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bacterial PAL obtained by structure-based nol ecul ar engi neering approaches
and/ or «mwan efalsspanbanylelaging levgls withingd nermalijonpeyyhah sargTw mange inSHeEddTs ¢

exanpl e L IRl i b i ! cific

et vi ¢ SRR e el TRnRIRAS H. QG ahel Brotllind BRSMBLURRER O
senHl t | parkyetaphropstibatrembdy duete napeaaityi of susauralngd ocheplial ksovdedpegy| at ed
form of Nog%l%c&igunct.i forme PAL with inproved specific activity. Another

exanpl e™EE VI#'®d form of Anabaena variabilis PAL with inproved

specific activity, In various exa th l.atian of. PAL variant is
described in ref e?@ﬁctgerte?rflﬂﬁs?ﬁ?q%%g@fﬁ‘b Q?ﬁggg#&@%“@g@?m}% used herein,
and unl @;ﬁa&&ﬂaﬁés%aﬁdihgEbz@ﬁztc@&.lyﬂc!h@ﬁﬁ@;t drid F%&térwégwharfq{f@,r@eaw the ratio
of lysine residues _on e PAL variant to PEG nol ecules in the pegylation
react i obioclsimisgl stebiity al/qr agnustaddmUng BTGt ess ot herwi se i ndicated, the
ratio of "PEG PAL" refers to the ratio of PEG nol ecules to |ysine residues
on the PAL variant in the pegylation reaction. I n one exanpl e,
t he di scl osure contenpl ates pegyl ated PAL variants with reduced

i MuNog8BMMARY. Anot her exanple is a pegylated foot' of Nostoc punctiforne
PAL (NpPAL) variant with reduced inununogenicity. Another exanple is a

pegyl at ed for m of Sexawebbastezial BALgve besnpipadyAdemitied waparhed thed /P AHuced

! Lo VT I Conts |
wni oh SERy P iYL hoc BB AT SR SHIR A SR i B R R AP D
wat er - sBEQHDENQ O yHEIRE d).AL/HalLyfth Woswe pghotiforime({BEGssioh EPs0@5830anpl es,

ti i hi db ' L h A P. i.anf. ith PEG
B 7o Pg e AL S iiont 1 UL NGEEMGRRC0CT 115 of
at | easGedorflesPinobiion Prd)e @G BEXEINIE?, FIGERBAD, MALFBAL fbfh AkbAMRAL vari ant,
and the pegylation_is achieved using a PAL: PEG ratio of 1:3.

The di s& 1dOansil 30eme A RICpdgprine hisgdion ampugin pelABRE Y ar | ant s
for redU&%iIisW@Q?ﬂ3°Ma¥chjl@Z_égdr:{SE@(ﬁﬁR o8 FIGDRENS th@f-ﬁ%@é}mﬂéﬁﬁcm eved by

reacting the NpPAL or "AvPAL vari twce of nore, W G~ eac
pegyl| at prokamypteginagystis nisfulags (Laffishardt; 4, Naturforecks31(11-125693a3 (15@8a81thd: 2, at

| ea 1, .at. |1 ea -4 RAL: n e I t he pe jon is
ac his'gev e ine%rg’%gﬁ }laar? SE%? tﬁreo %&#%fé%sgkﬁmgrg%?%eh ?ﬁl‘%‘g\fagé‘,ls iflﬁ’%n & gce? %’( ﬁéﬂ four
tinmes, (WilBarhs,eed,, Micrabbriegy Wi1t354PREGS0 QA0R)) pag)\Ht@pioatyced veatidiidtico of  at

| east 1; at least. 1:1. t | - 2, east, 1: 3., or.at |east 1:4
PAL: PEG(BI“?Z?P%H@“ Eia%ﬁ- i ﬁi"ﬁ@”%ﬁ‘?@g?%’éﬁ (1?20)% Wﬁf AT PTHYHY B2SRRENL he

pegyl at b@ihdt iaShepuecsishaginuRRiadBEG, badll, 4. Blol ICkenf Qn7824d5-123@9f i rst and
second pegyl ation reactions. |In sone exanples, the biologically active
sites o?zc\%)d Cygnobatseia, sedias £ iagasns and Sogps Brederstidiod Bt fgppdtite thels

desig edp;toau&ﬁh!ﬁ%@aﬁé@&ﬂ%&mmﬁﬁ% EhbdlelGRry mlxdd g{;ﬁk%g}%ﬁ@ a modified

PAL has sufficient activity to reduce but also maint
pheny| abigpynietic ppbmayniMenrs B.-Re NopraldapductRppons 22(Bp580-1%202p05 Beekenbout
240 ti n . % i 9l 90gj pcYeq o . has a kcat
of at :\/betads!'f Gg;ﬁ%ﬁjts'%?(l 9?’8#"3&% %ragf gl?]el ia%bﬁ? 1&5326;5%?) ]ll}ﬁqg"géﬁebﬂ%lfanpl es,
the biologically active nodified PAL has a kcat of at |east about 0.2 s-1
or greater than about 1.0 s-1. In others_exanples, the biologically active
nodi fi ed PAL has a Km of between about 10 uMto about 1000 uM In ot her
exanpl es, the biologically active nodified PAL has a Km of between about
100 uMto about 1000 gM In other exanples, the biologically active

nodi fi ed PAL exhibits enzymatic activity that is fromabout two-fold to
about 1000-fold tines greater than that of the wld-type. In other




In one exanple, the present disclosure features novel nethods of using PAL
conpositions for therapeutic and industrial purposes. In one exanple, the
di scl osure contenpl ates nmet hods of treating disorders caused all or in part
by a deficiency in PAH activity by admnistering a therapeutically
effective anount of a pharnaceutical conposition conprising bacterial PAL
to as SERBSHA prolf bt @ BhaBd PATNG. gérv@asemceﬁcbﬁv%mufm ty can
be obsg%l\?gghﬁk asga%§| vity levels of SO(Vfor | ess 5% L or 10%
or | esBK&f anﬁ%tbﬂr disorers. chepaveation epnRpteles sepRgsitiogs opg e&@ﬁ"@ and can
mani f egly 8% g%xg\see@ag%%gy alan! g&ahgvdﬁh Snal Y HEXBITRA enfihotd

hyper p H)rln nem a enyl tonurira or c assic severe

phenyl bﬁipanieslsach mnsmmateax@mjrmcuvim abater ddehemicphyehilitvamndifor i a (PKU). In

specific exa i S _one as ] aving a
nut ant “fﬂ%ﬁ?n‘gf‘%i'l W%@éﬂ%ﬁ%“" ﬁ?g %%at%é??fd%@ h%)lﬁef{(i,‘%)rrprelhse a

nut at i QRghi) 1&%11@1@&1@(5 o et DEtios @ﬁprﬁﬂdtxoﬂﬁi@lrﬁ?cﬁtx&ﬂ@ﬁ'baﬂtﬁhﬂﬂﬂnmd ncl ude
but are not |limted to nmutations F39L, a%ﬁiﬁ thT R6 thA 04P S1 10C,
D1290, bilogigaly agtivpiiegments, mptanky yarantsigng prplopsherest, pagaethodsqidising 3ooN
A373T, gkﬁ ﬁ;%l%gﬁs foff® é)eut%l&?ﬁndlﬁﬁﬁl piphdes. Ina fifth

aspect, I's provid a pharmaceutical conposition, conprising the

AP g1 ANt BpRASR L ML I A oRaROR PRCE R | 2CCEDL b

carrier. In a 'sixt aspect
AVPAL \mteichmigeaifly thmepr €3 wrriti-tyw%hf from prokasyetiscoraanises, ircludingdut sahent f or

bheny diifdte PR ruR SraREHY iR ayer A tlslonl of ihoPRERO B MO ATHERESY o
heny | A e B B o) Aﬁﬁ’m"?"mﬂ?'m?ff!bﬁm
e 3 @wx §nfyariShifans oRERat o) ) Bty el dTal

ef f ect i \@iaths éz%’.‘UEQ%OQ) AR0! SaSSrdptbniyees @érﬁﬁﬂ&u@{"&ﬁﬂxa@h%laﬂeﬁwm(wﬂm ation
of the su | ec hé subject will |iKely have a plasma phenyl al ani,

concent(2afragments; efatt@lts t\fﬁlaﬂdiltslﬂ'é apNP s OF SUcd Vﬂlﬂ?ﬂ’ﬁ? SRAVERCSP Gt Bain ﬁ’gn{]abact erial
PAL. JY=ToLY

concent ?gt %g%s{o Ja alta\fl lé#gﬁyﬁrgﬁ%y%%& %@ﬁﬂgt er ein?nd'g:ﬂggﬁs t he subj ect
has a pdxhﬂﬂt&nq:rbﬂngvbahlam amlv:rpmcﬁmt inareesed heliﬁliiem\dé@rﬁegl@@eé M and 600 pM In

stiltl ather exa I es u ASH |.al ani concentration
of bet vbgg?fm@éﬁ“ QS f%%‘ ‘VL’EPBano QI%S cl agl?@ﬁ{? Sgubj egcigs to be treated
i s t hoSfpagniats, hﬁt@tsaﬁaﬂm&%ﬁ mhalbgscth@befaha hahebych ateliiled te othererhemital on

reater than 1200 ecific ex he subj ect is an
?nf ant , pigHEs tb%‘rpcr?‘géﬁ %@Fffdegcﬂﬁ?ﬁe%a% ﬁ %P&%@@#@n&
concent ARtk RPngE88 WRhdds %Pm&l%gg opuMg ﬂihﬂar?bt%ﬂ’ﬁﬁ EEmRAR! @maln@t eﬁxam@t hods of

treating an I nfant having phenyl ketonuria, conprising admnistering a

bact er i zmialoRapr @t@np%lb’tﬁl@hﬁetdoVBFWMT(ﬁcﬂndl Gemipesif U §TE¥IESs 0% pr oduce
a decre | 354 gj(}ﬁg%nl éiﬂﬁg wherein
t he mf%ﬁ? {h&aggﬁvﬁﬁ) %Em fgéar%gglg agbg%%g&?%%&?bngﬁt hagﬁgge{l; asna
pheny| afoaniiatngadhgeh tvwikltypn fefmbets,weanis berant3 60alpss erchaipimat 4800 t uM
Prior to c%l?e adm.ni st.eri ng of bacterial PAL, the infant has a phenyl al ani ne
concent PREHISHIOZF BEEFEt 1200 pM and the adni nistering of bacterial PAL
decreases the plasma phenyl al ani ne concentration to about 1000 ply'. In

ot her exanples, prior to the adm nistering of bacterial PAL the infant has
a phenyl al ani ne concentrati on of about 8001. 1M and the adm nistering of PAL
decreases the plasma phenyl al ani ne concentration to about 600 gM In still
further exanples, prior to the admnistering of PAL the infant has a

phenyl al ani ne concentration of about 400 pM and the adm nistering of PAL
decreases the plasma phenyl al ani ne concentration to about 300 p.M In sone
exanpl es, the .therapeutic nethods contenpl ated herein shoul d reduce the

pl asma phenyl al ani ne concentration of the infant to a range of between
about 120 pMto about 360 pMor a range of between about 120 iuMto about

240 pM In a seventh aspect, there is provided the use of the
AVPAL variant of the present invention in preparation of a nedicanent for
treati ng phenyl ketonuria (PKU in a subject. In an eighth

aspect, there is provided the use of a conposition conprising a AvPAL

vari ant of the present invention in thg.preparation of a nedi canent for
treating a pregnant femal e having hyperphenyl al aninema (HPA) in
conbination with a protein-restricted diet, wherein the conbi ned

adm ni stration of the conposition and protein-restricted diet is effective
to | ower the phenyl al ani ne concentration in the plasma of the subject as
conpared to said concentration in the absence of said conbi ned

N P T



subject is reduced in the range from about 120 p. Mto about 240 gM

Certain exanples include optimzing the dosage to the needs of the organism
to be treated, for exanple, manmals or humans, to effectively aneliorate

t he di sease synptons. PAL may be adm nistered in a single daily dose,

mul tiple doses on a daily basis, in a single weekly dose or nmultiple doses
on a weekly basi g5 il SEE® tﬁé’éﬁ%r@ﬁdeéélﬁm?a‘ﬂaeﬁch%&ifbmd Shonohizeant i nuous, but
rat her PAL is adm ni stered on daily basis until the plasm henylalanlne
concengrgangnlyate P8 Ady hpaest, W%efé@d-‘tﬂéﬁ EPTe By rasiaps %fé@f%lmgom s one
exanpl BCER ubject is
o oo R R % T her case
in pl asmegh@dm}d amchwhﬁémcaanicénfzﬁhtvwwnhgs @lgr,@t@mhenmﬁamnh@@nml es, doses

are del, a)«ﬁ%eaigggggewg{ @(mgmg,%nf&tg% OlbHed ?d‘é%?iﬁ @gvﬁgiqgagfmat 'east

0. 001 Kg, may range up to
ng/ kg, N&:8nhg/ kg, 1.0 nyg/ kg or hlgher per meek In sone exanples, the dose
is 1 ng/kg/ week, 0.1 ng/kg/week, or 0.01 ng/ kg/ week. A

vari ety of par eniremalexample drpaesenttdeclabure piovidss wikcteaaiAdi @wdr at i on, i ncl udi ng
or al nsd qhran ntr ar n i,n aerosollzed)
|ntran&§”ﬁW§'ygE an%%g%%mﬁ?Wﬂw??gggﬁépgﬁFﬁ%{le%?%%? %qU|vaIent dosages
are commﬂamﬂ@m&dhnﬁﬁmmmcpﬁmﬁmmnm(BEQHDH@@QDn;Eokgﬁmﬁpaanmﬁﬂgm@m directly
into the 0|nts or F.is Iso ) eC|f Iated such as

i nt r at AEEAE Vaat prAg %B’F‘ﬁo ADRIRPESY %T’e“%{yfg“ baslitict ure, or via
the ci shedmtig8BQAD NO: @&nﬁobgﬁﬂmﬁ Bfive frblgnﬂmmr emdﬁi ar\a&ﬁleglt}&tdoﬁut aneously
or orally increasing PAL activity in the human

subj ectl%sog?eeexé‘l“%]ﬁs %ﬁ?‘éﬁ“ﬂﬁ‘ﬁ@%’gﬁ ﬁ‘é%?@?ﬁﬁe MESIPYE AL UORE ansfer of a PAL

gene | %oﬂ%@htﬁh%totm QUDAlASHakTy ek @f 1-TERNSs RISt AG2an tVal2ae| udi ng
viral vectors ggys reconbi nation, or _direct DNA injection. Wthin

the scdB2es Leni i Bipbts Layies LhAes. ééﬂé@%%%&om%h(éicép%@w sequences
encoding all or a part of bacterial PAL or a biologically active nmutant or
anal ogs thereof, which may be adm nistered in vivo into cells affected with
PAH def i ci ency. I n anot her exanpl e, bacterial PAL may al so be
adm nistered in conbination with a protein-restricted diet. The
protein-restricted diet admnistered in the methods herein is one that is a
phenyl al ani ne-restricted diet wherein the total phenyl al anine intake of the
subject is restricted to |l ess than 600 ng per day. In other exanples, the
protein-restricted diet is a phenylal anine-restricted diet wherein the
total phenylalanine is restricted to |l ess than 300 ng per day. In stil

ot her exanples, the protein-restricted diet is one supplenmented with am no
aci ds, such as tyrosine, valine, isoleucine and |eucine. Al so contenplated
is a conposition conprising bacterial PAL and a pharnaceutically acceptable
carrier, diluent or excipient. The conposition nmay further conprise a

nmedi cal protein supplenent. In other exanples, the PAL conposition is part
of an infant formula. In still other exanples, the protein supplenent i's
phenyl al ani ne free. The protein supplenent may be fortified with
L-tyrosine, L-glutam ne, L-camtine at a concentration of 20 ng/100 g

suppl ement, L-taurine at a concentration of 40 ng/100 g suppl enent and
selenium It may further conprise the recomended daily doses of mnerals,
e.g., calcium phosphorus and magnesi um The suppl enent 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 enment 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
grow h and cancer, including but not fmited to | ynphobl astic | eukem a,
manmary tunors, and nel anonas. The di scl osure contenpl at es

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



t he met hod of producing prokaryotic PAL conprises the steps of: (a) grow ng
cells transforned with a cDNA encoding all or a biologically active
variant, fragment or nutant of prokaryotic PAL in a suitable growh nmedium
to an appropriate density to produce a seed culture, (b) introducing the
transforned cells into a bioreactor, (c) supplying a suitable growth nmedium
t o t hetopiloidesertconserative subptitvbordslatiitirge edize sitcigsiffedis)eef wairh et™Mafet he nedi a
cont ai pi ng. th e _3: " e .reconmbi nant PAL is
over-e@&%&% gzgggiﬁﬁSREi%eg?dn%onngth%% aﬁgg{&?%}g?- gagaen F usi on protein in a
vector such as coli, BL21 | VI L it .1 nduci bl e
pronoter such asED (\i/ﬁ%?f?]lelv (ts?rlgg%%l?igééﬁ%ﬁ%%%ﬁéét{;ﬁ?%ﬂé@aqr‘gg%gB@s?e éfrl]é(;si de). In
anot hefes@xadtplve bechechiadet RathtanBikr Arsinovad {ex pseaiasadsidue thrednoé protein

BL21(DE3)/ pLysS cells without an N-termnal tag. I.n another exanple, the
ot hod SFegRBaTE 75 Doroesid T SRS BT Be AT BEEHeY0r - (1) Growing a
seed cyhbuh&uchRiitySarfdl@oRiRs Rhbi S (RBELEFdEOMA0gl ycerol stock in shake
flasks; (2) i1ntroducing such seed culture into a controlled bioreactor in
fed-batch nmode; 1(3)sein@Wiigt, Fkdhis pHividetan AR PHIVCARA:, SHRIS IRYedingedi a, pH
(7.8), > 20% di ssol ved oxygen, agitatjion up to 1200 rpm 30C until reaching
a cel | regisvsiat posifioTE0OY AP Ao hapoeep spbutiged with-a seanpe rasiiyei(egRdRi d cul ture
with Oz, | PTG (5) growing said culture at a reduced tenperature of 22
to 26C unt1l activity change is <0.1 11J/nml (approxi mately 40- 48 hrs and
an 0D600 typical{y ; : v } terLa: L. nuous
centrifugation. 5 t%%deggg)ggat‘r%\%gqs érﬁkéldg(gﬁ ﬁg%pg?g%#éﬁpg%@ﬁ? ggﬁ%%ﬁ y defined
and congahedt pbsiyeasis eXAviatl hpy ndeaisnbstinepd omtb-at seyipt onslue gQdBe, gl ycerol
casam (il ids, trace salts and phosphate buffering salts. In
one ex%l . the present disclosure features a nmethod to purify bacteri al

PAL or a bi ol ogi cal active fragnent, K nu or .anal t her eof .Accordi ng
to one exanpl e, ]§ atgPéﬂHSB?%taere proyigedan fé@%\)ﬁﬂ%‘ﬁd‘”ﬁ%&"&ﬁ%ayﬁt%%i ng crude
r econbi:fadifes 8NFRNs BEDIRNSSShATRIRED AlbSHRESRT Widh Bdldefesi@pansEedDf rom t he
crude bul k to prevent fouling of the colums. Chromatographic purification
i s con®t¥téd using one or several chromatographic resins. Subsequently, the
purified protein is fornulated into a buffer designed to provide stable
activity over anDesieblsyadenieppyiichitie fising protainaiovieh thexeanprehaspp@ net hod t o
purify i ' ' | t bacteria
cont ai rl?lg gr%%@%%%%%%%ﬂ@%ﬁ@%ﬁﬁ%&gg %%%%19%\%% 0?5"3"3%@&&’ %{ élIi;gng%é(mtdc?%innact ivate
vi r usesmmodglobdini dr iadiapinent théreofthset retpmathe sabrgoemtope dondn coe andous

centri f.ucﬁati nlfi.tfep and/ or depth filtration; (d) passage of clarified

| ysate't ?%ﬁgﬁ 2%harcoal filtration step; (e) passage of filtrate in (d)

through a final fjiltratio te as Wwth a Sartori,ous. Sartopore 0.2 urn
filter); (f) pasiféeg‘éscﬁfm‘? ﬁlﬁg‘? Cgrftigl‘f’liﬁ%tfsectljw&?‘l YR SBRGET o Sllwﬁt eraction

C E ro Watp@%@iﬁﬁhé& r«(%vﬁﬁ(%hrhavé bedh Iﬁh&?@tolmﬁhﬁhlida}Iﬁ???hﬁﬁi poviddsatias biwantageous
chromat ggr aphy; (g), passage of eluate in over ani gni ¢

chr orrate&g?taﬁm cYaEale NOBYREFH g &r %ztecjnea‘%‘:é%h%l- geiag) ﬁﬁ%’ﬂfée eﬁw%&%%? y of
final  pLAGHEL o PUbERE BXeRANE St B nhaRdIenliEake, hhdMidabe bf @bl and (i)
steril ?’?at i.onmg?‘6 3?’Eﬂ;e fi 1nal pr odpgt. Tﬁogﬂg ski |l eed in tﬁg art readily

appr ecirenietias gy afvacdice pmanegeniciiy andhrepray OReEesRcEsaRs. may be omitted or
substituted, or that the order of the chromatography steps may be changed
wi thin the scopeSesh haneripiftleistisdtedmskuridied b asaprgiceapprioprgieds

steri | | £l D3 hERS HBYs tpgrelgfézfeg’z{nqﬁldan%n%%i&?glable using the enzymk ONe€ exanpl e,
t he present di SClosure coftenplates screening assays$ for rden Tying

bact er ithdragetticdllyain svar qurmplesta cLiB|chordnefor o compkett oreniltatypetadtenag| s of

phenyl ni ne contacti,ng a cell c ai ni | evat.ed l.evel.s of

phenyl I@hﬁsﬁéemﬁ’e‘f%emﬁg?? S’i;alngﬁespﬁﬁﬁgtﬁ‘aen 4%% ﬁqr i\éhodo%%l?'ﬁg?vet he bacteri al
PAL r edugernsstGhutehteNatetndewalsed drurfhbe M pbseni disclostuchrosideeeni ng assays
may al so i ncl ude the s%ggs of gég%%iq% gariants t hat incHude.conservative
or  non-eBWeR YL gRiagRE bacttal A &Y slgsture-basaddeolequlay engipeeripg H

Thr Ser -4 %aéﬂés@ﬁdf&r%m%ﬁghmo%ﬁﬁhdj{é%, EEQﬂatéWfonﬁ(sme@,spb@ﬁa%, Len 192, Leu
76, Asn 79, Met 400, Thr 428, A n 432 in EncP from Streptonyces maritimnus
whi ch are equivalent to residues Ser .210 Ala-Ser-dy triad (211-213)
Asp214, Leu 215, Asn270, Val269, Le0366, Leu 134, Hi 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 phenylal 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 o
presence of PAL honol ogs using a bioinformatics approach. In yet another -



10 prokaryotes and eukaryotes. Sequences were retrieved from GenBank
(accession nunbers are given in parentheses) and 'aligned with C ustal X
(1.83) using the Nei ghbor Joining Method, FI GURE 4. Alignnent
of cyanobacterial protein sequences of N punctifornme PAL (SEQ ID NG 2) and
A variabilis PAL (SEQ ID NO 4) with EncP PAL 15(SEQ ID. No. 5) and P.
putida HAL (SEQ ID NO 6). Active site resjdues, which caorrespond to PAL or
HAL ac®¥amplss co ﬁréplhiie@ﬁmm%jﬁt)@aosmons of PAL with inyreygdgpesificcidh of (A)
non pe &%ﬂ%% RNy PEG (Ni ppon
%ml%g%&%%ﬁ@g?{%? (g%n:]on ni%ﬂ? a&ﬁ%r }H&g&l}ﬁ%gﬁfﬁlﬁal anlpﬁg&llag%rs (gM over
a 12 dél;tiapelrtlcode @@EX@HPEE»@ peﬁﬂﬂeftfotmfof NAgtommsp@gW BAbavitvPAL (1.0 Rinl)

0 SR S AR O P

FI GUREPAL it enfrooéd ypegificatedtyNo PAL 1 3 PAL: PEG (Nlppon al and Fat, NOF
Corporation) (1.0 IWnL) on phenylalanine levels (p.M in a 90-day chronic
t ol erance 255tudm\mEhGHREm&m;Ek@HBEn&AofFADh@mmuseHMﬁb@bnof Anabaena

vari abi | Ia an i PAL) th ine.to serine
subst i caieenl Bikrats o DAL BFC Bk AE a4t Visalyelts ref ot SiatidtRit ga: “br ot e n
S equen%ﬁh@iedé{jijlgbﬁﬂﬂ;{ﬁLinig}glrb%rég&%%N%d\%f;i ﬁﬂeﬁr%ﬁlzilthligj gh@xesmi, ReriguRst i tution
at posi tion Y rotein sequence
of Anabhénmolearraithy Regplgtionseagtion. SyatEhhas R B A B AT ot
position 503 (AvPAL_C503S, SEQ ID NO 9); FIGURE 8D:. Protein sequence of
Anabaena variabilis PALwith 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 ID NO 11). Cysteine to serine substitutions are
underlined in bold. 5FIGURE 9. FIGURE 9A: Effect of cysteine to serine
substitutions at position 565 or both positions 565 and 503 of unpegyl at ed
AVPAL on in vitro PAL specific enzynme activity after incubation for various
| engths of tinme at 37C. FIGURE 9B: Effect of cysteine to serine
substitutions at position 565 or both positions 565 and 503 of pegyl ated
AVPAL on in vitro PAL specific_enzyne activity after incubation for various
| engt hs of tine 10at 37C. FI GURE 10. FlI GURE 10A: Effect of
cysteine to serine substitutions in AVPAL on formation of protein
aggregates in solution as anal yzed by gel el ectrophoresis under denaturing
conditions (left panel) or native conditions (right panel). FlIGURE 10B:

Ef fect of cysteine to serine substitutions in AvVPAL on formation of protein
aggregates in 15 solution as anal yzed by SEC-HPLC. FI GURE 11

Ef fect of cysteine to serine substitutions at positions 565 and 503 (db

Mut ant) in AVPAL on site-specific pegylation at various PEG concentrations.
FIGURE 12. Effect of treatnent of AVPAL with 0.05% Tween80 or 10 mM EDTA on
formati on of protein aggregates in solution as anal yzed by SEC- HPLC.

20FI GURE 13. FIGURE 13A: Effect of treatnent of AvVPAL by dithiotreito

(DTT) on formation of protein aggregates in solution as anal yzed by

SEC- HPLC. FI GURE 13B: Effect of treatnment of AvPAL by DIT and

N-et hyl mal ei mi de (NEM on formation of protein aggregates in solution as
anal yzed by SEC-HPLC. FIGURE 14. Effect of cysteine to serine substitutions
at positions 565 and 25 503 (AvPAL_C565SC503S) in pegylated AvVPAL on in
vivo phenyl al anine (Phe) levels in ENU2 m ce dosed with 0.25 U (top
panel), 1.0 Ili (mddle panel) or 4.0 RI (bottom panel) enzyne as conpared
to ENU2 m ce dosed with vehicle or 4.0 U wild-type pegyl ated AvPAL.
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FI GURE 15. Effect of cysteine to serine substitutions at positions 565 and
30 503 (AvPAL_C565SC503S) in pegyl ated AvVPAL on body weights of ENU2 m ce
dosed with 0.25 113, 1.0 IU or 4.0 11U enzynme as conpared to ENU2 m ce dosed
with vehicle or 4.0113 w |l d-type pegylated AVPAL WO

2008/ 153776PCT/ US2008/ 006661 FI GURE 16. Effect of cysteine to serine

subst i tndidaedsthatatipadi"PEGFA IS 68 cana the@3id APPAL mCEOHE8Y Ha6EE)e icnidpagwl at ed

AVPAL gn .ip vivo phenyl al.anine (Phe) levels in ENU2 m ce dosed with 4 |U
enzyrrealﬁftﬂ‘ﬁg[aly?%ﬂgl gllgﬂfgﬂ@émr]ﬁ?' 8 1:1.6 (top panel), 1:2.4 (niddle panel)

or 1:3 (bottom panel), as conpared to ENU2 m ce dosed with vehicle or 4.0
11 wi | d-type. pBOTF B AD AL e AT RO RS P oy e il redced

FI GQUREiplrfun ﬂ‘i@l@t ARthed ¥ahBieNEa @yiaed Fng oS MBS Jubddrens rall (ReBAL) WA 565 and
503 (AvPAL 65SC503S) in pegyl ated AvPAL on body weights of ENU2 m ce
dosed with Fedgcad immppaeppicigt Ajethdr xR PAPegRaEd ferm; o dnabpenp, \griabilisPAL or 1: 3, as
conpar e Rades hidiche Hhedi& QhmfteOeohiehde NpbXP&: REGAT at ed
AvPAL g‘?" ﬁﬂ)%é%t: PEGd]%at iﬁg‘l‘%@ 11:‘"‘3,%50# GUREﬁlfisc.o %%St phe ok pegyl ation of
pegy! avednAnPALicIOEEE8EB038hiorrd Ay PAL specific activity in vitro. (Top)
Recover f TN AN j i Ly. of rAyvPAL-P fi pegyl at 1? t. a PAL: PEG
ot o Bredbe RSB bRl Y Nl sE e E et e Uy

r e- pegyglvabi EQ Nklavma cyanplet, pegiflatRalis BEGeved thyasacangl thedndexlt vat | ons  of

| ysi ne residues and P | ecul es .as indi.cated,  (Bottom. Recovery, of

speci fIAé]?' YAy ARLPDGE W?Etﬁxfl)g&@-t PEEC qfiaF@?Sth}p%td%SE{'is’ Qﬁeag? bﬁﬁt%@% "4tio of
1:1 (2 opiidaMtsigenil Bsi due® cRanifid, BEBAL Nakidned 28 AYAAESdrianQhindkbed 2 MM | ysi ne
residues: 6 INnMPEG filled circles), after re-pegylation under a variety of
PAL: PEGegdiassis apljerasisama BA L EFS Btio19fdidne resi dues and PEG nol ecul es as

i ndi cat ed. - . FI GURE 19. FIGURE 19A:. Effect of increasing the

PAL: PEG rati o i n lppdisqlesupalsyoatempliics epeeilaine 8% repratcd PALyagatsdei on of
 AVPALSPEG g iflof 5o REGY hAL6d RALREGiA0s bl @ Bfrcekiik e MM | ysi ne

resi dues: 6 MM 5E56, g%/ et_eF%nﬁZeé’%p pill I (S;II‘y Ge_IB}ErFetcl%tophor esis (CGE)
anal ysiNpP A} GURE Ao Baridit fraet orgfiore,meitheRISE ragch hegytion PEGatiaol o l¢ast The fir st
pegyl ation. reactiQ ve I | at,i ) L AVPAL - re the

re- pegftfé% Sittl)'ﬁ%raetak?tglI%aﬁgas{[’)g#'f(g%?ng%tgﬁ%af%%é@f?@%ﬁ%%% |%o of 1:3 (2 nM
| ysi ne pegghithreis a6hieddd BEGactiags thd @ip@riti cretlyThyL CGEEnatvaty shrse iRBEEGURE 20.

Ef fect of re-pegylation of L 65SC503S, firs eqyl ated at .a. PAL: PEG
ratio ¢f; g"%‘?‘gmﬁ‘?gf&’nglﬂ?éﬁ o EFES PSE ‘:Igl?g)'",rat&?no t%%a%érﬁéhga%gd%’ati on of
speci f iaClichsy $NR 1k L $BIUES Ichdd 1 APRALPF. 1ifdne ERmRRY I Pl Qarianidasr a variety of

PAL: PEG rati os, and concentrations of |ysine residues %nd PEG no] ecul es as

i ndi cat®FAlTREIa] gpdthepesylafing intchigysd vpigs a X ALY rate ofgobdop &gV e ed under

al | thqirgt%qisg&gl@?egﬁgﬁ&gmg&g;m_shown). 30FI GURE 21. Effect of re-pegylation
of AVPAL_C565SCh03S, " first pegylated at a PAL: PEG ratio of 1:3 (2 mM I ysine

resi dues: 6 MM PEG) o hahBrR A AL SR ol i%SIMERAAER rati o and

concentration of |ysine residues an nol ecul es, "on in vivo WO

2008/ 158F7é P thydxdw8r00sas mqsiind e destiedip cpfiare FALIPRE | evel s in ENU2
mce d : i aelisGated,.i | e.14. SCRI PTI ON OF
THE | &Eﬁ%ﬁéﬁ?@ﬁ%ﬁéﬁ%&%ﬁé@d&%ﬁ;f%%‘;%@ﬁi S@ﬁt@p %@Eﬁ%ﬁ tha

cat al yzesntainelasoraphbicidalaniee eesivithinitonopsima reagy biatant 1) ¢ ted acid in
Lhe oMb Sl 3 SR 0P RERLBL AARRGLEPRDRLI R o ROLIREK, ot at, Annu.
encountoer etor gieager fhemativaidt v-1.dn swhereeaniytles] e binkgkallydctive nbgifzdy| - COA

bi osynt isin " rjtimus’ (Xiang, et at - Biol . em

Dy SoaB S ekt o5t RS e emant P Ftou 1 Do bR SE 2t chem
Conunurthe Bid$ichBH Sct{va Gkl ffeddl has 4 Ke diibesyseh heait 30 oM @i dboanE oD ddi.i n
Streptqnyces vertici]latu Bezansqn t at .. J. Mcraobial.

16: 147&‘18 P ESRS®: fgel’%’f@"%‘%@?’éﬁ"%ﬁ’?%ﬁ?@ ?Ké‘}?‘i?fg’%’@?nr?b?‘g 1§1 nat ural product
of the Rtd Beuthasd eV TH BherSkaBNEORY SRR BTy dbiiRuigodiNed DA Ry Nt hesi s

1 o1 s sy bbb ot ek Gh 11001 e Bl

the wild-type. In other examples, the biologically active modified PAL exhibits

et
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157:943-955 (2000); Pie!, et at, J. Am Chem Soc. 122:5415-5416 (2000);
Xiang, et al., Proc. Natl, Acad. Sci. USA 101: 15609- 15614 (2004)). Anong
these is the formation of the rare pol yketide synthase (PKS) starter unit
benzoyl - coenzynme A (CoA) (More, et al., Nat. Prod. Rep. 19:70-99 (2002)).
The initial biochem cal reaction involves the conversion of the amno acid

L- phen§izamatic pdivity that sgsomn ahew 0% tad 0B Wy e dhandhaiof Bgcrid-1vae I¥Bny! al ani ne

I
S 5o e Sy Bl e i SO R tled WA meod e L e B B e B ot o1
f ol | owsgh bybyaitsilingted mutagemdsimn forthen exaiplatihcohscloset dadyphazoybe CoA (Her t weck,

et at Her t we dron

56: 911%%%'8’(%@83 é% jges ggengf“ h‘}e Bt T phe%@%%%{ {‘)‘{fﬁi}goos)), whi ch
primes %ﬁﬂ@ﬁn&)ﬁ@pxﬂparﬁhdnycﬁ% thddi RKSnf for thehahimex bbndefateney tohP S wetivitypl ecul es
of mal onyl - Co 25The firs r ok otic PAL- en odi n ene encP) (SEQ ID
No:5) RebemERle EPRFHEEAUEHR it 501 ot DIAFARON T GCPLAto] B Bbol | shrent
of de BEWRAIANNBNEE iAEaBn AN 8RO IOEA a&VIY Ne Sinke dxéln pISy, theRr i ti mus”
(Kalaitzis, etal., J. Am Chem Soc. 125:9290-9291 2003) Xi ang, et at, J.

