to incubation for 2 hours at 37°C. The aggregation could be blocked by exposure of the
concentrated proteins to DTT, indicating that the aggregation is due to disulfide cross-linking.

20  In contrast, the preparations of purified AVPAL cysteine mutants AvPAL_C5658 and
AvPAL_C5658C5038S did not form aggregates upon incubation for 2 hours at 37°C,
indicating that the cysteine residue at position 565 is involved in aggregation of AVvPAL vig

disulfide cross-linking.

Table 8: Disulfide Cross-link Related Aggregation of AvPAL Cysteine Mutants

AvPAL Protein Treatment Aggregate Formation
AVPAL C5038 37°C/2 h +
AVPAL C648 37°C/2 h +
AvPAL C565S El 37°C/2h -
AvPAL C5658 E2 37°C/2h -
AvPAL C5658C5038 37°C/2 h -
AvPAL (C5038 Concentrate + 37°C/2 h -
AvPAL (C64S Concentrate + 37°C/2 h ++
AVPAIL, C565S8 El Concentrate + 37°C/2 h -
AvPAL C563S E2 Concentrate + 37°C/2 h -
AvPAL C5658C503S Concentrate + 37°C/2 h -
AvPAL C503S8 Conc. + DTT +37°C/2h -
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digested with try%sm, and analyzed by LC/MS, All of the AVPAL cysteine residues were

5 labeled by iodoacetamide, indicating that all of the cysteine residues of bacterially expressed
AvVPAL exist as free sulfhydryls.

To determine which cysteine residues are present on the surface of the native
protein, a purified AVPAL preparation was first treated with N-ethylmaleimide (NEM), then
denatured in the presence of 8 M urea, alkylated by iodoacetamide, digested with trypsin, and

10 analyzed by LC/MS. The cysteine residues at positions 235 and 424 were not alkylated by
NEM, and the cysteine residue at position 318 was only partially alkylated by NEM,
indicating that the cysteine residues at positions 64, 503 and 565 are on the surface of native

AvPAL and the cysteine residue at position 318 is partially exposed on the surface of native
AVPAL.

15 To determine which cysteine residues are involved in the inter-chain disulfide
cross-linking, 67 uL of a 0.7 mg/mL solution of purified, unpegylated wild-type AvPAL
preparation was denatured in 8M urea for 1 hour at 37°C, and then digested in a 100 ul.
reaction volume with trypsin at pH 8.2 ovemight (~17.5 hours) at 25°C. The trypsin-digested
proteins were separated and analyzed by mass spectrometry, in which peptides corresponding

20 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/1600)
C64-C318 nd.”
C64-C64 nd,
C64-C503 n.d.
C64-C5635 nd.
C503-C318 n.d.
C503-C503 11
C503-C565 112
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Leu G ureci’t}clzgs protein aggregation due to hydrophobic interactions, and EDTA reduces protein

aggregation due to the presence of divalent cations. As shown in FIGURE 12, exposure to
0.05% Tween or 10 mM EDTA had no effect on AvPAL protein aggregation. The additional
peak at 10 minutes in the 10 mM EDTA treated AvPAL is due to absorbance of EDTA at 210

10 nm.

To further investigate the role of disulfide cross-linking in AvPAL protein
aggregation, purified AvPAL was reduced by treatment with DTT and then desalted prior to
separation by SEC-HPLC. As shown in FIGURE 13A, AvPAL protein aggregation was
minimized by treatment with DTT, and aggregates re-formed following incubation for 18

15 hours at 37°C. In contrast, as shown in FIGURE 13B, aggregates did not re-form once the
AvVPAL surface cysteines were modified (i.e., alkylated) by treatment with N-
methylmaleimide (NEM) after DTT exposure, but before desalting and incubation for 18
hours at 37°C.

Based on the above, aggregation of bacterially expressed AvPAL appears to
20 be due solely to formation of inter-chain disulfide bonds, and not due to hydrophobic effects
or presence of divalent cations. The cysteine residues at positions 565 and 503 are involved

in formation of inter-chain disulfide bonds in AvPAL preparations,

EXAMPLE 14
25 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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In the first study, the AvPAL double cysteine mutant AvPAIL_C5658C5038
was tested at various doses. ENU2 mice (males and females) were divided info 5 dose
groups: 4 test groups (n=4) and one vehicle group (n=2). Each mouse was given 8 weekly

10  s.c. doses of vehicle, low dose pegylated double cysteine mutant AvPAL (0.25 IU), mid dose
pegylated double cysteine mutant AvPAL (1.0 IU), high dose pegylated double cysteine
mutant AvPAL (4.0 [U), or pegylated wild-type AVPAL (4.0 IU). Plasma was collected pre-
dose and at 48 hours post-dose (up to day 57) and analyzed for Phe levels. Serum was also
collected pre-dose and at 48 hours post-dose (up to day 57) for analysis of anti-AvPAL

15  antibody levels. Mice were also weighed once per week beginning 2 days prior to the first
dose (up to day 40).

Two mice died during the study, one vehicle-treated mouse and one low dose
pegylated double cysteine mutant AvPAL-ireated mouse. As shown in FIGURE 14, a dose-
dependent reduction in Phe levels was observed in plasma 48 hours after each s.c. injection of

20  pegylated double cysteine mutant AvPAL. At equivalent doses, there was nb difference in
_plasma Phe levels between mice treated with pegylated wild-type AvPAL or pegylated
double cysteine mutant AVPAL. As shown in FIGURE 15, there was also no significant
difference in body weights between mice treated with vehicle, pegylated wild-type AvPAL,
or pegylated double cysteine mutant AvPAL. It is likely that no significant differences in

25 body weights were observed because the both male and female mice 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
30 presentin 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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treated Wlth the pegylated double cysteine mutant AvPAL as compared to mice treated with

an equivalent dose (4.0 IU) of pegylated wild-type AvPAL. Although no clear dose response

10 was observed, mice treated with the high dose (4.0 IU) of pegylated double cysteine mutant
AVPAL had higher anti-AvPAL antibody titers than mice treated with the low dose {(0.25 IU)
of pegylated double cysteine mutant AvPAL.