Bi ol . pjmmacqmwl@z@g@wp@z@dw)ly ppsifiest DAL demyeddim hedsrie. el d be
res! of BflidaaB P aEN RGN U ARTE dALAUC DN RARIFERBR R M LD I Nnam ¢

aC| as conp errent ation with plasm d-borne encP.
Fur t hepmonagcutichity damb@rc@hmg mmeﬁ:m@@s,l rospagfions hentemeRicgadlunder t he control

O e B AR, R Rl o BebERb AV R SR 00L 9,505 B0160 HOFHPEORUE! T on of

ci nnam’¢ ed” cul tures rang,
2008/ 153% MBRETthiS2Q0 0 ABE6 kB spdcificGhnay o%&b@%&ﬂ%&%&ﬁdlﬁgoozn The encP

cukar 5?&?%&%&%@?%@8%2@&%? o § Bt et Feffids Artos éﬁf@ihhgﬁcéha”
PAL R38
Eur 97 Bi ochoi PBB0CSaR. BOPAIGDTY (CARS 0SB RoE | BERE LA "ERICHoh

si m | afpecap éﬁt1c%ﬁd1ﬂ&fstr§§ﬁ%fo§‘& 18 bEAxBip]B AR iRk BonkAGl 8 inRtholld Flrbalinp Bisorders
amoni a-| yases (HALs 4.3.1.3) such as from Pseudononas putida (Schwede,

et at, cisgleinserpy pfelmgneri5BAH (1999)) (A35251, 36%i dentical and 54%
sim | ar, éﬁ@gaaﬁrd\@t&ngﬂ @A@Eaf&)saiwfewvéaxﬁ&ét&@a@mmmea«[ldayg&?&%k) from

Rhodobact psul at us” (Kyndt, et ., FEBS Lett. 512:240 (2002))

(FI GJRIEO@PHSI@I@M‘&@’WA)PA@MO|ar$93D}l@tels neddeofsoeiserajmentathd dadicineeing®tiine resi due
at p03|t he Phen b,S f

anmoni &~ ses E A&% é{ §J ?‘%?r eslglﬁé’sﬂ&gésgg}f’éégnﬁgﬁe]fq/gg} o &

dehydr dat arnllemeccm@rdim nbﬂnilhﬁrel% dfﬁw}yhatd’&mandmwhanm@s@smtwatéﬂ/l O) prosthetic

Goin. CHERVARBS lovas S aBi 200 YD SRARE St " PP URHAN LTy

27: 53521236 deved9RhiketbNGTR. ENRLRexghERE, 25 dls@@@smenﬁm@mgxpm) Admi |
(AA039102, 63%identical and 76% 15similar), a putative phenylal ani ne

ani nonut ase i nvol\gekifidex@nslés Mk sibRicas yitWRShSbdeA dif@iaashaggl omer ans t hat
is related to the tyrosine am nonutase Sgc4 from Streptonyces gl obi sporus

(Chri staghiant, Ph@ﬁ}’iélﬁmme hydragylaseq B Shite mitest RByg NFFETPFESDOTMACRR st enson,
et at, (i QeNeHd &nlain 6@?&?{7@%&%&1&@&%}1&5 M@ma@wt,m@ﬁ&%ﬁaed%c P has

cl oser honol o to a human protein (HAL ntlaIIerss

ote
i mrunogeytiteons kil IF88alG8 6. Aé?@a’ﬁj\l@%yDéz% IEd GiVE -&2bklpossi bl e to
nut at e 5@233\8 k9619 Aok Kes REMRE; A3 20NN MR, ABRINLESI0RT ABDSENLRS,
HAL an L vvere 'Shown’ T'0 share 'n common a ‘nmechanismfor the chemically
di ffi cuintl Y#146i nati on of anmoni a from histidine and phenyl al ani ne,
respectively. Wth both enzynes, a superelectrophilic prosthetic group 5
met hyl ene- 3, 5-di hydr oi mi dazol - 254-one (MO0) activates the non-acidic beta
hydrogen atons of their respective substrates by a Friedel-Crafts-type
attack at the aromatic ring. The sigma conplex that is generated prevents
the extraction of protons fromthe ring by excluding any bases from access
to the binding pocket of the enzynme. The formation of an exocyclic double
bond is key in the elimnation of ammoni a, rearomati zation, and
fragnentation. The prosthetic MO group is regenerated 30 and the product
urocanate or cinnamate is fornmed (Poppe, et at, Angew. Chem Int. Ed.
44: 3668- 3688 (2005)). Because of the high honol ogy between HAL
and PAL, the conserved regions of HAL and PAL are referred to as the
HAL/ PAL conserved region. This high honmology can WO
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 protei.n sequences |listed in the NCBI database for
Nost oc punctifornme and Anabaena variabilis. Therefore sone PAL enzynes can



S5they are predicted to differ in sonme key residues (Cal abrese et al.,

Bi ochem stry 43(36):11403-11416 (2004); Xiang et at, (2002) ibid.; WIlians
et al., (2005) ibid.). Particularly in HAL, the nethionine 382 and

gl utam ne 414 from Pseudononas putida (SEQ ID NO 6) are highly conserved in
all HALs but are always replaced in all the PALs described so far

(eukaryotic or Kty Qb &) : I }ﬁg% : C:ﬁﬁﬁl FI GURE
4). So it 10 caﬁlrn%e sa%ékﬁh%%%é% I%(Ié{ﬁrgg‘%% ns v&\lnH% alrt‘%gﬁ{?-gﬁgﬁ*'é r gl%l and

havi ng thetveviVoino g e§ thefprésgst ine@@nand aghetnsavicwdeklly abeepebid@ars@quence
signature of a protein with PAL activity. This relatively newy described
PAL signat ure (Vihlddiamasgtialthere i€ 200)editlsd whe of dled HBAT eadizbef ther operly sone
enzymes from HAL to PAL and coul d,be used to .identify .sone new PAL enzynes
£ F o aPFETRPSAGN: SHII Y HELO I HPORET AT T BB G eiscadf R ROUBICREHISS nvent | on

rel at egil bPiCHRSA BéMSHc9Tin PRGN DR YR 1GadRARABNd bi ol ogical |y active
fragments, nutants and variants thereof and their uses for therapeutic and
i ndustrial pur poges coftchBdiTh ABAQAURLERS QLBREMSRg3bMabmEne fol | owi ng
ternms used in this application, including the specification and clains,
have t kencgetritivintaf plrsmgiphenyldenionie. g terenigtthavel S9atd@r PoaeM) sgempdsie i n t he

speci fi L On. . l,ai : i "a,. . an” and
“Fher PP EE phPoBREBIARG AR Mhunolil 8 SOl SRER: ghraned]
ot her wids@easbéf thaiptdsmin phEndil amndacohcettentios bf thetsebjest. Tirysubgect wilnidkeln r ef er ence

wor ks, i ncl udi ng ,Car and Sundber dvan O .ganj ¢ _Chem st.r,y, 3rd
ot oRev bR B R aerep b ateoloRiSr VAT k¥t e R I of ¢ he
present invention will -enpl oy, unless otherw se indicated, conventional

met hods of synthetic organic chem stry, mass spectroscopy, preparative and
anal ytical methods of chromatography, protein chem stry, biochemstry,
reconbi nant DNA techni ques and pharmacol ogy, within the skill of the art.
See, e.g., T.E. Creighton, Proteins: Structures and 30 Ml ecul ar Properties
(WH. Freeman and Conpany, 1993); A. L. Lehninger, Biochem stry (Wrth
Publ i shers, Inc., 4th Edition, 2004); Sanbrook, et aL, Ml ecular Coning: A
Laboratory Manual (2'd Edition, 1989); Methods In Enzynol ogy (S. Col ow ck
and N. Kaplan WO 2008/ 153776PCT/ U52008/ 006661 eds., Academ c Press, Inc.);
Rem ngton's Pharmaceutical Sciences, 13th Edition (Easton, Pennsylvani a:
Mack Publishi ng Conpany, 1990). Al'l publications, patents and
.patent applications cited herein, whether supra or infra, are hereby

i ncorporated by reference in their entirety. 5The foll owi ng ami no acid
abbrevi ati ons are used throughout the text: Alanine: Al a (A) Asparagine:
Asn (N) Cysteine: Cys (C) Qutamc acid: Qu (E) Hstidine: Hs (H)
Leucine: Leu (L) Methionine: Mt (M Proline: Pro (P) Threonine: Thr (T)
Tyrosine: Tyr (Y) Arginine: Arg (R Aspartic acid: Asp (D) Qutamne: Gn
(Q dycine: Ay (G Isoleucine: Ile (1) Lysine: Lys (K) Phenyl al ani ne: Phe
(F) Serine: Ser (S) Tryptophan: Trp (W Valine: Val (V) "Polynucleotide"
refers to a polyner conposed of nucleotide units. Pol ynucl eoti des i nclude
natural ly occurring nucleic acids, such as deoxyribonucleic acid ("DNA")
and ribonucleic acid ("RNA") as well as nucleic acid anal ogs. Nucleic acid
anal ogs include those which include non-naturally occurring bases,

nucl eoti des that engage in 20 |inkages with other nucl eotides other than
the naturally occurring phosphodi ester bond or which include bases attached
t hrough | i nkages ot her than phosphodi ester bonds. Thus, nucl eoti de anal ogs
i nclude, for exanple and without limtation, phosphorothioates,
phosphor odi t hi oat es, phosphorotriesters, phosphoram dates,

bor anophosphat es, net hyl phosphonat es, chiral -net hyl phosphonates,

2-0-met hyl ribonucl eotides, peptide- 25nucleic acids (PNAs), and the |iKke.
Such pol ynucl eoti des can be synthesi zed, for exanple, using an autonmated
DNA synt hesi zer. The term"nucleic acid" typically refers to |arge

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

pol ynucl eoti des, generally no greater than about 50 nucleotides. It will be
under stood that when a nucl eoti de

.9g.



sequence is represented by a DNA sequence (i.e., A T, G C, this also
i ncl udes an RNA 30sequence (t e., AL U G C in which "U" replaces "T."
"CDNA" refers to a DNA that is conplenentary or identical to an nRNA, in
ei ther single stranded or double stranded form WO
20081153776PCT1US20081006661 Conventional notation is_used
her ei nbactsrigbRAki Merqmsrguasive heisariod daye pleaaa phewlalarie asetghon of a
S|ngle 0 hand

i et T S sl g bR phB e T o
t he 5'eahicergctipomnf beTweend00edM poho@¥ nig:! hltsallgthead?ehnml@ﬁmthefsubmﬁlhem| des to
nascent. RNA tr cripts i ref red t t ction.
The i’f‘?‘%ﬁ?&alﬁ% nﬁﬁo?%g§§t}i%eo sgwlfg%g%@?sd aﬁ 1%@%{ Reﬂre(rpgl to@as t he
"codi n@b&tctsaﬂde trea&&ﬂisﬂmseshaohlaﬁehﬁ uﬁdétnsted@ruﬂmla@hem@}radm c@ametseguence as an
MRNA transcrrbeg that DNA and V\/mch are | ocated 5' to the 5'-end of
the RNEepenthep ?ﬁ*‘ e referred to as upstream sequences"; sequences on

the DNA strand havi ng_.the sane_sequence as_.the ich.are 3" to the
3' end of the coldisngC ke %@FlS%iJecérseanfﬁ%‘f’W%wal qEé?x)\',n'mf‘.rllﬂ/?fm%‘tream

S€qUEeNELSny a plasma phenyiala&%’%ln@&ﬁﬂﬁh@i{ ¥reat"e€ﬂ'h§1ﬁ $2000uNhehd @ipabsgd cal

conpati bilTty or matching together of interacting surfaces of twp

pol ynueddenplaiesmethhdsof tqu@ng Wﬂfﬁﬁi inzaderdkeipirigedarised 2SI sipitenent ar y,
and furt, ChACLRLkiSE | Al 2CeaRienentary to
each o?h%&gﬁbﬁ%éggﬁm ]1%] &ot 1 %fgﬁlleaél COU?I éerrenlt ao (t)ocaasecor;’

pol ynudieerb&surri@herﬁymlhmnaarmeﬂrtaubndéthsetfanan’&@r@ﬁ thetiafaft is betwger § mkd eoti de i s

i denti cal t t he ot| de g partner
of theYS8EH "??668? 9}7&‘& anhas 4@ genytl%e ol "3‘2%&3‘4&% {e}glghﬁ%% g‘satg)b@gjlc?gence

S TAT:ﬁﬁ?fﬁaabbﬁr @QWMM&af'&'xeta&nﬂnsrn@in)gmf@hﬁaﬁald’erwﬂasefasehmance is 5 -
GTATA-3! . A nucl eoti de se nce al | y" to a
refer eﬁé@’y@éﬂ%(’éﬁ‘ﬂt"&@’%% Oﬁfﬂvf T’ﬂéﬁg‘ é%%ﬁggéﬁw?ggir to the

subj eClyefUtbO@E hRems eﬁe@m&m&caﬁb@@m@ﬁ foabbit 1lod@ M. GRbthboexkhigles ef er ence
nucl eoti de sequence. ncodln refers to the inherent property

of spewfipi o theglminssingof hurseradP Alidhe infnhbat Rhenpleginegencaalishrie®f a gene, " a
h | d
OO 3bod BTN ndi e REANRI fo?ﬁﬂt%&% %9{11%;!/6”%5&@18&11195 er polymers an

|ca rocesses avrn defined 25 sequence
of nuclcemtennlasm(to about GﬁFRINM In RNAfuather axRples arica taldkisdainigedngesice of ami no

aci ds ropertie

encode?gj“%ﬂﬁ gt a? ?pﬁ éaﬁasngﬁ)lco‘fl F%“%aé%d %arbgnsf@{lﬁ\g%ﬁ%ﬁ@ atd;l;‘g[:él% pg%%ced by
that gend @cadusese lblhﬁnepp}wn@laiunin& canaatrhti@r toaber3 0D ipdi. dglsozraé system Both
t he codi ng strand, the nu oti de se nce dentical to the
MRNA s EGHBRIER ﬂ&rfger?%euﬁg QIF\? ﬁ‘?%‘?}}’@@%gﬁﬁe@e%‘ﬁ‘élﬁg‘e&cF tl}elp:]]aﬁgl and non- codi ng
strand ph3Q 141888k @hcthiftibe tPihabFaltes a knap sEhdtptdnadonoi20a N engboar 360DNA can be
r ef erred t'o as encoding the protein or other product of that gene or cDNA
Unl ess Mﬁeaﬁnﬁéoﬁb@@f@ﬁ é‘éPutém alcloabeidd Oddduence encodl ng an anino acid

sequence” includes all nucleotide sequences that are
2008/ 153776PCT/ USR0oBFrubasstt. fegrcn eroytdsd theruse ghde é\fvi’ééc\f?ﬂeﬁfwé thegrgretthat

encode rﬁ&%tlm@d%en 1 theBRANENTE roblitd FRA)INGORRAUPREGS § Afecencode

proteins an e I ntrons. ecofbi nan

pol ynucl eot i de rgzne&grhﬂ Qspgc&qﬂéré’ﬁ e ERL GG APpSaHBEST kAR ALE not
naturally joined to n a fied or asse r econbi nant

pol ynuchegat bfibe bresypt ineentznm imd@ptepamtzan sfn merbd;aenevebt mfratmampkegl‘r@et fowgle bpviemn be

used t ra sf pma su e hoI cel | t ses the
reconbc%‘ﬁfﬁ?ﬂ3 Wﬁﬂ?f“é% I%}%g o lf’%trornevg}fap ré)sel%mggec?g hc?n“élr?]e?gﬁ([)ﬂset cell." The
gene I&oﬁi&ﬁi&d edpingsateh ofthé hﬁn}fceﬁmﬂbndlﬁﬂoteuhﬁsﬁ'lcméldhet iseffecoduodywe tlg. , a

"r econbi nant pol ypepti de. " ucI eqti de, may ser.ve

mbj
non- cod?]hﬁ@’ HietHee FORetEtgn 1 n tB? rgﬁ%{?%?% tﬂeﬁq éﬂ%ha itasaid gpcentration irfthe

ri bosonmsicOdi g SnfkncdliministAsionel 1. 10" Expressnon control sequence”
refers to a nucl eoti de sequence in a polynucleotide 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) ré8ults 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 for introns, and stop codons.
"Expressi.on vector" refers to a vector conprising a reconbi nant

polynucleotlde conprrsrng expressron control sequences operatively |inked




25" Amplification” refers to any neans by which a pol ynucl eoti de sequence is
copi ed and thus expanded into a | arger nunber of polynucl eotide nol ecul es,
e.g., by reverse transcription, polynerase chain reaction, and |ligase chain
reaction. "Primer" refers to a polynucleotide that is capable of
specifically hybridizing to a designated pol ynucl eoti de tenplate and

provi ding a poin f lnltiati £ ar I : g@g ﬁgﬁp;ary

pol ynucl eot i de. é&%ﬁmgen h%?ﬂ%ﬂﬁigj¥§&ﬁﬁgﬁéPﬁgﬂ%%ﬁ%%ﬁ% eokl elpriner is

pl aced havidghyiegighilalansernia (WHAG borsyidtregingniksteringththeslbjdct bacteriahP Ahe

presence of nucl eoti.des,. a conpl enentar. | ynuc) eot | de t | ate, and an
hgent | ABRSBIRHBIAIOR b S REHOBLTRGAC Y DRI KPP B 200875 06661

pol yemageaiofs dHih BBhbin@idnkPHERE bibisih-neRt &t diang eflectbbto 10RYr e _
doubl e-stranded. Prinmers are typically deoxyribonucleic acids, but a w de
var i et phetylagnindgententaiien inshanteamaofdrcubiertig cpmprred & he eongseiraion itor nany
applicatli AcprLi . trary. .t I ichit is
designg%gﬁgaﬁﬁggﬁﬁfggkIgﬁgggggﬁgﬁggIgf%gﬁgg%ﬁfmég?ﬁ?@?&gﬁgﬁﬁgf synt hesi s,
but needrespictedmédfsimaghetidasxacincescation of gehtet then t180pMalne lesk thas @b a case,

speci fi bridi zation of the primer to t te at e depends on the

SET1 ngefEy gt HETRSY AR R EOTUFTTOHONIo T BRTS b0 | abel ed wi th,
€. 9., GOAQARARM JF oréafdRAGH0 V81 billest lHAONSOE BN INBIRIthaexafplctisRd as
detectabl e noieties. "Probe,” wh cl eoti de,

_ en used in reference to a polynu
r ef er s stlieet hpoinweitaded plasmaplivaylalaging sprasniation of gecafer ﬁ@allgg)ﬁ Bybridizing to
a designat ed sequence of another polynucl eotide. A probe specifically
hybri di zes to a target conpl enentary pol ynucl eoti de, but need not reflect
t he exact conpl enentary sequence of the tenplate. In such a case, specific
hybri di zati on of the probe to the target depends on the stringency of the
hybri di zati on conditions. Probes can be |abeled with, e.g., chronogenic,
radi oactive, or fluorescent 15npieties and used as detectabl e noieties.
A first sequence is an "anti sense sequence" with respect to a second
sequence if a polynucl eoti de whose sequence is the first sequence
specifically hybridizes with a pol ynucl eoti de whose sequence is the second
sequence. "Hybridizing specifically to" or "specific hybridization" or
"sel ectively 20hybridize to" refers to the binding, duplexing, or
hybri di zing of a nucleic acid nolecule preferentially to a particul ar
nucl eoti de sequence under stringent conditions when that sequence is
present in a conplex mxture (e.g., total cellular) DNA or RNA
The term "stringent conditions"” refers to conditions under which a probe
will hybridize preferentially to its target subsequence, and to a | esser
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 hybridizations
are sequence dependent, and are different under different environnental
paraneters. 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--Hybridi zation with 30 Nucleic Acid Probes part | chapter 2
"Overview of principles of hybridization and the strategy of nucleic acid
probe assays", Elsevier, New York. Cenerally, highly stringent
hybri di zati on and wash conditions are selected to be about 5C | ower than
the thermal WD 2008/ 153776PCT/ US2008/ 006661
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melting point (Tm) for the specific sequence at a defined ionic strength
and pH. The Tmis the tenperature (under defined ionic strength and pH) at
whi ch 50% of the target sequence hybridizes to a perfectly natched probe.
Very stringent conditions are selected to be equal to the Tmfor a
particul ar probe. 5An exanple of stringent hybridization conditions for
hybr i sz@hm Bulféctcoitph phrnt phe;nymlmﬁm neanitrdsSondreathr thay E200qrMd arehan 100

conpl errent reS| dues on a._.fi] a_Sout hern. or northern bI is 50%
f or mal P?Ft‘ *lttr?fﬁw‘é? F“ﬁﬂ%ft“ @ higePk BSRE Wﬁﬁ‘gﬁ‘(k"é{?? ng carried

out oV ekiRiLiging AN heXA BRhemShiHY Bt magaemmm@mmmh@u ons is 0.15 M
NaCl at 72C for about 15 mﬂnut es. An exanple of stringent wash conditions

i s a 100exhasolkmaphenylgsnnt syoesiration graier thed 206u b rebibe nthogy  (1089)
i bi d. cf bd Mzﬁﬁteﬂa%%&aﬂfr&%{am ﬂttts%he s%bfél:tgh stringency wash is

pr ecede y a low stringency wash to renpove backdground probe signal. An
exanpl e medi um S]‘fnra'x{%&ﬁQ ctYaS e %ﬁ?&w@udqms%f%omﬁosﬁm IRpRsihh 3 APAP,

nucl eotides, is Ix SSC at 4SCf1 r 15 mnutes. An exanple | ow stringency
wash fow‘laltdﬁmb@m%@ﬁ ,invenfgm in g pereptaieion 0O medichmettifoeissating adingat mgat 4OC

for ner al ignal to, noise ratio,of, 2x

than ¢ REEOGsEEPoR ST S bl eeE ol b RuReh BRat R e Ch e R PURDE: | on
assay’ coAghGRlaof el 8k 0Mhedin Si6 pEGithd &txhe;elara hidBaleb8Rf age and said infant has

"Pol ypeptide" refers to a polynmer conposed am no acid residues, related

nat ur al? rslasg@ds&mkﬁgn%q qoa%wmn Heresn @bO%ééo ehierBewtd 80K hat ur al | y
occurring anal ogs thereof |inked via EF ptide bonds, related naturally
occurring struct Grealisclpgis dertrves mrbpds g FRtY desHpTevero DAY aNFY occurri ng
anal ogsgyp pLpe @xanpl e,
usi ng nkgﬁgrg%aut Jae?% pié1 tl gmgéﬁ%eg?ez%?ﬂcgﬁ%er mﬁL?th E}Gfrll@”ﬁ(t:aygl cally

r ef er s attovd fmgjwnpmwapftammgr aﬂ'dm thereod Whmfgtuth@dmmptrmmqua@tmis to short
pol ypept.i.des ent i opal tlon i S rtray, pol ypeptide
Do o SRR S aaP R B iRl O B alob2ab Bl B e

am no- b@ﬁl@hﬂ&ﬂ% the Ia@ndeh@&ﬁonhﬁﬂ& a@ﬁ\dmebfsacz&np?memmﬁrmquﬁ@-algeas t he

car boxyl -t er m nus. "Conservative substitution" refers to the

subst i teieqiesfonsagearpiste Bemepodie! drfidosatval Ve A dorigRER®hal |y sinil ar
am no I QR She ?ﬁ;ge t are
conser \?gllf :33%652{3%{50? | étugft{":agﬁ%c% %a}tg%ne ano riRH 00 AR e Q’Sdeg&l{%f@zlct ani ne
(A, Seircrapeutic SPther Ehamapdaicorgenfildic a SDRY t}m Mmtpﬂasmapﬂledyi@@)me dutamc acid (E);

3) As i ne. , R
20081 s areRer izt BREURG 5P 2fbrkr E e Bhuic ™ s, i oni ne
(M, Vakimfes( M condi@d Bmifde@imiyh Rk@edsethé El)sdos?iwda&taaeth(a ¥lesmal r ypt ophan (W .

Am no acids may al so be grouped as fall ows; hydr ophobi c: Met, Ala, Val,
Leu, | |ngenyipiapje ﬁ%ﬁrﬁréiwwgéh%bmw fodiess E4pa ¢ 60(3&4 In?ﬁ? exa(ﬂﬁ‘)oﬁ i58i dic: Asp, du;

( 4) ba%egreasé?t'a tesShih SOU'MM hl—éﬂl%thernggmplé: e EBDhAYEEnib AR ok nf | uence chain

orientation: dy, Pro; and
decreases the plasma phenylalamne concentration of the subject in the range from about 120

pM to about 360 pM. In another example, the plasma plienylalanine concentration of the

subject is reduced in the range from about 120 pM to about 240 uM.
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(6) aromatic: Trp, Tyr, Phe. 10"Allelic variant” refers to any of two or
nore pol ynorphic forms of a gene occupying the same genetic locus. Allelic
variations arise naturally through mutation, and may result in phenotypic
pol ynmor phi sm wi t hi n popul ati ons. Gene nutations can be silent (no change in
t he encoded pol ypeptide) or may encode pol ypepti des having altered am no
aci d sequences. Lol di ekl ét%% clNAsderived from nRNA
transcripts of geﬁ%fﬁ%lﬁgfﬂ% ?ﬁc §§?# nfs ag © gg tﬂe prot ei ns encoded
by t hemrganism to be treated; rferwm triagherdls odiutaps, t@effwrwtly aingbntatetthe " in the
cont ext,. of two I cleotl I d refer to
two or d}?ﬁ?sg S%Eg)gﬁggéﬁ Iﬁl tﬁ gmg eaaf/a@ ﬁse %uﬁt@qggos%?é%aa specified
per centdagebis, nm:él@gle iv&elﬁyﬂbseammﬂnpl@lddsdseﬁnad&mﬂlyﬂim lrseniche sane, when

conpar ed and ned for maxi num corr onhdence, . as neasured using one 20
of t he SFBISW %%g% @%ﬁ%émégﬁﬁ%Wﬁéﬁﬁm' i P 5@“59“9?@& i nspect i on.
The phrpageun ﬁﬁw@ﬁial;ﬁleﬁﬂalﬁkﬁﬁ@&&ﬁaﬁ@m%fthé bkﬂﬁéo@ﬁtdcéﬂehs\éd ksRRtthapdo0 in the
context of two nucleic acids or polypeptides, generally refers to two or
nor e s@hhéﬁ@é@e@m%éﬁb@@ﬁ@@hﬁé@“@hﬁ¥Wﬁ 6%@“%@%5@0ﬂ@@$35696 80% 90% 95%
08% nul GObLA®Ola.ATHAR AR He PRDTCHERRAL {ien SNPN LAMRARSH, AR al i gned
for maxi num corresp ence, as neasured 25 using one of the foll ow ng
sequen @bergflatap'me r@omiraficgoy bt hlroﬂtwyemmslqa [dodengpddtverohonckn some
enbodi nent he . subst nt| S &9 t he sequences
that id° yq@3g§d%%%u? E?égoﬁu% %ﬂﬁé I?%g%géé%m go?o g@f at | east
about 1B mg&g@m&maﬁﬁnmt@@tl ﬂng&g;oamcg&tg 15@ng/b§oﬂugser penwegkolher
enbodi nent , ences are su ntially ide cal ver the entire
IengthS@@68¥% ngg%@ﬁvﬁ @&%ﬁ§WF§%h% 3Véﬁ%P§Bb% @&Uence conpari son,
typically one sequence acts as a reference sequence, to which test
sequences are conpared. When using a sequence conparison algorithm test
and reference sequences are input into a conputer, subsequence coordinates
are designated, if WD 2008/ 153776PCT/ US2008/ 006661 necessary, and sequence
al gorithm program paraneters are designated. The sequence conpari son
- algorithmthen cal cul ates the percent sequence identity for the test
sequence(s) relative to the reference sequence, based on the designated
program paranmeters. Optimal alignnment of sequences for conparison can be
conducted, e.g., by the 5 local honology algorithmof Smth & Water man,
Adv. Appl. Math. 2:482 (1981); by the honol ogy alignnment al gorithm of
Needl eman & Winsch, J. Mol . Biol. 48:443 (1970), by the search for
simlarity method of Pearson & Lipnman, Proc. Natl. Acad. Sci. USA 85:2444
(1988), by conputerized inplenentations of these algorithnms (GAP, BESTFIT,
PASTA, and TFASTA in the Wsconsin CGenetics Software Package, Cenetics
Comput er Group, 575 10Sci ence Dr., Madison, W), or by visual inspection.
One exanple of a useful algorithmis PILEUP. PILEUP creates a nultiple
sequence alignnent froma group of related sequences using progressive,
pairwi se alignnments to show rel ati onship and percent sequence identity. It
al so plots a tree or dendogram showi ng the clustering rel ationships used to
create the alignment. PILEUP uses a sinplification of the 15 progressive
al i gnnment nethod of Feng & Doolittle, .1. M. Evol. 35:351-360 (1987). The
nmet hod used is simlar to the nethod descri bed by H ggi ns & Sharp, CABIGCS
5:151-153 (1989). The program can align up to 300 sequences, each of a
maxi mrum | engt h of 5,000 nucl eotides or am no acids. The nultiple alignnent
procedure begins with the pairw se alignnent of the two nost simlar
sequences, producing a clusteér of two aligned sequences. 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
t he pairw se alignment of two individual sequences. The final alignment is
achi eved by a series of progressive, pairwi se alignnments. The programis
run by designating specific sequences and their am no acid or nucleotide
coordi nates for regions of sequence conparison and by designating the
program 25paraneters. For exanple, a reference sequence can be conpared to
other test sequences to determn ne the pgrcent sequence identity
rel ati onship using the foll ow ng paraneters: default gap wei ght (3.00),
default gap | ength weight (0.10), and wei ghted end gaps. Another algorithm
that is useful for generating nultiple alignnments of sequences is Clustal W
(Thonpson, et at, Nucleic Acids Research 22: 4673-4680 (1994)). 30Anot her
exanpl e of algorithmthat is suitable for determning percent sequence
identity and sequence simlarity is the BLAST al gorithm which is descrlbed )
|n Altschul el at J. Nbl Bi ol . 215:403-410 (1990). Software for -
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is publicly avail able through the National Center for Biotechnol ogy
Information. This WO 2008/ 153776PCT/ 1182008/ 006661 al gorithm i nvol ves
first identifying high scoring sequence pairs (HSPs) by identifying short
words of length Win the query sequence, which either match or satisfy sone
positive-val ued threshold score T when aligned with a word of the sane

| ength in a dat abaseets efjpreacaal of nospareft@alredtet of adsutikteation) igéthdinhood wor d

score thresho] d tschul et at (1990 ra). These.5initial neighborhood
word nPes et e el nibrinonny weli Bt TR Bk p

cont ai pivegtah bR or Theavepdud ti Helivar equitient dxdagaoed comerhpibiaddi recti ons al ong
each szggsnce for as far as the cunulative alignnment score can be

i ncr eadGERINERIINRYIDOR! Ferter opdision ERCRY o Beiwpls of bPE Avdrot i de

sequenges; s bt cRREAIBLE ScMGheNREA], $RALShAL ifraPltficr, WRLGHDAY T esi dues;
al ways 0) and N (penalty score for msmatching residues; always < 0). For
am no Pudtee; of vieihaeivtras magngcrony aramplies thedessearedsliea¢tul ate t he

curmul at.iv nsion of the word hits in each direction are halted
when: %lgﬁg%%ﬁkﬁ%?géaa'ignnent score falls off by the quantity X fromits
maxi mum achi eYEdonfek Hl%énstcl}?nc‘féé@ﬂ%ﬁﬂA'LV&ti%ﬁ?{rﬁhgﬁﬁﬁaﬁ &b@e%{soar?élsée' ow, due to
t he accunul ati on of one or nobre rfegative-scoring residue alignnents; or the
end of ceitehplatedcigdediog gers theragsh chnsfehef BPANS Feral igpodsbhmthpaghaweety W T, and

X deterpine the 15sensitivity and speed.of the alignment. The BLASTN

b ogr i CEer HaeraB e wEle e PHEE fuoldulet i lsr it (W of 11,
an expenNAahjeofon| ®ithdfthelQopeMEdis abpecthre Afdlplas tatpaliuslen acfi bot h strands. For
am no aci d sequences, the BLASTP p am uses, defaults a wordlength (W
of 3, AFAUERTSEERACIERICES P © ,Ctegﬁ];&?ﬂ:\ s ’é‘@hﬁ% Y QP IHY T aE ?,tqaipg(s see

Heni kokferdstHEmLK 8fal be BiQmistdNed 1nviMBibio ol affddRA) B8 LAARALRRED) ) . 201N

addition to calculating percent sequence identity, the BLAST algorithm also
performs a stati gfdtHer DR NS bact@ial PRE Bhyrhikabd damibRterRBA tWo sequences
(see, e.g., Karlin & Altschul, Proc. Natl. Acad. Sci. USA 90:5873-5787
(1993) yombmetipryéheereeingriimeted ficy The piateedesctehdicmdntmsergdriihm i s the
smal | e ctl?d!f"snhgfeﬂpi,@%iﬁé s @?ﬁﬁwgaealam.&@me&%é@%e&m ﬂh@%tﬁ%bx%ﬂal&{igé he

probability by which a mat tween two nucleotide or amno aci
25s equandes! the sihdechis easiticlsy todkra thee 60(RpE perdart ehergxampidsehe acid is

_Consi d Eﬂaﬁginlsféﬁl&t%% di{e is @ lpféSI 1%(21?6%@%%%93&?% eﬁnhtﬁe ?(gglgﬁc alzdi RY obabi lity

in a conparison e st n el ¢ acl tothe re nucleic acid is
| ess t hastricald oukessOhdl, 300 egpetdannin stbloather Oxa@bles.dre pretsig-restratedalpdout 0. 001.

A further indi.cation that .two.nuclei cld en .o pdes are
Subst ar 5 oL BT e i i e S PO, PR R BB S

nucl ei eomteinglakesl i86iconpositiongionpkikiyg braesl Padcindwehamdvetthall patogpablei de
encoded by the second .nucl.ei c aci as ri bed bel ow.. Thus, . a pol ypeptide
oy RS SRaraTs 51 St tion e R arSer st e of exanp! 6.
wher e tshgldnwat. pefpiidr eempidh, ifearAl ainpodisonGoRser MaibiaveosinsSni tiit i ons. WO

2008/ 153776PCT/ US2008/.006661 Anot her i ndicatjon that two nucleic acid
sequenCHET SRRPies REPEER sHPPimry anine fef g PRoE ™ HBPIRBFEcul es hybri di ze

t 0 eachnStabrtified &¥ithIt-FirOgent -GeRdidel DREsitaR ol 8 SGideRedion & 80 hg/100 g
"Substantially pure'" or "isol ated" neagfﬂan obj ect species is the

pr edonisHEeEmeH kilaging pesemecitation of 4hmg 108 2 sHPHeEsE ang gl eyBUh 8RNt t han any
ot her ifigheticOphseMBACORRIAEL Blly SB&S bemildhall, RY. CANRAS iphb@Mbrusand a

substantially purified fraction is a conposition wherein the object species
conpr i $eagngtiune by supblewenSouhq erpyomprias ths saogmepdeddailydose oh@icetul ar

Speci eg, LG 1cidRBREAN ik i 5105 LANAL bV AU COBRAREN] Means t hat

about %to 90% or nore o cronol ecul ar species present in the
conposiacétens, i-valineel potdutined--ggadiceb-alhinienglueies f-asvaginbinesehydpisiles i s

puri fi entd ak | . - aml nant, . .88 1

ot cct aaPI R L bk L AR D L Py R PR
conposiacidon sW@itsins the semgentritaldyybedbrtidied wnt the resemorwendesiodailydosgzeoif es.

Sol vent_.speci smal 4. ol ecul es (<500 |t L. o, BSA)
and el eRERYR) ﬁ’is% ﬁngg‘e@iwessu pgllgrél eﬁtorfl"g}f:%orlln ngg A ef%%%%%gﬁo%ﬁééeﬁﬁ%&%%g%@e@ for
purposes of this definition. In sone enbodi nents, the conpounds or
conjugates of the invention are substant.ially pure or 15isolated. In sone
enbodi ments, the conpounds or conjugates of the invention are substantially
pure or isolated with respect to the macronol ecul ar starting materials used
in their synthesis. In sone enbodi nents, the pharnaceutical conpositiona of
the invention conprise a substantially purified or isolated conjugate of a
PAL pol ypeptide and the active agent adm xed with one or nore
pharmaceutical ly acceptabl e excipient. 20"Naturally occurring” as applied




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 yibe esergy sf thaguipkivedt. Sedne suppieient mbp beploariedignifem efia h a genetic
mut at i on eptide" and "protein" refer to a

. The t " pol
pol yrrepo‘%ﬁ‘ﬁeréH?‘H‘émg‘&tioﬁ B &%ﬂ@gépagﬂ@?%?ﬁgrnot limited to a nininumlength of

the product. Th tides |.i gopept i de L er | .s, and the
i ke, are incl ug%dpag%ufenco?tﬁ%ﬁa% I niC[alg %%egtgl&qiﬁn? ﬁ?@@él%pga%{é% h proteins and
f r agnepfosvth het @ateraineluging bimassatedy 1yhphdedstinldukania, mhambaromonl so i ncl ude

post expression nodifications of the pol ypeptide, for exanple,
gl ycosyndmicomaget yl ati on, phosphoryl ation and the like. Furthernore, for

pur poses of the present invention, W) 2008/ 153776P 081006661 a

" pol ypept i de" re'?}éer‘i‘sctl‘ff“%?cﬁpﬁp’é’? ,SW@gqgﬂﬁpﬁg%‘ge'%éﬁ%gﬁg’?ons, such as
del et i QBSim A iptd RBSorPRDhEMPRAEAiA&HHA Nk @M Bf Bk drY-cGRBSElVPidnyRIdnfhenat ur e) ,
to the native Sequence, so long as the protein naintains the desired

act i vi fsused ieaspartazes. fiswegtenshandeiherdeodiptofvs. srdudingbevriagery Kerdlt-e- di r ect ed
nmut age .S i C t t.atl.i ising with
nost o SR tes i G o e Ha B, SRR GNP R Bl BB 2 o

As usegrdiectsi milk aml ik atodges nuty sahdesrand sbndigents soaps segatats aadg. , a

pepti de t han about 70% sequence but | ess than 100% sequence

havi ng._nor
siml arsﬁe@a?wxgaﬁv%ge&%}/egh conpound, e.g., a peptide. Such anal ogues or
derivatives may he, conprised ny.nat urally [ ' i
resi dues, includi ﬁsgﬁlgt;ga\ﬁgtﬁt%%l? %teegggﬁ%%&%aryn%%ﬁétm?fgrﬁu‘gsgé %@fﬁ%&%@%i ni ne,
om t hi merbip@Riaad bhtafichdial agehtaincvdihi Beteroat andlekytemyaiur al |y occurri ng
am no acid residues. Such anal ogues or derivatives may al so be conposed of
one or a plural i hyonetxadpimhepreaai dkcloast thues:s a ardodeypreioatmekaryatnkept | de
interlinkages hetween two or npre. am no _acjd residues. Tg%&bﬁruf%% ffective