Table 1¢: Anti-AvPAL IgG Titers
Pegylated AVPAL Protein | Sample ;| Pre | D8 D15 D22 D 2%

AvPAL C35655C5038S (0.25 I 5203 <50 50 <50 50 50
- S204 <50 50 50 50 450
5205 <50 <50 <50 <50 <50
5206 <50 <50 30 50 50
AVPAL C35658C5038 (1.0 11N 3307 <50 <50 <50 <50 <50
53408 <50 <50 <50 <50 <50
S309 <50 <50 <50 <50 50
S3i0 <50 <50 <30 <30 <50
AVPAL C3658C503S (4.0 1) S411 <50 <50 <50 50 50
S412 <50 <50 50 50 S0
S413 30 30 50 450 150
S414 <50 <50 <50 <350 <50
WT AVvPAL (4.0 1) 5515 <50 <50 150 150 450
8516 <50 50 150 150 450
S517 <50 <50 150 4050 12150
S518 <50 50 150 450 150

Pegylated AvPAL Protein Sample | Pre | D36 | D43 D 50 D 57
AVPAL C5658C5038 (0.25TU) | 8203 | <50 <50 150 150 <50
$§204 <50 | >1350 | >1350 | >1350 4050
85205 | <50 | N/A* N/A N/A N/A

5206 <50 <30 30 50 <50
AvPAL C35658C5038 (1.0 1IU) S307 <50 50 150 >1350 150
5308 <50 <50 <50 <50 <50
S$309 <30 450 >1350 | >1350 450
S310 <50 <50 50 50 <30
AvPAL C5658C5038 (4.0 IU) S411 <30 50 150 50 50
S412 <50 150 150 150 30
S413 50 450 450 450 150
S414 <50 150 150 150 150
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5  maintained throughout the study,

In the second study, the AvPAL double cysteine mutant
AvPAL_C565S8C503S was tested at different pegylation ratios. Male ENU2 mice were
divided into 5 dose groups: 4 test groups (n=4) and one vehicle group (n=2). Each mouse
was given 8 weekly s.c. doses of vehicle, low dose pegylated double cysteine mutant AvPAL

10 (41U and 1:1.6 AVPAL:PEGQG ratio), mid dose pegylated double cysteine mutant AvPAL (4 [U
and 1:2.4 AvPAL:PEG ratio), high dose pegylated double cysteine mutant AvPAL (4 1U and
1:3 AvPAL:PEG ratio}, or pegylated wild-type AvPAL (4 TU and 1:3 AvPAL:PEG ratio).
Plasma was collected pre-dose and at 4 days post-dose (to day 61) and analyzed for Phe
levels. Serum was also collected pre-dose at 4 days post-dose (up to day 57) for analysis of

15  anti-AvPAL antibody levels, Mice were also weighed once per week beginning 2 days prior
to the first dose (to day 40).

One vehicle-treated mouse died during the study. As shown in FIGURE 16, a
PEG ratio-dependent reduction in Phe levels was observed in plasma 4 days afier each s.c.
injection of pegylated double cysteine mutant AvPAL. At equivalent PEG ratios, there was
20 no difference in plasma Phe levels between mice treated with pegylated wild-type AvPAL or
pegylated double cysteine mutant AvPAL. As shown in FIGURE 17, the body weights of
mice treated with pegylated wild-type AvPAL or pegylated double cysteine mutant AvPAL

were significantly higher than vehicle-treated mice,

The anti-AvPAL antibody titers in these mice were analyzed with the indirect
25  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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2252302 BBEplated-AYRAL Fiptein 5 || Pampley! Bre [GRIS/]) B8 WR4Boy L6 e Gn

2452509 2P Ak (PECGE 3 NOF) Thr| AShOG n <8 ph8 i 421500] pA2s0) |1e>1458 Asn Ser

260265270 Pro_H s.Pro. .Gy G h% el <f0o A58 Al a48sn G480 Mat 406G Ser Leu

275280285 290295300 Arg |Ashitf sl B0 1 ed0 1o Pn AsdOrd TO Spr Leu

Se Q’gl : (/7% L<éﬂ|_g ‘ggDrn $30¢ /al45%c; (ﬁ§5,0| e Ser
30

or _ley Prg 305310315320 e
| [ARAL ESSSEGS{BEG TSy~ 5207 12150 1350 7] 1550
5207 <50 1356 12150 12150 36450

S211 <30 450 1350 12150 12150
§218 50 150 36450 | 26.5TM | >36450

AVPAL C5655C5038 (PEG 1:2.4) | S303 | <50 | 50 150 450 | 4050
' S308 | <30 | 50 50 50 450

S312 | <50 | 50 150 450 | 4050

S313 | <50 | 50 430 1350 | 4050

AVPAL C5655C5035 (PEG 1:3) | S404 | <50 | 50 50 450 450
' S409 | 50 | 50 50 150 450

S414 | <50 | <50 50 450 1350

S416 | <50 | <50 150 50 450

Vehicle S505 | <50 | <50 | <50 <50 | N/A*

S515 <50 <50 <50 <50 <50
*N/A: no serum sample for this timepoint

The above results show that the pegylated double cysteine mutant AVPAL
AvPAL C565SC503S has in vivo PAL enzyme activity that is comparable to the pegylated
wild-type AVPAL. Because unpegylated wild-type AvPAL had no detectable in vivo PAL
enzyme activity (sece EXAMPLE 8), it is concluded that AvPAL variants, including the
pegylated double cysteine mutant AvPAL, AvPAL C35658C5038, and the pegylated wild-
type AVPAL have greater phenylalanine converting activity than the wild-type AvPAL.

The above results also show that the pegylated AvPAL variant, which has
reduced protein aggregation in vifro due to cysteine to serine substitutions at both positions
503 and 565, has reduced immunogenicity compared to the pegylated wild-type AvPAL,
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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Ile Qulle Gu Ile Asn Ser Val Thr Asp Asn Pro Leu Ile Asp Val 340345350
Asp Asn Gn Ala Ser Tyr Hs Ay Ay Asn Phe Leu Ay G n Tyr Val 355360365
Gy Mt Ay Met Asp His Leu Arg Tyr Tyr Ile Gy Leu Leu Ala Lys 370375380

H's Leu Aﬁ'g’(fy@ﬁ&%g] Ile Ala Leu Leu Ala Ser Pro Gu PE%TQ%M%&W
5 u

38539039 y Leu Pro Pro Ser Leu Leu Ay Asn Arg rg Lys val Asn
Met 405410415 eu, L d G.n lle Cys Ay As er, 1l e t Pro Leu
Lou 22@#58ne SREEREIerYBs 68 SREH 1537 repgocs) Spoalso b e BR N PoRHPet; o Al o
G u 4358t H vBAL RiiandsetaiGienzyisaticlabivifsin vies afd Wavehiyy irovedprRityAl a Thr
Leu 450455460 a@g}gﬁﬁr Ser val Asp Ile Phe G n Asn Tyr Val Alalle Al a
Leu 46%33Y04A5HSEY ggwg%qmyg n Ala Val Asp Leu Arg Thr Tyr Lys Lys
Thr Ay 485490495 His Tyr Asp Ala Arg Ala Cys Leu Ser Pro Ala Thr Au Arg