I

arount '°f ﬁ@g}qucgiy@ggvgér@g@gﬁ,fn?ue%mnap@rﬁpaéqﬁ}. eof MAmQupts ghip . ori°a heal th
condi t icRfmeRREDOLRAR: TR Westl: 88@8&8rQbntBmSIlE BLL pidluckOby RceliAgaassd, Butpur pose.
The desired result may conprise a subjective or objective inprovenent in
the redppimeid tofresanygess Seensivny Rspdgreonss. end yobideaia fichas Nornsitd refers to
that a . 2R, g%m gffiective to produce the intended beneficial effect
on hea[@%&eﬁ% appFJoprl ate " effective" amount in any individual case may be
det er minpwdiged byehobacteridi wpariys Stkapldmyags miartimps, ysemhgilipgatSomeiarperi - 20
mentati of., t " S : j t or

t her apecﬁﬁliﬂgs"fn%e}]a({smné:ﬁfl n%“}g‘g‘?eagﬁg‘é‘f forgg%u‘rﬂe’é(}& r?gﬁtﬁ{aq’gm{glﬁg%&%ekg%g%%hyl actic"

t r eat mpatidd. B adothéreainiie) proaapviiziPHl emednd tisitySsneated whiog dBesS not exhi bi t
signs of a disease qgr exhibits. only early signs for.the purpose,qf

decr easﬂrll%fgﬁ@“?%ceﬁi At cﬂ%@&%?%&%@?%ﬁ%ﬁ?@ é?ﬁ%‘bgg%goﬁﬁ&%ﬁw Yonj ugat es
of the JdcAVieNr Bdtufi®ya PALIINE Mmodi$ bat Péoidnkael Paliregaisd®nk differ fegduce the

| i kel i hood "of devel oping a pathology or to mnimze the severity of the

pat hol d&L- i f devel oped. A "therapeutic" treatnent is a
treatnment adm nistered to a subject who exhibits signs or synptons of

pat hol ogy for thd ppglosendls i mAteH AP B HiIAB{IRESEhose signs or 30
sympt orgyn A RE DN A BicoBing S B THafRY a BRKBHOEGR O AL Cila bi@Skitahakdvi st ol ogi cal
functional, subjective or objective. The conpounds or conjugates of the

i nvent i forgn ey nbeanyi vasiantey agalopdieaed e @ cell swtaierfor e crpEsrEgEsel &2 wo
2008/ 155%11@@)@ e%gggésggggegﬁ]ar'susadtotransferﬂlé BN@&gﬂtB%tsﬁifé%ieEa%}s i denti Ty' ng Fhe
presence or nature a pat ol ogi c condition. Diagnostic nmethods differ in
t heir spibnd focexpyesamdhged{do phadxampie\s ¢LENA isgeansiprongtl Syo icagnost i ¢ met hod may

not pr Oa\fiidge%o abig%tg {)zme%!ﬂm% g\%%;g@jeﬁecpgs ﬁ?so(ﬁg)g 1%'1199&:%& C§H‘1§ lé,ces if the
met hod Provi des & positive indicatron that ards In i agnosi’s.
5" Phar nthe exttiodalf podopiog ptokerydtic BABrempusa thosigesift (bgroving @bt e f or

pharmaceut jcal .use in.subj ect api na el I Q%%n A
phar rractéeﬂjlsfogﬁf:d %ﬁﬁ&gh# 8'%00 gﬁﬁpioggéioéé%%ag&%ﬁéo ogi caﬁ?éﬁ %ﬁ ect | v§e0farmunt
of a PAL pol ypeptide and al so conprises a pharnaceutically acceptable
carrier. A pharmaceutical conposition gnconpasses a conposition conprising

the active ingredient(s), and the inert ingredient(s) 10that nake up the
carrier, as well as any product which results, directly or indirectly, from



conbi nati on, conpl exation 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

i ngredi ents. Accordingly, the pharnmaceutical conpositions of the present

i nventi on enconpass any conposition nmade by adm xi ng a conpound or
conjugpm&m@bndBAhea@mﬁmhh@mnnhanﬁnmmuﬁmdm@mphaﬁdm&ﬂumimaﬂ%yaac@bptabIe
carrier ar g eut bI car refers to any of
Che st a4 e e e fliseloBireRdet G itRheRts sl Such s’ a
phosphatRRefhRELd BebibRactsObtd {d9Bep aﬁa?mgmgfe@@a Wdlisqronothedexdia ose, and
enul si ons, such as an oil/water or mater/0|l emul si on, and various types of
mettlngméyéﬁwéh%ﬁHW§w adj uvants. Suitable pharnaceutlcal carriers and 20
formul ati ons are described in Rem ngton's Pharmaceutical Sciences, 19th Ed.
(Mack Publlshlngh@meeﬁ%ﬁ?ﬁ@ﬁxmwggéygAPﬁﬁ?ﬁﬁﬁﬁﬁﬁ@éﬁ?Né%mﬁﬁbrs depend upon
the | n%@@ﬂk@@aﬂ%ﬁ ffuém?r&aﬁhf 9%&& Qbn as@caphmﬁm gtyse@((mv%lgeﬁyvdes of

adm ni strati ntera ., oral) or parenteral

subcut andcudnducie promstarisesh asmth W&@wrwlbﬁaﬁhﬁewaﬁ@mmamﬁﬁ@cm on; or
topical , transder nal garan osal .ad hf har maceut i cal | y
accept ARt SHERIS neccimsbmaan tsa ?ﬂyE %%Edﬁeg}cgr%r %)gg)’l‘%l‘l){?%eg?conpound or

conj ugaﬁﬁoﬁteﬂmph&ﬁnmmi neder tiample/thd metheiof peodgeing pretaayotisal t s (sodi um

pot assi um .etc ni a,or. organic

ani nes: PAD comphses e%ﬁps Ogjhé ﬁ?@éﬁ?ﬁ%plc&gﬁsg%&ﬁﬂﬁe@“nzp MR SEEDI ogi cal |y
accept ablegrol tSckiTh Sidkc MadBt @) irfddodiMihCduch SecdQhlthte @ht0 gicemtdld Blor@tiew se
undesirable, i.e., the rraterl al nmay be 30adninistered to_an . individual

wi t houtfedcbaidh mgdea k) aivivias saidsrigre i%&lagiseﬁvpré%m%%dsm@amﬂ Bt NG in a

del eter fp@,g% HRAY whi ch
it is ggsﬁ?!g? ned. %’V\%t&oog%%g%% ﬁ%gg@ggg?%%gg{féw def dlj)tgem}tdtglm "uni t
dosage 7Pd0h(#22a25 luske () Hinduging saideblbivrs with Gorh gVl SRT Gy (Stiowrieg sidlt 2 ui t abl e
as unit I tal ning a
o edet & rasEh SRR P bt BRSO O P BB A, 0P o0
cal cul aBéek dnd aarommuy@lcailyfdf 260)3 atd 50 halwes}hngé;atthlea Uﬁ@]ﬂlﬁlﬁﬂblﬂf fect In

associ ation with a phar e cI Ied ent, carrier or

veht ol cenpnatin & e Rt 16 LMV BB T LGS HYSOPRPHE. of t he pr esent
I nvent io®feLepenct ;ﬂ@telhhpapmfettwwnargl@ww%umr@rcamugati@ uetpda0yed and the
effect to be achieved, and the pharnmacodynam cs associated with each

conpouﬁ@oﬁwa@&ﬁﬁﬁﬁégéﬂﬁn t he host By "physiological pl-1" or

a "pH in the physiological range" js neant pH in 10t he range. of

approxi mat el y 7. 5 qu§ cgample.thq pissewidlisciosie fqa%?ﬁ@dmtw A PHKY PRclerpe P ok

appr oXighRbRldkichlPadiQe frafindl GhitSit ¥Lanalog thereof, Accoﬁéng"@%ﬁe Q)@&r@lena the term
"subj ect” enconpasses nanmal s and non-manmal's. Exanpl es of nmanmmal s i ncl ude,
but ar érapgermied gtk @@ﬁ%ﬂ%growyn%%@é legving K@dprEaepmbinal ConASSEXIEERAIAS

nOn- MU eI P RS RACHrAS) SO TRAREE SR A0 Ok RETin 8BS BAlGmADNKEY speci es;

farm 15ani mal s suc as catt hor ses heep, goat SW ne; donestic

anlnal§m$mnﬁ0%mﬁMQm@ﬁﬁ@KmdbgsﬂwaﬂdmgﬁﬁgeOiﬁﬁ@ﬁhtory ani mal s i ncl udi ng

dent ' ~ I f
non: ek Ay ShEAuBIE, e ERcRbRRn Kbl s BT T Ve, The
term d@iesgméto pd@ﬁﬂatsebh aqztmtjz peuhmaxteadm periodyg naern ahathey eraimples  enbodi ment s,
the pegl athon o FilnctALiants 1S 838 BRdiin Q. glierenegbgs he ratio of

PAL: PE used ereln P se A |cated t he
rati o abntalPflg @Eﬁlbma&ft@m 140} tztebtmmacbﬂ lgsswa‘ wity Beaeo medivdteesruess; (e PAL

vari ant t PEG .ecules .in the | ation ion. Si as used

her ei n,® ‘gg@ @ﬁtswgés?ﬁ?aﬁ)sgﬁ@&?“%%{fﬁﬁ% 8“8@'35%%Rh¥ refers to

t he lratﬂlﬁ)atﬂj‘n [ Gasva sl @Hict Qydapesth m;;\eg%ﬂggggmbiéﬁéﬁﬁe) pR]ﬁﬁlagmﬁ‘ in the

pegyl ation reaction. _

Nuner oddirpteithhdrapeh %"?ﬂ&ﬂ?ﬁﬁ’%@n aﬁegf top ghtaaps S@“‘Eﬁé‘}fﬁ 55 &B%Nf)

opti m Zgﬁédag@oﬁﬁﬁﬁﬁmﬁfeldwa har&d o&&%téla&uﬁltd}ﬂﬁﬁéiég’%b Hye@k vt 4 HuBranni gan,

et al Rev. Cel | (12) 964 geéﬁg@ogera@ Marshal |, el at,
s

Dr ug D|@émhobrﬁma@{og)ch@ir@l@aphgo@ewage of FPEETent  of

structural features can lead to inproved protein
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properties and/or a redesign of substrate specificity. Recruitnent of
function fromone nenber of a gene famly into another honol ogous nenber
can be acconplished by the W) 20081153776PCT/ US2008/ 006661 i ntroducti on of
a limted nunber of amino acid substitutions in the inedi ate substrate
binding vicinity. Such inprovenents in protein function by generating

i npr ov eldoprmeiphy v, amhsasedd idneadhange gelafmmt (Ip raoeenys | fioel frodhesby i al |

agricultuyral .. and therapeut i.c |1 cations, (Bocanegr e l,. .., Biochem stry
32(11) bt s Y’}Eg %?)g?‘ﬁlf’%ﬁﬂvgﬁ@dé ofigmd ) 2t RERR &H%1%¥%%fi%d%%z( 1996) :
Hayes, Théseakille®Pnabic Natdadide athr&idte HH R Rivye AGRR Grdin &3 drap2089e)s;madyoi gt , et
at, Nat. Stryct. Biol. 9(7):553-558 (2002); Ml ashkevich, et at, Nat Struct
Bi ol . bt osAST Qo) t,ﬁét\»% prer %tﬂgea%m%»?tegfam eimany e Fouss

84( 15) 12hfim®dcbbe 628 freseMididctosuRl Fhily, 2ph10PE S A 488 Spslddibd 544 (1988)).
10 C. THE STRUCTURE OF PAL The three dinensional structure of wld-type

pr okar peteiecpas desrgdbe det ermi ned using x-ray crystallography. The PAL
protein is a honotetramer, with each nononer consisting of nainly

al pha- hel i ces ank bdPPiesiipPisehdissloen corfmmatersoeeringetyy far idestidngtic
donai ny,, 'anA]?ﬁqQ@c@é‘!;re g_@g@hoﬁg}qxg‘,{@%ggw&&g%@ nal domain with simlarity
to the 15 Pseudononas putida histidine amoni a-lyase structure (HAL,

Schwe d@heratalaine byBicotieting & tellc@s(iing 153661 5861 o eodplpnipk withdke addi t i onal

domai n.i nser i e C-tern i t ends of
the int S%Fn%lg)?_\ aannlrear&e%o o 2 #%Jem%\lg%é% %‘2? F ‘lﬁ{gcg% £@g%fegé{e§lﬁ?gt§ﬂ§;f e not

vi si bl @hénvidlrgnes Sndictcutamifoassak mdyalso indndnte stepsoftdientihg vadaney thatand t hi s
region.i robabl y. di sordered. The | aop. regi ons between resi 109- 123
g Saehdu R O e PG D6 SHEMBRER B CraHEr G 08 CHOS2ADY and

350- 353 AGsptHde 1ed- 1495, APNAsEIsH 147, Lsn BAONOI97) Doy tetAAmer MeffWo ot her
X-ray structures of Rhodosporidi umtorul oi des PAL have been determ ned

usi ng P dehidrdte mher ISERPIERIAFESTRA RS Yl #e cavyAenI® i zat i on

Pr 0CES $g; i 1508, Qfd 214 y ai08) vando A.ofoks (P21 space
gr oup: %é%%%?%é%?qg?tsgfg?y%agg%%r@ Sﬁrﬁig %3(%56)@:@%14053-_1.1416 (2004)7. The

| ower pleuddéddit d87,dryy4i8alluddat Giord08nn P dhdras Rbwdesppediandeiubndesfint hese
structures | re nher i i ) r cially in
e e e e G e B

addi t i osdhg tbd ekt for thesd phenysleseninening heiddy n cafaictkanplty an NH2 adduct .
There are unber. of related structures (using DALI, Holm et at, J. Ml.
ol o Sl oigen Sk, Riogt Pt ey bR HEPaNSe W ansymes ¢ hat

cat al yz@cttha spddid¥iafddelyGhcd@amf scverhédfes tHepdsspscel JTOMI Clamhxys dstgaci ds,

i ncludi ng the ammoni a-|1 yases (PAL, HAL, and aspartate ammoni a-|yase (AAL)),
f unar adimfardtich PRI S JB S FirRpther eyade. PALisaiabikc acHving! thegrgiethem stry
38(17): dh HohS)is cdin@ B ish iR by iBEin SalilidGh dbilveR ph¥l#larf¥eBo! €NS

pr ot ei ﬁ;éa\/\% G e o s SR LB, SR pRl Mo 2

non- enZsaercingameterin gff7at hi s structural family (Schwede, et at, (1999)
/bid.). . The three-dinmensional X-ray structures of HAL from P.

putida (R6ther, & ongexamplgrthe discl@ursanedes peghogoafiusggbactgrizdbil; Schwede, et
al., Bi 1l T o ; ] from
oSSR T SR 8B S, SO ol A

43: 114Q@rtby4 166604 ) PAHevedteth dihexantle, bectsiidl @ALds il esmedsutehiests of

tetrameric.enzynes,that are. inportant for,substrate pinding,, catalysis and
MO f oreSRiiey plogd syt i R pbt Htmi®] ke dRg o SpPubl Taniihle o cept
for H8JirvathpEdddbacwhkiCMIafe useaip hdeRehind HidddsahplBeofanbjegh viBRltged esi dues,
respectivel ypélm ang, L., etal., J. Biol. Chem 277:32505-3250924 10(2002)).
| 483 i reYahLotipaensldiatd to bind and orientate the inidazole noiety of

L-histidine at the active site and to_stabilize gn enzyne-bound cationic
i nternedi ate, whéfksdeanes @dauayrLst af @? BUpntm ‘E@%&%@a@é@ o Hfase i n

cat al yshBowing detailed descritnhlt@Rou1& 80 Lihddrbod, b REv ] tHRNBE @AAledpr ot €i n cryst al
structure of "PAL may be used in nethods involving protein engineering to

i mpr ov &lepEtion sehibgiseasilicogiampics priild indicatingagpale pekogmeptapf hend t o

i ncr easgy dien i Mi4Poy BT APEML #iof LG Chd @RS00 chBfles ahdmBddichdAg, the
structure provides Information regardi ng which regions of the structure are
the nost flexible (to renove and gene_r?%g a nore conpact and stable form of
PAL), which residues are | ocated near e active site (to nutate in order
to enhance activity and/or mnimze the size of the protein as well as to
provide information for structure-based inhibitor design), and which




20surface |l ocations are close to-immunogenic (e.g. |inear epi topes'
identified in mappi ng studies) and/or proteolytic sensitive sites (from
pr ot ease nmappi ng studies), allowing for the introduction of site-specific

mut ant s f\Qp 16lishi€Fte di sruption of problemsites or, al perRabdo¥eleYs: for
surface pegylation or other chem cal derivatization to protect sensitive

e i GHEPERB b B soffe S menidn i berlng WpeBR PR R IR 5, o

i n conmfitrethiszdechiled itrodptidror sel ecting regions of the protein for nutation,
nodi fication, or conmbined nutation and nodification. For exanple, the
conunerci al ly avail abl e program 30 GETAREA cal cul ates surface-exposure for
am no acid residues based upon X-ray crystall ographic coordinates. WO
2008/ 1 BRIZOPESCAISA00 8FABEFBAEURES The hi gh-resol ution

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

nmet hods to desi gRIGUREBNdS FIGURI¢AaGEReseqsince oD Noditrependfomme PROS(SEQanpl e,

E?P:JF{ I RICURE NS il BBl GG pbt DA (R DN Do s

Bi , , B i ' A 5 524(1):219-230 (1978).; ,
Lo nct s B ocn nFRETRESD: ShRNE 2ASbRnayencs af AR varshile BhL(AEDE T, ©
59(1) : 1B-NG:30;7008RE 78:UMbtein Rbucite oA AdbaiaCeREMiBPARNSEQ IHINRGA).: 170- 175

(2003)). Structure-based PAL Engi neering The elucidation of a reliable

t hr ee- di mensi onakiGUREG! U Relfedidss Hed 7 AdmaRARkind i@ brfonREIGhdel Grom
macr onol ecul e permts rational design to becone a productive nethod for

optPni Paekapiptesfand pakeryaies. Seavraces werg iyioied fipm Crrpangfacsassipnrerbsriol ecul e
(Penni 6ln A ﬁg}e : y ré : td.k.zat i on

appr oac A3 %nncltpartf;m}gigts ar eal g%&%qx%%%g??@ esl(’l ﬁﬁiﬁgﬁg}ﬁ%&o%ﬂ% enzyne
speci f i¢thgd. (Bocanegra, ciat, Biochem stry 32(1 1):2737-2740 (1993)),

i nprovenent of protein stabilities (Ml akauskas, et at, Nat Struct Biol.
5(6): 470- 15475FIQYREBY; JAhggnentof gyapolctsriel pro®ui sequerBEs7§EN.454- 1465

Soi . 1 peay R PAC TR el S St ERRLEERTh Al bR BBy 5™
(2083) (SEQDENs, 5)ahd 8l pytidd ML (BEQID NE2GY 13ctiR8 5122 Fd08Y) 0B)ch cofrespend gn of

substr at pecificities t.ro et at, Science 255(5049); 1249-1253
(1992) Balloy LAl gotixity, %%F‘%g@%@? -1(1):35-42 (1996): Ml ashkevich, et at,

Nat Sta-uct Bi ol . 548-553 (1995): 20W | t at. Biocheni st

31(34) 77802 7;3863@3@)5; g%‘ié?c}°£%A%£QH'H§E§P@FE\FPE%GW§I&§%§§@§ 231/997);

Wi tt | @egfibte@NpPALBLDPACIFRT (1 FH426)] ard BAONDTFERpdrd@éh) X).0 I@hﬁl%fo%t i on of
r

| i gand or receptor binding specificities (Cunningham et at, oc Nat! Acad
Sci  UsRhgm(dininzigyelsiiM) pveeiP-dapperigd- et at, Nat Bi ot ecl utol .
14(13):1696-1699 (1996); Doyle, et at, Curr Opin ChemBiol. 4(1):60-63
(2880)), and re-@f?&’%%érinl’gé%fﬁOBEﬁeﬂr@@rR?aﬂaf&éﬁWﬁh(é&w{amn Jat, Proc.
25Nat | AL 1459 DOEEZ N ( ; = kar Nt

Bi ot ecﬁﬁ%ﬂ%g%é:sg%%-lgw (E'ZOOZKBPP c?é?? l,éﬁ%tgaté%,%%\:]@ %?ﬁgtﬁésgr%g%r@kqnne Res.
16( 7) : #benyidanigellgwds juM) over a 12-day p@tigedict ur e- based engi neering can be used
to generate PAL variants including rational nutants such as truncations,
del etions, inserFIGARE 7sp| Efect ofipsgaiatest NpRtAInt :3rAATaPEGH(Yipreunl§dt andutat,ons,

Sovenea T heo LS ST AELS o BHE- M dunc PR GORR 28 A AR BRI i ng

di 2&ct etkdgvol ution- derived nutants, alone or in conbination with
rational ly devel oped nmutants). In addition, PAL variants can be nade
conpri si ng PAL nHlHME SwheflIGUREBAaPiotisschasee bEAnabashd oaHabtd f or

site-specifi.c.peayl at.i on a r ot her chem cal derjvatizati.gns, The PAL
mut ant ST GUR R asS B e BresiaP st EOT AU PRIEMER | ol udes
a _nlyd PA(Ava{L aA0a4sh lSEQ gg Isggz;tza@tmia iég: RrbRirssefBentel G%Ahm&ha %%bmg Pnrr;aS_ |
wild-t . _torul oi des ., includin riants ragnents, and chenica
deriv a&g@;&cy&emp %seﬁwgﬁ éw{snmnm qugm,%ig?AngL_CMSS, EQ ID NO:8);
30 FIGURE 8C: Protein sequence of Anabaena variabilis PAL with a cysteine to serine
substitution at position 503 (AvPAL_C5038, SEQ ID NO:9); FIGURE 8D: Protein sequence
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Directed Evolution Protein Optim zation 5D rected evol uti on nethods
randomy nutate gene(s) of interest to explore nore conpletely | arger
regions of protein mutational space. Numerous directed evol uti on net hods
exi st, including error-prone PCR and randominsertion and del etion (RID)
mut agenesi s to introduce diversity throughout a DNA sequence, and nore

f ocused gt site-saturation
mut agendih iy Saligls SALRS gor%‘%%??@%?‘f F SR ubEhIRAS: pUkiorses

ased nut agenesi s net hods
( Branni (g‘a/ﬁAle,CfSéfS SEQIBDEY: 19k HIGURE#EaHupitein svgpeBiiat degeasne gariabilis

reconbi met hods. hav en used.to a es of
mut at i oﬁg; yﬁ’iﬁ?’?é‘hé%ﬁfls gﬁl AR IOR} ?%dﬁsﬁ %‘tL @ 5@?%’@; novel
DNA sequeQaesNe g1y Cyshddsriad subMutdnifdd iunig:linst BPbolRACH! TT | TCHY) .
Finally, structure-based directed evol ution techni qgues have been used to

redegi gn protei nspIURE ber ﬂﬂ@@ﬁlﬂE?)&@ﬂéﬁ 8Dy skidexb lstibric HuBstivaee at
conmbi natori al engi neering, SCOPE, and protein deS|Ign aut omat i on, .PDA,

met hods positiines 6Sopbethrassigas 65 @éssga op opegx kgl AAlo AR BT £ 4LFPESIF neer i ng
approach, L hat HARarlt ﬂ%cﬁft;&ogtfap@mﬂghg&%mb gpzﬁ@inixec_imﬂ dE) HAy of

mani pul &tPon technr gues esign an eate nmultiple crossover protein
vari ant cystéanmlsama‘submmnsmmmgniﬁ r:généds;m(smfomﬁ@ﬂ wd ¥B ofpegydatvbl Bi ol .

mt | o ALyadh w0 bl R R PN b R Tt B LSRR R B 1

speghfigtprotein fold, thus reducing the nunber of sequence variants to a
size anenable to experi mental screening (U.S. Patent No, 6,403, 312;
Dahiyat, et at, Prrsumiatb. AEIGGJ}I&?lOAJ%’H&%ﬂ@std&kB%cmﬂeOsﬁB%tétﬂo&Qﬁ) Dahi yat ,
et at, Protein Sci. 6(6) 1333-1337 1997%‘ Hayes, a, at, Proc Nail Acad Sci
USA 99( 28PAlsudfermativs pf prgeip pegeesies in solution ps analyzed by edelqsapphsrests

8:238-2 I he t ere the
| recttgag‘gé)\goclondmons Faﬁé(?gﬁh SUBRIon O B RO F1GHREY O

use of uton pli ng to an effective selection or
screeni rmfeptraﬂcpsmhe) torseEng s;d:stmtmmn@w?@hlcm finpeiien dimefeinmggrgtiebinophysi cal

properti edu ogenicity, increased stability), starting
fro S&HP %ﬂgmalﬁ ?}ﬂ@'gg%g@?and mut at i ng t hat speci es for al tered and/ or
irrproved 30 func et . at ery 18-126
(2003)). For exan% (g?méﬁ‘ ]%‘;Sf?ctﬂf’f%feé’hﬁtgs e%ﬁg‘ﬁ HEBE Posé Uglgégé]ndgi-l rected

evol uti QDBthﬂﬁfm ANPRAOB sitaKdpReifio @egatitel 2 0aSo\RIPED eutizberatiofs. di f f er ent
proteins (Triose-phosphate isonerase, Hernes, et at, Proc Natl Acad Sci USA

87(2):696-700 (198yrBeta- Eﬁ@dtafﬁeamnﬁtfemm WitN\0.05% Tween80 or 10 mM

2008/ 153776PCT/ VvS2008/ 006661 W P. re 370(6488) 3 1 (1994),

Or enci a, ElM4con ﬁﬁfnaﬁ‘?n ofNpPiGHeALSTEaIEE | “B‘i tiog. 323Ba Zg%(ﬁ)q%Lgm gt C. A, et
at, (2002) i bid. Para mtroben& est erase, at_ at

Bi ot28chnol . 14: 45§ GIGRE (1399B¥GURER |1 adt Eﬁffﬁﬁa&wmeﬂm,f@ﬂ’d’dséy dlﬁﬁ%ﬁrgtol at at,

o1 0C NalhrAS 8l sonfhibtner pidteR sl nlided a0 %thf%%ftsﬁcﬁﬂ@ﬁbn@:ﬁémf erase,

Yano, ; Proc A 95(10):551 5 (1991_8& G een
f 1 uor esciéit Effemtoétrmﬁn@mfekvPAIaby@ffTaﬂéN@ﬁlmmme BnBivd of 1996) ;

Hor ser adi sh. per oxi dase at . at .. Bi | Prog 15: 467 471 (1999);
Oyt ochr GHRCBAEHCE T SB@&?“%W%"%?EF% 670- 673 (1999): Bi phenyl

di K Bi ot ech 663- 666 Al senat
et oxt 11 cat | on pabTALFE 16 aRBe o grains GERne e UG = Poray be il —
(1998): SuaCRRAL OSREISOIESS) in PE@yIREd AVEAL . in N@b@h&lﬁ&%ﬁ@m) 206: 201

(1998); various protei at Str u 513 518
(1996) , W?éﬁ@ﬂ%seﬁ‘é}thg 2551,14&(?9%&?%1) Ia{% ﬂéiﬂfﬂ,ﬂd 1EPIQ BXT(- 997) ;
Subtilisj n?g[:ga | {g N trilase,
DeSanti s np'jét at, %CIENU%%%GS%%%%E% Eél}%ﬂél(f?zg%’%}dg %ég%% pha- aspartyl
di pepti deeRAL. Kong, at at, Biochem Bi ophys Res Conmun. 289(1):137-142
(2001); Aspartate 15am not r ansf er ase, Rothman, at at, Protein Science

|3 3) 763 772 ( 20GAFURE- ks p Effectad cysiging to sting subsRiuGioheahpBH NS 5 Rad

o oo ki SeS Bt SRkt LA ot lugoanser il ghnt
dermnst r{aww LIt 4.0 w enfyraps oppgreda BNGIY mive dagpeneith sehichedimi. mﬁés to the

devel opnent, of ynme variants with increased 20stability,
activity lﬁﬁﬂmﬁﬁgﬁ %zﬁggib degradative pathways. Structural analysis of
evolved proteln clones leads to |nS|ghtyPn t he nol ecul ar changes that are
involved with the inproved physical and ‘chem cal properties that are
obtained (Orencia, at at, in Advances in Protein Chem stry: Evolutionary
protein design, F.H Arnold, Editor, Acadenmi c Press: San D ego, pp. 227-259
(2001)). The rewards to be gained with directed evol ution techniques are
especially



25evident in light of the repeated occurrence of beneficial nutations that
i nvol ve non-active site residues, with sone sites of nutation | ocated over
15-20 A fromenzynme active site regions having beneficial effects (Que, at

at, J. Biwbzodsheffrs 274(4) 1 2344-2349 (1999)). DirectedpeyRlstdokMieind ot her
random mut agenesi s techni ques, coupled to selection and screeni ng

procedures, can evek o Fote
chem cal ly robus?ﬁ@'ﬁgs?)g%t? %ﬁt{ 3&? tgtﬁ'gs)nen Iﬁénﬁ}r E]sfﬁ{lly Ftaﬂpkﬁs cations or,
al t er na0o3 yaVBAL Uo03%0&38)tn paglyhitddt AR AdD oh hevz&pyhenylagan;nef(ﬁhe)%ls {&. MODI FI ED

descr | B B owd Yt hLD GBS vetiu A ABAPEGAN L CURRRTEY [ F a  FEES

Lett. MR pat® @ v P4 @&Mﬁmefa‘cma@mde& ERIU2 Ry dbidlwidcastichedr AUPA
92(18) . 8433- 843 (1995); Langer at, Biochem stry 36:10867-10871 (1997);

El - Bat aUWI@t'tYﬁ?PGW@@M%I@Bi@AF%‘FLPE@(TG‘I‘MEM (2000); Rother, et at, Eur.
J. Biochem 5269; 3065-3075 (2002)) and HAL nmutants (Taylor, et al J.
Bi ol . Chem 269( ¥JUBE473-Effera oficistesAy senigaybstiytions pt %tS‘nOEﬁ?GS and Bj ochem

269( 6) 587 ?&11119 46386203s) @égytgtgdaum, oh bs’&twt@gﬂ@tot EN1 rt?rce laatex%thc

Mutants wth Erhanced Catal ytic Activity e biologically active
sites &fUinzyme ?WHPN_A&%E;?P@GNQH@% Itle lihdent:Boss qﬁagpatgé t¢r’é ireige as

desiregol &H{ﬁﬁ&&e o2 4°tlr %:Trgé %?faﬁe@i&fﬁ@ btca?tsm}}%ﬂ PE{%%F&&SFF@ ration of

10substrate t i ves y associ at ed with

th therapeutlc el
acgept abl e range% c:;ﬂ;ﬁﬁ% Czl%ffgﬁﬁf e0pe fgﬂmp&f%?%aglat ‘Lﬁ\ —fci%rq:‘e%é%% ctnhe enzyne
for t hetwsmﬂsﬁpmﬁe actBytyGo mftrrool(tro;m)g{@ﬁtvaryl bf ypecificachaty dﬂerPAD,FPRG),rﬁrmol t he

et eveteokiy s ENEEED B0 of B AERTbisremiviet oo B 08 MR AR fFLy of 1 he
enzyne r&\@kgyléiﬁmlﬁdér%dlaﬁe@ of @ ARG raﬂ:%saﬂ/a aéncatmﬂnwﬂytlﬁa@sﬁtu@imﬁm RM and

to about % at bl god Phe | evel s_of the activity of

the enzyiEmRicryeers 1?‘@6&5% dBPGO@P)BGTOVSU%féPE%ﬁ‘bWVWI éf I f‘e‘(}’e"ﬂs? 86 fwd gM and
to lgbo'ﬂggs;llgteg/‘ﬁtaé P}?L*PQ@ ﬁﬁ@of ?Y?ﬁ ﬁll\@iysﬁg rEiuck b n}ﬁWPm 2R dRMardh: Q)r*%@ ' vi t y

e reduced to about 70% at bl ood Phe | evel s of

and to Qagéﬁt’m%rw:ﬁs Q)IU%HEﬁh@H*%@I@I%) efterge-ngaylai@n yndar ¢ yariely eher apeut | c
obj ectipy§ . #@@'rﬂxo@%ﬁ%go&cg tﬁh‘%\éﬁ% ﬁi‘e]y e‘!!inla}’%‘@c{n %E {asai%i'c%(tle y to reduce

but also naintain range o t o about

240 G An”enzyTeigkE 19, TGS Effectﬂo%att, dbadose aglivLy ropi oy

as Phe levels drop to wthin nornal raneandvvl SO require
i mpr actré¢-pedylatidmirgacton an pomalbpedylagoh pf u‘b%%hti’ﬁ?ai é‘uistqmgylaﬁg et a/mnm of

dosgs ver w..Km rapidly deplete

thgl e&g&&ﬂ\?&t&tlﬂﬂn& ggestdgga%mﬁﬁggaﬁ% ]ﬁ‘g Wgﬁ%l#fﬂgg@%ut may be usef ul

in theEﬁamylmM(aﬁE)(aaﬁﬂ(yas FlGUEEﬂQBemwdfM&smtgh& PADIPEGE @dbliy active

ITDdIfI d PAL h t of at east abo o] reater than about 0.5
| Fe Rt Rt i en iRy Rl Ay AL PEG stk PR epestiaiag o koot

of at k@R6n atpeﬁbmtbd%t 8 fikeOPAUITETD RktioloAad @baUllysindreSiddes:d MMPPREY, as

enbodi ments, the biologically active nodified PAL has a Km of between about

10 j i i RFeBnined BYGHE 208B8SpM ~ I n ot her enbodi ments, the biol ogical ly active

ngl fied PAL has_a Km of between about 100 gMto about 1000 RM I n other
odi ments, t heFEFORBgPc BFfFst odgs- P%[%HMMBAPA@@@@QSW?S&WE c

acti vi gy Pnﬁtpglc;ératmm@QQ%Mtw@nefsatzéués% MG%QQ%JO;?&M Biigh §pt er that

that of the wild-type. In other enbodi ments ogl c y active WO
2008/ 1SBFIBATINUSSToEY 00680 afed ire-begylaian uasdriabiaricty o PMBREG rativs wi ty that

is fro 9 Y 0 Such
bi ol Og%%?ﬁg%;{%gg?%gl&@%g@ %%%/%ért:’)?a ?%gfe?ragé}nggg%%r lf[rr%%jHzglsnlwrrtéSﬁjdm ods wel |
known pasititre2 8£2) is $0% pegyléisd sndeeallliteeotditoms tbsiebosiimwnil I active site

residues in HAL were shown to be present in EncP except for
30 FIGURE 21. Effect of re-pegylation of AvPAL C5658C503S, first

pegylated at a PAL:PEG ratio of 1:3 (2 mM lysine residues:6 mM PEG), and re-pegylated at

the samePAL:PEG ratio and concentration of lysine residues and PEG molecules, on in vivo
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5H83 and E414, which are replaced with valine and gl utam ne residues, -
respectively (Xiang, L., et at, J. Biol. Chem 277:32505-32509 (2002)). The
role of H83 in HAL in binding and orientating the im dazole noiety of

L-hi sti diyg 28s/159s active site and in stabili 2| Ng an ee#fBgRAbkee cationic
i nternedi ate was investi gat ed, (Xiang, et al. . Bacteriology 1870 2):4286-

e Rkt e R 5’%%%‘%%‘*%%’@? AU Tapl;

catal ydds. In the study, EncP mutants were generated by site-directed

nmut agenesi s to assess the contribution of V83 to cinnamc acid formation by
EncP. Repl acenent of valine with histidine generated a nutant, V83H, which
was characterized by a loss in PAL activity. Replacenment of the valine with
al ani n@resLEl PesdriraoNwiramt INVBSAonWhi ch was nore active than the

w | d-type EncP V83A, had a slightly 15lower affinity to L-phenyl al anine
with a Km of 120A1wa@fms 1Qa3ubliph‘lofu©hxr;ghglqalm;|eﬁbﬁm kat&ﬁ%%yms tHcIowe\éer in
conpari s ncP,. VV83A had a hi,ghe cat ,hi gher and was nore
ot e oA Y Gl AR R bR EUT 1 BT RS MR P ant s ravi ng

ReduceghtapropgR ﬁbﬁaldolﬁem{éhﬂfrodkf el ALSEIRRS. Pl Mgk et NolugRg to reduce
protein inmuno In_some enbodi ments, nodifications that are

Py Cu a0 bR BELiim onl besbecaumERg & A e atheayit fiavalvadies ur e,
functi gRpzRI- c%hact%éyhﬂ%s@fn ‘@‘ﬁzaﬁﬁﬁﬁ?”@h%%’bﬁal EFRisCionLs.. ?’W?é gls%osvsed

|nclude I ncreasi ng hunman sequence cont chineras and/ or” ot

" hdfani(Z¥i2))mnd S@mmeum pdbllosuinfpiilbh\er aky Cémrmﬁomlptr b 135942003 rmMdiing

tib
peqy! atle ABLHERGS or LILLRSHEL Is REThIAL SRV BRGRR ST ERES. ror an
i nj ect édlctd%vmiakﬁemfl-hﬁ (1970)).VvDhe b’ammostaa:cagem dnyerm:msbsex@dd}r;ﬁe&mdohm

f t « foll t, t di f
a or ot AR RABb Bkt SafR Shole hiasEgent B oS SRuRRaha i
Corrbl nabiwal fbhﬁ;fbsﬂ;&ﬁw%}@gd dii, Cg@lﬁgﬂioftill%i(fﬂﬁtﬁl(ﬁ{m) Qilfi; elthﬂ @hﬁﬂé (F%l)gploglag_g_g
C . Leong,. et .a ol ci ne
(5081) T35S o0y Piolnaral S Ot S50l 35 54 Ko S evens it Bl e

30der| Wikl A8dd. 6. mshhnﬁswaegnssiw@omwtmnlang FHREEHE YR Frhtddnlof telrafRD
acceptabl e |evel . Mdification of antigenic surfacewg otein regi ons reduces

i mi nun@@b'hﬁtedetsym@m (PK$0 stager yait bempaylremingne A (fedayMoom) esd., digt. PaID4) ). One
met hod paf, {9¥Ry. 99’@5@?}3 *rﬂéfﬁht\rzﬁ%m?zﬂé‘mﬁ&r}éé&l%gHﬁ\fag»eg’ihescm&%n @E&%‘émﬁ%{ pteins

t hat ret ain cata activit sorbance as
2008/ 158!?116151@1&’16828@% geB6eLnarsic asid By fioy navel baatenyl preaglalzeire atmonfe-second

ol 0 b e R S R D AR R e P B R Bl el P kS Prmor FARY “anocher

met hod Alctivatoaioed emnpmwttcxdmtlat@aﬁnﬁudesuer futidived bynakinglerbankofliet-Giididnf or

Poey SISy P Rl or el e AR e b Bob T HergEche gloor) |

/ bi.d), Teamafeersmamuwmam@ey, USRS el &tE&&rﬁf iB@SPﬂM@@(ﬂ%Q?t@ﬁc}xn protein

epi tope .r gl ons to, renoye inmmunogenic sites (Yeung, et at | mune' .
172( 117786 @666@50%‘2@@&)“) PK¥ FPréhalaﬁb%%hthh agvep @%mleégé malongl-Gati body
huggni zat i on, ho gous | oop regions_and/ or residues from human anti bodi es

ar & substit ut ed mfﬂ’@ i EFNE BEp (re) GTRQ B NO:Howes ogous
pr ot ei Bharddirivied @d NYiraOHvAtibR PesRQNG illd &0k Himdt 91‘ (fe' o Whhalnfi4 PSR SPec fi ¢

enzyne activity and/or reduce inmunogenicity. sol'ution property typical
of bacPRFTOAIN yNERHF is'Se maridawrblrdaitzispeiot.ed nemi @hM§oﬁo?mz9ﬁ{9281 pr otein
aggreg X 8, i.nd f.ormati

hydr op odg?)cg?%% e%gdgt ?o%?pangflor??')dlﬁv% ? 8 gﬁtoﬂ%)i %d&ﬁocm 1?Syn}hesml5?|%{ m Res
20(9) : barsiorgids eo@bﬁ&yyvatd&ggu@gamoug}rﬁupplemmmlmﬁh ymﬁmfc&ﬁ%@ﬁhow otei ns

2118) - B0 B0 DR PR PR B ettt SOSERAET 6 :vi 3. 0

( 2003) ?Xprﬁswnr@tﬁmcbgemdmﬁew?nmudé oY the\eARES pfm&tdtéruﬁ Sagptsmiéaace CySLel ne
residu acid residy rine) mnlmzet e
pOSSi blg |h\té4§llgrolfeg% o&ﬁﬁ’fﬁ%’ﬁg}% °€°ﬁ'ﬁ‘@f“l&ﬁ%§ﬁ*é}f~' g%!”?’f“& CWEFS&&% eRahp

substitution of two surface cysteine residues with serine reS|dues reduced
t he aggregation of 20 chorismate |yase with m nor effects on enzyne
activity (Holden, et al., Biochim Bi ephys Acta 1594(1):160-167 (2002)).
Renoval of protein therapeutic proteolytic processing sites can also
provide a reduction in imunogenicity by preventing proteasomal processing,
t hereby preventing clipping and processing into peptide fragnments for
antigen presenting cell binding. A simlar 25phenonenon has been observed
in the alteration of flanking regions for class Il M-1C determ nants,



Epi t ope Mappi ng Protein therapeutic epitopes can be
cal cul ated using a nunber of algorithnms or 30 experinentally determ ned
with in vitro or in vivo approaches. Conputer prograns such as "Peptide

Conpani ong o/ sPRet ean” in the Lasergene program sui t-tffsofeNast ar are
commonly used to estimate surface epitope regions of a protein based on the

chem cal. 20 008/ 006661 co si td.n _and confornmation of a
pr ot ei %K’II' %ﬂo%?ﬁzgsgéggé%ébﬁ)a r Bt e P ngcg‘:r‘ciéle§ 2gragmtl %céagprf’%a}n%ﬁ{s of

hi ghestis aalskidiadlyesthaliycithap bikatyotit PAL 33 @darhn260 diyids agiliirdsidues. yAlthslgk, and

e Bl oo ios P CB ok b Saf S B Bl et opes
in a prjogracﬂerﬁ.ezwgms%em(zl@@z)b PCAASTORASCA iGN cA AR USR5t higdhpr edi ctions

of potential HLA binding (Robinson, et aL, Nucleic Acids Res. 31(1):311-314
( 2003) ;shaes greaier horeqlogyt 1o eforrl thissidmg apanongyrigses ABALS7EG 4.3(bHogyh as | n

qdit] , . . Ui fied: usi i . . T i et
ool PRLARGRS FARPOIER L HiiRLBR) 2708 B MR L TeT ©
met hods3 6Sidentkdaband % similar, SEQIUNOt G EIGURE(D rné BAtyBB0e (220G M)a-1y8td ckl er,
eta?., n ds. 2 - 24 95-10 3d:h. in

engi neéiﬁr&fg% %O%horl\{/igf’gﬁ?\%p S?‘éagﬁggly g‘%’ %ﬁ'ﬁfﬂﬁ%%é‘%gh%%%@%gﬁﬁ@%ﬁmni tored

usi ng dBEEYRE $).nTheltonidoghiaciudesthd comseretd adiivs eile ssimayesafue 8t poskloariget al .