Leu TyrPegwasesefidvict, Vafiansya) Arg His Val Val Gy Gn Lys Pro Thr Ser Asp

Arg Pro 515520525 Tyr 1le Trp Asn Asp Asn Qu Gn Gy Leu Asp Qu His lie
Al asArg 5305355480¢ g@bé?e?ysml% %%tﬁnt|4‘é’ﬁ&raévwm_@595$§33ﬁ3§awaq pegylpted Gn Al a
val G n,adak5Qaeerith MK AMPLESS athr QrrS%s: th@ds JHPAISPEG (210> <211> <212>

2
<213> <220>"<223>
AVPAL_C5658C503S:SUNBRIGHT ME-200HS 20 kDa NHS-activated PEG (NOF)).

Briefly, the standard reaction mixture contained: 7 mg/ml (corresponding to 2

mM lysine residues) AVPAL C565SC5038 and 2, 3, 4 or 6 mM mPEG20K-NHS

10 (methoxypolyethyleneglycol-carboxymethyl-N-hydroxysuccinimide ester, 20 kDa,
SUNBRIGHT ME-200HS, NOF) in 50 mM potassium phosphate buffer pH 8.5,
corresponding to the 1:1, 1:1.5, 1.2 or 1:3 molar ratio, respectively, of total AvPAL lysine
residues to PEG molecules (see Table 12). After a 3 hour incubation at room temperature,
the reaction mixture was buffer-exchanged into 200 mM potassium phosphate, pH 8.5, and

15 concentrated to greater than 20 mg/mi using tangential flow filtration (Vivaflow 50 or 200,
polyethersulfone or regenerated cellulose membrane, 100 kDa MWCO, Sartorius) in

preparation for the subsequent re-pegylation step.

Table 12: Pegylation and Re-pegylation Conditions for AvPAL

PEGylation Re-PEGylation
AvPAL | Total Lysine mPEG20K- rAvPAL- Total Lysine mPEG20K-
(mg/ml) residues NHS PEG residues NHS
(mM) (M) | (mg/mi) (mM) (mM)
7 2 6 - - -
7 2 6 7 2 6
7 2 6 3.5 1 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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<400> 9 567 PRT Artificial Cysteine to serine substitution at position
variabilis PAL 9 503 in Anabaena Met Lys Thr Leu Ser A n Ala G n Ser Lys

Thr
I1le d
Ay
Al a
Ay
Au
Al a
Arg
Ile
Tyr
Ser
Asp?

10

15

20

25

Ser

Thr
Ser
val
G

10

Ser Gn Gn Phe 151015 ser Phe Thr Gy Asn Ser Ser Ala Asn Val Ile
202530 Leu Thr Ile Asn Asp Val Al Arg Asn

L8U ’@’%5%‘3045 Ser Leu Thr Asn Asn Thr Asp ||2PC§Z:I%2%§“°°%@

cys 505560 Asp Tyr Ile Asn Asn Ala Val Qu Ser Ay Qu Pro IIe Tyr

65707580 Thr Ser Ay Phe Ay Ay Mt Ala Asn Val Ala Ile Ser Arg

8590 5 N Thr ASn Leu Val Trp Phe Leu Lys Thr Qy
£HE ﬁﬁ Eﬁf&’g\’_}gﬁtjﬁpﬂ“f’éu Ala Asp Val Arg Ala Ala Met Leu Leu

130135140 Ly SYRAD ok oF peeblite Lo BRL 1R q il viifenro 11 val

14
Tyr

4128 b8 By Us BaRribdd/inIHAMPEE@ 0sind variSEY cdakedntAEBnd FpeMahtedr 0 Leu
65170175 le Thr Ay Ser Leu lle Gy Leu Asp Pro Ser Phe Lys Val

Phengaee; gad didferent amounts and different ratios of lysine residues in the AVPAL enzyme
and molecules of SUNBRIGHT ME-200HS 20 kDa NHS-activated PEG (NOF).

For each re-pegylation reaction, the starting material was a pegylated
AVPAL C5655C5038 (rAvPAL-PEG) that was concentrated to greater than 20 mg/mL in
200 mM potassium phosphate, pH 8.5. mPEG20K-NHS was weighed out separately for each
re-pegylation reaction, and re-suspended in a minimal volume of water. rAvPAL-PEG,
diluted in the buffer as necessary, was added directly to the re-suspended mPEG20K-NHS
solution to reach the final concentration indicated in Table 12. The re-pegylation reactions
were allowed to proceed for 3 hours at room temperature, and then quenched by diluting two-
fold with 25 mM TrisHCI, pH 7.3. The tangential flow filtration method (Vivafiow 50 or
200, polyethersulfone or regenerated cellulose membrane, 100 kDa MWCO, Sartorius) was
used to buffer-exchange and concentrate the re-pegylated rAvPAL-PEG samples in 10 mM
Tris HCL, 135 mM NaCl, I mM L-Phe pH 7.3. The final re-pegylated rAvPAL-PEG samples

were further concentrated, as needed, using centrifugal concentration.
In Vitre Characterization Methods

Total Protein Assay: The concentrations of pegylated and re-pegylated

rAvPAL-PEG samples were determined by the bicinchoninic acid (BCA) assay, using a
commercially available assay kit from Pierce (cat#23227) with a bovine serum atbumin as a
standard. Briefly, 25puL of samples and standards were incubated 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 Corperation).
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Asn Gy Lys-Ju Met ASp Ala Pro Thr Ala Leu Arg G n Leu ASn Leu 195200205
Ser Pro Leu Thr Leu Leu Pro Lys Qu Gy Leu Ala net net Asn Ay 210215220
Thr Ser Val Met Thr Ay Il.e Ala Ala Mh Cys val Tyr Asp Thr G n 225230235240

Ile Leu T Ala Met Ay Val Hs Ala Leu Asp | ' 245250255
Leu Asn dgg?%?sé&gf’ﬁ Gn Ser Phe Hs Pro Phe Ile H's A?ﬁ@é?bﬁ%@ﬁéaozawm