Tqxi col. . Sci,. 77(2):280-. 289 (.2004))) . . Pepscan | ysis (epitope
Cadbl e e b B ing R G E i of apmoninsiseitg RL B RIBEORY o1 | ng son f ane
r egi ONgrévursoef @8 Z)6aHied IabRNEAarihhe IHQDINIBe WridiylABRihidaosyslanal
15anti bodi es rai sed agai nst overl appi ngqt})leptl des covering_the entire enzyne

pr ot ei AMIEYBEABELC SREP (eEeh § etk TR Chriiedt: 1 Bl $HPERpPeREntuTn t he
enzyme.oBREnP BidiNe 51 58L08b RIS WRAR! or 3 I BlokhnfisPf zﬁ:?@ss@ﬂ?r gmgp{)ﬁer

experinentally identified Siteés of antigenicity are nutate

r andoniBpchghaiey greatesy seqpiprcerhegiolngyrie 4 §AA Q3P HiRpG P tidentiegdiand p&er ecogni ti on

S 185 Qi) AuBkibEHRAS R dhBhLOR ihPotl O HOHNGRId HSe ReSY  BRIAUES O
the surtace’near these epitope 20sites to provide Tocarions tor pegylation
t 0 covegglamdraps daetreltited sethsittresing armimommtase 6 geiniram ISeepigmiytds @obifpohSA

screeni .of these tentially nop:zin en, e, e me nmutants (or pegyl ated
or me. dFHENEReB™en e AT CRATs Yo P Gy PURESOtH ap SCRRRe Edle: on of | subset s
of enz\Biecheniiart42: 12708-107 Bo(2093)} eNs @bl Sikch HIFLACK RAGIdsY homolSirbace Resi due
I dentification ,a@éjbfgt acgpi on 25The @@%I ace- exposed r?si dues in or near the

i mruno GERRAR PRASGP praPHRaY e ARGty g b immunageRic e Alsofiseatse thx 855 ons wi | |
be2s suksafimlir it bfild B BdssiBITD efutRl P! ¥ QoK 1AC RS I AL SUukARBe4 OCat i Ons
present in the protein, dependent upon proximty to the surface as well as

pr oxi mvespianieael-ons of i nununogenicity/antigenicity. The three-di mensi onal
structure of the_protein, determned using X-ray crystall ography, NWVR or
honol ogy 30nodel Y. anddifilperpssbgwh o gwrmiacomaane rmecrnisl fer heof t war e

Pr 0gr aterhRaGPieih Al Binl A0 TP Latdhe i cggi%.' afanfyl idjga. The
out put f-rzovid edl usi ng theeprogr.z_im GETAI H%“‘?%? acgllkl ewgblfggp%g?@eé', J.
Conp. GMishrboth enayhges 381 pelg8YPhilis prosthetio grbumb ethydinie red-dihpdrobuidaznt-e

aceessibil.i : r i TAREA . PARA| a

20%5/ 1 S%é%gﬁlgéjﬁ'g@f B%é%g%cgﬁcrsnbﬁ%dﬁ%a ragjr%s ‘gﬁg‘ﬁ%meﬁ?e%ﬁl@%mt%%%&aessi bl e
sur f ac Frisdadrafs-type atavkianthernromdtivaihy. Whe bigmapepletthitds gppraadgievased on

t he Gauss- Bonnet .t heore PARAREA finds potential intersection, points in
the CateoRH o RS e T OHmerSy et FomAranboRe rdittor each
at om yhekceadthekrlAmieA THRfemekibh 6f fNédo¥ydr! doubRbesd fsh@y #0ihY ehhnfxBesed
verti C%? a#usnlogi%, rearomatization, and fragmentation. The prosthetic MIO group is regenerated

30  and the product urocanate or cinnarnate is formed (Poppe, ef al., Angew. Chem. Int. Ed.
44:3668-3688 (2005)).

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

.20



5i ntersection hal f-spaces defined by-planes of two-sphere intersections.
In native PAL, GETAREA identified twelve surface-exposed Lys residues,

di stributed throughout the tetraneric PAL protein surface, as well as one
partial | ypgrpasgshssurface Cys residue (Cysl40). These ggnishic@acsssy €
directly available for pegylation derivatization. Further, the

t hree-djinensi onal..st.ructure. of E be used..t.o identif {1 onal
U { ac e EaTee o ah taipges nCAM D Re BiRRI SpeEli e AR A T T ona
Si tes GaALbsromdin edradctits to@nisthbelinlay clpasobith proeshgsenaerdenlistbdimithe NOBS t o
gener at re._favorabl e PAL nutants with reduced | nmmunogenicity, inproved
B ot col GHAPES TeRN X ORRCHIRHRP BT AHREYGPiis; [T PHCRRA TAL SEYYiss 65 es. f or
nut at i o eiklabdi&d HAQ @b AiRLE eheREMeaitds 1B AN sdWADs A2vERAUBH,
properties, such as reduced i nmunogenicity are known in the art. One

popdl arthgsoue eredistediie diftey & somokeyaradien (Calepsa e ot rPiasheapsthiope to Ala, and
Tt 3t CSySPYRT Yo AIBE20RS! Ry L1108 ARSI o ol Q0B ROOdS remove

charged an ydr ophobi ¢ f'esi dues from’epi tope regions, ei'ther by nutation
or del etartpmlarixdel Fidilo e methicaineddd2 end glutagiies4 j4nfrern fevdomionss- mipide (JEQ

mut at i i fohul ] i.vat i i runcati ons
can al gﬁé%é‘%ﬁﬁ%ﬁ&{%@t"gé %g%g?fﬂ%% bgéﬁglﬁl%t%g? %slraﬁ%c?%\?gﬁﬁeén?‘gm I g?% ormatics
anal ysiss faf(cé¥kyatieloapiokerybticHiyslysiok mel ghrmmiviearekpertiecly FAGURERS). Saggest ed

truncation nutan resi dues 23 nd J1-564). .1 n.additjon nal ysi s of

t nelOoaie8 B 0 PR B proin it P AP ORRte A0S ving R BhblBeneac i on. based
on t he 194166382 endflutindind4a 4 Havedhe @ 'd&sfgﬁgﬂuﬁu’bﬂd(}arbﬂéﬁiﬁiﬁwﬁuab@vi@{ THie highly
honol ogous HAL protein. C-termna eletion mutants, including

2 o
oot S enRE S GrPES B gD SRR 6 L1 oD Lo BUE nt 0 t he' PAL

sequengRofedlySome tivtywled foad Hiah e PAISAHAIBald HAQERI @ in@lky Uphdigbw egj on of the
PAL structure (calculated to have major epitope regions), formsnmaller,

nor e r cggnes iy alspady ipublished genes ppdpralsisisiatabesgr i ant s of PAL. I n anot her
met hod, protein engineering using rational nutagenesis in 30conbination
wi t directed evdbapresentdnientien tp gorapnsitions plisushprakersesic BALRA.  For

exanpl ey, ! | I i i I and
coy noq APPal ey SRR, skl AR oS, Hlred SRl b BB A 01 s, et
at, Bi dodwsinal Boposedr ans. WO 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); Dwyer, et at, Science 304(5679):1967-1971 (2004)). Mitant forns of
PAL that. di dpiFeyiTiopss than optimal enzymatic activity can be 5evol ved for
activity using the protein engineering nethod of directed nol ecul ar

evalut i on, wher elinless pthedom stattd denfoliowing temsivsed inlthiswpstidagorg irbitddet | on
proceduyge_f t ant. s, t hat _ar cti.ve roduci ng. a_new protein nmutant pool
b “oni y € trsETee Al 2aaE ol e Bt PR RHRG I BB R Byt e E "
PAL ('t hathewpedifinationlesd theegpdnded tlbinglthe 8inguiatifdr@e a, P Y&i™mad Hes? themdaear an

epi t opescont ai ni ng.reqgi on’of the structure) .is_inactive, performng

di rect é’é‘“ﬁ:‘de%{)"&rﬂ}gﬁl%ﬁgﬁﬁO{lﬁ?‘&?Fﬁﬁ}’éfﬁ@&% g I}q%gquwgﬁao@:ﬁm ant and

sel ect |Cﬂ&nfsﬁz;érﬁx§ﬂ&@%rf&m n\efeRn@Ok kS, iNludfNCARY 88d SutiB¥oTAHAHced 00!
containing this benefjcial nutation (the surface lysine site) plus a subset

of “ddditredHalhemitasm rdineR.ofls. Kowuk e B lemmobigrre Dewt Tk d0P%c (Te gractie.
rest or ef el frasehdint i8R @fibloYCurdes? Reerife ﬁlﬁf&{etéﬁapv&ﬁﬁnalrﬁ&ﬁ&ﬁ%feVO' ution

t echni que _of nol ecul ar breedi ng that can cross erent species of the
sane prvEbets Wgans ¢HeEss SpseIReetsostepyppreparttivr andtanplytiecad imeghodCrfiner i , et at

Nat ur e, - - : in. . Bi ol .

303) 283 BRIt i B3z, B ML DN RGP RN PP e

anmoni @hgraseolpgy. vapiirathe skiding tiaf art. heenmg 1 TIEMTwigigen iPeoteingi SiNstupds 404L With a
h teb ized b i £ Mit ant f

of Ba MEUSEE ot Bes . Rt SR s b L T et e Ton.
seni - r §Mooth Fubkighprsobch @8 Bdiviune DY04Y) Sambirans, brai., Molevubr Qidresd: esl | evel of

Pr ot &l 1 o8& atod Manual (2 Edition, 1989); Methods In Enzymology (S. Colowick and N. Kaplan
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relative to pure directed evol ution-based nethods, as well as providing for
a nore random | evel of nutational manipulation for those regions of a
protein structure identified using such biased protein engineering

appr oachegg sk@iis&%¥@anpl e, the PDA net hod generates conpiiakhRgadckot
pre-screened li1braries of protein variants, allowng for nore rapid

250ptim,zatiaon of, profein,properti.es over. e ran r n- bi ased

o ot el FEnBPTEER B nieEAoRa pEees PRt iRl S 16T BoRen BN, "5 v cpi n
Bi ot eclpaahsylvhRiadMadBFat3RBing TORPhny, Abbl)kov, et at, (2002) ibid.; Hayes, et
al., (2002) ibid.; Luo, P., etal., (2002) ibid.). Simlarly, the SCOPE

met hod const ruct aliprblidations) pytents uad padit applikagchswed Berdiny dhedér suprdogtomai ns
of strucfure, allqowi ng the creation of nultiple crossover protein variant
|ibrari*'@%asﬁeaf?ﬁ{?%nw&wtﬁghw&?fswl16 EHERes (0" Maille, etal., (2002)
ibid.). Ina sim]ar fashion, th t hod devel oped by Voigt, et al.,
constructs hybri e@é’gw&mﬁotﬂﬁgag%swwiwss thyo fubdteXbnal al gorit hm
that identifies Mmmas?gf prot ei Nggirte: AS€®MBS, ' that can be reconbi ned
wi thout disrupting the integrity of a protein"s three-dinensional structure
(Voigt, et at, (2epgingifgnN) WO 200@atis3vHsAST{RS2008/ 006661

Conput ati onal an 1-S. | so i dentiifanisl d core regions of
structurally and@?,%jtﬁ%té'i(g%glcﬁy imor@n{%ﬁoé???gqg in a protein fold, based
on secondary str Géwtemzlacel Gt assi@pemat@y (W zuguchi, et at,

Bi qjynforrnatics 12) 1 119 (20 < N forns of PAL can be

obﬁgi ned foll ow %&gj}%' %Ig%@idures 0199%%1“)71“& h?ﬂ’@ art nmethods. 5 HAL as an

Al ternative Enzyireuciuwbitn (it e Lysine: LyB&)st ructure of encP from
Streptonyces maritinus h n homgl,ogy .model ed hased on the structure of
P. putida HAL. AM%%HG‘%RE& thglr?flhﬁg?\é?la‘flﬁ%}g\er(g)(:ture of S. maritinus is
more simlar to bryme: #olp) maki ng ergeHng Reasi bl y | ess i munogeni c form of
an amoni a-1 yase_to use for PAL protein engineering. An alternative nethod
for 10 obtai ni ng THSAUNEEGENi ¢ PALTRIPPIERt S0 (Wbl ves nutation of S.

marjsti mus encP ofr RLRBITRIEKAr yoti ¢ \fthe 1@, @pl ace i munogeni ¢ sequences by
human hi sti di ne aimoni a-l yase sequences (HAL, “Suchi, et at, Biochim

Bi ophys. Acta 126 rhoc 230 9orebskd A blymeb 1ot LRI iOLbied by sel ection
for encP or other prokaryotic mutants wth PAL activity, to obtain a

" humaniBpburucleetides ncluge hafuradly sikeurying eclenicigy, seddi as deprgtribonveldie adidr t her

pegyl at i I i . i eGt |l pvity.
Spoei i@ NAor i FOde b (PR oF el Ahol R a3 R0H7 SR, Ml aBELAST, )

A nunbénclade thoscatliag iesiuds rorcoaturally bgcurrsgdates, nedeotideythat epigagepnot ease

S eptibilit .h so nbodi nent t he..nodi fi.catj ons j.ntroduced to

o 20° P Shofagds i b BRI PR T B mb R e e BB B PR P ne i on. o
st abi | iwhicipihclbebasBcstaonidabtough liltdeessthyraha0sHos HoddsRs bormis] THes, provi ding an
enzyme With_an cti‘ve-ai te stabjlizi ng)asp_ecj es such as a conpetitive

i nhi bi t"BFl“’?‘éa‘l’laB%PES, inglude, (for exampglepnd vifhgut liitatiopgphosphatpthioatss5ag | 644:

6, 451, QBOsphbroARBioAES phésphbrbuBdRs, phdiBRi:sdldates Akl¥hGnide ani no groups in

&
susceptibl'e Lys and/or, ﬁ/)(g{ sites to block trypsin bindi r]g sites, nutating
chy ot mygyiphosphesates. whirgiypethpiphosphanatess 29-methyd riborusiect desapentide- neut r al
anbBo | 1\S LA kL L v r 25PAL to
T har Bror e PO e B Hhuch $RORRULOGEL Lo o ARG R BB

bot ul i reayeg e avtomeied S nywkdsizer ohipdeemtmicleicardd "aypicaityrreftuctiongrgk ys or Cys

sites uscept i bl ites f subs ent cheni c

deri va%?%‘?@%%%??ﬁ’%ﬁ 0&88?%02?0%‘8%6‘3@‘@%?% ‘i?!fleﬁ? g"tﬁ%ﬁi*’x?@“&#&"‘ﬁe%bi li zi ng

g L oups .glcmﬁaigy. Ifd-ﬁb.df téEAhatnYaHM(FmEI&foBéd:s. gﬁﬂl]ﬁ‘tﬁéﬁ&derstood tha:ct whe?/aﬁﬁaﬁmid(ef: ul g

chem cal nodi.ficatiagn, can erfor ' n-specific fashion eadi ng
Co° o RReas FGRerORt PERRNG Bebele Tof. A 20 G RrbessidhiBn ( based on
WO32008édkeack (B RCA, USBP0BH0MEa6 T WebRcdsyge macr onol ecul e reactivity-directed
derivatization and/or site-selective nodification using a conbination of
site-directed nutdpenesias andDBhedhGatomplombnestdr Mdehtiod 1o & WENWRLA Vel y,

usi ng eﬁgressgd&pr%téeig Iil atian FEt hods (Hof mann, et at, Curr Opin

Bi ot ecilST SIPESHPEEPr B’éb? §9 oMy some enbodi nents, cheni cal

nodi fication is used to 5 reduce i munogenicity. Pegylation is a
denonstrated nmethod to reduce i munogenicity of proteins (Bhadra, et at,

- Phannazie 57(1):5-29 (2002)), but gly@2dsylation and other chem cal

derivati zation procedures, using nodification with phosphoryl ati on,

am dati on, carboxylation, acetylation, nethylation, creation of

acid-addition salts, am des, esters, and Nacyl derivatives are al so
possi bl e (Davis, Science 303:480-482 (2004)). 10 Pegyl ated Proteins




-~ A series of different pegylation reactions on PAL, using a range of PEG
chem cal reagent to PAL protein ratios, will provide PEG PAL derivatives
for each nodification nmethod. The optimal degree of pegylation can be
determn on the residual activity obtained f i vati zed
PAL speciegggglggﬁgsgﬁ{)he absor bance assay in 15 conbi nat i%\r{t\%ﬁ@?/o%i& and
native gel anal y&i s tq determ neg the ext né of, PE de{ivgti zation. After
initial ranges of°BYRRARAl PABHPT ISaSEd Rineia Fudeger b RANNG OB dR s APSReFS &% i net i ¢
anal ysijgi-hafaCdnd @F B GinyRearandid ponileles d¥ s8qienodis thd)5 ReiNBe tfignant s of
substrates, proteolytic stability, pH dependence of activity,,

t enper atrgsiondgd gdaudpsansied gelynyslegside spapencens FRoezRdd B theyS diregion T8F  PEG PAL
speci ey eaihntf setesdlRRtb M cEbERA 0 RRLITRNOBLREH P IakieRd idRdnyest ern
blot. Protein engineering can also be used to generate the nost favorable
PAL Snuttzanscription gisepyibat TonDYeN sirgnd haviogthe sene srsiupnogtas 2 mRINA dowetinedons; by

AL ZITUTS he o o ko :
ant i gent RO JgHeARa s KRR oR R AR (BB B JP ALY BB HES) |

r educednRNAl teansdribt d Eomaha DN frend ehahrirnipeatbe S ratieriindobba RN enzymati c
peay! atTBRE e REELE T o R SOT SRR - s SEtRea A maka RUBE R Y o r ' ©
chem cakmeegjubhdab HRITEN A Wad whichpho3b ee)d aid aithotodid RN ACheRiripd bre

modi fica ig‘? of "il{%s, N%“P and Cys residues can be used to mask inmmunogenic
r edPondei5ABY Bras pROVRYPTRSeI%ERBHSi ti ve regi ons. Such cheni cal nodifications

include the polynper addition nmethod of Bednarsaki . %nd the Al tus Corporation
cross-1inking met heaPIeBFRtERD FEfGTsiY teAppobemeal spmpatipility op mafchgig together

| MMUNOGEMtEhéthg sAftfkel BPHRHIIhRIBHERS ThiE ThShANBSleAlIS daBREASRALS dsve
exanpl es. Bednarsaki denonstrated that polynmer addition inproves protein

t enper FeMpEmentghy, knd urthogneye. the coptact syrfacagharggieripticsye complemennsio380

(1992)) | ] ross-1inking
mpr v a8 A i I RRLBICR BRI rHAL, b er B hR R o To
di d6ovenciehtidetrequancepiitbe fitse pelpruréatidn i iflerftichlgo die nucippbdesaquensehi ts PAL

woul d | i I f..df e PEG . £oNnj ugat es
are synonBubbldeYaREy-all e St pilitnfonth PETES rolTliplcT hnd

r educt ivdiose taqueatcd SETAD ALY s aphplemazeary hea pelymntlecide efhbeciegualce peiyy| at i on
and to%ﬂg@&ity the preferred sites of PEG attachnent, a design 5 strategy
is enpl Véherei n polyner |length, confornmation, and the degree of PEG
attachnent is varied, . . .Methods for .preparing the pegyl ated PAL
of the present |t AVBITIOHSE wanmesis PUaubAR e BN ERaR, 1 MR x| ng PAL
Wi 20 paluyRbige eh@nted ¥eR sehngios canpdinbh@So WRaLBRY ;Beteoh@é:@ge&c@tst ached to

oduc

one or npre PEG grours, and (b) obtaining the reaction pr t(s).
10Becafebstantially jsantiqal to the referense nualecotidefef¥s888-i on night significantly alter
the intrinsic activity of the conjugate, different types and amounts of PEG
vere expl ored. THEPORBH fery 1 b dnteEnt propsrtyef sprritie sqINencra 8f mysteolidesl at i on
of the jpgi Ycl @B &S cIPhs 4 k t BearNhioNRS j

C0- [ ( N BapIThicleltidS oacihas b%*!r?ifnfg‘?ﬁ_‘w 150" - nefﬁﬁeﬁ‘%fafgﬁ ?%%Z‘*?S?‘;%%Sﬁ .

Acyl at io6athgr polymes ok napp@oNkSies in bielolisrhprersseshaving sithar g defingdn ami de

| i nkag 1.1 es’ I f i 4 ' am: ne.
Tha®pr Sguiite diRbisMAI e, R IR IOTA} O S0l Bluchd ST A,

pol ynerang thethielpgical prargeics restiBing sheaefroral Thushe gegamoodss agsoteimefl her ei n neans

t hat on] ol.ver..or in_copjugat ecul es are, observed.. The

po y ot uh e Biogl o Lo FRRNAIg L Byl o it B B BRE B e tp SR it o

"su bsL antter hio!{qgri]dabsm@ﬁn dBisthh theegyingtsegndMle ngpkﬁlad@dehﬂéme gﬂwﬁfcﬁ\i@ idezﬁ%chler ein
are thgs are honpgenous enough.to di splay the advantages of a
orogei i TSR sPEpt Amas Gty RRSH it feafe RS tpg FreCHararR e Swand,

pr edi ctuadd dsithe/tefiplatefor transefibtidil) of ABER o2 icDBIA &b referred to as encddify 9! Yer
nol ecul es ,cont&?l at ed ;_ r use in theéEegyI ation approaches descri bed

her ei n PRES 95 OWEY RFedus of 1ahecRrongPWaL inissotisrasyenepifisdsa guclgoidect ur e

t her eofsequédd c¥ih®sin SRind bR sBQUMBR indTRdes AR ndSk&de88qddn0db hit@rdr Oup
consisting of, for exanple, polyethylene glycol, nnn%net oxy- pol yet hyl ene
gl ycol, dextran, poly-(Nvinyl pyrrolidone), propylene glycol honopol yners,
a pol ypropyl ene oxi de/ et hyl ene oxi de co-pol yner, pol yoxyethyl ated pol yol s
(e.g., glycerol), HPMA, Fl exinmer.TM .2and pol yvi nyl al cohol, nono-(Cl-C 1
0) al koxy- PEG aryl oxy-PEG tresyl nononethoxy PEG PEG 30propi onal dehyde,
bi s-succi ni mdyl carbonate PEG cellul ose, or other carbohydrate-based

pol ymers. The pol yner sel ected should be water-soluble so that the protein
to which it is attached does not precipitate in an aqueous environnment,
such as a physiol ogical environment. The pol yner nmay be branched or




WO 2008/ 153776PCUUS2008/ 006661 t her apeuti c use of the end- product
preparation, the polynmer will be pharnmaceutically acceptable. I n
-sonme enbodi nents, a water-soluble polyner for use herein is polyethyl ene

gl ycol, e d PEG As used herein, polyethyl ene ygh)a9lsshsssdfEaNt to
enconpasgggﬁgﬁé 7gthe forms of PEG that have been useg%to dgrivatize ot her
proteins, such as nono-(Cl- Cl10) .al koxy- ,or aryl oxy-pol yethylen | ycol .

The pr SpBPERESRoBARTTIEARY HR) el sttt Bl sherwt nipaedis w1
vary, agquéhdds thdd@hdode pREARMN drdlRI0ASndy Indlide n@aed i on m xture. In general, the
optimumratio (in terns of efficiency of reaction in that there is no

excess unr eact ed"REQREBidAnOfol Pl EEE" rwie&sltola@oﬁ&u@le@tﬁrerﬁam sbyuehdee nol ecul ar
wei ght of the polyethyl ene ycol sel ected and on the nu vai |l abl e

f
react i Weat grediapeatpkalip i tingd Yedha ndRAangibien 8y asssabled recombinagy g{l@g@@gﬂ | ecul ar
wei ght ma!ryrbﬁg%@&eal in a it BRRE, ABend RS Whibe Yl WrarRfortEsunabiy BBg: used,

the fewe er of polyner nolecules which nay be attached to the protein.
Si mi | ace., AthostrreHitheg conprisee thegpgombinanh polyBudeotide ksaafertad & #ccount when
optim zj pgrﬁ 1.4 he ¢ ] i wei ght
(or the}egogrp{é r glr?g e?g) éeg%ﬁ)f: g%ﬂ@fgﬁ Wé&é%“f ’3@%&%?’%@@.5‘%%? gtt(%gg{t&wga%i esent

i nvent iegn acserperplaat peymptde. alA dcbhbmeritpohinndestideEBypeiverreront@dgighs

i ncl udizng. .but not limted.to.5 ¢ and 20 |lc onj, ugat es, of two-arned

br anché‘df%ﬁlﬁ’&;t@p%r?f%‘r”g“ et %f;fle?l!bcagg?’ ‘}%’8?"’1‘?“%%“?‘2‘5 Sﬁ% éfg)gﬂsc and 40 IcDa. In
sogﬁ enbodi rrents,,Efor t he PtrEogéyl ation r%qti on%1 cocpt e@)l ated herein, the
average nol ecul ar %Fsé’}?f‘cf”% BEHF ¥ P 8 "HEETHACTHHPETR 20 (the term

" a_bom 'i)piylﬁdigec&%deg&it Té[%ﬂa{céﬁ@%exp{rﬁzigh Eteinsai%famiaﬁ%f ﬁar;sldﬁ@?ﬁb‘iEHrﬁi@&glfmﬁ ec:JI ar
wei i s about 5, IcDx abou Da. .The . rati o of, water-sol ubl e polyner
to PAL Seﬁqcpcwéﬁt%(mrnk%ﬂ@@refq« ofrpfra ‘%éﬂrlmgfﬂi'd 15, o 8.fyndtigpal gplpiiqgshig; 0’
Exanpl estvieh BvOpaH: i8 \Q%Rgthél %ﬁig‘iAtE %ff 8hd ﬁ%h %gﬁ%ﬁh@ﬁﬁﬂ’t&% RGuRRC-HRARRBY) at ed

forns of |ysine nutant rom Rhodospori di um_torul oi des, PAL

pr oduc &eFuliy in aneaction en, s GEeE Pet (a.8n RESerERiopwh thei seaenee)( KEPmesion eangrobAL

pr qduc M ANARA (2R enyl al ani ne
I e\?gl S@%}tﬁ%{ﬁg r&%ﬁ@%ﬂ;@?ﬁ?ﬁ%ﬁb nouse gi\{/]gtrnﬁgﬁdfg @$§®Sé§§@§%$ﬁ%g§ni mal nodel
i s a hawbriboorsonstitatine),enhancers pinansyriptioanénmandtgrdr costart ngeneATEAN) | ocus
resul tisnﬁcili‘l ; ir i Q S,\égcﬁoenshyper phenyl al anem a. Thus, the high

pl asma B ené/]? %Itl]aém n@?ﬂ%ﬂé’ F% el's nake this animal the appropriate nodel
for 30 evaluatin (AR hen | ani ne. ammoni a-.l vase (PAL) to
reduce plasna Phg!_.i)Ié Sél%gva gé’?ﬁ%ﬁ%%&%@ (goén pelljﬁal _gnaorﬁgf)er{g?}fl%?ed forms of

| ysi ne poiyhacitotilckmBrting exbrédsielconmolpbaueyital operatieely EuleddstoiamutieotdePKU ani mal
no 8I wer e altﬁg’ eval uated over a 90-da§ :gel’.l od.f The I‘.ESL%] ts showefd t hat
pegyl atEHPE D SFPIRFEAL AL P ETEALY S 05 HPPRer NIGFeRt By 27 wdalmesh o

2008/ 123pré &zl biie210BEM0 & G prieskidi @R e 3bsilied Oy ik Hdsecelllgd iaviz@al nodel in
conpari son wth unpegyl ated NpPAL and AvPAL espectively. Further, such

.
ef f ect SXBFSHRILY e dXREBHEN Yeriore Rride ol dhese BOYmENDE atasiFhas s8midss wer e

mai Nt aiphRRhi VB, Ralkdor WoRKInREH Iffsomi§ afd Piudi @5: RBANbLRAhe REGYbRAMON Of
PAL from the cyanobacteria, Nostoc punctiforne and , 4nabaena variabilis, is
5essentPlpugleptidsduci ng phenyl al anine levels in the PKU affected nice. The
findi ngs suggest that a pegyl ated variant of bacterial PAL may serve as an
ef Recti ve t her apetmpkfi¢ation hefaraivagymessns by which a polynucleotide seqeracs isvent i on

conte R ' ' ' I Git e

cbod Repe P B A1ttt ol HIRRR gt “var  ant
wi t h r sdusagtiompohogesst chdiy readiimt, hed ligasb odiimemattitnrs a pegyl at ed f or m of
Anabaena variabilis PAL (AvPAL) variant with reduced i mmunogenicity.

Speci fi c enbodi nifrirsert caferenpd polgnighdtide trat ickpdbleveli sperifisaliyrhyblidieing

pegyl at | I hi_eve reacting,the. NoPAL .or AVPAL variant with a

et or - Bt PO eqbtas" ERGHy hT B § poyRlor iitign Bt il or

enBodi rempemepigypdimoleotide, efich ayettesiyocoma Gitien thet godyriNpRAlideOfrinddrAv PAL

vari ant, once dWithngEG at ﬁgéati of. atd %%adst 1:1, at Ieaﬁst 1.5, at |east
1:2, aP aFEquec codingns i wiigh syntiesys IpRavesee) ey I BHRFCTS0 8l HHsteldehd pAL

var i antomplefgniPlynualebidy templie, bhEapa@yt fak belmeszARRisemest DIgANg a PAL: PEG
ratio of 1:3. Methods for preparing the pegylated PAL variants of the
present invention are described above. The invention al so contenplates
re-pegyl ating the pegylated PAL vari aBés for



20r educed i mmunogenicity. In sonme enbodi ments, 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

| east 1: 3%, Qs Rk east 1:4 PAL:PEG | n sonme enbodi meqiSybigongsy! ation is
. 2008/15377 . , S2608/0
achi eved 3(/) reacting the NpPAL or AvPAL variant twice, three tines, four

tinmes, five tines,.or .npre,.W.th P ch peqyl.ati,on at atio of at

| east Pp!]_y,mcézisergagqmq:xi_ fca]é%if?gfs'gggﬁ‘deﬁfbﬁ n%y%%égg?l&ﬂr@;ﬂe&oﬁ’ngfrsl Fast 1: 4
PAL: PEGypitdlyaleektfion8dIkio diiE i a whte VaAbty\WliraRidticiafd anuAPAkcudiig ant , and
the pegylation is achieved using a PAL: PEG ratio of 1: or both the first
and sedSYRPIEE AR BhrpRagpligHons. A primer is compeRauay foReftBRlakitg t he

r e- pegyltied isedkighed 10353410k td REvelk 8SRE For VA RMalioN o S ABIeRL, Bar RQRAMRIt Se the
steps of (a) reacting a PAL variant with polyethylene glycol under 30

condi t ireftest heeked pequsrcerftha tgmblae: Ibé@@wsaﬁpﬁeﬁlﬂe@m@@h@n of theBABEPEG ‘
gr oups, ' Al i , ﬁzﬁ&&' £.S): ; Chi:ng,..t egyl at ed
PAL - vart(l) g%%ter\%ﬁt%% ‘%B%‘SE’E% erene gh%%ﬁﬁﬂﬁ%g@%gﬂ%léﬁdgaogg {eﬂr?lg syc'ﬁ;?ﬁg pegyl at ed
PAL varlatzted vaiths erms shenmegehisdradioadive, @riiusorsecnPEGigjienapbusad apdsiedtabdns not
occupi gg .l%fISPEG fromstep (a), and (d) obtaining the reaction WO

2008/ 1537 CT/ US2008/ 006661 product(s). Because the specific sites of PAL
nodi fication m gh pgni.ficantly alter the, intrinsic.activi Q e PAL
Vet ant it or onroppabh iR bl (b S8t PolhuRlenld o 1y
usdd f ahatpegyphist oOspeoifichA hybeidizirnpeo ackebighdtedseqhierich of ot hylyamiiaileof PAL

using the NHS-esfe f t hoxy- PEG .

(0- [ (NSBE Fﬁmflzf@f%ﬁwgq?% R4 rgrE pogplementas RobERglepcy BEHFPERE gl ycol ) .
Acy! at ireffectte Rxad chasknRiarNdgudice BBB Y1 RECISREh h @8 tpecil@ an ani de

| i nkage that elim nates the charg;pef romthe original primary amne. G

SEL ECTIhpRrgirgsioncoRtimnRies indktarger-gapepdsornibe soineansy of hedwhridigation active PAL
or MAL offdiligil Probelchd Bl 1aBLES R 1OE | GREmEXRILHAARIFAB: Hhdibigs any of the
known vector expression systens, such as The H s-tag vector expression
sy semmdigiigislahd asddrg dateptrbih magtissghput netal chel ate purification step for
protein variant isolation. A three-tier screening systemcan be used to
i dentify favor abllefisst ssguénge \sani "antissnsel ssijtenat” ywidsiespegttoa ssoend sdewened | cat i on

can us ml [.on i for arow h. | henyl al.ani ne

ot 1 apnPAVRRCERE bk MG BT AR e Sctierle By BRI [Se 15 e
0D290 gobmntlestide wheas swgaamets theleegnd sequBie@chem Bi ophys. Res. Commun. ,

32: 246- 253 (1968)) anenable to hi gh-throughput processing. Finally,

screeni ng for prdHeeidizsing speedicaliyand er (upscifig hiwridikaion Oer ‘iselesthelypr esence of

pr at,ease, cackt ai | r Lternativel y, inrnunogenpicity reductiop (using
co%%et ?‘?P’i}ézﬁ?l é‘%ﬁg‘égﬁr%é'ﬁﬁ?ﬁ’ g)l?l%lﬁgr %Qg%}}‘gﬁ‘ngBP? B'éﬁi%/‘f‘ f*‘f}gf’&\tﬁﬁig?ol e protein
var i antpseferdfidily 16 HERAREIH hés1dd8ES s ALMISH strifReld dkifon ORReMr&ED PAL
PROTEINS 1, VARI QUS FORMS OF HYPERPHENYLALANEM %HPA The present invention
i s di r S6945RcY 18 PresEntin a spmBlsr mErtuEs (¢.&pittphcednlanbRN A g M popul ations with
net hods that co ise the use of PAL caonpositions, either alone or in
25combi nat i on wit ?E?F‘Fie?t"‘ﬂ‘ﬁ"é}téﬂ&?‘?@ Fedeys HetpRditiogy undsh B REph% wild/ or - PKU.
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strategy of nucleic acid probe assays”, Elsevier, New York. Generally, highiy stringent

hybridization and wash conditions are selected to be about 5°C lower than the thermal
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Certai n enbodi ments of the present invention are directed to treating
classic severe PKU by adm nistering to the subject a protein-restricted
diet in conbination with a 5conposition conprising PAL or a biologically

active va@ioaz%sm?q.;gant, or fragment thereof, wherein the R05RbMEE
adm nistration of the protein-restricted diet and PAL is effective to | ower

t he phenyl.al ani ncentratdi on in the as of id e s .conpar ed
AR bt M R S S SR R e e e T Eta
addi ti ahe tehfperatudy @tk fiatd dnowesspbad pE) drvddth 509 af heegpantqicesal e t hat
has HPA by adm nistering to the fenale a 10projei n-resfﬁri ted di e} in

conbi ndPPERIZE 1018 PerectyyMalchidQreRg: UMY Striggent GRRERens ¢if eiFSeA iR PREAY2! Quch t hat
the cony tedospadib i @bbon of the protein-restricted diet and PAL is
effective to | ower the phenyl al anine concentration in the plasma of the
pregnant Woman as CRaRple’f sirgsH thbAdicARRRBAdAbAIRr hybridbatigPsence of said
conmbi ned admi ni stration. In specific enbodi nents, therapy is contenplated
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bet wee e r an 300 1.iMwth PAL coq sitions descri bed herein. By
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Met hods of Treat nent Thereof Severe PKU manifests in a plasma Phe
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invention wll entail determining that the patient is 5suffering from

cl assical PKU bycamntieﬁairx\@taﬁb@ismse@ﬁ@eiﬁh&p&ﬁayﬁ&we}ﬁiheee@énéea%é ndi vi dual .
The patient is then treated by adm nistering prokaryotic PAL conpositions

al one d¢fi-Bandsngioh @ @olyeentide seqenes is v gomine-tarminsiscthe salht-lmnd eadiofe t hat t here
i s 281 OQdRRELRle sgm&e i@_ﬁ?e'sc%%%f,ﬁﬁﬁﬁug_n t he pl asma Phe concentrations of the
t

patient. 'I'n some enbodi nents, e nethod will produce a 30% decrease in the
pl asma Phe concenglabi9fve dBsOERG" STRH! . il | produce
B 40% 50% 60% 705 A0% Byt or ea?grﬂ{%ea%%%ﬁs%q?%B’E’ﬁgg‘%ﬁﬁgs"#ﬁﬁphe
concentamang asad with e Renciiooilly strutér apfioo acd.abis fo)lowingrséx @ropgst dacintontihh severe

cl assi . ration.of 480 .).Ma 90% decrease in the
Phe co%@éﬁﬁrﬁa Sir{gaﬁa\%l‘%%F{geﬁ(r&%ﬁ'(éggﬁsé’%ﬁogirf%oﬁﬁgnoglb?tentrati on of 480 pM a
concentration th I.S: icLentd\y-ow.to.tequire little dietary
restriction). O‘?)I:%itﬁl?lsng?%’ts’%rs"ﬁ%{ﬁ)ﬂ%gmﬂﬁ%(eﬁ)’stood that the treatnent nethods
of 3he 15 presef}t Aspavterdcidf)( GhedrieraciddE);t r eat i ng severe cl assical PKU or
any ot her HPA de i.bed. her ei should attenpt to | ower the plasnma Phe
concentrations o?)c‘%‘%%mﬁé”ﬁ 1(9%’531’?‘8?/ % as close to a range of about 12012M
to about 360 ttM)Afgight g5, Dessd (l)e, or to an optimal range of about 120 gM
to about 240 gM In sone enbodi nents, the plasma Phe concentrations of the
cl assical PKU 20 patient being treated is reduced from any anount of
unrestricted plasma Phe concentration26hat is greater than 1000 pMto any

pl asma Phe level that is |ess than 600 hM O course, even if the conbined
treatnment with PAL and the protein-restricted diet produces a | esser
decrease in plasnma Phe concentration, e.g., to a level of between 800 gMto
about 1200 gM this will be viewed as a clinically useful outcome of the
therapy because patients that have a 25pl asma Phe concentration in this



Any increase in the anmount of dietary Phe |levels that can be tol erated by
the 30patient as a result of the treatnent will be considered to be a
therapeutically effective outcone. For exanple, it is contenplated that as

a result 2@,%@551;7§ter| ng the PAL therapy, the patientpcidshodiBodbd € tO
increase er intake of dietary Phe from 250-350 ng/day to 350- 400

ng/ day (i.e., t.ol n e. of a is altered from
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cl assic PKU pat i Enthygsgphobis: Il‘é‘ftpk@ Bélt F%‘ht&" or in sone cases, 5to allowthe
patkent to have %bﬂ?ﬁ'ﬁ?d@ﬁmﬁé%egertmn 600 ng Phe/day (i.e., normal
dietary intake). aracteristics of BH4-non-responsi ve PKU Patients and
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conpared to the decrease t I's produced with the sane dietary protocol
adm nistered in i @ " rof fions may be
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exanpl e, WO 2008/ 153776PCT/ US2008/ 006661 where a pati ent W th noderate
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restricting the anount of protein in the diet as opposed to eating a
Phe-restricted fornula. Indeed, in many studies, it is taught that such
patients nay even eat a nornal diet. Any increase in the anount
of dietar Pé]) | s that can be tolerated by the pat, o esult of
t he treat‘?ér%r% g{/l\n%ﬁq%ebe considered to be a therapeuti ca%@jﬁé ecﬁt%lﬁ({}e

150ut cone. For exanple, it is contenplated that, as gn%ﬁsult of

adni ni 88EPTRG 2RREIRALE BIROFEN) PIoSTATHRAT AT B AT eSIER ERNbIREFAPTIC Wi t h ot her
t her apgythhisbMhIGHNBR thONdalcli R8s R bér8dk s¥ubhcedBery foriik: ﬂeﬁ%&?ﬁﬁ&(hl s/ her
intake of dietary Phe from 350400 ng/day to 400-600 ng/day (La, the Phe

t ol er ard@ivelehetrgipenes Seﬁﬁ@cwaﬁﬁﬂnqg%d@#@é%@rqmpﬁw%ﬁ' a moderate PKU
patient to a mld PKU patient). O course, it would be desirable that the
t her apeutic int e@pt@mliaggnmaugﬁsewr@s fprzompgyifog can boopndueted g dntthe o

i nCrea ' ' j . t ve an
i nt gake%c% go?léog rdl%ﬁﬁé:g%m%%ma){%ggﬁé &Vg ??pﬁgg?éﬂné%'ﬁ(?ggl% l%nt'?gke) :
Even i homhiegpaligrevint deondnt ofdddedidmias doWamnedho I ol Bedt48: 443 (JOH) by KU, i.e.,

has a di et .al.l owan f - J Phe | kel - wid | fit fromthe
PAL- badH RLF ONPaS e e Aeraat LPpa o b e Al St PSS IR Lo o ro

pr oduc €188y by rmltr)x%me&qdl ia@imﬁaﬂthﬁoﬂﬁmfmme algoathne(GAR BHSTFES FAYYe ahd 360 MM
*15 p SSi For. such, patjents, .an vant ageous therapeyti c out cone
i 11 T ERSAE R e Wisctmin S5optiR Srde Prci ol R R R SRS Yot  ons. o

t heg paigeRAte D, MARGSNEWID Gy BB MsualtifiedtRixhod Wil | produce a 30% decrease in
the plasma Phe concentration. In another enbodinent, the method will
produce a 40% 580 6@l fa &@ﬁ%gaﬂmﬁpi@@ﬁmnmmm&@&@a Ragiple _
concentration of the individual (for 30 exanple, where a patient with mld
PKU haseqemiseligomens fioamae Bsnp of reétio] smenscoeiaeegiessde. pArviRaligsments

concen : e., an
cCopt bl e g R {50 BnadBmbving

2008/ 138 KIeROnHE us2deshipo 686 1o create the alignmenty FbREP agsoniimphification pbthp| asma

Phe.concent r.af ions i P, e } eat i e ed from
angsa gor%é S(S)Isrl ¢ %i?r ‘-"Fegis %?@figgk%qga&s‘(ﬁ%&%ig’Q%@%@aﬁ%ﬁ ?@a(lt@%é' gg%ween 400
RM t 0 G@fhddMsécis aimyilap kathamndiive desaribed bh dligdins & Sharpt QABIOSE: A {5GF cour se,
even if reatment with P i ther alon r in. conbinati ith a

G ot ar 1908, THGRPERR caf il 90 sk B0 abk warin Y Rl deol
concenth@bdtiids ocariine ati@s. aThamekipRialiBahR @roc2@ite Mbbihowah thel patdiseRM  thi s
will be viewed as a clinically useful 8ut,come of tfhe t er%t)y.