Pro HHs Pro Ay Gn Leu Trp Al a a Asp.Gn, Mt Ile Ser,Lepy Leu 275280285
Ala Asn Ser G n Mﬂh&w&éﬁa% ﬂ’égﬁ%ﬁ“@? W&gﬁﬁ“%d S&‘g‘eWﬁé? 295300
Arg AspalbbATLFRG dfthldsveerideiRed ¥ ledoH thSestablRHedP AL G¥Svikidsdyriotocol

305310315320 G n Tyr Leu Ay Pro lle Val Asp Ay Ile Ser Gn Ile Ala Lys

G n 32339e98bed inE LE@. @rigfly) wonsdding projein saaplesds-As+me dreletili | e Asp
Val 34 : L. : i Gy ¥ Gn Tyr
Val 35830 dagec el T ODBo Rebofiired bt Rhd Tl B0 Panegiindl T 0 N
Lys 537 G8if5 IélgenHieseskazy, sﬁmpieealer@iﬁmdi i th agsayelilution bufer (B mNPAwislACU Phe Ser

ot 0531 0a eyt PRVl oy e i o R R el B o e
Leu 42Q0¥2b#g6pehkdent Rlvesufymer®.y Asn Ser Ile Ala Asp Arg Phe Pro Thr His Al a
A u 435440445 G n Phe Asn Gn Asn Ile Asn Ser Gn Gy Tyr Thr Ser Al a Thr

Leu Capillary Gel Electrophoresis (CGE}: CGE analyses were performed using the
ProteomeLab SDS-MW Analysis Kit from Beckman-Coulter (cat # 3909353). Pegylated and
10 re-pegylated rAvPAL-PEG and rAvPAL-PEG-RP1 samples were heated at 95°C for 5
minutes in the presence of SDS and f-mercaptoethanol, and then loaded onto capiliaries
(PABQO CE, 23 cm fused silica) in the P/ACE MDQ Capillary Electrophoresis System from
Beckman-Coulter. CGE profiles display the amount of UV absorbance at 214 nm. Each
CGE sample contained a 10 kDa migration marker as a reference for analyses. Capillaries

15  were re-conditioned between rAvPAL-PEG samples,

TNBS Assay: A trinitrobenzenesuifonic acid (TNBS) assay was used to
provide an estimate of the free amine groups present in the pegylated and re-pegylated
rAvPAL-PEG samples.

Peptide Mapping: Tryptic peptide mapping of rAVPAL-PEG and rAvPAL-
20  PEG- samples was performed as described in EXAMPLE 10 to determine the percent
pegylation at the lysine residues on the AvPAL variant proteins. The amount of pegylation,
i.e., percentage of PEG molecules on AvPAL lysine residues, K10, K32, K115, K145, K195,
K301, K335, K413, K493/K494 and K522, of the re-pegylated AvPAL_C5658C503S was

determined.
25 In Vitro Characterization of Pegylated and Re-Pegylated AvPAL Variants

rAvPAL Enzvme 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
30 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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450455460 Ala Arg Arg Ser Val Asp Ile Phe G n Asn Tyr Val Ala Ile Ala Leu
465470475480 Met Phe Gy val Gn Ala Val Asp Leu Arg Thr Tyr Lys Lys Thr
Gy 485490495 500505510 Ser Ala Val Arg His vVal Val Ay Gn Lys Pro Thr
Ser Asp Ar I 520525 Tyr Ile Trp Asn Asp Asn 4 u, G.h« Asp G u
Hs lle A‘fgz%sésé 535540 Ile Ser Ala Asp Ile Ala A anr&Sgoym@g# Ile val

A n Ala val dn 545550555560 Ile Leu Pro S H s 565 . <210> 10 <211>
567 <2 PESKTRICoba SRR AT ot aisd TP & TG [ SearPRd \S0B21 i 11 on a
positi Qerigt?%fPﬂLﬁ‘ﬁP?&%B@aﬁéﬁJdné&Haﬁ&%@%nﬁQ@ﬁxdlﬁE%hlée)dﬁ:s(thé mdgu Ser G n
Ala @n Sef Lys Thr Ser Ser G n Gn Phe 151015 ser Phe Thr @y Asn Ser Ser
Al a Asmsoncehtratians of bysiae yesidugs ig AvRA/ks anhDEG ora ipdicatad). raeahedat leagiiaboll Ala Arg

Val Al L : 5 : Ahs Agp lie Leu
Gin a o S ndl begHe QP KGR LT e AL PR 2 "D ser ary
A u5Pr dysineresigues@ mMREG 68 R0 25818s)T HuriBemod, thpegyBiog a@iye-begylaéca Asn Val
Ala i %vﬁbﬁé@r egx;'zyunmecssl urrlldesrév%r(%tgc%mparab}e rates of activity recovery after pegylation.

As shown in FIGURE 18 (bottom), a similar trend was observed when the
pegylated rAvPAL-PEG was first generated using a PAL:PEG ratio of 1:1 (2 mM lysine
residues:2 mM PEQG, filled squares). Overall, although re-pegylation temporarily affected

10 AvPAL activity, the resultant specific activities of re-pegylated rAvPAL-PEG were within
acceptable ranges compared to the singly pegylated rAvPAL-PEG generated at a PAL:PEG

ratio of 1:3.

CGE Analysis of Pegvlated and Re-pegylated rtAvPAL: CGE analyses

indicated that re-pegylation increased the overall extent of pegylation, relative to single

15  pegylation. Asshown in FIGURE 19A, re-pegylation resulted in decreased electrophoretic
mobility of rAvPAL-PEG, implying an increased molecular size due to attachment of
additional PEG molecules. Furthermore, the degree of PEGylation correlated well with the
concentration of PEG used during the re-pegylation step, As shown in FIGURE 19B,
irrespective of the reaction conditions during the first pegylation step, 6 mM or higher

20 concentration of mPEG20K-NHS was equally effective in increasing pegylation of the
rAVPAL-PEG. Insummary, compared to the singly pegylated rAvPAL, re-pegylated

rAvPAL-PEG clearly showed reduced CGE inobiiity and, hence, increased molecular mass.

Free Amines in tAvPAL-PEG upon Re-pegylation: The TNBS assay was

performed to estimate the amount of free amine groups present in re-pegylated rAVPAL-

25  PEG, relative to the singly pegylated 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-

30  pegylation.

Table 13: Free Amines Present in Re-pegylated rAvPAL-PEG
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Percent Pegylation of Lysine Residues upon Re-pegylation: As shown in
FIGURE 20, tryptic peptide mapping indicated that re-pegylation improved the percent

H s Asn
Il e Ser
Lys Hi s
Arg Cys
Gnlle
n Pro Leu

Gy 7%y Phg Leu Ay

pegylation of lysine residues on rAvPAL-PEG. Except for the lysine residue at position 10 of
AvPAL, which was already 100% pegylated during the single pegylation step, the remaining
un-conjugated lysine residues were targeted for pegylation upon re-pegylation, Most notably,

the pegylation at the lysine residue at position 301 of AVPAL increased by as much as 500%

upon re-pegylation. Re-pegylation conditions in the presence of higher concentrations of

activated mPEG20K-NHS, such as 6 mM, appeared to be more effective in augmenting the

extent of pegylation in rAvPAL-PEG than lower PEG concentrations, such as 2 mM.

antibody response in vivo.

EXAMPLE 16
Effect of Re-Pegylating an AvPAL-PEG Variant in Mice
The re-pegylated AvPAL_CS5658C503S (rAvPAL-PEG-RP1), generated using
a PAL:PEG ratio of 1:3 in the both the first and second pegylation reactions as described in
EXAMPLE 15, was compared to the singly pegylated AvPAL_C5655C5038 (rAvPAL-
PEG), generated using a PAL:PEG ratio of 1:3 as described in EXAMPLES 6 and 15, with

respect to their ability to reduce plasma Phe levels in a mouse model of PKU and to induce an

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_C565SC5038S, rAvPAL-
PEG and rAvPAL-PEG-RPI, respectively, were tested for in vivo activity in homozygous
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355360365 Ay net Gy Met Asp His Leu Arg Tyr Tyr Ile Gy Leu Leu Ala Lys
370375380 His Leu Asp Val Gn lle Ala Leu Leu Ala Ser Pro G u Phe Ser Asn
385390395400 Ay Leu Pro Pro Ser Leu Leu Ay Asn Arg Qu Arg Lys Val Asn

Met 4054 eu Lys Gy Leu Gnlle Cys Ay Asn Pro Leu
Leu 4204%‘%??{308%%7?&Phe Tyr Ay Asn Ser Ile Ala Asp Ar é’éﬁfu‘g’k@r@%‘g@‘r Hs Aa
du 43 44 n Phe oa.n Asn Ll e Asn Ser .G Ty, r ser Ala Thr

Leu 45%‘3@2&@%"%"&“’&?@%& sdrmigs as}&éﬁy Ay des e[?ee‘idi‘ E){%%PL%IS ﬁF Stﬂgé lle Ala
Leu 4694404 %5486 MelbwiHhaatdkey4aVal A n Ala Val Asp Leu Arg Thr Tyr Lys Lys

Thr Ay 485490495 His Tyr Asp Ala Arg Ala Cys Leu Ser Pro Ala Thr Au Arg
Leu Ty T800995b4flpiS6r 1V Ro YalayAs CothfarYEOfaktead HePREFIRIR s dTer ASD
Arg Pro 515520525 Tyr Ile Trp Asn Asp Asn uGn dy Leu Asp Au His Ile

Ala Arg 530535540 Ile Ser Al a AgAvHAL Xagiapfa Gy Gy val Ile val Gn Ala
Val :G n 545550555560 Asp |Ile Leu Pro Ser Leu H s 565 <210> 11 <211> 567

<212> PRPouwid 18> ArtTasfArtdial <2D@mzradR8> (Oystei|neNdammasel i Messsupst ifowt | ops at
posi tigns* 565 and 503 i n Angbaet¥aeWar i [abraked |Phest Atidos Viojumgpr Numberphr | Leu
Ser Gn Ala/Gn Ser Lys Thr {Ser Ser Gin G n F’heﬁ’%ﬁ)lfi (ml/kg) | Doses and
gy Dose
Frequency
Weeks 1 - 8 80 12
i 4 rAVPAL-PEG Weocks 0 - 14 50 3 14 0;:}03
Weeks 1 - 8 80 12 weekly
2 4 | TAVPAL-PEG-RP1 Weeks 614 30 3 10 zc:)r:l(rél:;rai-
s |4 rAvPAL-PEG Weeks 1-8 80 12 of a 7 week)
10 tAVPAL-PEG-RPl | Weeks 9- 14 20 3

Two groups of mice, groups 1 and 2, were administered subcutaneously a high

(80 mg/kg) weekly dose of either tAVPAL-PEG or rAvPAL-PEG-RP1, respectively, for 8
weeks, followed by a low (20 mg/kg) weekly dose of rAVPAL-PEG or rAvPAL-PEG-RP1,
respectively, for 6 weeks. One group of mice, group 3, was administered the high dose of

15 rAvPAL-PEG followed by the low dose of tAVPAL-PEG-RP1. Plasma was collected pre-
dose and at various days post-dose, and analyzed for Phe levels. Plasma Phe levels were
measured as described in EXAMPLE 8, and the data obtained is shown in FIGURE 21.
Serum was also collected pre-dose and at various days post-dose for analysis of anti-AvPAL
antibody levels. Serum anti-rAvPAL IgG titers were measured as described in EXAMPLE

20 14, and the data obtained is shown in Table 15.

As shown in FﬁGURE 21, for all 3 groups, 7-8 weeks of weekly 80 mg/kg
subcutaneous dosing of rAVPAL-PEG (DP, filled circles or filled inverted triangles) or
rAvPAL-PEG-RP1 (2xPEG, open circles) resulted in stabilization of plasma Phe levels to
<200 M. After stabilization, a decrease to weekly 20 mg/kg subcutaneous dosing with

25  rAvPAL-PEG resulted in 4 days of plasma Phe levels to <200 pM. The plasma Phe levels in
ENUZ2 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.