Any i neheuaat phibe Sy mest siules aungesppredveing? eluptangt e RligRedsENStSed by t he

pabpentThieididr &SHbd alfned REhE heARRNMelad deqiiBcs 8NGLAS TQlikRkd8q@nces.
t herapeutically effective outcone. For exanple, it is contenplated that as

a r esullwoglusirheiieqeaneesage plagned by eapypla extensioneef ths prievist aligamestafitwat i on

i th obher. AL . o . . .
h o1 hordd I SABRL Fh ShaHBRhLR ke 08 RPL IS of b R A BB, CT ance
phenot phennadnty, Hhepatgrants fus byldesigading spavifidmbueantesand thelr @Kigopaidicent to a

m | d HPA,pati ent).. t low th atient have .an intake of greater than
500y "BHE s R inafts BraPelol ¥ A Comip e g oo erthe HOBAY oy '
oneéswh @amameiersyeior Eesitise, tarefesantp baypencefcad bacompAd her teseseqgharesd el evat ed
pl asma Phe concentration of up.to 600 WA but is,otherw se all to eat a
Por ot HPTEET e PisE T aeTere ER i PRGBS PR By S AT LN because
it has gheeasighQWwo),ldafklt&hp YabaOvdhie (600 ait waikhedendamR. Fngthef | cant effects
on the Q_g&q uch individuals. Mreover, as discussed_ bel ow, PAL

t her ap@ECTE™ R vertel fohegrraling ratine yianmesisal sequeprsadsClugagV, pregnant
wonen anhmhgdbR Rt 8, Nukid@hkids Resdalch 20 "POLAIRD (%ﬁb.'f that 20patient’s

pl asma Phe levels are wthin the perceived "safe™ | evel of |ess than 200

MV Mat er nal  PKUs afiHle\REMBR S AfgodiftBAtha TR builibeY 8P feibliahghkkegont rol  of

pl asma Phe | evels in PKU wonen pl anni ng conception and those who are

pr egnafitIUERCce; idgaitst andisepecase similaritytip the A DL 8l sedthae phéiohde descabadia f et us
expose : / e i , of the
Xpos Ql&&u@,‘é?ﬂl.,@%féo}i%n@iilﬁh@’@f@@??f?. Shﬁ%ﬁllelsfofo ﬁg@agﬁﬁgﬁ&%&%

PAH status_of the etus. Therapeu contro Phe contentration
i s esp&duiitly avaisbletthiongh thed¥asiondlGenter forfietedmobigygnfogmatinny Thiss failure to
achi eve adequate control will result in disorders including mcrocephaly,
ment al deficiency and congenital heargdi sease.




For exanple, the NIH Consensus Statenent (vol 17 43, Cctober 2000) on
phenyl ketonuria reported that exposure of a fetus to maternal Phe |evels of
3-10 ng/dL 30produced a 24% i nci dence of m crocephaly, whilst those exposed

to greatepaLhans29; mo/dL (i.e., greater than 1200 RN h-had.Rsdeds; NCi dence
of m crocephaly. Likew se congenital heart disease was found in over 10% of

chil drep exposed, to ternal Phe | evels that wer ter ..

2008/ 18EPPEPER OSSO 0E) HOERE P SH Rl C RSO Py S e Ben not ed
t Eat Lgrcgb%fgénglahw @ITRad ey bdymende, Waich bitﬁeir@ﬂitcfr};i cﬁaﬂﬂriléfy scldﬂ@p&sa&el'ah ~tahed| Q of
the chi]d. us, it is i rative to _ensure that, the plasma Phe .
concentthrgtholhscgre W??%rha%r‘r’?ﬁ Wity a Wy of thsrsagp E‘W&k‘é@&?@gﬁsﬁ‘ SeQFae-t hifse

mani f estiendd R thl AesifibbrHobAword Sdordrdsh@l (A Xsch N L2 (| B, i@l dekest 0 avoi d
the risk of maternal” PKU 5syndrone. However, the acceptable target |evels
f or 5t hdnighlnsighbmheod warddtitsragt 4sowedsdpr ipkigting prerrhen ot fidoress 88 s used in U S.
clinic e / I r i gher
than ¢ ReRGHE AP SpEGLIRRR o Bl Rt bots B tons U BB gl oL

t hat arae farse thei cnmBlative shgrommt Goreean belingreased. t Gundidative shreslage qaicslatedof

devel opi.n ternal, PK n ne. 10Angther J r . Lderation for

or enant o Ens & e BB P Pamd B (e EBRGPR i SRUEARE, T P

i mpor t aediddekredl wayarred) aad N G@ahdliycicertfopmtraichinpeesidiss; dltvaysas 0 don asiiggest ed
th a low protein diet durin egnan ill result in t arded renal
Q81 o gL s TOEGE It BESet o e e e HEHBRYE SPndiranG oalid

pot ent ivadrli Yitd RAdeh ifech¥P BclRANSd Rfed: At ine diighfbrdast KNG of My tR10l . J.
Med. 348(17)1723-1724, (2003)). The 15follow ng table E{ow des exenpl ary
gui del iGyaaity & from its magmvra Aeliey cdorlie: @GP SEaRlptys 9P 8925 I ZERROTRSIOWsar | ous

| ndi vi %@'téthelé’é&hﬁaia’db?ld@bﬁ@& rﬁBx%tn%éatQéls e85l adehlighhRhRT o hd Hatden

Requi rements WO 2008/ 153776PCI/ 1152008/ 006661 As can be seen
from t eithervoguenesie msiched hei Bleh$helgorithm panemeteds W dT.Snd Pedetermine theconmrended
prQtei n.lk il A e ) is from
bast A AEGnd ReclBPRR it HRARATIA BREan el nucleB3 LBl i an

i nt ake usts milefatiltE6wgrdiength (W) dariadmexprdtatidre(BYiof § MK Neldmndtahe r ecommended

tein intak t 5 is int f about 70 d 52
O day. AR AL SRR BREES. EorehaY e eRieh i LA STE Bt 4t PO bvel s of
pr egnantwoRREth &We of B it dxpeaaitior (B) b1, bad f BUESUNIEDBEdring nekibiset he fact

that this.gr of PKU patient requires nmr Qtei n than nonpregnant PKU
f emal eg‘&e&?‘g’%ﬁﬁ‘ﬁ e ’é’ﬁg]f’atf'rﬁc\?ﬁe%ﬁi'dﬁs‘%ﬁ%ﬁgm,g’g?)g- is contenpl ated that
PAL, t herapies of the. present 10Qinvention wll be particularly useful in

pr tlga nant women. Pt aqdétP‘E‘&ﬂFgﬁ%lf‘ﬁ?%EFrﬁ%?equ%h‘éﬂms)gfal?eemr%%% 5 or m of
HPA Wh retforntl £44RHEa] Qhallsis 60 Siladity BOwRnQED3BGEns|(beePLg PKASRG ON a
course of PAL therapy to ensure he concentration | evels

t hat h | P
are naiissiRgzoadNagl dsed Soi. LEG IS 5- SIS 4199300 Qe mersprs<E FaritSUCh &
cour se pqaéw&éa%reyémm@s'r 1 AnaWd éﬂ@g?l AR, S@;ﬁtﬁp@@@%b@@@éa{mr ma

protein intaké. 15The di'scussion o he concentrations and
t he degrdieation of tiaipedbabilighbPivbich anmoaelt barweantwosinolgbtideye agéne @aded di scussed

R BB RN AP Rt o

reference sequence if the smallest sum probability in a comparison of the test nucleic acid to

the reference nucleic acid is less than about 0.1, less than about 0.01, or less than about 0.001,

A further indication that two nucleic acid sequences or polypeptides are
substantially identical is that the polypeptide encoded by the first nucleic acid is
30  immunologically cross reactive with the polypeptide encoded by the second nucleic acid, as
described below. Thus, a polypeptide is typically substantially identical to a second
polypeptide, for example, where the two peptides differ only by conservative substitutions.
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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 scussed,gl,sgphere in the specification, patients th%hrﬁ%&ﬁs/@éﬁ@%‘lat ed

pl asma Phe concentrations of anywhere up to 400 ItMdo not normally receive
any dietary jntervention. Thus,.jnfants at the age .Qf .zero .to.,3 years in
age suf¥gter ngﬁag‘?’b ?%W@Mlefféﬁcésgﬂ?e&ﬁ? & ¥ éiﬂghgﬁo‘ﬁﬂt}?af lf)ﬂ@gg’ﬁtt%? her api es.
The i nﬁio@é%hleaﬂf%rﬁcﬁﬁdtb‘éﬁckg&ﬁ&ﬁﬁl&éﬁﬁu&ig@ﬁt doh@igibhy) @s adryribetl lfdin.havi ng an

unrestricted plasma Phe concentration that is greater than 360 gM 15 gM

wi th a therapeut iSubs@RROY gur<Ior 'Balate@OMBAs $ADHAL spetiedsdRs pre@orihaduce a
beneficial decrease the pl agma Phe conc¢entration of, thﬁ%‘ gubj ect.
| N somEPSHS FERSARAL &, Ot hiB0lah Pasiy, moke aRyBgand iARQBY other BdNIFaS years of age and

hass an wugioRRdchiek Sobells AP1H8 oBBodi STl bRy BORAA ARABn @M prior to the

admnistration o and said adm ni strationh decreases the plasma Phe

concenePmpesiinn Wherein shecablirst Fnesies comprasep pidstphalmve Se%rer amadaribesisliof allecr eased

N

2008/ 18837 6PGTH 980D MO 650 nzoomol GO spdcicalpmsentss hepoMpositbomits B0 pM

about 45 out. 40 b . . ut 3 about 275 p. M
Sbout SRGiBMe s intey e RS PR s pE R A ROREY, T 10 P 8! agec
bet Qe e coneangingmn ?pe’&iej; eandt béh dag&edaﬂndhémﬁnpdmiﬁtiﬂ lbg@bn:nie@ﬁachl Eétaaim Phe
concentrati.on reater than 1200, nd, is pla Phe concentration is
deor cadiedacd) ' s sQPRURLAToSs SEBLANETG HAAC BRDBoOIEIE S I Fbon

admi ni sheopdsi Ml0hHolBAlles (@500BEItGHsD RBbMzers . £ OBBAN Bnk @len¥nta il sBoiesThose of
skill in the art would understand that the 1 nvention contenplates treating
i nf ant draqof pongiieesshmaceqraelepilarsnepirrier pupesenot isidshisition. it &ater than 360pM
with PllpbanRRACHE CollEArRAS Do kRSB ARMRTIIE sORDRERNY ALk gRS. The
di scussi on of therapeuti ¢ reductions of plasna Pﬁe concentrations above is
i nédr pisotatesd 1n 6drae enhodiyentefthe eoropountiyietdesjugatanyf e rveaten @ver 10% of the
initia J . P I ] idered a
t her apgﬁ#%a%sﬁ%%%gld}f@%éﬁ @trﬁ%& gtggu I cgc?%ﬂd?l%%dr%] meéﬁﬁ% ﬁ'g{glg%]?glﬁ dgl.n It should
be undérestsyotlietis alin sbine eRdbditrivatsathe pharmayedticalcomposiddnavitthe tivedtmny
restrictions to,effect th her gpeuti ¢ decr i | asma e .
ConcentParne ApiuRll ririfod SRS barfufi CRIAL hilbrlRAnditE asive

condi t kg advhzed withadeoningtd piatrAitetficalip bbiepapruiktiprht.y ef fective anounts of
PAL woul d be beneficial. Parenteral, oral, or other standard routes of

adop ni strati on arderclaipgecueiip" e aisitednoTh6iledi 3608 16 tiTda itk @RIdbpds. Tabl e
2: Exerr&% [ﬁasease Condi ti ons Anenabl e to PAL Protein Therapy
Pheny! K PR, I RASIE. RS X AEPIEn® RO PORiAS 8F PRIFTUslectifc Eauense 8 /BOS| TI ONS FOR
USE | Nprblt TREATAYENTm 20318inR VABERY tHalMeAbe i @iTarCOROR BRLRCE $n hdHee AREUL i ©
intervention of PKU HPA. Such intervention is based initially on the use of
PAL, wMhich hgapotheey ingantignalyanedifipd by man imide labarary s witerally gecuerstgr i cti ons.
Further PAL and/or dietary restrictions may further be

“Wild-type” (wt) is a term referring fo the natural genetic form of an

25  organism. A wild-type is distinguished from a mutant form {an organism with a genetic

mutation).

The terms “polypeptide” and “protein” refer to a polymer of amino acid
residues and are not limited to a minimum -length of the product. Thus, peptides,
oligopeptides, dimers, multimers, and the like, are included within the definition. Both full-

30 length proteins and fragments thereof are encompassed by the definition. The terms also
include postexpression modifications of the polypeptide, for example, glycosylation,

acetylation, phosphorylation and the like. Furthermore, for purposes of the present invention,

«30-



conbined with other therapeutic conpositions that are designed, for

exanpl e, to conbat other nmanifestations of PKU such as for exanple, |arge
neutral am no acids to prevent Phe 25accumul ation in the brain (see Koch,
et alL, I\/b{m Met abol . 79:110-113(2003)) or tyro .d’[‘{;u ntation.
The present 2sec ?73?1 provi des a di scussion of the corrp?m |%§P§B{]§a may be
used in the treafnments contenpl.ated rein, .PAL Conposi}ions .

2008/ 164 PPEPERTELIIE Kb BB wich inclides mdifggis dhoh S HPS SRR ent | on
cont enpihaettiptiahiResdhlhc@ns&0aPRTh hhiQf, 16 BifHalise Siguaickedtibyeasappunt s of
protein or, derivative products of the i r},ver_ltl on together wt

phar madBeEindaMMping theafopisesd astigity-  Ehgse modifigpfions maybe doliperate, asthipRgh

sol ubi |éité%'ix%ete@ﬂ%la%bﬁdsﬁ[&m@%éﬁé@i@%ﬁta@&%% 11586dH RlBtionsUfking WA ONS

i nclude diluents of various buffer content (e.g., S5Tris-HC, phosphate), pH
and 5i orth& psedusa etproteing pr driss dun e (Gsampliftcaent s and sol ubi | i zi ng agents
(e.g., Polysorbate 20, Polysorbate 80), anti-oxidants (e.g., ascorbic acid,
sodi um met abi sul #stusgd beseiasiey“analpgress of Edegivatifiine cgspdundpeszy pepideohol ) and

Phar it Ranqe 4B abftudovs s RS e, ERTEE0N shor Suflarip BB RBNA 2

Pa.) pagegpolaBs.glalRptidshiSchh anaogues er derivaies praydteedmpyisededf@ormeralyOAN

effective a of .. | ingredient is a therapeytically,

pr ophyloé:gﬁ%gg%liﬂo ag%&%ig’lg‘\ée%blgglﬁga 1% “éafyfogg ?I{I/ne %ﬁ#tlfml%ﬁ’f%’h can be readily
detl€r milnesbatyyniae, peitine, pldidilladine nevdheratine, by wieH sk ngufally ocaphisd daimat i on such
factors hqd ight age, and therapeutic goal. .The PEG PAL
co_npos@ﬁdiwgﬁb%- Brig o °f§dr%9§?ﬁ‘ieéﬁla§ﬁt}oéf’_§8m??§€¢ abenerB PRl agent to
mai Nt ai Meabdie Rhd REdEACaRDhb tfaithbilbBhirle GasiinRAS BRURen BXFIMhGEY agents

15i ncl ude sodi um acetate, sodi um phosphate, and sodiumcitrate. M xtures of
t hese HiPepGidEEsEyent s may al so be used. The ampunt of buffering agent
useful in the conposition depends I”argely on the _particular buffer used and
the pH of the solldittom. “eHestiveamepne meapet desaes sufficianirte pesdipes desirebuf f er at
PH 3 t el Phciftn beRiA0 BhiEIEeTaNa BRCAS Bfla bi i i han at pH
6. I'n one enbodi ment, %ﬁléspﬂH‘Sr ﬁgeé?gﬁéé?hga%:%b&E)gﬁolygrqg&%g?&lf%?p%r%sent

i nvent i Bie desirZloprlangy: Gontprise a subjective or offjeesive improyemeninis thefrecipientufdisent

i nventi i i.saotoni.cityvadi usti-ng agen 0 render the
B S LA T AT
chl or i deodict tierinendxdrieesfidia effoct andregleh. ohn Spptoftiad\Vicfstiws athoharigiany and when

Comt oTBBL IR SRS SO S ST S BB GBS v

phewy| ahanatea. t hat provi des benefit to a patient. The amount wll vary from
one individual to another and will depend upon a nunber of factors,

i ncl uding the oveTghimdptryefeesido peaitdidctiOBedinerktite tRadpetid wealigntagount of PAL
used fodh thera1£%‘rgi ves an acceptable rate of serum Lphenyl al ani ne decrease
and mai TRERPHE ehfal ue at a beneficial level (usually at |east about 30

30% and typically |In %é’ ange of 10%to 50% . A therapeutical I}; effective
anount of the pr&sdieP E?ﬁﬁ‘bstfqa%‘ﬁg indieayaeh adminisfersd it subjesbwh dogsne

ski | | eGyot BxHitiEsidkd of4Siideg hiGl j ABEE i res. WO
3008 125t lIeSB oSG OB ol Bl Pl or e Lol AUt RAAGEH ng

PEGS PALLisE of Penstaping nagwiogyr ddaeampgunds ancomingates oPtiie invEndonlosy bg giverasiency
1 JEE 4y . . el et s
be. aboProREREACRELAND odiEe GRTACIAAR FRLALAEEbRRologhbe ik IBRIELS, s

act ual |the seyexity wéthevpathplagyniédbradioffedom t he frequenci es di scl osed herein due

to Svariations in responses by different individuals to the PEG PAL
conj ugat es; the #eitharipebbettteatment is a treatment administered to a subject who exhibits

signs or symptoms of pathology for the purpose of diminishing or eliminating those signs or

30  symptoms, The signs or symptoms may be biochemical, cellular, histological, functional,
subjective or objeciive. The compounds or conjugates of the invention may be given as a

therapeutic treatment or for diagnosis.
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is intended to reflect such variations. The present invention
may thus be used to reduce serum L-phenyl al ani ne | evels. Mst comonly,
serum L- phenyl al anine | evels are increased due to hyperphenyl al ani nem a.

Anong th I, QNS treatable by the present inventi i
10hyper pﬁvgﬁ%’ﬂ%&tg%ﬁﬁem a associated w th phenyl ket onur ?Jahl ‘i“g}a 6rﬁ((z,\lat able are

conditions that r | ead,to i ncreased serum L-tyrosi | evel s such as found
in tyrosinenia. Irrﬁ}laéﬂeﬁt‘f;i Bﬁ";"nsr}g_ ﬂ’&é’ﬁ‘??ﬁ?c-eroé%’ﬁ?‘?oor}%(ﬂ?ﬁoﬁ?%%s, wher e

depl et iceadiBbn. SBIaghdstic Rdxeiak aif%imeia@;sucmcirzaﬁ&mlmmy.omﬂle alpRmtetar woul d be
beneficjal, may al so be treated with the PEG PAL conj ugates of the

i nvent idiggnostis, fﬂ“h‘?f%“‘éhﬁ?fd%’%@ﬁ a d‘ﬁE@‘Pﬂ?%‘@ﬁF Gﬁﬁﬁ@@%"e é\‘@ﬁeﬁ i thee cordance
Wi th t o RS @58l NS eQR i Bn ML 3 SEGHsRY | ni ection intraperitoneally,

subcut aneously, or intranuscularly. However, 1t would be clear to one
T

skikled in the a“'f’hérﬁ@&éu%ﬂ%mé@éﬁ?&? Gbrsdoh ¥ RbYsiEAUHatik 8¢ be effectively
utilized using the conpositions of th

e present I nvention. The mnethods
descri (pPbdrmprseelical wsdn pitaectarnimal, incidingrisesis _hé mempalsorA shargagpitictle

nmol ecul ' : ; i1k i |y
accept ggﬁ‘lgggégl:i %‘?ﬁ Sgpg}ég%%‘?(g?%%ﬁfyaeng&%&ﬁ%%% ??%?%@?% er g%é%% }?J(): and/ or
pr ophy lcagiprieesi angreadicentlly Suehtablechpice nA phameicadizal dompodisiosuch as wat er,

saline, qglycerol, polyvethylene.qglycol. hyal urqnic id t hanol

Sycl odEREPTRESS AsaMBOU IR SRRtk (bF pretvp fredechent(y. apf s herf rgpedients)
cydipodekdt make up ted @urricdUastvedll B 83 ptadu@niisich fsulpdirdchlg bl thdirestiiel ons are
al so known.tq those of skill in the art. 25Pharmaceutically acceptable

sal ts COMPHBLOR CAMPIEXEEN FSRFEEIIONGH anHIg Hangie 88 B ingTrUeEi B Ho8hd i ncl ude,

for exafabsiatidh d¥einelr AokLorIf 1 B 1613, GSFrdhy BIHRENOES HH38actiBNraREARHGRS |
phosphat es, sulfates, and the ['ike; and the salts of organic acids such as

acet at & ongpipprsdthsingiegiesisaseordisalyz ba pharmaserficelpemnorigonsefithor ough

di . . | _ o e i1 abl
i RemPEgran v BRh Ry R AR Al B B0 A chiuede B 1 201 €
Perlisy |theapricsent ivveidioBanl iaghbmpcGoivplingcceitglde parrier, Addi tional ly,

auxi liary substances, such as wetting or enul sifying agents, biol ogical
buf f eri ng subst afiBesmagutitaiytaaoipiablegadridrheféns kesnyndyhdsangagisent in such

Vit abyiisg st i KR B R 55 o Py kB d s 1

provi de&s bdpeotogobatioataf dextwisé,fantl bmuliesi rsach fhn dil/®ater & wdtkridil dreision,

physi ol ogi cal | y accept abl e range. anmpl es_qf  puffer solutions inglude
Sal | ne, MONBHTRRES B PeEPedegly %ﬁé’,’%ﬁ%% u?LP@Pgd’h%‘alFﬂicﬁ‘é%“LWf% ffered
sal2one fomdatiods atd deSeriveDRPRAMINE DnRPhbfAGckicANSIGsheBN dohafd. @daiini strati on,

t he pharmaceutical conpositions may be in the formof solid, sem-solid or
| i qui d FrBYstiRe ¢or Rastors 42P0)q Sharmgeericalpaimers dopppdyren Beinreded wefleel pills,
capsul @gmiR@WBh of thel a8k clentS YUSBRABMODS of GiRRA BratiH fﬁEﬁﬁ@Exﬁera# tj ons or the
like, and in sone enbodi nents, 'in unit dosage formsuitable Tor single
admi ni $rahen nsengfralde sy, sebostneis aigeamfeulag dnposhevsom éntrgpetitonent injemtionn

ef fecti PP 1o clg i Ny CRMRI ' it

phar mag\lelﬁo I cd%dgg{g@b{t’a eﬁlc“g%ﬂi er an ,dolﬂ?i a%@%ﬁe@ﬂ%ﬂ; B’P{r:l%tat%ee ot her
phaf macalttis e ahlt thgbernde fadpuiatachingg a chirtprent o cdnjddaer for pietrmaceutical use I n
gener al. qunds_.or._conjugates of this invention wil] be adm ni stered as
phar naclz%c&ﬁ) g ’onr]ani%ll Sﬁﬁ?@ %jlg"lnhg S“l‘fd Y HAFD A B A A tcf})?“%cfﬁgf‘%i ncl udi ng
buccal ammtbréau drgapitdmhines.ect al , nasal, topical, pul nobnary, vagi nal or
parenteral (including intranuscular, 15 intraarterial, intrathecal,

S 3 bcut aneous an g Biyn‘pl;lﬁrﬁmﬁsaliyeaiﬁ&pﬁiﬁ"lr@l“bmnﬁéolbglcﬂlyf&Féﬁtﬁﬁ&”ti§lB{e%xtf ]QF
adm ni stration dnhal.ati.on or insu ation. One exenplary manner o

adm ni §‘t1?a§?rfagﬁ"hi‘%‘ ¥ H?t?bé&%‘ by qrothrgise %éf‘\;}g;hl%me-,&garpye%%@er egi men,
whsh aedmiigeradjdia igdivaRaoithdte cdink ey de@isRen1®bioRfgidal 6dd aby For solid
conposi.tions, .conventjonal nontoxic sofi d carriers 1nclude, for_ 20exanple,
phar nadEteF Y 1“6@3&&“’8? mgaRes i) any ph the semporansy ofithe opmpesitionis whishitat e,
sodi umiss@amediaddl n, talc, cellul ose, glucose, sucrose, magnesi um carbonate,
and the |ike. Liquid pharmaceutically adm ni strabl e conpositions can, for
exanpl e, be prepared by dissolving, dispersing, etc., an active conpound or
conjugate as described herein and optional pharnmaceutical adjuvants in an
exci pient, such as, for exanple, wateB2-saline, aqueous

v
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25dextrose, glycerol, ethanol, and the like, to thereby forma solution or
suspension. |If desired, the pharnmaceutical conposition to be adm nistered
may al so contain mnor anounts of nontoxic auxiliary substances such as
wetting ol %&é!ﬁé%é’i ng agents, pH buffering agents, t%ﬁ%sfz%islﬂ&ﬁﬁge”ts’ and
the |ike, Tor exanple, sodiumacetate, sorbitan nonol aurate,

tri et hanol am ne sodi um acetate, triethanol am ne.ol eate, efc, Actual mnethods
of preparing 30sdBheHSS HYE deBEHORY @spseFreinrelfry o P%‘@‘“%f’g{?é“%’ﬁ"ﬁ? URE t hose

ski | | eduitabid Qi itdhldosddes f hamRh 8nd S8MaNRN|08! Qlch SnfhakiameRW | cal Sci ences,
referenced above. = WO 2008/ 153776PCT/ US2008/ 006661 For oral

adni ni $redgtermined aratisopireFIPeIRFhoRgiopjugae 96 gl rgpertdpeentine celeplatedin an t abl et
capsul d I s sol ution,
ctspenarsan RRidefto SRERF: ol TBlect Al AhRRadHERY

admdni steeptablrdifuentpearridialyivebisieadte spaoiishaansffor thonavel usié dodage fgasefal | y

i ncl ude, o . I | y, use rrier uch a lact Q a corn

st ar oh gL iR SRRt e 0 kb BB BRI E BN B TV a1
added. efiketto be aghiches umdaenspianaamtenadns edassédivaedeith echagaipbuixhyr be conbi ned
wth enul sif intﬂ ﬁnd suspendi ng agents. |f desired, flavoring, coloring
and/or‘@ﬂﬁﬁﬁéﬁ1 §99%%ents may be added as wel|. Other optional conponents
for incorporation into.an .oral  forpulation, herein include, but e not

(i tea oo pr esBry BRacd S anar i T RRESOBE ek B IGs BgEesH Roand ¢ he
|i K@.  the range of appfoainedé197al tof8qy iMbilusive, Afsre ERicall® iPARRAIRG afproRMagdl | onal
forms, either as |iquid solutions or suspensions, solid forns suitable for
sol ubi IZetf-®melsiveuspension in liquid prior to injection, or as emul sions.
In one enbodinment, sterile injectable suspensions are fornulated according
to techni ques knéwrssdhereia, the term ssuhiecs ANCaBPESeInAPIALs and neRralssimg)s. or
Lovet tigignpge Bf SaRRISHERES Ble AGRiRa 1 Wy Hhier Bf IRInGmLARlA JdLL.mul at i on
may al so be a sterile injectable solution of ‘a suspensi on I n a nontoxic
par ent duplahy nee-bepemptimaigs busbas cimpsudeos and othanangs abbmaskeyppadits farmhi cl es

and csol Y, alL.e RN 'S.2S0l ut:i.on, and i sotonic
sogisu maléﬁﬁq%%uég%s% u ’ihgﬁ.ese’ P%eg’o%g{sf %‘ﬁm @,ﬁoﬁeﬁﬁxé}mﬂ%gﬁch&ﬁ r?% b‘%a‘%‘i%?’ esters or
pol yol sindrcas;damvaotyi anivatlh inchriplgoydahin suchak vas trsico andbpspendgngndubdi a. | n
addi tiqn arenteral 20admni.stration _may..i nvolve,th se .of sl.gw rel ease
o sustiiEn BT UrE oIy ep e e Rl arrol B it B distoma i st The

mai nt aiteefldoes not denote a pafii@laPkts diAlendnj ugat es identified described above
can be administered to a patient at therapeutically effective doses to

treat or amelior pf wurioas enbydmentsahe figyRAsE of FAE vafhGi doscatid ih her apeuti c
efficacy. of such canj %?at es can be determ ned by stand2rd 25pharmaceuti cal

h
pr afeddFEEenes o taq 1atie f FAF-dEGer REGEALmet uird Aerrirapnd uness Rthesvise or  exanpl e,

by det ghdibdidd) thelrih® dDPQAIPEE” f956 1d @ BRlo drPyspR%QfudshR tﬂ@?&*%ﬁﬁﬂ}o and the
EDso (the dose therapeutically effective in 50% of the population). The

dose r dEomplstyiecin thordsylating raapiona paumilady, @b fisedtherdin, and anlesreothgywisei ¢ i ndex
and it iGB0ReaRIMCSSPERPALIRLET @ y | 494, Lyt 1 ng
| ar ge tlhera éu'gi c indices are er’f‘pf oyghia?%fﬁ%gglﬁgsg% ﬂrégﬁlgére%%?ndat a
obt ai nélp FAlbneridneinctbe pegnldtionreactiesays and ani mal studi es can be used in
fornmul ating a range of dosage for use in humans. |In sone enbodi nents, the
dogége lies within a range of circulating concentrations that include the
EDso with little or mninmal toxicity. The dosage can vary within this range
dependithg ufoRUC TSR EGDSEGS ROTEIN BR@INegRONG WO 2008/ 153776PCM520081006661 and
the route of admnistration utilized. The therapeutically effective dose
can be deterni neﬁmmwmodgweﬂmpwnﬁm’sngtsm eapoteérirgmsiang madnatrodel s. Dietary
oot e DelimizAsH b0 p RatY T Bl stk o e b {0 2) ARl R PV
Mol. Cell. Biol. 3(12):964-970 (2002); Marshall, ef al., Drug Discov. Today 8(5):212-221

30 (2003)). Systematic replacement of structural features can lead to improved protein

properties and/or a redesign of substrate specificity. Recruitment of function from one

member of a gene family into another homologous member can be accomplished by the
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5is contenplated that the dietary protein of the patients also may be
restricted or nodified. Those of skill in the art are aware of various
comercially available protein fornulas for use in the treatnment of PKU.

Such for ' de MAXI MAI D, PHENEX 1, PHENEX 2 ( ries,
Li ver pooIer?f% 11Sﬂl‘ﬁ%‘éiENALAC PHENYL- FREE (Maad Johnson) %%mﬁ%ﬁlﬁﬁ%kﬁ

10Those of skill in.the art use eferenc i n.formulas, which
are gemErodpeipnrof adindte Iﬁﬂﬁ‘beroﬁr’:@éﬂ?‘? %ﬁ‘ﬁs 6‘%§{1 fUfps ’B ag‘f' MAELE ot ten are
supp! eRALAMhiky mnﬁpﬁ%ﬂént& hagro@&efuﬁ@fdnmyegbheﬂaﬁnﬁﬁ@r@wdlpwm Such

am no acids include, for exanp Yr05| ne, and L-gl utam ne It has been

sugges t"é't!lﬂlltﬂr\%!l Igad tﬁﬂ%@é"-‘@ﬁ’é@ﬁ f%mn@s %iﬂl’é‘ﬁ@fﬂndtth@‘akﬁugﬁ aglicgiaSpat i ent s
with v a Se?LzF Usibafk gy lmm?@@gbbﬁ FE@{EFAM '\iQ)ld ﬂ)e@ 521822) . In

15cert S cal  manitestatio XI C fects of are caused by
Phes5 bl éél(l%?g) tHoyed ebdin Pogst MitbAodd St ESA %ﬁﬁiﬁolﬁaﬁdﬂw@ao%s\/mﬁ @s#ne and

trypto S%”@ SR [ f U pati ent
W th e%gs%stm(%tf Bsucs%ﬂearge 9?%) ?i%%am ng ngéﬁg& @% tﬁj%t%’ﬁ?tz& t%%eﬁlgnto t he
brai n ra9sh;oMeltss etut.aProcPie] Aeaddcs USRHE4$]5)i5t 67-5 12008 TpMatkederighat for the
met hod of t the dietary regimen may further be

suppl e WP‘éedﬂ%f@ﬁgggﬁéoir%ézﬁqsﬁns that conprise one or nore of these am no
acids (Koch, et al., Mdt. Cenet. Metabol. 79:110-113 (2003)).

Further, as it is known that L-camtine and taurine, which are normally

nd in hupan mlk and o r foodstuffs of animal origin, also should be
sufbli & ni3 st ERio %ﬁéip | |

rotein restr|ct|on. I n certa|n enbodi nent s,

t he L- carnltl ne l.ied as 20 [1 00 of, pr.ote suppl enent,

and the taurine ﬁ%// ‘Sﬁ“?’@ ST '15@19?@‘)1%1‘36’(“8?)@33 ﬁ%rrent in order
to hel ﬂe&ﬁﬁiﬂbﬁ/uﬁﬁ@#ﬂéﬁc@ﬁaﬂdﬁﬁyf am:wa, BfeifPislaynohRiiidmier) With@ph m | k and
foods of animal orig ition, those of skill in the art

are refRPBEr ¢apsistpg %D@HN:;?@HI@@PC?&@&@ éﬂ*ﬁﬂfﬂﬁibgdp@r%@éiqumﬁa‘mﬂé's ear ch
Counci loadyaLt 86N aiRef N 8AGAnd! AbASES afdd srialf Olidhifhal ldbShinG H0SimALING o the

30conponent s, such as essential vitamns and mnerals that should be
suppl i @deudemphas mpide bistidine ammoniedya stuguiedHAd y Spirwgdent: <2l aBiwchrmiglgy pr ovi ded

doSpi t ghi8 sk Ay RN 0] S0, Hin 1R AOATIE ST 2RE/ 00561

Referri ve regarding tota e a
desir alplrc&mdhsaﬁmm tirhende ofite Mitec tictonsy mmuiaf Iﬁkwtennmalﬂ'net%rstemﬁuéslardae abl e

to determ.n a et ar rotejn.restriction that. is,required and
t hus Ch GPER et i dERRRe BFaf b o PRt cHER R R Sris otk | ol s
of aboufsoidkreli4 THE 2dcp refiondietwidhatsiturdilU9-deRbnd S 3H D¢ diseidved46r O

D1 30ST B By ihreee P e Tkl Sade G P1ROTS A Pod PRI b

gr eat ep ATh@RaGO T v drheralithy @it wurdsiof RAbdGbbri@hmitBRI iR PNV h4ve BE& N Ssour ce

for that individual is likely to be froma powdered protein supplenment,
whi ch Rtprmisekysing %%tca@mla%déﬂ%@maﬁémpa durippthe epvstallizatiorspoces By

admi ni %ﬁx%é@)%t%of?l 32§P§ia§@ afnﬁ%rﬁﬂgﬁii %aeygaﬁg&%am&s@og% ;. 0ne which

produces 10 great er ease. | n asna onc I ons pat i ent or
aI t er n&wc\hewtryﬁﬁ@ﬁﬂ hb‘i‘@pbﬁtlﬁ@(l%i)cdﬂ‘mh@r@hhlsw forterstalizagon amti the dual

h
R T e P
a d| et an;heﬂ\bterminal reSions)| aad Ithye, m&mhtyao opdnabigoualycusigd dddidonpbelesironf age who
has no e_PKl 0S SI ng the nethods of the present
i nvent :38?1 Breﬁf'gémﬁ%wn&?ﬁg;}g%ﬂ%&@gé 8"fﬂ'ot ei n/day through a normal
protein intake rather than.a r ri,c f or, mul term ni ng et her the
met hods of the |ﬂécé?|ﬁec?ﬁlu§}br rffe‘ic%’ S\I%dweﬁ(“s a%ﬁr?? qlmy ¢ rf[lga?lhe pl asma
Phe COBiE N I3ABOIIS (I3 )ie thia Farsint ofﬁ&raﬁndtﬁ%kﬁﬁeilﬁﬁﬂ cataly2e GdSdihandddat t he
3@ he. concentati or{}% enmai, Iugw at | east 400 tiM Tests for
deter nPhY U8 EOHPE B éi’lu“?ﬂ‘?é‘{sa}nél wgthg gugonig-lseHRALL HlAdopad
enbodi expatiste af@MHRAlyaRL (AXIS), Fhmh@SS shd@Bindbucahttly 26 QsdHweie, 3% g7 achi eved.
Biochemistry 38(17):5355-5361 (1999)). In addition, the §-crystallin avian eye lens protein
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3. I DENTI FYI NG AND MONI TORI NG PATI ENT POPULATI ONS As di scussed herein
throughout, it will be necessary in various enbodi nents of the present
invention to deternmne whether a given patient is responsive to PAL
therapy, and to determ ne the phenylal anine concentratjons of the patient
bot h i ni t PAYP Y dentify the class of 25PKU pati ent H5eig" ¥ P¥4tled and
during an ongoi ng therapeutic reginmen to nonitor the efflcacy of t he

regi mehas Exiger @?ci/blyuwn%@mnaf@md&@ﬁ preraarsly (Behvesde: #8944 Loadi ng
Test 1999) ibid.) The 8H4 | oading test allows discrimnation between patients
t hat have ;l due to a deficit in BH4 or through a deficiency in PAT-I.