30 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 |
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Ser Phe Thr Gy Asn Ser Ser Ala Asn-Val Ile Ile Ay Asn G n Lys 202530 Leu
Thr Ile Asn Asp Val Ala Arg val Ala Arg Asn Ay Thr Leu Val 354045 ser Leu
Thr Asn Asn Thr Asp Ile Leu Gn Ay Ile Gn Ala Ser Cys 505560 Asp Tyr lle

Asn Asn Yalissy Ser Ay Gu Pro lle Tyr Ay val 65{4R8Qsdkssiser Gy
Phe Gy 8- Ala Asn Val Ala Ile Ser Arg Au G n 859095 Page 20 Ala Ser

Gy Met
Gu Leu G hr. Asn u.Val T Phe Lys. T 00105 y Asn
Lys Lodrbrb TatrdidenBibe iEpea Bkl APARIREL edebirrett Bt 2 aen
Ser H pediition i garticulr avithe0 KbBba/lideheP G thdleules) wasdsocldiel WifiPd doctddled ys Ar g
met Gy Ile Phe Leu Asn Ala Gy Val Thr Pro Tyr Val Tyr 145150155160 d u
Phe G yBUROFIMEIIGVIRP-9 Ser Gy Asp Leu Val Pro Leu Ser Tyr 165170175 Ile
Thr Ay Ser Leu lle Ay Leu Pro, Se e _Lys Val Asp Phe 180185190 Asn
Qy Lyg G u Met Asp AIZI P&&bﬁﬁ%‘i&l"é"‘ﬁéﬁﬁggcgf?rieu ASn Leu 195200205 Ser
Pro Leu TheoifitaLVP AT, Prétiin O Gakiple Lay-2V aDNAT | MBl26ASN B4y PIB%E5220 Thr
Ser Val "ET THABAY PG A a Ala p3N OVSevVal s/t [ASB0 11T E0N- | 243637235240
Il e LeuThr—AFa t1Te Ara et Y Va3 ST 3 U 75354 e A3 250255
Leu Asn—Gy—Thr—AsmGmmSer e -Bb rEPieZEge HhW 1555 _y?35(06u265270
1-4 150 | 1350 450 450 1350
rAvPAL-PEG-RP! 2-1 <50 | <50 50 150 50
2-2 150 50 <50 50 <50
2-3 <50 | <50 <50 50 <50
2-4 <50 | <50 <50 <50 <50
rAvPAL-PEG weeks 1-8, then 3-1 50 450 1350 1350 450
rAVPAL-PEG-RP1 weeks 9-14 3-2 30 1350 1350 1350 1350
3-3 <50 450 4050 1350 1350
3-4 <50 50 450 150 450

Ljap-Jo

5
In summary, re-pegylating the AVPAL-PEG variant with 20 kDa linear PEG
molecules to increase the percent pegylation at various lysine residues in AvPAL was
associated with a slightly decreased enzyme activity in vitro, but, importantly, reduced
immunogenicity in vivo.
10

EXAMPLE 17
Chinical Evaluation With Prokaryotic PAL Compositions

The following example provides guidance on the parameters to be used for the

clinical evaluation of compositions comprising prokaryotic PAL or biologically active

15 variants, mutants, and fragments thereof (“PAL") in the therapeutic methods of the present
invention. As discussed herein throughout, PAL will be used in the treatment of HPA
including HPA, mild phenyiléetonuria (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

20 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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Pro Hs Pro Ay Gn Leu Trp Ala Ala Asp Gn Met Ile Ser Leu Leu 275280285
Ala ASn Ser G n Leu Val Arg Asp Qu Leu Asp Ay Lys H s Asp Tyr 290295300
Arg Asp HHs GQu Leu Ile Gn Asp Arg Tyr Ser Leu Arg Cys Leu Pro

30531031 j r Leu Gy Pro Ile Val Asp Ay Ile $gtrdlsddesiAl @ LYS
Gn 325338@2%}96%&;% ulle ulle Asn Ser val Thr Asp is/r?@Prc{ Leu Ile Asp

Val 340345350, p i N a.Ser Tyr Hs Ay, Ay Asn Phe Ley Ay.Gn Tyr
Val 355%%@5‘“%9‘%? %V%E‘O%B"‘ﬁﬁi?"ﬁ L%EP@A%’g"’sféF“ﬁW’ énaé%{?“ﬁ%ﬁ"leu Al a
Lys 37%%&&§Mﬁhﬁnih@u}ﬁm oY Hut FbdRsdakify ithRed @124 RUelAlt@ estlisiPkafetatid Phe  Ser
Asn 385390395400 Ay Leu Pro Pro Ser Leu Leu Ay Asn Arg Qu Arg Lys Val
Asn Metto aosuptofmbergiiicacky Lys Gy Leu Gn Ile Cys Gy Asn Ser Ile Mt Pro

Leu Leu 420425430 Thr Phe ;‘%/;q Ay Asn Ser Ile Ala Asp Arg Phe Pro Thr Hi s
Al a G u 43544044Yeasurerppnss alssafety wilhisglupe advegsg events.@llareiy pactipps, Thr Ser Al a

Ao Lo R s R A 1 Pl g, AR e %y

Lys Thrdif@$rentia8 SiaGddieien Hitker Ppramitqns inclading gheteducsion it yelsef blppd P a Thr QG u
Arg Ley_ Tyr 05 0. val g Hi I Pro Thr Ser
Asp Ar ge rsong%%sgg%%w?%nﬁ%ﬁgﬁ tﬁﬁﬁg,ﬂg%gl@% aéaeﬁs%rxns %JQ Lﬁé% Asp Gu His

|1 e Al and¥igred. The present exarmple also contemplates the determination of pharmacokinetic

parameters of the drug in the circulation, and general distribution and half-life of PAL in

10 blood. It is anticipated that these measures will help relate dose to clinical respoase.
Methods

Patients who have elevated levels of plasma Phe will undergo a baseline a
medical history and physical exam, neuropsychological and cognitive testing, a standard set
of clinical laboratory tests (CBC, Panel 20, CHS0, UA), levels of urinary pterins,

15 dihydropteridine reductase (DHPR) levels, and a fasting blood (plasma) panel of serum
amino acids. The patient will be followed closely with weekly visits to the clinic. Patients
will return to the clinic for a complete evaluation one week after completing the treatment
period. Should dose escalation be required, the patients will follow the same schedule
outlined above. Safety will be monitored throughout the trial,

20 Diagnosis and Inclusion/Exclusion Criteria '

The patient may be male or female, with a documente;d diagnosis of HPA or
mild PKU confirmed by genetic testing and evidence of elevated Phe levels in blood. The
study will include HPA or PKU patients who do not accurately follow dietary control.
Female patients of childbearing potential must have a negative pregnancy test {urine g-hCG)
25 just 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 3¢ days prior to study
enroliment; or has a medical condition, serious intercurrent illness, or other extenuating

circumstance that may significantly decrease study compliance,

30 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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530535540 Ile Ser Ala Asp Ile Ala Ala Ay Gy Val Ile Val Gn Ala Val Gn
545550555560 Asp Ile Leu Pro Ser Leu His 565 <210> 12 <211> 38 <212> DNA
<213> Artificial <220> <223> Nostoc punctiforme PAL prinmer 1 (forward)

<400> 12 tgaatataac atctctacaa cagaacat 38 $21R3:088005661 1> 45
<212> mﬁég@g}éﬁﬁfifici al <220> <223> NOSt OC punctiforne PAL primer 2

(rever <400> acagt . ctca tt t a at g45
2t0s Hitesrpse g SpR s A iR AT AR SRR R B

var i abiekiss, Rhikts pill BB madadetiat mgaand\&igte@rrhmé wilt bzggmmgi):d inAdly Idgs. cact gt gct a
gcat gaagac actatctcaa gcacaaag <210> 15 <211> 49 < > DNA <213>

Artifi &palysespitns g %Rﬂgﬁa@ﬁagvaeﬁfcabﬁOPg%mé&ﬁe B?F%P%éemﬂé% :

N- t er mipahry THARERRD) \ﬁﬁp&%o;ig:a%%% tiRCrdaBR@i @Adudg Ct ggcttggt tatcaacatc
aattagtgg49 <210> 16) <211> 49 <212> <213> Artificial <220> <223>

Anapae@%ngg'@bi lis PAL prinmer 3 (forward, C-term nal fragnent) <400> 16
ccactaattg atgttgataa ccaagccagc tatcatggag gaaatttcc49 <210> 17 <211> 41

<212> DNA <213> pn} iifdrgiyahill 2Remadd o WRRAERAS s\alicaRt dch oPhroRic Mer 4
(reverse, C-termnal fragnent) L

drug reactions occur during the course of the study. The longer-term administration of the

drug will be determined to be safe if no significant abnormalities are observed in the clinical

examinations, clinical labs, or other appropriate studies.

10
EXAMPLE 18
Clinical Evaluation of 2 Pegylated AvPAL Variant

The pegylated double cysteine mutant AvPAL, AvPAL_C35658C503S will be
clinically evaluated in humans. The objective of the clinical evaluation is to determine the
15 safety, tolerability, pharmacokinetics (PK), and efficacy in PKU patients. Blood

phenylalanine (Phe) levels will serve as a clinical endpoint.

Phase 1

Phase 1 is an open label, single dose escalation study in 35 PKU patients of
ages between 16 and 50 years. The primary objective is to assess the safety and tolerability
20 of pegylated double cysteine mutant AvPAL, AvPAL_C565SC5038S, 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 AvPAL_C565SC5038. 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

25 blood Phe level at screening and the average blood Phe level over the past 3 years is 600

ML
Phase 2
The Phase 2 study is divided into two parts with no interruption:
o Part I - 16 week — 8-week administration, then dose optimization
30 o Part 2 - 40 week — extension

- 103 -



<400> 17 cactgtgcgg ccgcttaatg caagcagggt aagatatctt g4l <210> 18 <211> 35
<212> DNA <213> Artificial <220> <223> Anabaena variabilis PAL forward
primer <400> 18 cactgtcata tgaagacact atctcaagca caaag35 <210> 19 <211> 36

<212> m%(éé&o%ésﬁ%ti ficial <220> <223> Anabaena vari aggg'ggédiﬁ%gggver se

primer < cactgtctcg agatgcaagc agggtaagat atctt 0 <211> 38
<212> DNA <213> Artificial <220> <223> Anabaena.variabjljs PAL prinmer to
create 5 Nhel sPtas® 4f%? e oPHR égg}aﬁi"sﬂlﬂgﬁlm on ?“f“g'r Waa:stf}zgﬁﬁtﬁ g"r‘ i nal )

<400> 21¢agdof &5idactss 8tFaaRA6d of | Gvedis Aara86REReRESthe addinistdation 4t 1> 49
<212> DNA <213> Artificial <220> <223> Anabaena variabilis PAL pripmer to

cr eat e 9gses hBISYtdeA WAL fe16S8E5PHY encgareekydor &Sweeks(folowed by a Redied 9fi nal )

<400> gﬁ{ E- C s ) 210> 22
<211> %S%g’?b D‘tﬁ% %‘%’g@%ﬁ? |S%Fg?§&<%%%é aﬁ%%@%ﬁ%ﬁé’éﬁ%@%&?‘%?f’ﬁs PAL

pri frer 600 udf. eBteepriarihbiectictie teagwalietl the sidty ted tokdratilitylof siulepl¢ f or war d,
C-termnal .fragne <400>, 22 a . t al aa .ccaagccagc t at cat ggag
gaaat t PRCRBIRE bk péty s A7PAESERERHSS A A AR A AGE TR 857
Anabaeaaliat thalpehylatedhoyite’ mﬁllfec]gscbxﬂﬂaat EheTonddaehtichis] @nraik rdglodieLeigNt er nal
Nnel s Ia;t?-A(vrPi\Learn%igédyC{itteg,r ar}]ldns?eady rst%%]enﬁ(n.t )In part 2, the subjects are administered
pegylated AvPAL_C565SC503S for 40 weeks, with individualized optimized dose and

10 frequency of administration.
Phase 3

Once the Phase | and 2 studies are complete, additional studies may
potentially include a Phase 3 six-month double-blinded study in a greater number of subjects,
with additional studies in special populations, such as, for example and not for limitation,

15  non-PKU hyperphenylalanemia (HPA) patients, BH4-responsive PKU patients and non-BH4-

responsive PHU patients,

-104 -



<400> 23 acagtggcgg ccgcttaatg caagcagggt aagatatctt g4l <210> 24 <211> 38
<212> DNA <213> Artificial <220> <223>Anabaena variabilis PAL prinmer to
create site (forward) 5 Nhel site and 3' Sinai <400>24 cact gt gaat

t cat gaagac act atctcaa gcacaaag 38 <210>25 <211>37 <212>DNA
<213>Artificial <220>

We claim:

1. An Anabaena variabilis phenylalanine ammonia-lyase (AvPAL) variant, wherein one or more
cysteine residues selected from the group consisting of cysteine residues at positions 503 and 565
has been substituted by a serine residue, and wherein said AvPAL variant has a greater
phenylalanine-converting activity and/or a reduced immumogenicity as compared to a wild-type

AvPAL (SEQ ID NO:4y.

2. The AVPAL variant of claim 1, wherein the cysteine residue at position 503 of AVPAL has been
substituted with a serine residue (SEQ ID NO:9).

3. The AvPAL variant of claim 1, wherein the cysteine residue at position 565 of AVPAL has been
substituted with a serine residue (SEQ 1D NO:10).

4, The AVPAL variant of claim 1, wherein the cysteine residues at positions 503 and 565 have been
substituted with serine residues (SEQ ID NO:11).