30The si npl est B‘I"ﬁ%{h?@ed PRnLiE r?a?)d %gg{;gaar@ s WP AR Forpe ﬁ\ﬁhﬁ X nex‘ 2t al, )l asma

adm ni stered and e effects m ni Stration on
Phe corident Barchans26850d 1601 h{2061); Sbhm@y@wéu&%bmﬁsﬂngZﬁﬁﬁ 5@’1@9930 14 was

b008) 238 FRRCROSS 3 aToRsE RSt GhrgndB o (Catbiesd'® ol miochemistry |

avai | abB3d 1403-hbdl 6@@131033 repataslsd ﬁieexcth sp*errésmdm thibeseastramaicngizanesthal

adm ni stration in a a [k bod

1 et oSty s b0ttt Ml Sidel b Rt e o i

whi ch d{ﬂLére?ésKﬁk if FREP excepedor B3 andf4 Bt Kvhich aa¢lfdphicsd eitRdaltddader W eser, et

at, Fur diatr. 138;441 5(1982)), although sone_ | aboratories do still

use up\@ireRIngresKiyeHesBERiivel GYte. ey J. Biol Chem. 277:3339553288%24 or t he

si ipl e i t evel s

o Pho oy, L AL Saroelt MRl BBl it icle poy B RARIARFa -

cust omdhyactive sitdradfastebitive amerzame dioovdertipnisrintetecdiie) vhicetes fher 2 days prior

to perf I k|t is avail able and distributed
%r {lgtk gﬁﬁxg omlﬁ'gnageﬁ\%ef a’%a? @;{g ; .

borat ori rland). 10 This kit recommends a
dosage of 20 ny g“ t of a
normal neal . Det ﬁ%ﬁ%ﬁ%gﬁﬁ%%ég%ﬁggﬁ#% {?tgons i S %%PAEIIh G}Dare
numer ousedmhimhtsisﬁmmlﬂeg promdim emgindekieg o iepeneahobiotlieeical ahdl bmdh;(sﬁlahw et al.

An yti cal Phen | ket Qnur Cinic | oche In. Bickett et
1 1) 5 mecherd P BAF, 4l B EiPYase Hird B recinite POy e A P ol AR Act d

I\/Et abolthssmuciirdprogided inféRntign Hpheifgatitiaggiond obfe (Sﬂ-'@&klr)e)are fﬁ& Biogal |y,

phenyl a%ﬁnqeq]and tr%gm ne concentrations are determ ned fromthe serum of

a pati B0V PROBSIERT # 1S OmPactty stagledgim pef ks WK MEd¥ssatfat i on of

f1 uor essRRd nestRad aRR sWORD MAROW SHiath BfhanSe é}%&gqnwbxt ﬂuﬂﬂn&@%ézi& dfn the
presence of |eucyl al anine (M Caman, et at, J. 59: 885- 890

( 1962) Yhe proteHeasHilk asje privide HormairTF for staetwhﬁqd it desssmeémrwﬁ:fons is

t hepCu . r r that has
begrq Sg?ﬁ%g%&%:@% %Eftg&g san%?ﬁece %%ﬁéaﬁéﬁgj Ielg fe&r%ltflfi lﬁ ual?i)??] rmdiscs are
[ ncubatSEdIﬂShard/mrpagteai?tua@asitivhsites Iﬁﬁ&ntpaﬂwssa‘egpdgmiuﬁhs)sammwﬁarshmu lis and

contain C | us,. su

heny! draReRRoo sl iblhe R R GRSt AR PR E pe

rever sdort dua“awﬁugpianommr ather2hbmkbddrivhtigrionidprbieer sebs&nye sHeglpfagenath ar ea of

bact eri a%Yf"g[% h that can be correlated to phenyl al ani ne concentration by

corrpari 'sim | ar assays perfornmed using discs containing known anounts
Ehe O her nethods of quantifying Phe concentration include

HPE mass spectronetry, thin Iayer chromat ography and the |ike. Such

met hodsg, can g used o 30 det rmne the %“pg)gﬁna Phe concentration of a

pati ent bef SPRE“F E?ﬁ% CRPINORTY e Phe concentration during the

t herapeutic reginen to determne the efficacy. thereof .
2008/ 153776PCT/ LS BOBBISEREEDn thice-dimensiongl érys éWﬁﬁfgﬁgdonﬁmﬁus%e pl asna

Phe Ie\teﬂnputexﬁzddhﬁet@@lslfsmeﬁecﬂhifeg%s OPihE pRITAH fR mERINE Mo tcaliot, efval s (e.g.,

daily, g g ot her da or, we t hroughout the tine course of
combined mutation an modzﬁca‘tmn or example the commercially available program

30 GETAREA calculates surface-exposure for amino acid residues based upon X-ray
crystallographic coordinates,
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the therapeutic reginmen. By nonitoring the plasma.Phe levels with such
regularity, the clinician wll be able to assess the efficacy of the
treatment and adjust the PAL and/or dietary 5Sprotein requirenments

accordi ng{,‘z}_{)_m{g&.{l\%}y@ NATI ON THERAPY Certain ﬁyq})g&gm‘%fggt he

i nvention Inv he conbi ned use of PAL and dietary protéin triction

to effect a thergpeutic outco in.patjents with various for of ,HPA. To
achi eve the appr%?#’ﬁ%’g‘eﬁoﬁﬁ’r"&ﬁ [ %P&glr%}’ﬁtﬂsﬂ%m‘@&%?‘ﬂﬂ?f uste_ﬁé‘% api es
cont enpha{iRe mePRIs & dbsigl HaanUbFthe QPB/ealtk ¥f e ThAinsd. SorkQarhfle, Subj ect the
PAL conposition and the dietary restriction in a conbi ned anount effective
to prodeeunesiellyaeilpkiesefivare pegranes foudessing 208 designiag Fiowtirphesedimgllasma Phe
concenthakodil AR Qled 80 PAL Yulihidi OUERNIAL & B SbHmBTBURL AR Phe/ protein

i ntake wi thout producing a concomtant 1 ncreasé in p

conéent32&(1)@h8R30 [1978); pares,e4 gl yvgta iBinchiny Bol dRG2ii 3t-843 (85 h&oRAx ak,onposi ti on
and th i ) i [apeuti o) Pt t .t he 1 i . This
may be Pilseh P B orar Qbus ARG o of PR Biech BB BRI R AT o ca

pr ot ei (26@)pul ati on that includes all of the dietary protein requirenments
and al so includes the PAL wthin said protein fornmulation. Alternatively,

t he di Sredcyurpibatad P4l Enpipketmnt or normal protein neal) is taken at about
the sane tinme as a pharnacol ogi cal formulation (tablet, injection or drink)
of PAL. PAL al so Theylubiat?@f efamelistile thréerdimensifiab benomrb ar sttict@sthesdef oodst uf f
su as. brownj es ancakes, cake,. suyitable for ingestion. In

ot ﬁgr 4Pt %?ﬁ‘?&’fﬁc\?@?mpiic“%@ﬂ‘%Fﬁtwﬁéftefig‘é@el?fémﬁ? a%&rqusweﬂﬁ@h@# rary protein
t her apyopliyhizafibe bP Pesifit 3eitRe shdLPTNcidH ASaldnitesthslecdi(rRARIALI 7BNL S Where
the protein_an conpositions are adm nistered separately, one would

d the PAL
gener alPPTEREUABIE i P0%- 345 G0 ) CapimisEaroRpPBTRCkas fes esechun e rekited bet vieen
the ti q@r@@ng]%‘g&g}lgﬁf’ do¥ftzne @H&hc&??ﬁoc% e l.,%éc{h@mggrgﬁﬁltﬁ)&%ﬁ?ﬁfot aln

advant ageousl ect on the pati‘ent. such i nst anc t“I's contenpl at ed
t hat or{&9%%ol inaprawemant of proteimstatpifitiesfMdkikauskion et ol Mat BouetBiph&(@T470er aft er)

f ,he @i . tein i . WD) g .9f p.onk vo about,, i
cors orasl e B £uf RISy W BeBe o I8 Ol sleB R "
t her apyl2@26 (300Bk Faikoend iahyRroteit Rer A1) 5er 1682008710 Fagtos EnaMiPAL | S

or conart e U B0y CeReR 1 dbr 0 Biet o BRee S PN b Cnat

PAL t heifaghgirats spevifyciiaHedusth, ksl , BRichNEE 5850401 €248010%3 (1 H2psRanapt and/ or

breast fegdi ng. 08/ 153 PCT/ US2008/ Q06661 . Further, in
nad ti G FO0 Lk W HETpA0887 elloat. anel o SvayBik 25M548n58 988r v

pr auei nviegyl 4, B@the&f&ﬁ?; %@3&%?@0@?806@9%%0&: dINPRAL K BRg Al (3D, BBDIe NI at e
conbination therapy with a third conposition that specifrcally targets one
or o Q1T WBITS elomBiolChamn 276G S3RRALA05 (20013, Atewtinn ohligandies. dof | ci ¢

i N tyrQ&dePRr gﬁﬁﬁ@@p&xﬁﬂ?@h(@fﬁihgﬁatﬂﬁ@r &, &S s g@ﬁse&m}?k'é@ﬁ@dﬁmﬁ ters

dopani ne_and_sergtoni n. Thus, e context o present’invention, it
i s contEMiD:dtaddy.diat , W Bietachngi. dt&l3y: 16961 &I9r(1 8RS eoytetdnallsCwnObth be furt her

nbi i vhs Il St j - .bi d 5-hyd t t oph
mour ot rohstl i3 3PS G And e b RRoe SO B ERR GRS (e ALl arunt s
of 2byr d&itindcadn EcihéISeli %)_(lZ)iLm-idief(aﬁpﬂgl);rﬂaﬂtat,&E EO/NOBi&Athnon llzlbebew}l? gener Ftt e
tyrosi i ke adminj strat .0 nt will still result
i % tyr g@%ﬁ%ﬁ’ﬁé“éﬁ%@?ﬁl%&ﬂﬁ? Fr'f‘)s' i%ghﬁkl%c)‘?gé{}gﬁé)g:tl ents. Therefore
ecerv) ng- PAL 1 oGRS R SREREPANE 70 RANE A GFEYe DS, YarGrmmAE AND
CHARACHRInZVAthiteids EkchRAkrutkdoh  dSletions, insertions, AIRkRBRaAS PR nRitathe 1 nvention

is a screeni.na assay for identifying bacteri ﬁ?ﬂl PAL that can prevent,
amel i of RSHtgHs, 535> 1ORR KneReingegsneans, lpeRsWAPRIng Nty uEeiSt act i ng a cel |

COBY ai ReMErift BNRinadad @Mﬁéﬁst&ﬂhaﬁfh@ﬂ%h@r’i@ﬂinﬂﬁaﬂﬂ Eife1hdifg BRGLET hBlunBf- and

determ ni_n% whet her the, bacteri al '-AL reduces such efevated |evels of
pheny| SFaYfdfantants, alope op incompiastivs aritentienally evelencd seitants)a Ihadditiarar oughput

assay. pl, winente BROsH MBS confRFRe S AL Hﬁ%gﬁ%@%&'ﬁ"ﬁ%ﬁ%ﬁg hfeitdln %B%gﬁc%csf are

sequenced _and screened for 'the presence 0gs usin
for site-specific pegylation and/or other chemical derivatizations. The PAL mutants for use
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a bioinformatics approach. In another enbodi ment, genes with honology to
encP are identified and BLAST analysis of the related protein sequence is
conducted to determ ne percent identity. Primary sequence alignnents of

such protgiyngespiserassessed for the presence 250f conseictadfoRBhddseS
essential for PAL activity. Position 83 (HAL fromP. putida) of all HAL

enzymes | s exanpl e,
| euci né ol%h\fn i ndtes nﬁlcrll@%ﬁ%en%s Wa#%ntlbiﬁggc@sw {lﬁw tﬁn%@ﬁlg&%nqh%ciﬁ on 83
will elaslmxlday;& RhetubaidesHii L, amimdmglvman;snﬁsgnmys bad chesdied dbsvbtizedothave

act ual |y de rate. PAL activity. For exanple, position 413 is a glutam ne
| n&&%&‘e‘?{? Wes and is followed at position 30 414 by a glutarnic

aC| d ) By .conparison, position 414 is a glutanmine (Q

foll o "e&fed%? ‘I"B ’ﬁéé’nﬁﬁi”ﬁiz @hartic acid (D) or an asparagine (N) in

nost PAL enzynes j.dentified so resentativ not at ed L enzynes
%h are deterrrPr‘lré‘ate%ﬁ"o{\’/@%?fg?éSé% f%@gﬁ%ef e i @PIF'Di nf or mat i ¢

rret hod phdre b@nﬂ@&t YaigeEtegionk 5F pxla@ueﬂm&ﬁom @isaaé YSuierdidldiredtéy érsutioacl ude HAL
enzynmes from Rho oiact er sphaergides, 2.4.1, (ZP 0%%04) f rom Rubr obact er
B

xy| anofPithass cHShBRFIG AT FRIREFHS} and %%@H@F@P gtiqn Bbscens subsp.

LaunmonGhithgbhbdls oNRr&R04 i brsi ﬁ% E(R5ugHIE! IDRASRERRRE 88 PO RRAREIRS] S
(AA051415) 5In a further enbodi ment, PAL catalytic activity of the protein

pr oduct dtwct@ij@thﬁ%me@g@tm&mé@ﬁds Fueh @s Sﬂensaaﬁﬁtqménutémem pedothert he genones
f t I o] | ar
vector h%ﬁ}eu puﬁd(?ﬁgsgggﬁL pro e#lﬁg()[g’?gr i er af' @O‘w rgns%ie :glh E. coli
as Hi sﬁbéggwemmaimnatmah héthokisdnsle h&szayexﬂtofcombﬂﬁladaﬁﬁagenuysneﬁ\sﬁ ays for
PAL acti vi & Y. 1 ude, but ar imted to abili onvert
T ophouydiih 4F8 b B ho P S Aehops wiie: o fRirenste NS EE e 1o
phcoum .8t ﬁle&ﬂﬁybf DNA @sﬂm{% S&DﬁP,tIe‘S(CHHOIF IT@HY&CFinﬁli;t,xstraﬁdreaﬁsa&ys to
characteri ze the ICS O e en O PROKARYOTI C PAL
Anot herE5€H E‘foheﬂont*- @mf%%mveéﬁe'} gseﬁwﬁms@l prteﬁ}sge&f&:fﬁae%&cﬂ YAASE ¢ PAL.
| n 1350narRabadhsen @bmb{n%ﬁBﬁEn@ﬁﬂbnng\BC@Eomp@%m&%@ﬁ@u%’?naﬁﬂn Pm@r m nal
oct ahi sti dyl -tagged fusion protein in a vector, for 'exanple, E. coi l

BL21( DEgthqsisy s@e( GRER psthed }s basedomp semicationst Brofrimensgingerisg eppreashvfath | PTG
(i sopr QR sreiatdletuly 19%%5%2%@%&%:& nlizPl %&E?%gg%ggﬂoggg? fué Wi t hout

reconbi nant PAL i's over-express In E col
an N-t éragfemanltiplegrosSensd protdin varéant Bbradehiron eawvhomblogruregenes (O'Maflleown from a

gl ycer Kk h Ne used to spike
into a%ébﬁwg*é gbzb?tngZZcF?tddO%% g%l?g%f aég]?ﬁg%f&%ngﬁcbsgz%%’ggsuppl enented and
pH20s constionk] spdeanllolvsbizsiaclqibibd OF pnig nelitaipng edrmatibleswitipa smecif2@Poteipm 02 f eed
keeps di.ss Ive X ater than % .The cells are gro at a
tenperg?@r u%?e Eﬁg%‘ﬁ‘ m%Fzg%fgsﬁ?‘f?&c%Waﬁégﬁﬁslﬁ?m?ﬁn o(exﬁalg‘?@ rs) and then
i n?u?:edcz\&emhgws Pelvrlt RIEC6, 46:2,2(1)2 emw,raateuaza Firéc Nﬁdnt@ﬁ}js&?o@%gl(ﬁ%?ﬁﬁ?%nd gr own
unt i eis < r.oxi e rs and an
00600 A9BTEAPFD DR SGos . CBIcRers S B6E Tt iAo T heske: & bekpBat and

ConPOs eda@® K98 H9@SH:1 $9%6- 13991 €2002) ORRLRANE ! I MRLR MO B GBS 8-Bloycerol
casanmi no acids, trace salts and phosphate buffering salts. The reconbi nant

PARI pr 6#¥HY- i s produced intra-cellularly and not secreted. The bacteria are
harvest ed by conti nuous centrifugation (Al fa-Laval, Carr, Ceba, or
equi val ent). 30 R lameRRmbenfieanmples ey Ry aserpf|direxterl evolution (with

2008/ 1%33;% gg&p%&%% Qgﬁcﬁgﬁ or screemr%g)}arg o@blin{stlFt?{g Aﬁ'&pc?v%ﬁ glg (ﬁ ipe present

invention features a uri acterra or a ogically
active fm?cagmﬁ blonhusaznitproperamﬂe@g r@&mctbmﬁmun@gcmcm mgpreasedstibilis), enbodi ment,

atran . OWN nd ru red r.econmbi nant
enzyms.%'f éx nous {?%&leanf S%SC T HS r P tﬁ%tﬁg?cé?s?/r %]?66‘??{ Q‘"ﬁgoré?"ﬁrd’@e ulk to
pr éOentfurfcuurk (Veys&of, etdie Dowd Drmmrg:mo@yw(m)garmamsc(zwo). fHog @kamyple] S conduct ed
using AzeRkul %eu\{aGnrts%ave been obtained using directed evolution and other “random”

p

mutagenesis methods on a number 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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chromat ographi ¢ resins. Subsequently, the purified protein is formul ated
into a buffer designed to provide stable activity over an extended period
of time. In another enbodinment, the nethod to purify the bacterial PAL

conpri sesgaladssysks of the bact eria containing recomanrbsekiles S&SI ng a
pressure honogeni zer (but potentially by other phy5|cal means 10such

s ng 3 Secutie ShetRaRE SR Chtnt & antnrtr Stbpor 7220 iﬁt?as

with O{me? Zﬁ&ig’c BI NS el monzmbz@fparfairﬂob&wytémase%oMel LigioNanM | 1 i stak or
Opticag filters &45 throughacharcoal filtration step (as with
M I 1i pdtigeqinp]. |1§14§ 6&@? acipsidasede feqpsiatinZhang; ¢fAl, Pract¥atkAed step (as

with ag f 0 ( a r but yl
A N A éﬁ%%*gfg%%%%‘%%*ﬁ R PR A QoM T om

Tosbh BrodBASICIEI P51 1-3)15da8Fafereay drorgsaent prateix Erarage et ol .ivan Biciechngl a
M Hi t by buff
exohandaChrt bt SHgREL Rk refiftate Lif S A Hideitinol AT PRGRUL, Y 0art Sor
PES 10Q1958ReCyvadiiorranB) 50, Tivo senls Riahire309(67 X6 7&:673 (19a8); Bypleppr eci at e t hat

f h bsti tuted,
o O (bl Sy A B e S B IR B g 5 L e o

scope @Etokffea@m:q&ﬂﬁan @mﬁn enul., NanBlotachnalds (@B 688 (81999 | i1 zi ng st eps may

d as des i ral ]y descrihed the
Do RSt AR ratasie e chinrasa P S LS5, o Seiss BB e
referepeg, t(ﬁlrid)ﬁinfﬁubm%MWKﬂJTpi@@Q%Sh@arﬁ?&@Mﬁﬁs Qkﬁld@f;i ef gd diem
illustrative purp(g;g%s)ﬂé)%y are not intended to limt the scope of the

pr esentBigs: FRPcHRS S%QWHEF%% & dhafetye Eng nbtie 1t9o3?érféﬂﬁ7é accur acy
Wi th regRgs IB&BaRHHQ?%’S é%ﬁ@h@& Sbe; 12%@33&5%@76 EWSE@EZ%@P wd%n%’ but some

experinental  error ‘an evi ati on should, of cours EXAMPLE
1 WO 2018tidae FaRCy/ASBpoRyn Bé@hys Res Commun. 289@)dﬁ7ﬁdzc§20ms{xxpertate

ungt i k N.
Duntat 1 oA c ROARR, VAU BRI Subite 1S AR AL U Separane Weby gene
( ZP_0026&/9 BipchemsBiPiiRs Rep Iohinmch, 2V @(M): PAG-34 (R080); arfd lactate dehydrogenase
CACTGT TATAACATCT SEQ ID NG 12) and 5'

S el gfﬁm?@%@&mmm (S0 1D NG 13). The
s e, P RS eSS A M B35 e B b «
t ag ged naishetiiggtues RSHES a&ueuﬁimem 3f0Asproraa lefﬁynid warigfk withiREreasedr chased
m ATCC (29413 é} Genomi ¢ DNA was extracted %%n) and t he PAL gene
303215%% - RELV I RS Ags o Sl PYIVERD RRAlYEF plevopicfer 1
S PN (SO %@ﬁm that arb SR VeD WA 1h41m éﬁﬁ%do” mer 2
TTTCCTCCATGATAGCTGECTI GGITAT CATCAATTAGIGG - 3') EQ 151D

NO 15 Pliviea! prkehepicah FoPFRigs Hatare oblatned (Qteﬁq@mahdnﬁrdesm Bein

ﬁ%ﬁﬁﬂzﬁ%&@%ﬁﬁmﬁ%ﬁ%ﬁ@fﬁ%ﬁ% \ERF NG 17

wer e ugad269(20ep)i e ravcrdsdo be esmid_wﬂh firgcaed Slobgion ttewbniqcﬁs m emwcrtak}y vver e

h .
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30 kanamycin, chloranphenicol, and 500 ng/L L-arabinose and grown at 37C.
At an OD600of 0.6, the culture was chilled on ice. After 5 mnutes the
culture was induced with 0.3 ni MIPTG and grown for 16 hours at 20C. Cells
wer e har weghed by-eentrifugation. WO 2008/ 153776PCT/ Ye2RR&HH6REAL
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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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buffer overnight at 4C with stirring using Tube-O D al yzers -
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WO 2008/ 153776PCT/ U52008/ 006661 det ect the PAL antigen on the beads. Beads
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determinants, preventing display to autoreactive T cells (Maverakis, er al., 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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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

3¢ 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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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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32(1):28-32 (2004)). The combination of rational mutagenesis and directed evolution has
also shown promise (Bornscheuer, ef al,, Curr. Opin. Chem. Biol. 5(2):137-143 (2001);
Dwyer, et al., Science 304(5679).1967-1971 (2004)).

Mutant forms of PAL that display less than optimal enzymatic activity can be
evolved for activity using the protein engineering method of directed molecular evolution,
wherein a random mutagenesis step is followed by a selection procedure for mutants that are
active, producing a new protein mutant pool of only those clones that have activity. For
example, if a specific mutant PAL (that we have designed to introduce a surface lysine
residue near an epitope-containing region of the structure) is inactive, performing directed
evolution on this mutant (mutating the inactive mutant and selecting for transformants with
activity) generates a new mutant pool containing this beneficial mutation (the surface lysine
site) plus a subset of additional random mutations located throughout the structure that
restore activity to each active clone. In addition, the directed evolution technique of
molecular breeding that can cross different species of the same protein or similar sequences
of different proteins (Crameri, ef al. Nature, 391:288-251 (1998); Minshuli, ef al., Curr. Opin.
Chem. Biol. 3(3):284-2%0 (1999)) can substitute the sequence of human histidine ammonia-
lyase to replace some of the most immunogenic regions of PAL with a human sequence that

won'’t be recognized by the immune system.

Mutant forms of PAL can be obtained by making hybrid protein variants based
on semi-rational approaches thereby allowing for a more directed level of protein design
relative to pure directed evolution-based methods, as well as providing for a more random
level of mutational manipulation for those regions of a 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
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
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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Computational analysis can also identify conserved core regions of structurally and
functionally important positions in a protein fold, based on secondary structural element
assignments (Mizuguchi, ef al,, Bioinformatics 16(12):1111-1119 (2000)). Mutant forms of
PAL can be obtained following the procedures of any of the art methods.

HAL as an Alternative Enzyme Substitute

The structure of encP from Streptomyces maritimus has been homology
modeled based on the structure of P. putida HAL. Although smaller than PAL, the structure
of S. maritimus is more similar to human PAL, making encP a possibly less immunogenic
form of an ammonia-lyase to use for PAL protein engineering., An alternative method for

obtaining non-immunogenic PAL variants involves mutation of 8. maritimus encP or other

l prokaryotic PAL to replace immunogenic sequences by human histidine ammonia-tyase

sequences (HAL, Suchi, et al., Biochim. Biophys. Acta 1216(2):293-295 (1993)), using
mutation followed by selection for encP or other prokaryotic mutants with PAL activity, to
obtain a “humanized” encP or other prokaryotic PAL protein that can be further pegylated

following the steps of mutation and selection for activity,
Specific Protein Varianis: Variants Having Reduced Protease Sensitivity

A number of strategies are currently used to reduce protein protease
susceptibility. In some embodiments, the modifications introduced to minimize proteolytic
sensitivity do not destroy the structure, function, or stability of the macromolecule. Effective
strategies include providing an enzyme with an active-site stabilizing species such as a
competitive inhibitor (Gilbert, er al., (1981) ibid ; U.S. Patent Nos. 6,548,644; 6,451,986;
6,433,158; 6,461,849), chemically modifying the amino groups in susceptible Lys and/or Arg
sites to block trypsin binding sites, mutating chymotrypsin-sensitive Tyr, Phe, and/or Trp
residues to smaller neutral amino acids to abolish cleavage susceptibility, ligate or couple
PAL to other protective macromolecules (such as Fe antibody domains or the botulinum
neurotoxin nontoxic components), and/or introducing Lys or Cys sites near protease
susceptible sites for subsequent chemical derivatization with PEG or other chemically

protective and stabilizing groups.

F. CHEMICALLY MODIFIED PAL VARIANTS

Macromolecule chemical modification can be performed in a non-specific

fashion (leading to mixtures of derivatized species) or in a site-specific fashion (based on
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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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10 Because the specific sites of PAL modification might significantly alter the intrinsic activity
of the conjugate, different types and amounts of PEG were explored. The chemistry used for
pegylation of PAL was the acylation of the primary amines of PAL using the NHS-ester of
methoxy-PEG (O-[(N-Succinimidyloxycarbonyl)-methyl]-O'-methylpolyethylene glycol).
Acylation with methoxy-PEG-NHS or methoxy-PEG-SPA results in an amide linkage that

15 eliminates the charge from the original primary amine.

The present methods provide for a substantially homogenous mixture of
polymer:protein conjugate. "Substantially homogenous" as used herein means that only
polymer:protein conjugate molecules are observed. The polymer:protein conjugate has
biological activity and the present “substantially homogenous" pegylated PAL preparations

20  provided herein are those which are homogenous enough to display the advantages of a
homogenous preparation, e.g., ease 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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therapeutic use of the end-product preparation, the polymer will be pharmaceutically

acceptable.

In some embodiments, a water-soluble polymer for use herein is polyethylene
glycol, abbreviated PEG. As used herein, polyethylene glycol is meant to encompass any of
5  the forms of PEG that have been used to derivatize other proteins, such as mono-{C1-C10)

alkoxy- or aryloxy-polyethylene glycol.

The proportion of polyethylene glycol molecules to protein molecules will
vary, as will their concentrations in the reaction mixture. In general, the optimum ratio (in
terms of efficiency of reaction in that there is no excess unreacted protein or polymer) will be

10 determined by the molecular weight of the polyethylene glycol selected and on the number of
available reactive groups (typically e amino groups) present. As relates to molecular weight,
in general, the higher the molecular weight of the polymer used, the fewer number of
polymer molecules which may be attached to the protein. Similarly, branching of the
polymer should be taken into account when optimizing these parameters. Generally, the

15 higher the molecular weight (or the more branches) the higher the polymer:protein ratio. The
present invention contemplates several different linear PEG polymer lengths including but
not limited to 5 kDa and 20 kDa, conjugates of two-armed branched PEG polymers,
including but not limited to 10 kDa and 40 kDa. In some embodiments, for the PEGylation
reactions contemplated herein, the average molecular weight is about 2 kDa to about 100 kDa

20 (the term "about” indicati;:lg +/-1 kDaj}. In other embodiments, the average molecular weight
is about 5 kDa to about 40 kDa. The ratio of water-soluble polymer to PAL will generally
range from I:1 for monoPEG, 2:1 for diPEG, efc.

Examples 6 through 8 describe the effects of pegylated and nonpegylated
forms of lysine mutant R91K PAL from Rhodosporidium toruloides, PAL produced by the
25  cyanobacterium Nostoc punctiforme (NpPAL), and PAL produced by the cyanobacterium
Anabaena variabilis (AvPAL) on phenylalanine levels in the ENU2 or BTBR™™ mouse over
a 12 day-period. This animal model is a homozygous mutant at the phenylalanine
hydroxylase gene (PAH) locus resulting in an animal with severe hyperphenylalanemia.
Thus, the high plasma phenylalanine (Phe) levels make this animal the appropriate model for
30 evaluating the ability of phenylalanine ammonia-lyase (PAL) to reduce plasma Phe. The
effects of pegylated and nonpegylated forms of lysine mutant R91K PAL and NpPAL on
phenylalanine levels in this PKU animal model were also evaluated over a 90-day period.

The results showed that pegylated forms of NpPAL and AvPAL resulted in greater reduction
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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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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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infants with serum concentrations of less than 200 uM. The various patient populations, and

their different therapeutic needs, are discussed in further detail in the present section.

Certain embodiments of the present invention are directed to treating classic
severe PKU by administering to the subject a protein-restricted diet in combination with a
5  composition comprising PAL or a biologically active variant, mutant, or fragment thereof,
wherein the combined administration of the protein-restricted diet and PAL is effective to
lower the phenylalanine concentration in the plasma of said subject as compared to said
concentration in the absence of said combined administration. In addition, the invention also
contemplates treating a pregnant female that has HPA by administering to the female a
10 protein-restricted diet in combination with PAL or a biologically active derivative thereof,
such that the combined administration of the protein-restricted diet and PAL is effective to
lower the phenylalanine concentration in the plasma of the pregnant woman as compared to
such a concentration in the absence of said combined administration, In specific
embodiments, therapy is contemplated for a patient who manifests Phe levels greater than
15 420 uM.

Other embodiments of the invention entail administering 2 PAL composition
to any individual that has HPA, characterized by a plasma 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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3 NOF 90 7 WD 2008/ 153776PCT/ US2008/ 006661 9 Decreasi ng Dose, s.i.d R91K
1: 3 NOF 90 7 10 Bacterial PAL, s.i.w. ' npPAL 1:3 NOF 13 6 b.i.w.: twce

per weekSylydae e per day s.i.w.: once per week a deegnd 4 on a
7 day scﬁ‘é’?&ﬁ"e&"f@gm| e, every Monday and Thursday) b ou%g%@ aénd 7 w |

be dosed on day and 8, d.starting pon.da 2. wll follow the sa 7 day
schedul e as gr ou#é“3 ?Sgﬁ’(ﬁc{g{f]}r ghe %OE}ggplfdgh%ﬁ%f“g%‘i}asg%%e%ﬁlaée (SRR e,
every Mpngay) detaibbelo®. ThegesishiRt Sevealed that patients with classical severe PKU

require a low phenylalanine diet (Lucke ef al.,, Pediatr, Neurol. 28:228-230 (2003)). Thus, it

is contemplated that the methods of the invention will entail determining that the patient is

6
1:

5  suffering from classical PKU by monitoring the plasma Phe concentration of the individual.
The patient is then treated by administering prokaryotic PAL compositions alone or a
combined regimen of a low protein diet and PAL such that there is produced at least a 25%

| decrease in the plasma Phe concentrations of the patient. In some embodiments, the method

will produce a 30% decrease in the plasma Phe concentration, In other embodiments, the

10 method will produce a 40%, 50%, 60%, 70%, 80%, 90% or greater decrease in the plasma
Phe concentration of the individual (for example, where a patient with severe classical PKU
has a Phe concentration of 4800 1M a 90% decrease in the Phe concentration will produce a
plasma Phe concentration of 480 uM, a concentration that is sufficiently low to require little
dietary restriction). Of course, it should be understood that the treatment methods of the

15 present invention (whether for treating severe classical PKU or any other HPA described
herein), should attempt to lower the plasma Phe concentrations of the patient to levels as
close to a range of about 120 uM to about 360 uM £ 15 uM as possible, or to an optimal
range of about 120 pM to about 240 uM.

In some embodiments, the plasma Phe concentrations of the classical PKU
20 patient being treated is reduced from any amount of unrestricted plasma Phe concentration
that is greater than 1000 pM to any plasma Phe level that is less than 600 uM. Of course,
even if the combined treatment with PAL and the protein-restricted diet produces a lesser
decrease in plasma Phe concentration, e.g., to a level of between 800 pM to about 1200 uM,
this will be viewed as a clinically useful outcome of the therapy because patients that have a
25  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, thereby resulting
in a marked improvement in the quality of life of the individual, as well as leading to greater

patient compliance with 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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st ud
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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Avar PALM&erriab PR O el BTER 6B SPVetsddOMaaa PAGATATCTTG 3" ) 5(SEQ I D NGO 19).
The resulting PCR product was treated with Taq and then ligated into pCR2. |
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(SEQ 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
30 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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AvPAL variants (i.e., cysteine nutants) were cloned as described in 5
EXAMPLE 10. The AvPAL cystei ne nmutant expression plasm ds were transforned
into bacteria and the AvVPAL cystei ne nutant pol ypeptides were expressed as
descri beq_ j.n E 1 and purified as described in EXAMREL
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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
10 invention will be particularly useful in pregnant women. It is contemplated that 2 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.

15 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
20 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 to 3 years in age suffer from
significant deleterious effects from the present therapies. The instant application
25  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
30 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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wer e not adversely af fected by serine substitution of the cysteine residues

at Y9osiheran bpeHereage. diurthen pyglssicascorrsr L3 oA he inigis! unspsiiqted plgsmagheshown i n
FI GURE : It . : i 15
%ﬁcenmﬁ?mﬂgbé dd s@/%&% %{ k@é;@%u%o&t&ﬁn@ meachfrg?e%‘éﬁ’ﬁ%ﬁgﬁ%&#us{ g@] . were

st abl e eas e S|ng cys
AvPAL_G5858, Isihouddesodevined thaediaféd. therapies may be omplinediwith distdry- t ype AvPAL

d the_daubl C565SCH03S, .after 6 d
37C. Aderat et(ﬁ%f??%ﬁh Eher PAPc Rt by otbund ceﬁ%e et BB gy e

resi dues |n A\ﬁpgtair)l ; 200f teIQVa a,teré1 Iutlon was
Goternined by BB B SRt SPARrRr s cyPTa: STt e AvPAL and

Av FbgL g;égb@émealmﬁf&nﬁ@e ényo@tstdﬁ’rAId@ﬁalﬁ]lcbrcle@Eﬁi‘E;ﬁ B&bmtvﬁl ,@edl, cﬁloﬁfefrl’ ophor esi s
or by e e purifjed Av prepar tlons

cepa atBIEY GuFs i Wotrigprisnaed SSwRaEm b dasS ARPESRRGEE G ons (- 12%

NuPACE Bi s- ) conditi % Tris )H_8. 3 The
separated A ﬁh\f zp%F %@WS%FQ’P&E’& éﬁ ﬁ‘éggé;l‘eg ’9* Therapy The
purified AvR , d ‘ VsV RG]

| oaded ont o2=FEKEHR . . j

Bi osci ence, Emhenﬂaizaerw Na- nhosnhate 300 /TIMNaCl, pH 6.9, and el uted

at a fl ow rlghwosinemia
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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of 0.5 nmL/mn, The separated AvPAL proteins were anal yzed on an Agil ent
series 1100 30spectroneter. WD 2008/ 153776PCT/ US2008/ 006661
Aggregates were present in the wild-type AVPAL preparation and in the

AvPAL_C5Q AL_C64S preparations, but not int 5S and
AvPAL CSG%%&@%glgéégepar ations, as judged by either gelr}%gﬁ]ég@rbg{}%%r esi s

(FI GURE 10A) or SEC-HPLC (FI GURE 10B). 5 Site- spggci fic, Pegyl atjon

The effect of sefh BECEEE PRRERD ByeRonCpatempiates RiaiAsewical CORASAIiops,

Si t e- SRBfpfikiag BABM VR bieOnidR8 pideh Lo RO RYbr ORI Fithd Vevdnfien Yadethut WRE AvPAL
and doubl e cystei ne nmutant AvPAL_C503SC565S as descrjbed i n EXAMPLE 6, and
t hen capardchyicelr agcspigbledilupriy yiahiizern, rieservativegy slebilizess, gaupsifigryues: K2,

155 ikl ndSigiert S P Iyt P g A By ety Pt e
or pegylrtdai, phespbatp), pHeind doniesteengdinadditiwd sioh 8 dyergeats . and belubiniagur ed
proteins e then dige I Lore I on me. W th trypsin at pH
b 2 oveRs e (PRl 2 phdyRe Ul oy BRI b Vs
r educ edndyybisul fed, pegsbrvaii tds (4 g.pThinderdsoMbBNzY! floshdl) dndibuliadg Rib&anckd (4.0] | owed by
. : 0 , :
e e b BB e el RO P
mheoy Bt e RopL e e b G O O A br ot o1 n: PEG
of 13 Af gidsel viamowy of petfveipgedisnt it BRIl eropy Bealledy| ation of any
of the dipbARaliQFERE 8ot Wvhidh LRELLRRAE RS 65 RtdeRln AEilkéhdne I N Whi ch
the percent pegylation of the double gystel.ne mut ant "C565SC503S was | ower
conpar &t hydaking inte persidavatian sughidartossias bedieweighthges awhthalanedicesking t he doubl e
cysteine mutant at increasing AvPAL protein: PEG ratios, in which no
dose-response r ellde PEfRshi b compossinge of the prasemtdnvenbeemiae alsoiincludede rel ativel y

e nott T ERa SEATER A w P AEOR Vbt BRREL KB, IMGRIET SR ne

r eslijdugsclade sodBint arete, 50 ummplicbbtedodsodiom dpgeaMittoreabf thete siffeeingpeci fi c

egyl atj f PAL . E 13 chani sm of regation of PAL, Protei ns
50 a9 Bl AL Pp yoie Dol BEREME Bl iR e hBRosdipg bk o ot
légc.t er ilaitly o@qm;] mﬁﬂgxﬁu%is@g ah®the pH of m&&hl%?g?ﬁﬂ@gd, b&’iﬁ@&/h 906661
ncentratipg.t urifjed Av reparations, and .incubatin e
concent*?%ffsﬁpcﬁ%&&?{%ahﬁm}gﬁ 5P 195° Aeslte MY by e ing salvapntia afBRegat i on
of pur iz pEG. AdBA cRPSIIRERS the BHS@hH foPihe cOBPEREGHs P RScAGhOSHSH iPY
separating the AVPAL proteins by SEC-HPLC. To determ ne whether disulfide
cr As- IHE%E'pﬁgs'was responsi bl e for the 5aggregation, 50 rnM dit hi ot heitol

(DTT) was added to the concentrated protein solution, followed by

i ncubation for 2 The&pwpesiticysef the present inventigymay fysthst Bickige ax jsetsissy- i n

bact er 1,368 Laddif folrbRir 82 sdRa6H {sBRtic dd RNl hpafi i nkpated using a
spin filter g(eal\% L 6or er.Bi oS_rrqx - 10K Ncllvk_/\L). rPr&lle%a%ﬁlseaf\{/%glrn g%ﬁnkgt about

15, 000 egampie 1asadawn ahlatidewithin agane@ppetintonfigedit: F30fralye 5415C.