5. The AVPAL variant of any one of claims 1 to 4, which is pegylated.

6. The AvPAL variant of ¢laim 5, 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. o |

7. An AvPAL variant, wherein the cysteine residue at position 503 of AvPAL has been substituted
with a serine residue (SEQ ID NO:9).

8. An AvPAL variant, wherein the cysteine residue at position 565 of AVPAL has been substituted
with a serine residue (SEQ [D NO:10).

9. An AvPAL variant, wherein the cysteine residues at positions 503 and 565 have been substituted

with serine residues (SEQ ID NO:113,
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' <223>Anabaena variabilis PAL primer to create site (reverse) 5 Nhel site
and 3' Sinai <400>25 cactgtcccg ggttaatgca agcagggtaa gatatct37 <210> 26
<211> 41 <212> DNA <213> Artificial <220> <223> Anabaena variabilis PAL
primer to create cysteine to serine substitution at position 503 (forward)
<400> 26 gtcattacga tgcacgcgcc tctctatcac ctgcaactga g4l <210> 27 <211> 41
<212> DNA <213> Artificial <220> <223> Anabaena variabilis PAL prinmer to
create cysteine to serine substitution at position 503 (reverse) <400> 27
ctcagttgca ggtgatagag aggcgcgtgc atcgtaatga c4l <210> 28 <211> 42 <212> DNA
<213> Artificial <220> <223> Anabaena variabilis PAL priner to create
cysteine to serine substitution at position 565 (forward) <400> 28
cagttcaaga tatcttaccc tccttgcatt aacccgggct gc42 <210> 29 <211> 42 <212>
DNA <213> Amglflﬁ El <220 §37 Anaba na,variabilis PAL prinmer to create
cystei ne” ri'he Vﬁﬁ@{?cﬁf? ‘”5#1%%¥V?F%n 565 (reverse) <400> 29 <210>
30 <211> 44 <212> DNA <213> Artificial <220> <223> Anabaena variabilis PAL
prinmer tlo crBatfePédysteanng ctaom $& mihereinseib stdytation o achétvelpsictdtionthe4vPAbr war d)

variant with NHS-activated po.lye:thylei'le glycol at a ratio of at least 1.6 polyethylene glycol per

lysine residue of AvPAL variant.

12. The AVPAL variant of claim 10, wherein said pegylation is achieved by reacting the AvPAL
variant with NHS-activated polyethylene glycof at a ratio of at ieast 2.4 polyethylene glycol per

lysine residue of AvPAL variant.

13. The AvPAL variant of claim 10, wherein said pegylation is achieved by reacting the AvPAL
variant with NHS-activated polyethylene glveol at a ratio of 3 polyethylene glycol per lysine

residue of AvPAL variani.

14, ‘The AvPAL variant of claim 10, 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 pegyvlated.

15. The AVPAL variant of claim 10, wherein at least 51 percent of lysine residues at positions 2, 10,

195, 413, 493, and 522 of the AVPAL are pegylated.

16. The AVPAL variant of claim 10, wherein at least 75 percent of lysine residues at positions 2, 10,
195, 493, and 322 of the AvPAL are pegylated.

17. A pharmaceutical composition, comprising the AvPAL variant of any one of claims | to 16 and a

pharmaceutically acceptable carrier,

18. Use of the AvPAL variant of any one of claims | to 16 in preparation of a medicament for
ireating a disease in a subject caused all or in part by a deficiency in phenylalanine hydroxylase
(PAH). '

19, The use of claim 18, wherein the disease is characterized by elevated phenylalanine levels.
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<400> 30 gcagggtatt caggcatctt ctgattacat taataatgct gttg44 <210> 31 <211>
44 <212> DNA <213> Artificial <220> <223> Anabaena variabilis PAL priner to
create cysteine to serine substitution at position 64 (reverse) <400> 31
caacagcatt attaatgtaa tcagaagatg cctgaatacc ctgc44 <210> 32 <211> 43 <212>
DNA <213> Artificial <220> <223> Anabaena variabilis PAL prinmer to create
cysteine to serine substitution at position 318 (forward) <400> 32
caagatcgtt actcactccg atcccttccc cagtatttgg ggcd43 <210> 33 <211> 43 <212>
DNA <218> Arlthetecifglema DDl 9<pipain saifabbien dassapytabiolor ssspAR ngsrichRAH 68 vier eat e
cysteine to serine substitution at position 318 (reverse) <400> 33
gccccaaat a qlsgeg@aAgnA0dreeaAaEbna et damgatedih @haration of a medicament for

treating phenylketonuria (PKU) in a subject.

22. The use of claim 21, wherein said PKU is classic severe PKU.

23, The use of any one of claims 18 to 22, wherein the subject has a deficiency in PAH activity.

24. 'Fhe use of any one of claims 18 to 23, wherein the subject has a mutant PAH.

25. The use of claim 24, wherein said mutant PAH comprises a mutation in the catalytic domain of
PAH.

26. The use of claim 25, wherein said mutation comprises one or more mutations selected from the
group consisting of F391, L48S, I65T, R68S, A104D, S110C, D129G, EI178G, V190A, P211T,
R241C, R261Q), A3008, L308F, A313T, K320N, A373T, V388M E390G, A395P, P407S, and
Y414C.

27. The use of any one of claims 18 to 26, wherein the subject is a pregnant female,

28, The use of any one of claims 18 to 27, wherein the medicament is prepared to be administered to
the subject in combination with a protein-restricted diet.

29. The use of any one of claims 18 to 26, wherein the subject is an infant between 0 and 3 years of
age.

30. The use of claim 29, wherein the infant has a plasma phenylalanine concentration of between
about 360 uM to about 4800 pM.

31, The use of any one of claims 18 to 30, wherein the subject is a human.

32. The use of & composition comprising a AvPAL variant of claim 1 in the preparation of a

medicament for treating a pregnant female having
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33

hyperphenytalaninemia (HPA) in combination with a proteiﬁ—restricted diet, wherein the

combined administration of the composition and protein-restricted diet is effective to lower the

phenylalanineg concentration in the plasma of the subject as compared 1o said concentration in the

absence of said combined administration.

The use of a composition comprising a AvPAL variant of claim 1 in the preparation of a
medicament for treating an infant having phenylketonuria (PKU), in an amount effective to
produce a decrease in the plasma phenylalanine concentration of said infant, wherein said infant
is between 0 'an_d 3 years of age and said infant has a plasma phenylalanine concentration of

between about 360 uM to about 4800 pM.
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