As used herein, and when contemplating PEG:PAL conjugates, the term
25 "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 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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10 For cysteine nutants that tend to "aggregate (e.g., AvPAL_C503S and
AvPAL _C64S), proteins were concentrated to about 20 ng/nL and i ncubated for
2 hours at 37C. For cysteine nutants that are resistant to aggregation

(e.0., AV%LZ%&%%% and AvPAL_C565SC503S), proteins M@%Tﬁgg&g@éﬁr?g%lecei t80

about 40 ng/

i ncubated for 2 hours at 37C. 15As shown I n

reparations of rified AvPAL cysteine nut S PAL_C64S and AvPAL C503S
1I‘D ormed aggr egat e&gﬁﬁﬁ’ﬁ“ti“?mﬁ‘&h? r?‘C%‘n?t"ﬁ%?Ebﬁﬁg?@lﬁ%esiﬁgﬁﬂéﬂ}t Ythis
aggr eg%ér%ti%@?AEX%@H@ﬁh@ﬁemg% Mﬁ;a&yﬁ’éyenm L e WBHBSORGRNT rat ed prior

to incubation for 2 hours at 3

The aggregation coul d be bl ocked by

exposurteeaise, huh i geaamb wilk by dwupenstisngiger geloTi is ynslgrstapdithay therdpsinghe
O T Retey o0 L +
00 C0% 43 40 s 3 B S L b

preparati‘ons of puri

c S

Av PAL_ GB6BH0S5 O8@spiindeshyt difforemt indjyideglatethe PRSP Ah coljagatonthiedernp "about’ s at
37C, i rl?ln?e%%#‘ﬁaieﬁ%&sﬁéﬂevaﬁx% (gi ne residue at position 565 is involved in
\% Vi a

aggregati on o
Cross-1link Rel at

FSUTTi de cross-1i nki ng. Table 8: Disulfide

Agar tion of AvPAL tei.ne tants AwPAL. Protein
Treat ment Aggr egat 67 %gern q’iegtﬁonﬁ{\t}?yA@u&gf)%{é\é?SOIEE’EC%S%QW n’f%@%”’%?d 2 h
AVvPAL (S Nibst 3difaidnly, serdv PAphePlabbine2e8l8GELinbreaseAddlo C565SC5035 37C/ 2 h
- AVPA CSOE%y a ar}xcl:neer:%ig.aﬁnemgg t%Z gclmzditri]ons%'\éaptélﬂe g?%hse present invention include

yperp

10 hyperphenylalaninemia associated with phenylketonuria. Also treatable are conditions that

may lead to increased serum L-tyrosine levels such as found in tyrosinemia. In addition,

numerous cancer-related conditions, where depletion of serum L-phenylalanine and/or serum

L-tyrosine levels would be beneficial, may also be treated with the PEG:PAL conjugates of

the invention,

15

In one embodiment, PEG:PAL conjugates prepared in accordance with the

present invention are administered by injection intraperitoneally, subcutaneously, or

intramuscularty., However, it would be clear to one skilled in the art that other routes of

delivery could

also be effectively utilized using the compositions of the present invention,

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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Concentrate + 37Cl2 h -Ft- AvPAL C565S El Concentrate + 37C/2 h - AvPAL

C565S E2 Concentrate + 37C/ 2 h -

AvPAL C565SC5035 Concentrate + 37C/2 h -

AVPAL C5035 Conc. + DIT + 37C/2 h - WO 2008/ 153776PCT/ US2008/ 006661 AvPAL
C64S Conc... + + '37C/ 2 h - AVPAL C565S EI Conc. + DIT + h - AVPAL
05658 E2 %8&8%@376% + 37C/2 h - AVPAL C565SC503S cOnE"&iU%%“%’%ﬁé%%‘mz h -

16

15

20

25

30

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.

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
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,
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
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
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
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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To determ ne which cysteine residues exist as free sulfhydryls, a purified
AVPAL preparation was denatured in the presence of 8 Murea, alkyl ated by

i odoacet am de, digested with trypsin, and anal yzed by LG MS. Al of the
AvPAL cysteine resjdues were 5| abel ed by i odoacetam d Wale] ing that all
of the cy@?@?@gsﬁéi dues of bacterially expressed AvP%Efg%?goﬁﬁgéggﬁfree

sul f hydryl s. To,determ ne which cysteine residues are present on
the surface of t/her aEt pdrainisgtion. lr‘?,’e COMPAFPR @éfﬁ‘?ﬂﬁ lydakehe g’t"i"cﬂﬁ &qwas first

treat eda¥yet Baghhie! dhsbABdI RbHutle of NEMbe ad &t@@o&%}%bﬁécﬁﬂo&sﬁold%nﬁu%ﬂﬁﬁ of 8 M
urea, al kylated by iodoacetani de," di gest ed with trypsin, and 10 anal yzed by
LC/ MB. ortssrugy Jebleisand eapsylss gregomges the asal edpggsteiign Jomsywdieblesgnd al kyl at ed by
NEM a ' : ' g i.ald ) al kyl at ed
by NEM PR oY Gabh Rl b ALREBh or ere R ARRY cBAER KR 03 s 565
ar e Son latteseswmd amestagth, nattiricatizyapahts smudh ehwagnesiugi searstesirdaleo wpicpldsi ti on 318
Is partjalLky sur f ' AVRAL. 15T 't erm ne which
cyst ei n%cﬁg%g?\%ﬁ@@&@?gﬂ}ﬁé%ﬁvgﬁ F%ﬁﬁﬁggﬁtﬁt@ tgké/ngﬁlgil\g’rP © f’?l%ﬂnrelggg&cr oss- i nking,
67 pl ofmasifying sl sakpeadingtapems. off dpsiredf fladringlpipgink ahdidr swéetbninggefty PAL
preparatio s,denatured in.8M urea fqr_ 1.hour at 37C, and .t hen di gested
P e #4055 B DG ATEL SO HEF o e SHRAriios 9 AP ARG RTAAPIS. howr s)
at 25C. heléiR irdclidBShud afdi @@ Sl d By, PreRbNEHWE Qs RRRRAE abads, @iskanipl aggag by mass
spectronetry, in which peptides corresponding 20to the predicted disulfide
pai Y% wddhs ¥ent i fi ed and quantitated as total ion counts (TIC).

Table 9 shows that disulfide pairs were detected for 0503-0503, C503-0565,
C565- C318 and CséBraytssal formpdatiaps can breprerasediipeonyantignal ifermasneidenas biawd t o a

| esser gxieR iohd, 3B WataBle! L ol isPhafoRiih figtill ol
purified _A@P{&Aﬁla%ﬁlﬁe%glrg%?@gﬁ’?%ﬁl e 9 Ag%?ééaﬁgaeb%ws%dls?‘%ge. Iga:ﬁ?%lﬁ Bhgﬁl fide
Pai r ReguniegiofTergs toul)orssdn asianpdiment GerilChyectablk susBhs®@BO@en. d. C64- 0565

n.d. Cofan Rt a&ogdiné:{%qgélpré&%s khowrdnd=8 Bsiftd Guitable 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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WO 2008/ 153776PCT/ US2008/ 006661 C565- C318 13 C565- 0565 37 C318-C318 n.d.
#not detected Studi es were perforned to determ ne whet her

addi ti onal mechani sns besi des disul fide cross-linking m ght be involved in
AVPAL pr m?@ gation. Purified AvPAL preparationge. phgkhated with
ei ther O. @ weg”%?\(’eor 10 5 mvl EDTA, and then separ at ed W%&é HPLC as
described in EXANPLE 12. nre C e atlond

ylr opRBBLS TPHE G BT OHEI BRI T AL GHIERT R P v oSGt SREHE o ¢ he
pr esen%npgelmuy@}eeﬁgxg%um arfabiRek. | N FI GURE 12, exposure to 0.05%
Tween or 10 tri M EDTA had no effect on AvPAL protein aggregation. The

addi ti Qn@lerPPAlfeiat 10 mnutes in the 10 mM EDTA treated AVPAL is due to
absor bance "of EDTA at 210 10 To further investigate the role of

di sul fide cross- I Rdditih toRdANRM-AY AR hid REGSEMRI0h HPHIPKU patiechkPAL was
reduced by treatnent with DTl and then desalted EI’I or to separatl on by

SECS 1- pentempiated Sighthe qigtarpratein githe Rattents Hsumay pe mgEickd o modifigds i ni mi zed

by treatjgedts sm;r#atﬁmn areA0AreAG LB ORI BthnlefcihIRf é(%ﬁaﬁl@?%&é’ib Rtnduls ¥kt on for
18 15hours at C. In contrast, as shown in Fl

ates did not
o T o et ACPAL. Sush roulsy Srobin A KBYAIROHTENGE | PLENEAE kvl ot od) by

treat i t efare

desal Pﬁggss\éﬁh %Qfanc u%r}'f !V%Iﬁ&gbﬂrjkf g'(é%@%hg{: Eg{/g’ FP{%B gwe?% J(%% ox}\j efin(a

aggr egdbe ke, of bacterially expressed AvVPAL appears to 20 be due solely to
formation of inter-chain disulfide bonds, and not due to hydrophobic

ef fiécts or presemhese(ﬁf skiilMa Itfendrt may iserise reil“dnmoeg}pto&éméommﬁsdwhsh ate positions
565 and 503, a olved in.forpation OE i chai n_di sulfllgvglt[‘)onds in
AvPAL &F%?f&%ffi’% CEANBIE Y gg%?%%? 0“611“ 37&\93?\‘&&’\‘75}1?%%‘{’%““(' ei ne

Mut ant %}nxﬂ@ﬁ::&sftﬁhﬁar?&'&cheﬁt PO matients) Svck emieaciisipaads, &r ekiaﬁple Ist udi es was
to determ ne tge ef f ect f s r|ne substitution, of the cystejne si dues at
posi t i CHESEHPM ,l;dgigfggng:en N_ggﬁ%‘?%%tdf P’&%bﬁﬁeﬁlrﬁb\?lt‘i’/ﬂmﬁ Fani ne

(Phe) |k sKiUpiLRE mth\mxg@@b%dehééz RPEhikSER0Y D MaR8ING. 4,252 szz&mThe
pegyl ated forms of the AvPAL doubl e cysteine mutant AvPAL_ C565SC503S were

t edPed cprpinchnigalreargfestptionsythe toxioefeigd B8 URNezaysad &y Phe bkﬁﬂﬂag R Pere" " 2)
mce b t&é'&éﬁg%sﬂqﬁéﬁ&bpﬁﬂh'aﬁ'nﬁam&ﬁn%gto}ﬂﬁr £ e BERH $unki ShdfOMOZYy gOus

mut ant t th ocus resulti'ng 1n an severe HPA. The high
pl asma sPh@ehentmigdhe 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
20 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
25  mg/100 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
30 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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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 nmice (mal es and

f emal eS)g%[fgﬂf‘?l%é:%ged into 5 dose groups: 4 test gr oug,.%gﬁggﬂé@g&gg one

vehicl e . Each nouse was given 8 weekly 10 s of vehicle,
| ow dose pegyl at ed_.dqubl e cyst ei ne tant AvPAL (0.25 IU), md dose

pegyl at ed doubl e%fm?‘?éh CHIFLOAG BRI TESR $(9}‘§1(¥’Fﬂtﬁ)‘ﬁaﬁgé‘%tsﬁ%‘gyl ated doubl e
cyst ei nRsiablplhsnVPHRcohdenatidds, o ofRRONh MRt Wil Kb-db¥ee ddiehlnetife O 1) .

Pl asma was col | ected pre-dose and at 48 hours post-dose (up to day 57) and
anal yzedndugt offsiigtany pyeipis resydstion t 4s neieedesd tuspdigsighe digbektha aefieat ~ 48 hours

post-d t i f1ia9 i des i: ls. Mce
here sl iR, TSR Bl R o o1 T S SR PRGN SN O
(up 5t o reeejvedt)g protein/day. In theTwentrthatehadindiriddml is nge thathastserchys classe PKU,

vehicl e-treate use and one | ow d egyl at ed, do e cystei ne .put ant

v PAL- (B ) B B e ief o P et Y s B SRR On 1
Phe | evi)k all wethe alR&RY YRGeih Bowdt S thad hdhetinbisaike®to Ba&BmSa fowderddgebteian of 20

pegyl at ed doubl e cystei ne mutant AvPAL. At equival ent doses, there was no
di f f er sERlempnt, Whish may porer s plpsna Ris poereniienstts less tan @00 KM By | at ed

wi | d- t e AubAte PALRSEA abfids, ahbhRuBY el WRfh own i n

FI GURE 15,1 th{eh#ge was g’?éso r%(g’si gn%q%ugg?lt 833???’5’?‘32’?8“@ od’;f&ﬁv\g?ghts bet ween
m dé t resegterdleovcrds in disinddsea Rhe gpheentations odpatiepeorAltPmativaly, thethptaptusid doubl e
cyst ei ta P s .l kely th no sianificant differences in 25
body  werRrie endaiticn bk ifhatialS e e Bl G kel FREREE, ¢ used
i n the degzredybut that individual isHbe tandlerativitéteinafirin: b ackyndl dicerghdrmhdni@sea m ce were
anal yze tvvit an indirect ELISA assay. In this assay, mcrotiter plates
vere coATEY MR AVPAL, bl ocked, and then exposed to appropriately dil uted

sera from each us | eed. AvVPAL, jch was boun o the surface of

mcrotiter plat gg,lmﬁﬂg' ’ ?‘E@d@fﬂ? Qéébﬂé&m-ﬁ%ﬁ?ﬁas %tﬁagg ﬂL-"“%B’é’g?’ﬂeg’ @&rt‘? bodi es
30 1pr esf#it bd postibie uSIRE B BaRBIST thOatest MREMichabehe i GRtaliBRtd 431pUSE 1 gG
anti bodi es. detected the bgund anti-AvPAL anti baodi es. Serum sanples were

i ni ti alArgteday thauah seermahproteiiniake dether teariyastrisien farmult DteipBE nt,  whi ch
carne fymde QRIreGhdR S treIBlAlbS Qe@f@&iéerm-enah%e&%%@hwg%é pgpal | ower
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Pegyl at ed Av
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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(1976), as BH4 of greater purity has become available it has become possible to perform the
test using an oral administration of BH4 in amounts of about 2.5 mg/kg body weight.
Ultimately, a standardized approach was proposed by Niederwieser ef al. in which a 7.5
mg/kg single oral dose of BH4 is administered (Niederwieser, et al., Eur. J. Pediatr. 138:441
(1982)), although some laboratories do still use upwards of 20 mg BH4/kg body weight.

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).
This 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.
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)).

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
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
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

5 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.

10 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.

i5 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

20 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

25 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

30 414 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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this bioinformatic method 1o be most likely mislabeled as prokaryotic PAL enzymes include
HAL enzymes from Rhodobacter sphaeroides 2.4.1 (ZP 00005404), from Rubrobacter
xylanophilus DSM9941 (ZP 00188602), from Photorhhabdus luminescens subsp.
LaumondiiTTO! (NP 930421), from Thermoanagrobacter tengcongensis (AA051415).

5 In a further embodiment, PAL catalytic activity of the protein product of such
homologs is confirmed. In another embodiment, the genomes of PAL homologs are PCR
amplified and cloned into pHIS8 or a similar vector, The putative PAL proteins are
heterologously expressed in E. coli as His-tagged proteins, purified and assayed for PAL
activity. Assays for PAL acti;aity may inciude but are not limited to ability to convert

10 phenylalanine to cinnamate in vitro, inability to convert tyrosine to p-coumarate ir vitro,

assays to test for HAL activity and assays to characterize the kinetics of the enzymes.

J. PRODUCTION OF PROKARYOTIC PAL

Another aspect of the invention is a method of producing prokaryotic PAL. In
15  one embodiment, recombinant PAL is over-expressed as an N-terminal octahistidyl-tagged
fusion protein in a vector, for example, E. coli BL21(DE3)/pLysS (Inviirogen) with an
inducible promoter such as with IPTG (isopropyl-beta-D-thiogalactopyranoside). In another
embodiment, recombinant PAL is over-expressed in E. coli BL21{DE3)/pLysS cells without
an N-terminal tag. Seed culture for a bioreactor/fermenter is grown from a glycerol stock in
20 shake flasks. Such seed culture is then used to é.pike into a controlied bioreactor in fed-batch
mode. Glucose is supplemented and pH is controlled with base (NH4OH) aﬁd agitation is up
to 1200 rpm. O; feed keeps dissolved oxygen to greater than 20%. The cells are grown at a
ternperature of 30°C until reaching and ODygpp of 70-100 (~22-25 hrs) and then induced with
0.4 mM IPTG. The temperature is reduced to 22 to 26°C and grown until activity change is <
25 0.1 IU/ml (approximately 40-48 hrs and an ODgpy typically of 200). Cell culture media is
typically defined and composed of yeast extract protein, peptone-tryptone, glucose, glycerol,
casamino acids, trace salts and phosphate buffering salts. The recombinant PAL product is
produced intra-cellularly and not secreted. The bacteria are harvested by continuous

centrifugation (Alfa-Laval, Carr, Ceba, or equivalent).
30

K. PURIFICATION OF PROKARYOTIC PAL
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A further aspect of the present invention features a method to purify bacterial
PAL or a biologically active ;?ragment, mutant or analog thereof. According to a first
embodiment, a transformed cell mass is grown and ruptured leaving crude recombinant
enzyme. Exogenous materials are normally separated from the crude bulk to prevent fouling
of the columns, Chromatographic purification is conducted using one or several
chromatographic resins. Subsequently, the purified protein is formulated into a buffer
designed to provide stable activity over an extended period of time. In another embodiment,
the method to purify the bacterial PAL comprises: (a) lysis of the bacteria containing
recombinant PAL using a pressure homogenizer (but potentially by other physical means
such as glass bead lysis); (b) ﬁeat treatment; (¢) clarification of this lysate using a second
continuous centrifugation step and/or depth filtration {as with Cuono Zeta Plus or Maximizer,
Pall Filtron, or Millipore Millistak or Opticao filters); {d) passage through a charcoal
filtration step (as with Millipore Millistak 40AC); (e) passage through a final filtration step
(as with a Sartorious Sartopore 0.2 um filter); (f) passage over a butyl hydrophobic
interaction chromatography (as in Toyopear! Butyl 650M from Tosoh Biosciences); (g)
passage over a  ion exchange column (as in a Macroprep High Q from BioRad); and (h)
recovery of final product by buffer exchange with tangential flow filtration (as with a
Sartorious Hydrosart or PES 100 kDa membrane). Those skilled in the art readily appreciate
that one or more of the chromatography steps may be omitted or substituted, or that the order
of the chromatography steps may be changed within the scope of the present invention.

Finally, appropriate sterilizing steps may be performed as desired.

Having now generally described the invention, the same may be more readily
understood through the following reference to the following examples. The examples are
offered for illustrative purposes only, and are not intended to limit the scope of the present
invention in any way. Efforts have been made to ensure accuracy with respect to numbers
used (e.g., amounts, temperatures, efc.), but some experimental error and deviation should, of

course, be allowed for.

EXAMPLE 1
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Cloning of Nostoc punctiforme and Anabaena variabilis PAL
DNA Manipulations

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
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BL21 (DEB)pL'ysS cells (Stratagene) were transformed with AvPAL and
cultured identically to NpPAL without the arabinose induction.

EXAMPLE 2
5 Purification of NpPAL and AvPAL

The cultures were centrifuged in a bench-top centrifuge at 5,000 ¢ for 20
minutes and the supernatant discarded. The cell pellets were typically frozen at ~70°C prior
to further processing. Upon thawing, the cell peliets were suspended to approximately 80
optical density units (600 nm) in TBS (25 mM Tris, 150 mM NaCl, pH 7.8). The cells were
10 lysed by two passes through an APV pressure homogenizer at 12-14,000 psi. The crude
lysate was then heat-treated at 55°C for 2 hours. The lysate is centrifuged at 10,000 g for 30

minutes and the supernatant retained and filtered with a 0.2 pm vacuum filter (Corning).

The PAL was purified from the clarified lysate by passage sequentially over a
butyl 650M column (Tosoh BioSciences) and 2 MacroPrep High Q column (BioRad). The
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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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.

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
using standard reaction conditions, as previously described. Following ir 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
and 0.83 mg mLom™ 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
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

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
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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EXAMPLE 4

Test of In vifro Half-Life and Immunogenicity

After biochemical characterization, the most promising PEG-PAL candidates
10 are screened for immunoreactivity against antibodies raised by PKU mice injected with
native PAL (non-pegylated) using three different and complementary 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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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
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:

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
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
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
was filtered through a 0.2 pm 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:

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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hard in hand to ensure all large chunks were suspended. The protein was added to the well-

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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TU/mL; (2) NpPAL and its pegylated form (1:3 PAL:PEG NOF) at doses ranging from 0.6
IU/mL to 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. foruloides PAL. R91K is located in the helix spanning Asp86 to LeulQ1, near

5 the surface of the protein. All solutions had less than 1.0 EU/mL endotoxin and were stored
at —75-80°C. The ENU2 or BTBR™™? mouse is homozygous mutant at the phenylalanine
hydroxylase gene (PAH) locus resulting in an animal with severe hyperphenylalanemia, The
high plasma phenylalanine (Phe) levels make this animal the appropriate model for

evaluating the ability of phenylalanine ammonia-lyase (PAL) to reduce plasma Phe.
10 Experimental Design

Table 3: Group Designations and Dose Levels

Group | N | Administered Dose Level Test Article Activity | Dose Volume
# (IU/mouse) (IU/mL) (mL)
1 2 RIIK 1.0 3.0 0.33
2 2 ROIK 1.0 3.0 0.33

1:3 PAL:PEG
NOF
3 5 npPAL 0.2 0.6 0.33
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
7 5 npPAL 0.2 0.46 0.43
1.3 PAL:PEG
NOF
8 5 npPAL 6.4 0.92 0.43
1:3 PAL:PEG
NOF
9 5 npPAL 0.6 1.38 0.43
1:3 PAL:PEG
NOF
10 5 npPAL 1.0 2.30 0.43
1:3 PAL:PEG
NOF
i1 2 Vehicle 0.0 0.0 0.43

The solutions were administered via subcutaneous bolus between the shoulder
blades on day 1, in the right abdomen on day 4, and in the left abdomen on day §. The
15 solutions were administered using a 25-gauge needle and 1 or 3cc syringe into the
subcutaneous space. Each animal received 0.2, 0.4, 0.6 or 1.0 IU of test article in the dose

volumes described in the table above. The animals were lightly anesthetized by inhalation of
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halothane (1-3% mg/kg) and also restrained by hand. 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
particular, the injection site was observed for signs of redness or edema. Body Weights were
5  measured and recorded on Days -3, 8 and 12 and used as a clinical parameter but not used to
determine dose volume. Blood collections (P-plasma, S-serum) were performed on Day -3
(P,S), Day 2 (P), Day 4 Pre-dose (P), Day 5 (P), Day 8 Pre-dose (P,S), Day 9 (P,S), Day 12
(P), and Day 23 (S). Approximately 50-100 pL of whole blood was collected at each time
point (for 25-50 pL of plasma or serum). Blood was collected from the tail vein, Plasma or
10 serum was collected as indicated in the schedule above. The tail vein was punctured and the
blood droplets were collected using RAM Scientific Green-Top Capillary Blood Collection
Tubes (#07 7250). For serum collection, blood droplets were collected into a tube with no
additives. Plasma/serum were harvested and transferred into a storage tube to be stored at
either ~20°C (plasma)} or ~80°C (serum),

15  Resulfs

The results for NpPAL short-term dosing studies demonstrate the efficacy of
the PEGylated enzymes in lowering excessive phenylalanine ievels. Notably, unPEGylated
NpPAL did not lower phenylalanine levels after any injection, even before there could be any
immunogenic response. Therefore, PEGylation is an absolute requirement for NpPALtobe a

20  potential treatment for PKU (FIGURE 5).

EXAMPLE 8
Effect of Anabaena variabilis PAL (AvPAL) and its PEGylated Form in PKU Affected
Mice

25 The abjective of this study was to determine plasma phenylalanine (Phe)
levels following subcutaneous administrations of AVPAL or pegylated AvPAL.

The effects of (1} a lysine mutant R$1K PAL from Rhodosporidium toruloides
in its pegylated form (1:3 PAL::PEG) (PEG from Nippon Qil and Fat, NOF) at a dose of 3.0
IU/mL; (2) AvPAL and its pegylated form (1:3 PAL:PEG NOF) at doses of 0.6 TU/mL and
30 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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anesthetized by inhalation of halothane (1-3% mg/kg) and also restrained by hand. Dose

administration was performed at approximately the same time on each dose administration
15 day.

Animals were observed daily for morbidity, mortality and general health. In
particular, the injection site was observed for signs of redness or edema. Body Weights were
measured and recorded on Days -3, 8 and 12 and used as a clinical parameter but not used to
determine dose volume. Blood collections (P-plasma, S-serum) were performed on Day -3

20 (P,S), Day 2 (P), Day 4 Pre-dose (P), Day 5 (P), Day 8 Pre-dose (P,S), Day 9 (P,S), Day 12
(P}, and Day 22 (S). Approximately 50-100 ul. of whole blood was collected at each time
point (for 25-50 uL of plasma or serum). Blood was collected from the tail vein. Plasma or
serum was collected as indicated in the schedule above. The tail vein was punctured and the
blood droplets were collected using RAM Scientific Green-Top Capillary Blood Collection

25  Tubes (#07 7250). For serum collection, blood droplets were collected into a tube with no
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additives. Plasma/serum were harvested and transferred into a storage tube to be stored at

either —20°C (plasma) or —80°C (serum).

Resulis

The results for AvPAL short-term dosing studies demonstrate the efficacy of

the PEGylated enzymes in lowering excessive phenylalanine levels. Notably, unPEGylated

AvVPAL did not lower phenylalanine levels after any injection, even before there could be any

immunogenic response. Therefore, PEGylation was shown to be an absolute requirement for
AvPAL 1o be a potential treatment for PKU (FIGURE 6).

EXAMPLE 9
Chronic (90 day) Tolerance Study of UnPEGylated and PEGylated R91K PAL and
PEGylated NpPAL in PKU Affected Mice

The objective of this study was to evaluate the pharmacodynamic parameters

and immunogenicity effects of chronic (30 day) dosing with pegylated and unpegylated
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)

homozygous ENU?2 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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9 Decreasing Dose, s.i.d RO1K 1:3 NOF 90
10 Bacterial PAL, s.iw.® | npPAL 1:3 NOF 13

b.i.w.: twice per week  s.i.d.: once per days:i.w.: once per week

* Dose day 1 and 4 on a 7 day schedule (example, every Monday and Thursday)

® Groups 3 and 7 will be dosed on day 1 and 8, and starting on day 22 will follow the
same 7 day schedule as groups 2 and 6.

® Dose day 1 on a 7 day schedule (example, every Monday)

Table 6: Dose Levels
Dose Days
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.
Groups 2 and 6 (b.1.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
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
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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each time point (for 25 uL of plasma and 25 uL of serum). Blood was collected via tail vein
puncture from conscious animals. The blood droplets for plasma were collected using RAM
Scientific Green-Top Capillary Blood Collection Tubes (#07 7250). For serum collection,
blood was collected into a tube with no additives. Blood samples were stored on wet ice for
no more than 2 hours before separation by centrifugation into plasma/serum and stored at —-70
1o -80°C until assessment in assays. Blood was collected for plasma and serum for the
determination of both phenylalanine and antibody titers on the following days: -3 (pre-study
start), 9, 17, 24, 31, 38, 45, 52, 59, 66, 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
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

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)

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

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,
AvPAL_55658C5038 (SEQ ID NO:11), was also generated. FIGURE 8 shows the amino
acid sequences of these AvPAL cysteine mutants,

Cloning
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filtration method  Yi%pkitehs33dOd and an internal Nhel site was removed by SOE-
PCR. The upstream AvPAL fragment was amplified from 1p40 with forward primer N-Nhe-
AVPAL (5'-CACTGTGCTAGCATGAAGACACTATCTCAAGCACAAAG-3) (SEQID
10 NQ:20) and reverse primer Nhe-AvPALrev (5°-
GGAAATTTCCTCCATGATAGCTGGCTTGGTTATCAACATCAATTAGTGG-3") (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-37) (SEQ ID N(O: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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EXAMPLE 11
In vitro Enzyme Activity of AvPAL Variants (Cysteine Mutants)
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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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The purpose of this study was to determine the effect of serine substitution of
the various cysteine residues in the AvPAL polypeptide on: (1) accelerated stability; (2)

aggregate formation; and (3) site-specific pegylation.
Accelerated Stability

The effect of serine substitution of cysteine residues in AvPAL on in vifro
stability was determined by storing the purified AvPAL cysteine mutants, either pegylated or
un-pegylated, for various time periods at 37°C, and then measuring the in vitro PAL spéciﬁc
activity of these proteins as described in EXAMPLE 3.

Wild-type AvPAL and AvPAL cysteine mutants, either upegylated or
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
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
of protein aggregates in solution was determined by separating the purified, unpegylated
wild-type AvPAL and AvPAL cysteine mutants by either denaturing and native gel
electrophoresis or by SEC-HPLC.

The purified AvPAL preparations were separated by gel electrophoresis under
either denaturing conditions (4-12% NuPAGE Bis-Tris) or native conditions (8% Tris-Gly,
pH 8.3). The separated AvPAL proteins were stained with Coomassie Blue,

The purified AvPAL preparations were separated by SEC-HPLC., AvPAL
proteins were loaded onto a TSK gel column (G3000SWxI, 7.8mm x 30 cm, 5 um (Tosoh
Bioscience, LLC)) in 20 mM Na-phosphate, 300 mM NaCl, pH 6.9, and eluted at a flow rate
of 0.5 mL/min. The separated AvPAL proteins were analyzed on an Agilent series 1100

spectrometer.
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15 followed by quenching with 3 pL 15% TFA. Digested proteins were separated ona 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

20 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.

25  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

30 Studies were performed to investigate the mechanism of aggregation of
bacterially expressed AvPAL proteins.
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Goup # N Test Article Dosing period (week) Dose (ng/kg) Nom nal Test
Article Activity (RJ/nm.) Dose Volunme (nL/kg) Total Nunber of Doses and Dose
Frequency 4 rAvPAL-PEG Weks 1 - 8 80 12 10 14 once weekly adm nistration

(day I of o8 fushEsH PCT/US2008/006661

Concentrating the purified AvPAL preparations, and incubating the
concentrated protein solutions for 2 hours at 37°C, accelerated aggregation of purified
AvVPAL proteins in solution. Aggregation was detected by separating the AVPAL proteins by
SEC-HPLC. To determine whether disulfide cross-linking was respensible for the

5  aggregation, 50 mM dithiotheitol (DTT) was added to the concentrated protein solution,

followed by incubation for 2 hours at 37°C.

AVPAL proteins expressed in bacteria were purified as described in
EXAMPLE 2, and concentrated using & 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 -

.88.




Weeks 9 - 14 20 3 2 4 r AvPAL-PEG RP1 Weks | - 8 80 12 Welcs 9 -

20 3

10

15

20

3 4 rAvPAL- PEG Weks 1 -8 80 12

WO 2008/153776 PCT/US2008/006661
AVPAL C648 Conc. + DTT +37°C/2h -
AvPAL C35658 El Conc. + DTT +37°C/2 h _ -
AvPAL C5658 E2 Conc. + DTT +37°C2 h -
AVPAL C5658C5038 Conc. +DTT +37°C/2h _ -

To determine which cysteine residues exist as free sulfhydryls, a purified
AvPAL preparation was denatured in the presence of 8 M urea, alkylated by iodoacetamide,
digested with trypsin, and analyzed by LC/MS. All of the AvPAL cysteine residues were
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
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.

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

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

.89.
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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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The pegylated forms of the AvPAL double cysteine mutant
AVPAL_C565SC503S were tested for in vivo activity in homozygous ENU2 (also known as
BTBR®"?) mice basically as described in EXAMPLE 8. The ENU2 mouse is homozygous
mutant at the PAH locus resulting in an animal with severe HPA. The high plasma Phe levels

5 make this animal the appropriate model for evaluating the ability of PAL to reduce plasma
Phe.

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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150 1350 450 450 1350 r AvPAL-PEG-RP1 2-1 <50 <50 50 150 50 2-2 150 50 <50
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the samples, deemed "Positive," were further diluted in 1:3 series titering to a dilution in
which the signal dropped to below the cutpoint. The highest dilution factor that gave a
positive signal ( i.¢., higher than the cutpoint) was reported as the titer of that sample. During
this titer series, a 3- fold change of titer may not reflect a significant difference of the

5  antibody detected because the difference could be the result of a minimal change of signal at

the cutpoint level.

As shown in Table 10, 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 (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

C-92.



<50 <50 <50 <50 <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

WO 2008/153776 PCTAIS2008/006661
Pegylated AYPAL Protein | Sample | Pre | D36 | D43 | D56 | D57
WT AvPAL (4.0 TU) S515 <50 450 1350 1350 150
‘ 5516 | <50 150 450 450 150
$517 <50 4050 40359 4050 4350
S518 <50 50 50 50 <50

*No sample/data not available

The reduced anti-AvPAL IgG titers in mice administered 4.0 IU of pegylated
double cysteine mutant AvPAL as compared to 4.0 IU pegylated wild-type AvPAL were
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

-93.



<50 50 450 150 450 5 In summary, re-pegylating the AvPAL-.PEG
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Criteria
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

15 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

20 variants could be subjected to re-pegylation to increase the amount of pegylation, i.e.,

.94.
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a negative pregnancy test (urine p-hCG 25 just prior to eac 05| ng and

must be advi se c accen ted ne 0 trace

Chr ougTBUFTERE R FOCATISRET ANE AR TR Ted Pr ORRiEdt e BTEBYRR ¢ he
pat i entfoinss qira@Ad ariants retsih@hkyigitichiagvityemeiveshdave BvESt freaidi ktydr ug

wi thin 30 days prior tao studé enrollrrent or has a nedi cal condition,
seri oud? VP SPREHD BHcsd | eHFt her ext enuating circunstance that may
signifi cant |y decre s?/ study conpliance. 30 Dietary Intervention

Fol | owi ﬁ@’?ﬂ%” /el VeseS i zati on and two-week treatment period, all
study participants wll undergo dietary counsel i g—%and will follow a
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5600 p.M The primary objective is to evaluate the safety and tolerability
of multiple adm nistration of the pegyl ated AvPAL _C565SC503S, and the
secondary objectives are to evaluate the pegylated enzyne's effects on

bl ood Ph tions, inmune response, e.g., anti- i hody
titers, an O%@%%?@state PK. In part 2, the subjects gr%\eipa ???ﬁ?dg@ered

pegyl at ed AvPAL_ C565SC5038 for 40 weeks, with individualized optimzed dose
and 10frequency of adm nistration. Phase 3 Once the Phase 1 and

2 studies are co ete, itional studies may potentially include a Phase
3 six- ﬁe@”gﬁ%%ﬁ’ﬁﬁﬁ%ﬁ‘%&}ﬂ%”f’ﬁéa greater nunber of subjects, wth
addi tional studiegs i | opul ati.ons... such as or, exanpl e and not for
linitation, 15 ngﬁPﬁiU&ﬁmgn%gﬁﬁgﬁéﬁlgefeﬁ%iéﬁé BHOE WaBIer_ r esponsi ve

PKU patpegylhied Baicanons BescdibéEiamisMpe ERHdinpalatioid SoncentiRti6hAdPegliatbd Anabaena
variabil s phenyl al ani ne ammopni a-1 yase (AvPAL) variant, wherern one or nore

cysPei azyres ppe, Bidfesear ampws mdSHiereat gHen] lednrsesidnatdn g Ayitleriremeesi dues
at  posizhil BRgecalds oASONBRIGRASMBERDHIWRSIANIS A fVatél B85 (WO FS, esi due, and

. t . hal
wherein sald AvVPAL variant has a greater pheny{?\;ﬁ ani ne-converting activity

and/ or a reducedyj oy ; ATENE PAL (SEQ ID
NG 4). 9.The AvPEE%??%ﬁ%%twlrg%%%%@%% ﬁlat% g%%sgt %ﬁg@rﬂesi due at

posi t i diWwiBd3 (GESHVHAS (WP dle®kCs ihnt was cansentigtadto grentaritham 20g8g/thlidn( SEQ |1 D
NG O) bR t o clai ) _ ! .
posi 11 JL0ERE PoksiARhOthat o s MtpCIRREIS I FelBIR it RBLEN %, |

NO1010)re-pdgyidfioa réacHAl, and ré-awsperafed ¢ aminithal wiienebfiwhiee ywPRdi-PEGY esi dues at
positions, 503.and. 565 have been substityted.with serjne ' (SEQ I D
R 1) eI R RO RSy 7 SO St o ok s e Aok R |
pegy| atsehitiofto rEksh tAy RAMl cvasdntifiorOthdichtad i TableMIer Hiete 2 Ha@O¥botibhon i s
achi eved bé r“zagcti E}% %{1 AYPAL variant with NHS-activated pol yet hyl ene

gl ycol Ve lgwedity pgce ’%5%894%% ©RE P, apd thea apenchedbiadibitige tEePAL

var i antfpld avit'ys AVPASHCY BHI N TheARSIe8iA tloRen Y8 int@ol ESiviliGy 8b oPOSI tion
503 of AvPAL has been substituted wth a serine residue (SEQ ID NO9). An

AvPAL 24P notretheppidions pr regencedied eallnloss membiaae, 00 kB MO SBsotes) MePAL has

been s N ] j e I] . ; vari ant,
oher e 13 loltdete Wbk A SO ARk Motk B b MR LAV PBL saltfed i 0 e

subst i tlrsdtCini ThmbeNaGk 1 meldilaBbspK SBQ The fiNak redpegylated rATRAL AN ampdesi ant  of
claim | I l.at ed. .The Av.PA ariant of claim 10, wherein
sai d p%ﬁﬁ%grnéoﬁlg&glg eldéélse%e%eg/d} Py ??nr?lgﬁg#ecgll?veﬁigm{}’ari ant with

NHS- act, ol vet hyl e | ycol at a ratio of at |east 1.6 polyethylene
gl ycol Ilﬁ\é?}rﬁtglgﬁae&l‘?ﬂég#o u@feeé VPAL variant. 12. The AvPAL variant of claim

10 4snwherein said tiQn is hi eved. by reactjinag the AvP variant with
NI 2 PS— activated TBGE¥iakin Aoed gligi,lxgg?ncggtr%wr Sa?f%egg!‘at%tanpé%{gfgy‘;%% pol yet hyl ene
gl ycol rpePALsPFHheanpdas witre dekrniinéhy tha bicirhonihis. aclB@CA)RAdayviasirigent of claim
10, wherein sajd | ation. i.S hi eye eacting.the AvVPAL variant with
NHS- actcpwcécdﬁboﬁ‘%g%ﬁ?/?sé%gé %r%lg‘lﬁer&? Ycég#fzg%/%évﬁ asb?%&efém?l W@ gcol per
l'ysi ne staagdrdUBriefly A50Alof ¥athpledlind stthdarhd SerMBAbaMAAM009(L &4 8L BICh0, wherein
at | east 28 percent of |ysine residues at positions 2, 10, 32, 145, 195,

301, 418Eentg837%nkpr 80 minf AbinsbagPal S62am wat read in the GPEETBAmMaxPLUe AvPAL
vakkant, . j i t.least 5 ercent of |ysine residues at
poé'Z :jt i glﬁglfogl%{e?g E’ltﬁoggo%gm%ge? (%%C ulgfngg‘gﬁ%(??p YHEA PAL are pegyl at ed.
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16. The AvPAL variant of claim 10, wherein at |east 75 percent of |ysine
resi dues at positions 2, 10, 195, 493, and 522 of the AvPAL are pegyl at ed.
17. A pharmaceutical composition, conprising the AvPAL variant of any one

of clai gsvé %ﬂ%ﬂ%:p”@nd a pharmaceutically acceptable c?ﬁ&hﬁg@gfé&mwe of the

AvPAL v any one of claims 1 to 16 in preparation o nedi canment

for treating a disease in . a subject caused all or efi,ci ency
i n phenyl al ani ne%&?ﬂl—‘&%@%ﬁhe pget ﬁé"tb‘g%escﬂfpﬁwéﬁﬁﬁs T%P’yevﬁ’?gy A the
di seaseaAlBALNH@REGGdsZRte Biterdlif P A6 HMOBELEbIRAETRAL QUSVif: ass%qyoﬂ;&ﬂ use of

claim18 or 19, wherein said subject has abqut 10% or | ess of a normal PAH

act i vi tay despribed jn &XAMPRB 3 ARbi&flyyion #dding projeiy supRlenRSc10H o e lomke i n
prepar %Eéaggea%m? TLToN a%@%i‘brizg mﬁ?&ﬂed‘& Lﬂbﬁé‘ié'c'éﬁ&é?ﬂ%l& rtc? Aakfiianhin a

subj ect e ‘use o claim?21, erein sald I's classic severe PKU.

23. 5Thecids éN’befn rangssam@ampies M@ren@lui@i m@@@sa}\mleltien buffdrd 1@ oy deisHRhs a

defi ci I %ﬁ 23,

wher ei ﬁﬁ he su }ﬁ \éoé%nt% ?Jﬁﬁﬁ?gw%?ﬁﬁ?%ééegg%p &)Lﬁl g%%ﬁé}ﬁ té’rel n said
mut ant tB;éermegmﬂbxﬁa&:aanémém.l on in the catalytic domain of PAH 26. The use
of claim 25, wherein said nutation conprises one or nore mnmutations sel ected

fromthe group c@asilatiCd Ebdctrbiithresid ({8} CGEBnallfe Syerd\perfotled 8&apGe D1290,

Vason BEUReABST- 5y Fam HRekn %y Oy (e 290953, Pedic end o o 18

0186, r&%@%}%‘zéﬁ AP ATUPES Ghd tAVEARIPEANRP sdn@iTRd Were Béated', 5\3)5@'@%@ any one of

cl ai ns , Wherein the nedicanent is prepared to be admnistered to
t he subiastes inthe pistanesef TS and Brmergspvetianely alithendpededdingy capiirieThe use of

0 d
3" car P RpOCLE o Rl sl wIETPACENIBOTIMES EleSudiha Al lithdiich 0 o
phenyl aeahnnate(?oohtmeﬁﬁﬁairoﬁhs di‘spllagthmmuamﬁlﬁ‘f:amrhmbt @tkllémm B860 uM 31.
The. o5t o8 S0l | P hmaleh A RSB Ly MG Pt e 2

pr dpfar atdrere-andpiongibetasmanivPAL-RE@ simples. a pr egnant femal e having -
hyper phenyl al ani nema (HPA) in conbination with a protein-restricted diet,

wherein the combilves Adag:nh stifiabbaneebulfdntc ﬂﬂﬂmS)ia@ﬁhyam used to
protein-restricted di sefectlvetolo yl al ani n

EoncentFat o FHIARG e dtshattns EREPSBRaUR Sipoesbilo o goai
concentyp}PADIPHMsdntifesabsence of said combined adm nistration. 33.The use of
a conposition conprising a AvPAL variant of claiml in the preparation of a

nedi canent for tpgaide Maigmgr fc ﬁ&@ﬁ&éﬁa@?@aﬂrmmmwm@ ah®KA)BALN an

ampunt effective to produce a decrease in the plasma phenyl al ani ne

cort@enthEt-isanpiss wanpaatormed at desopaddn FXLAVBLE Af éﬂﬁet‘?fgmkfeﬁhw@@ﬁe@ and 3 years
f f b
of age éﬁgﬂat?cﬁiﬂ tﬂenmwreaaﬁes%nah@gmﬂ%ﬁmg@r g-h<l 18@8@“@9&1&1 etween

about uMto about 4800 SEQUENCE
Phar madéuprieentagernd PEGen@!amdes W SWRAL @smetrqqmes,u K10, KP3uK 1 1%, KdKkRi 8195%Eni | D

K301, K335, K413, K493/K494 and K522, of the re-pegylated AvPAL_C565SC503S 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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acagaacat‘%’&%‘%éfﬁt7 ctt ggcaaatacc tttcactaat 60 agttcaggt% {rﬂg’g@?@%gﬁ Aac

t gt aggcgat cgcaat ct ga, caat cgacga ggtt gt agat 1 ci cgt c_at ggaacaca
ggt gcgateeks %‘éd‘t°§a@15§ﬁeﬁlfk9e?§5’l’lgt e {%@%f%trf\i’ é&%ggﬁwﬁéﬁ% g‘f*‘f’&@at
t aacaat,gagy gk ?ﬁ@%&a@&%ﬁ@éﬁ%@;@%&ﬂ@% B ol el (thé #0400t at

ggcagatgtt "gtcatctctc gcgaacaagc a aactt300 cagactaatt taatttggtt
t ct gaagbeesniyaiiape af tysine sesitugy ma‘{?\cP@lg kl%cg’&% m@cgﬁé@ freshodqt leasiagedict t

acgtgc t _ . gat
" Sae Mo EARI by LI AR0VE Bl aERe AL ORRP LD L DOREROC,

t ?tg Sggdgs;?ame msigﬁsgﬁanhi PE(ta,tfdlﬂd@b’aies)t- &f@m@%%h@?@ﬁ@mw@m%ft ag
ctttacagts,. cgac aaagaaa ggg
i gcciﬁv{@%f§§§g%ra% %&@5&5@3&%&3’& AR é%%%y 2?%3%3&??%?%&%@% cagt
cat gacaggt attgcagcta ac gaaa aa
gggt gt acac gcctt a‘g%%‘a“?lé’éggg‘g@?? 83?%%’3@5%89@6“%’5 %%%ggﬁe{%gég%ggt t
t aE t Catp‘é@ﬂaﬂg@ ﬁfﬂ?fmﬁ(:?ifﬁm[ eﬂ&a&?t@g?&@ﬁﬁt ggg(}gmﬁxgaﬁ Daéhmﬂ\@t IyTs{nEC': ct
gct gaaagat tcatg cgt gaag aacacgaat .ac aa
208t ot e dres S guEsh st St g vl P O SEe vor tertporart ftciid

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-pegviated rAvPAL: 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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cagttcatag ggccaatcgt tgatggggta tcagagatta
at gaact cag tcaccgataa cccattgatt gatgtcgaga
ggcaattttc tcggacagta tgtgggtgtg acaatggatc

ccaagcaaat cgaggtagaal020 ~
accaagttag ttatcacggcl080
gcctacgtta ttacatagggll40

ctattggc ga tgtgcagatt gcacttcttg tctcgccag 1200
%gcnaccégogﬁq%@f?%(’ggt t ggt aat agc gat cgcaaag ttaat at gggcg;é{s(&:@g/g%gétil%%ggge
gc gt-ggaaact-e—gatt-at-geeg—et-gt-tgaget—t-ct-at-ggaaatteeetagcc

gatcgcttEc ctacccacgc baéﬁgégt am}'&%\ a tﬁl"?ﬁgﬁiﬁ({ca 1380
ttcctg;:?a t 1Eltrzjacacgic]g tc Taga ﬁild’g}sfc ga XV ggc tt iggg

a q caagct g gacctce a at a

cg?aca?gc_ﬁ‘\‘ﬂ’éﬂcaéccaa actldfgcaly t284-8cadag calt@t gcga ggt agtt gga1560
aagccact pamdgiosdimdly tccaBdcatl t fgdacgdca acddgcaatg ttt 4b8t gagl620

cat att gccBE@Qgatttcagc tgatatcqgct ggtggtgqtt taattgtgca agcagttgagl6e80
catattttf2.6agagstt aaa gtcda®gt apl7H40.<210> 2 <2B1> 569 <21223PRT <213>
Nost oc pumetahd orome <400> Z23met Asniig.e THr Ser 3leeu G nf G nidén Ille Thr Arg
Ser Trp G@RE6-415T0I5] Prgsghe [Thr ofsn Ser Ser 24sp Ser| ITTeiVal Thr val Ay
Asp Arg Ps. %30 LEU lhr%.l?i e PSP var-val gsn valf Alajfpg His Gy Thr
G n Val 3216%{83% gteu Ti||30135p Abllﬁzi AqpVatr{ieArg &y ¥a— Gh Ala Ser
Cys 505569 - : : -

Percent Pegylation of Lysine Residues upon Re-pegylation: As shown in
FIGURE 20, tryptic peptide mapping indicated that re-pegylation improved the percent

10

15

20

25

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.

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

antibody response in vivo.

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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Asp Tyr Ile Asn Asn Ala Val Qu Thr Ala Gn Prolle Tyr Gy val 65707580
Thr Ser Ay Phe Ay Ay Met Ala Asp Val Val Ile Ser Arg Qu G n 859095 Al a
Ala Gu Leu Gn Thr Asn Leu Ile Trp Phe Leu Lys Ser Ay Ala 100105110 Gy

Asn Lys [ Ala Asp Val Arg Ala Ala Met Leu L 0125 Al a
Asn Ser hﬁg:@g{}s#ﬁy Gy Ala Ser Ay Ile Arg Leu Qu L?&Tﬁsgoo%é%%é%mo Gn
Arg Il hr, Phe L A.a d al Thr .Pr.o Hi yr.. 145150155160
G u Ph 3‘3@#(‘%@#‘@?"8 "G%DL Bgsrgz)%Fe Pisijl’a‘)(é ps {*’é"ﬁf‘b\?&l"‘ gﬁ%‘%@f“ ge &h?§?‘g‘165170175
Ile Thrde@gygs,gh@w{}%qo{vlig"f&y lheu Asp Pro Ser Phe Thr Val Asp Phe Page 2

180185190 Asp Ay Lys Qu nmet AS Ala Val Thr Ala Leu Ser Arg Leu Ay Leu
195200295b1EM9: D¥digh 607+ Mo BldyEo @dﬁiéhrbwcﬁlkte@aﬁd mwc?;ar@t Fdfais oksn Gy
210215220 Thr Ser Val met Thr Ay Ile Ala Ala Asn Cys Val Tyr AS Ala Lys

225230235240 val Leu Leu Al a Lé# AfAldarieny val His Ala Leu Ala Ile Gn
A y245250255 Leu Tyr Gy Thr Asn Gn Ser Phe Hs Pro Phe |le Hs Gn Cys

Lys 2 60ZB&RHON Test Article Daosing period Dose Nominal Dose Total
' # (week) (mg/kg) | Test Article | Volume | Number of
Activity (mL/kg) Doses and
{(IU/mL) Dose
Frequency
Weeks ] - 8 80 12
1 4 rAVPAL-PEG Weocks 0 - 14 50 3 14 0;:}03
Weeks | - 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 rAVPAL-PEG-RP!I 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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Pro Hs Pro Ay Gn Leu Trp Thr Ala-Asp G n Met Phe Ser Leu Leu 275280285
Lys Asp ser ser Leu val Arg GQu GQu Leu Asp Ay Lys Hs Gu Tyr 290295300
Arg Ay Lys Asp Leu Ile Gn Asp Arg Tyr Ser Leu Arg Cys Leu Al a

305310315@%%@}1@37%16 Ile Gy Pro Ile Val Asp Gy Val S$ehnfhibshssgsiThr Lys
G n 325330335 Ile Au Val Gu Met Asn Ser Val Thr Asp Asn Pro Leu Ile Asp

Val 340345350.4 y. G.n Val . Ser ..Ty I,s. 3 . P eu in Tyr
Val 35%@3&2@“@1"@”@%& thﬁf'i o R Eaiggﬂ}&r%vﬂ&vw t%ﬁé V%me:%seéaf)m@eﬁofeu Al a
Lys 37@3gaaam, b srtdutar Adth 2etDOinRat PEG Modecuby, WasthsilatddewitlPs deditadedP’he Ser
Asn 385390395400 Jy Leu Pro Pro Ser Leu val Gy Asn Ser Asp Arg Lys val
AST | né'{“mﬂﬁ?;gfﬁﬂti'?)”é"?f Leu Lys Gy Leu Gnlle Ser Ay Asn Ser Ile Met Pro
Leu Leu 420425430 Ser Phe T y Asn Ser Ley Ala Asp Arg Phe Pro Thr Hi s
Al a G u 435440445 G n Pheﬁ&’%ﬁ%&"%@ﬂéﬁ“@ﬁ Gndy Tyr Ile Ser Ala
Asn Leu A PUAapdaUAVIR0e ProteibN T | Sathply D IPEY | VBI14APPDId6E [PPqdd N D98 Nyr Met
Ala Il e"Aa TelvFRYAFEE 75480 | |- <50 | 50 | 150 | 150 | 150

1
2 | <50 | 50 | 1350 | 450 150
33 | 150 | 450 | 4050 | 1350 | 1350
4
1

150 1350 450 450 1350
<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 [-8, then 31 50 450 1350 1350 450
rAVPAL-PEG-RP1 weeks 9-14 3-2 30 1350 1350 1350 1350
3-3 <50 450 4030 1350 1350
3-4 <50 50 450 150 450

rAVPAL-PEG-RPI

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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Met Phe Gy Val Gn Ala Val Asp Leu Arg Thr Tyr Lys Met Lys Ay 485490495
Hs Tyr Asp Ala Arg Thr Cys Leu Ser Pro Asn Thr Val G n Leu Tyr 500505510
Thr Ala Val Cys GQu Val Val Ay Lys Pro Leu Thr Ser Val Arg Pro 515520525

Tyr Ile %82&%)?5@?&0 Asn Gu Gn Cys Leu Asp Qu His IA},gT,ﬁJS?,O%{%aQBOSBSMO

Ile Ser Ala Asp Ile Ala Ay Ay Gy Leu lle Val Gn a Va
545550555560 His Il e, Phe Se er Le s Ser Thr 565 <210> 3 <211> 1704
23395 BRUAPREEB SIARARRE HCbelnt S1ee b fisropoed Psraters FarARGE o

acaaagqadadifssd ahialal paadadl bt hecebdakilyAuhBaP@ 02 AatdiG s edtibligk adtglaaat
tattggtaat cagaaactca caatcaatga tgttgcaaggl20 gtagcgcgta atggcacctt

agt gt ctt@?‘é?ll&é%%lﬁﬁ%ﬁéﬁca@fgat atttt gcagggtatt180 caggcatctt gtgattacat

taat aat gct gttgaatctg gggaaccaat ttatggagtg240 acatctggtt ttggcggtat
ggccaat gtt gccat Meaguergeninelwataye will belyda sdvesoovenhadeRiceaqtiahi-t t ggt t

cct gaa : t : qgctctt
o0t 00 e e e B L e et
gga? at :dlﬁf@emmt.am@gt dtigngityr pavaeteramaluging st megrt@agn tevelgof bba@i’lélggt gc
aagt gg C.. at cccag
t it aagorts bl IR R L LELARR LhEILA FERA s LR ROHE I e gaa
t t t gt casmgtotddg dhaptegint egangaalgg acmggplnteg gegle@hmination 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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at gat gaacg gcacttcagt catgacaggt attgcagcaa actgcgtcta cgatact caa720
attttaactg cgatcgctat gggcgttcac gctctagata tccaagcttt aaacggaacc780
aat caatcat tccatccatt tatccataat tccaaaccac atcctggtca attatgggca840

gcagatca%tzﬁjg}l%t,%ttt gttagccaat tcccagttag ttcgtgat gacghkagstd@ss 900
aaacacgatt atcgtgatca cgagttgatt caagatcgtt actcactccg atgccttccc960

cagt at C t.cgt at ggaalt,,t cccagattag. aac, t 1020 Page
4 at cEhereo i i Cple AR Mt PR et AR A e PRk 988 g 1050
ggaaat e, (IHgE ackh Bt mabfied agh@hgagiahgdatake atitbgrgdtdad i diiatdgygg i%gg
ttattgqcta aacacctaga tgtgcagat ceclectcg cctcacca tttagcaat

guact acPalseEAt e piakes ofgyies @gé ﬂgeggebﬁgai%%dﬁﬁ%aﬁfamggl‘gm%@a& 1260

Ct gcaag);alhryl6eRAROTFw AR ShiRfA ik Heassimé basggaaa ttccat cgecl320
gatcgctttc 'ctacccat gc agaacaattt aatcCagaaca tcaacagtca aggatacact 1380

t cagcgaoiyCedggcccgecg ttctgtggat atcttccaga attatgtggec gatcgcetctglddo
atgtttggag tctaagctgt tgacctccgc acat ataaaa agactggtca ttacgatgcal500

cgcgectgtc tat capgi GerdRChIaRtenhiRl & bCadk Fa0kpnian £aearthogr1560
caaaaaccaa cttcagatcg cccatatatt tggaatgata atgagcaaqg. act ggat ag 1620

cat at t geEreeRiians ecstgduringdhetigretof (s sgigtyg Jthg lengst-feyngemmin poEHS1680

gat at CH}-&F‘; { @&a;’g%(ﬁ) <2:1.0: - Anabaena
vari abi 115 gﬁ%g}g{e%g&}g? Ec{.ys {rﬂ.n g@@g%}%gﬁagﬁé %@éﬁ%{%} 'ﬁl'%rj'f'q:%lea'?%t Ser Gn
G n PhexdbibeddnsgmicRhiebslor otBeyaphsopri@rsti®éss. Ala Asn Val Ile Ile Ay Asn An

Lys
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
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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 Ile Asn Asn Ala Val Qu Ser Ay Qu Pro Ile Tyr dy Val

65707580 I y Phe Gy Gy Met Ala Asn Val Ala |, q%é{ Gu Gn
859095 AI‘g8 %orﬁg7u% Leu G n Thr Asn Leu Val Trp the Leukﬁys ?{r (%ly Al a

100105110 Gy Asp Lys.Leu Pro Leu Asp Val. Arg Ala A t Leu Leu Arg
115120125 Al a Asﬁh@é? 1§ BvQuRgtt, APER @’% Qﬂ%"@%‘?‘%@?‘?‘g’ ’;Rr%*‘ff et ey 11 e
130135%4@;. arsS1 ArdudvBd odrld petifd BNES Wedks A8R6h BivElvis ¥Rladminkisthiion byr Val Tyr
145150155160 Gu Phe Ay Ser Ile Ay Ala Ser Ay AsFﬁ)gLeu Val Pro Leu Ser

Tyr 169950 pfBeaylatedmyPAd. \CHSSCORTS w{% veaelly feip wegksriobowed bppgetigdofval  Asp
Lota 195900008 L0p PR RIS RooEls AP0 il bigh Pl Ror A dihs BB Vet “asn
d y5 21600 ERROThEmrinBey objattiwks toldwalu@ieythd fafetAkrd talcaabdity ofymiltifde Tyr Asp Thr
Gan 22% %Pnzas%rSa%gr? of the pegylated AvPAL_C5655C503S, and the secondary objectives are to

evaluate the pegylated enzyme’s effects on blood Phe concentrations, immune response, e.g.,

anti-AvPAL antibody titers, and steady state PK. 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,
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Ille Leu Thr Ala Ile Ala Met Gy Val His Ala Leu Asp Ile G n Ala 245250255
Leu Asn Ay Thr Asn G n Ser Phe His Pro Phe Ile H's Asn Ser Lys 260265270
Pro Hs Pro Ay Gn Leu Trp Ala Ala Asp Gn Met Ile Ser Leu Leu 275280285
Ala Asn Ser Gn Leu val Arg Asp Qu Leu Asp Ay Lys H's Asp Tyr 290295300
Arg Asp HHs Gu 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
G n 325330335 Ile u lle GQu Ile Asn Ser Val Thr Asp Asn Pro Leu Ile Asp
Val 3408285350 Asp Asn Gn Ala Ser Tyr Hs Ay Gy Asn Phe Leu Gy Gn Tyr
Val 355360365 Gy met Gy Met Asp His Leu Arg Tyr Tyr lle Gy Leu Leu Ala
Lys 370375389 M“z”ﬂ?@ﬁa’"ﬂéﬁ”%qm’]@ia n§ ?lglngulglyesgg-A[%Aume%ang RGP H U Phe Ser
Asn 385390395480k &iYuek slbcRE ﬁh}ﬁﬁi& @ﬁfp cb@slihtilé@blf c@;tMnA@éﬁaueléﬁth&Qiéhs ADYank 65 Xal
Asn Met 405410415 420425430 Thr .Phe Tyr y Asn r lle a Asp Arg Phe
Pro Thr His A %‘36@%5%%1%“&%0345&%“@@6%5‘5%“A@ﬁreﬁSﬁld;&gﬁ%l"@]aﬂk]ﬁs &8 n dy Tyr
Thr Ser Al a phhtyldlthe46040n4 60ivity and/or a reduced immunogenicity 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,

- 105 -



"Ala Arg Arg Ser Val Asp Ile Phe Gn Asn Tyr Val Ala lle Ala Leu
465470475480 Met Phe Ay Val An Ala val Asp Leu Arg Thr Tyr Lys Lys Thr
Gy 485490495 His Tyr Asp Ala Arg Ala Cys Leu Ser Pro Ala Thr Gu Arg Leu
Tyr 500505510 Ser Ala Val Arg H's val Val Gy Gn Lys Pro Thr Ser Asp Arg
Pro 515520525 Tyr Ile Trp Asn Asp Asn Qu Gn Gy Leu Asp Au Hs Ile Ala
Arg 530535540 Ile Ser Ala Asp Ile Ala Ala Ay Gy Vval Ile vVal Gn Al a Val
G n 545550555560 Asp Ile Leu Pro Cys Leu His 565 <210> 5 <211> 523 <212>
PRT <213> Streptomyces maritinmus <400> 5 Met Thr Phe val Ile G u Leu Asp
met Asn val Thr Leu Asp G n Leu 151015 Gu Asp Ala Ala Arg Gn Arg Thr Pro
Val Qu Leu Ser Ala Pro val 202530 Arg Ser Arg val Arg Ala Ser Arg Asp Val
Leu val Lys Phe Val G n 354045 Asp Gu Arg Val Ile Tyr Ay Val Asn Thr Ser
met gymGl y ﬁ%g\[ﬁ{% 50556f0 ASE), WI—ljlli(%.Leu Val Pro Val Ser Gn Ala Arg G n Leu

Gn u'ast 1 variant of claim is pegylated.
R The AvPAL variant of claim 10, wherein said pegylation is achieved by reacting the AvPAL
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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65707580 Ile Asn Ala val ‘Ala Thr Asn Val dy Ala Tyr Leu Asp Asp Thr Thr
859095 Ala Arg Thr Ile Met Leu Ser Arg Ile Val Ser Lea Ala Arg Gy Asn
100105110 Ser Ala Ile Thr Pro Ala Asn Leu Asp Lys Lea Val Ala Val Leu Asn
115120125 Ala Ay Ile Val Pro Cys Ile Pro Qu Lys Ay Ser Lea @Ay Thr Ser
130135140 Gy Asp Lea Ay Pro Leu Ala Ala lle Ala Lea Val Cys Ala Ay Gn
145150155160 Trp Lys Ala Arg Tyr Asn Ay Gn lle Met Pro Ay Arg Gn Ala
Leu 165170175 Ser Au Ala Ay Val Qu Pro Met Qu Lea Ser Tyr s Asp Gy
Lea 180%8519(h apepficiedn iﬁ@lﬂswe(allysawr*blgé:hascabyut%{o ov/ghs o yorLT@bPPcﬁ/ CUTiE Mot
Val 195200205 Lea G n Ala Ala Arg Arg Lea Val Asp Arg Tyr Lea G n Val Ser
Al a 210215220 be@e ﬁ@PAL\/aJtriaﬁidf a@ dhe bEAaiMk atﬁdﬁnlfyﬁba}a_ o oby Sedamhehilte: Asp Pro
Arg 225230235240 Val His g Lis Pro Hs Arg Ay Gn Arg Gn Val Al a
Ser Arg 2452%’%53%%{5‘39??15‘3@}55 any SIutAl a Asp Ser His Lea Ala Val Asn GQu
Lea Asp 260265270 Thr Au G n Thr Lea Ala Ay Qu Met Gy Thr Val Al a Lys
Al a d y222752B80285f 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, A3%5P, 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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Ser
Lea

Leu Ala Ile Gu Asp Ala Tyr Ser Ile Arg Cys Thr Pro G n Ile 290295300
@y Pro Val Val Asp Val Lea Asp Arg Ile Ay Ala Thr Lea G n

305310315320 Asp G u Lea Asn Ser Ser Asn Asp Asn Pro Ile Val Lea Pro Qu

du
Met
Al a
Let.
Met
Thr
Phe
du
Al a
Thr
Asp
Leu

325330335 Ala Qu Val Phe H's Asn Ay H's Phe HHs Ay An Tyr Val Al a
340345350 Ala Met Asp His Lea Asn Met Ala Lea Ala Thr Val Thr Asn Lea
355360365 Asn Arg Arg Val Asp Arg Phe Leu Asp Lys Ser Asn Ser Asn Gy
] 370375380 Pro Ala Phe Leu Cys Arg Qu Asp Pro Gy Leu Arg Leu Ay Leu
38539039540 0he@ tgi a@eniGHY APecovb matithrwihy agr@en-rdsirsteT kiet, Aberei@the Thr Arg

Leu 405 - alid A o En L SE ‘ a Asp
An 4202%@&%%6 %s%m%nlagm .afﬁqeggltrnpcgﬁ@n éﬁa&f @ﬁ‘g r%glhekl%;& ' %Qgecﬁ%mlr _gerﬁiea Arg
Val = 4354heassming gorrhrrapenn AleglanhaofThe suigtt avedmpared tisl capagniradign ingbe Cy's

Cys 450_%&%&0&%@cd%k@ne}{%gimi%@@atiloh.e Arg Gy Ala Asp Lys Leu Ser Ser Phe
Arg 465470475480 Pro Leu Tyr Qu Arg Thr Arg Lys Ile val Pro Phe Phe

Arg Asp 485490495 A u Thr Ile Thr Asp Tyr Val GQu Lys Leu Ala Ala Asp

| | e33a] g The use of a composition comprising a AVPAL variant of claim 1 1n 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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500505510 Ay Qu Pro Val
510 <212> PRT <213>
Lys Pro-G@y Thr Leu
Val Arg Leu G n Leu

Asp Ala Ala Val Ala Ala H s 515520 <210> 6 <211>
Pseudononas putida <400> 6 net Thr G u Leu Thr Let..]
Thr Leu Ala G n Leu 151015 Arg Ala |Ile Hs Ala Ala Pro
Asp Ala Ser Ala 202530 Ala Pro Ala Ile Asp Ala Ser Val
Al a Q/s Val Qu Gn Ile kEguedka 354045 A u Asp Arg Thr Ala Tyr Ay Ile Asn
Thr Phe Ay Leu Leu Al a 505560 ser Thr Arg Ile Ala Ser H's Asp Leu Qu
Asn @éé GBHOW ”S%i'ra"ﬂ Us50l7580: Val Leu Ser His Ala Ala Ay Ile Ay Ala
Pro Leu A{p. égar%ﬁ g§;§59095 Page 9 Val Arg Leu Ile Met Val Leu Lys Ile
Asn Ser LQUk el AWid Phe 100105110 Ser Gy Ile Arg Arg Lys Val Ile Asp
Al a Leu | Wendd,apareu Val Asn 115120125 Ala Q u val Tyr Pro Hs Ile Pro Leu
Lys

b e B2

<130>

<150>
<151>

0165
Us 1
2006
<160>
<170>
<210> 1

<211> 1710

<212> DNA
<213>

33

<400> 1
argaatataa

agttcagatt
gttgctegtce
caagcatctt
acatctggcet
cagactaatt
gtgcgtgcag
ctcgaactta
gagtttggct
ctaatcggtc
acagccttgt
atgatgaatg
gttttgcicg
aatcaatctt
gcagatcaaa
aaacacgaat
cagttcatag
atgaactcag
ggcaatttitc
ctattggcca

ggcttaccac

PC10

1/451,999
-06-12

catctctaca
caatcgtaac
atggaacaca
gtgattacat
ttggcggtat
taatttggtt

ctatgetctt

ttcagcggat:

ctatcggtgce
tagatcctag
ctegtitggg
gcacctcagt
ctctgacaat
tccacccgtt
Tgrtttctct
accgtggtaa
ggccaatcgrt
tcaccgataa
tcggacagta
aacacatcga

cctctttagt

PatentIn version 3.4

Nostoc punctiforme

acagaacata
tgtaggegat
ggtgcgetta
taacaatgca
ggcagatgtt
tctgaaatce
acgtgcaaat
tgaaactttc
tagcggcgat
ctttacagtt
tttgccaaag
catgacaggt
gggtgtacac
tattcatcag
gctgaaagat
agatctgata
tgatggggta
cccattgatt
tgtgggtgty
tgtgcagatt

tggtaatagc

acgcgrtett
cgcaatctga
actgataatyg
gtcgaaacag
gtcatctctc
ggcgcaggaa
tcacatttgt
ctcaacgctg
ttggtgcecat
gacttcgacg
ttgcaattgc
attgcagcta
gccttageca
tgcaagccac
tcatctitag
caggatcgtt
tcagagatta
gatgtcgaga
acaatggatc
gcacticttyg
gatcgcaaag

Page 1

ggcaaatacc
caatcgacga
cagatgtcat
cacagccaat
gcgaacaagc
acaaattatc
atggtgcgtce
gcgtgacacc
tatcctacat
gtaaagaaat
aaccgaaaga
actgtgtgta
tecaaggttt
atccecggtcea
ttcgtgaaga
attctctceg
ccaagcaaat
accaagttag
gcctacgtta
tctegecaga

ttaatatggg

tttcactaat
ggttgtaaat
tcggggtgte
ttacgaggty
agcggaactt
gttagcagac
tggtatacga
ccatgtctat
tactggggea
ggatgcegtt
aggtttagca
cgatgcgaaa
atacggaacg
actatggaca
gittggatggt
ctgtctggea
cgaggtagaa
ttatcacggce
ttacataggg
gtttagcaac

actcaaaggt

aryfisi‘@%gg}]ﬁéxxr%Bmk&‘%a hder gnd-eu Ala Thr et

60
120
180
240
300
360
420
480
540
600
660
720
780
840
300
960

1020
1080
1140
1200
1260



Gy Lys Ala Arg Tyr Lys Gy Gn Trp Leu Ser Ala Thr u Ala Leu 165170175
Ala Val Ala Ay Leu Qu Pro Leu Thr Leu Ala Ala Lys Gu Ay Leu 180185190
Ala Leu Leu Asn Gy Thr Gn Ala Ser Thr Ala Tyr Ala Leu Arg Gy 195200205
Leu Phe Tyr Ala GQu Asp Leu Tyr Ala Ala Ala Ile Ala Cys Gy Gy 210215220

5222%235240cﬂf%@%%st\éc}’%éﬁﬂ%gﬁ Cﬁg gé% nﬁgﬁa%&QaE%C%$ Bl . Aa

Cys 48260285c Rigeciqug mcaemﬂ_eama(aaytmpasaQCQra@mt\dat Séf»sw_eu Ser Hi s

Lys 0, As o.Tyr Ser L Ar s Gn Pro
o' G R SRSt tleah Retieblf Fheltion 302 G0 Vel
Leu 290260300t tdaygdge @ﬁc&t@&ﬁﬂaﬂt&aé&ltg&dgg&&@ Asfgfigealeusy@ml Phe Al a
Al a 305310315320 du @ Val |le Ser Gy Asn Phe His Ala Gu Pro
val MrECEBSSIHEEBC TR Eg%%\g%ag%ﬁa%ﬁc@e&a %FQE% 9Mragyegan 2 u 1le Ay
Ser daRUdca4Q34a20q9RY &d&tﬁ&ﬂtt’“”t@gdéc@a@?%c&@d‘taﬁ% MEQ:&%Q Lysehh S Met Ser

G@n Leu 355360365 Pro Pro Phe Leu Val 3 u ASn Val ASn Ser dvy Phe
Met qatgttgccc ggatticage tgatatcgct ggtggtggrt taattgtgea agcagttgag 1680

catatttttt cgagcttaaa gtcaacgtaa 1710
<210> 2

<211l> 569

<212> PRT

<213> Nostoc punctiforme

<400> 2

Met Asn ITe Thr Ser Leu GIn GIn Asn Ile Thr Arg Ser Trp GIn Ile
1

Pro rhe Thr %Sn ser Ser Asp Ser %ge val Thr val Gly %gp Arg Asn

Leu Thr %}e Asp Glu val val Agn val Ala Arg His Gly Thr Gin val
4 45

Ar'g Egu Thr Asp Asn Ala égp‘VaT Ile Arg Gly val GIn Ala Ser Cys
60

Asp Tyr Ile Asn Asn Ala val Gilu Thr Ala GIn Pro Ile Tyr Gly val
65 70 75 80

Thr ser Gly phe Gly Gly Met Ala Asp val val Ile ser Arg Glu Gln
85 90 95

Ala Ala Glu Leu GIn Thr Asn Leu Ile Trp Phe Leu Lys Ser Gly ala
100 105 110

Gly Asn Lys Leu Ser Leu Ala Asp val Arg Ala Ala Met Leu Leu Arg
115 120 125

Ala Asn Ser His Leu Tyr Gly Ala Ser Gly Ile Arg Leu Glu Leu Ile
130 135 140

GIn Arg Ile Glu Thr Phe Leu Asn Ala Gly val Thr Pro His val Tyr
145 150 155 160

Glu Phe Gly ser ITe Gly Ala Ser Gly Asp Leu val Pro Leu Ser Tyr
165 170 175

Ile Thr Gly Ala Leu Ile Gly Leu Asp Pro Ser Phe Thr val Asp phe
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370375380 Ala G n Val Thr Ala Ala Ala Leu Ala Ser A u Asn Lys Ala Leu Ser
385390395400 His Pro His Ser Val Asp Ser Leu Pro Thr Ser Ala Asn Gn Qu
Asp 405410415 Hi-s val Ser Met Ala Pro Ala Ala Ay Lys Arg Leu Trp G u net
Al a 420425430 G u Asn Thr Arg Ay Val Pro Ala lle Qu Trp Leu Gy Ala Cys
G n 435440445 (dogy Leu Asp Leu Agg Lys Gy Leu Lys Thr Ser Ala Lys Leu Qu
Lys 450455460 Ala Arg G n Ala Leu Arg Ser Qu Val Ala H's Tyr Asp Arg Asp
Arg 465470475480 Phe Phe Al a Péﬁ A%p lle Au Lys AI? Val Qu Leu Leu Al a
Lys A@pyG%B%%CFH@‘SM@ef*S‘E@Ja%S § ALéu-teacPrfdatd &Y Wl Leu Pro Ser Leu
500505510 <210> 7 <211> 567 <212> PRT <213> Artificial <220> <223> Cysteine
to serine substitution at position 64 in Anabaena variabilis PAL <400> 7
Met HWSL@MEEG}“S@U Glh PARaLYS /16! yLyey ﬁ Megr MEe ASGTIYG n Phe 151015 ser
Phe Thr? y ASn Ser Ser APa ASn Val Ile Gy ASn G n Lys 202530 Leu Thr
Ile Asn Asp val Ala Arg val Ala Arg Asn Ay Thr Leu val 354045

Thr ser val met Thr Gly ITe Ala Ala Asn Cys val Tyr Asp Ala Lys
225 230 235 240

val Leu Leu Ala Leu Thr Met Gly val His Ala Leu Ala Ile GIn Gly
245 250 255

Leu Tyr Gly Thr Ash GlIn Ser Phe His Pro Phe I'le His GIn Cys Lys
260 265 270

Pro His Pro Gly GlIn Leu Trp Thr Ala Asp Gin Met Phe Ser Leu Leu
275 280 285

Lys Asp Ser Ser Leu val Arg Glu Glu Leu Asp Gly Lys His Glu Tyr
290 295 300

Arg Gly Lys Asp Leu Ile GIn Asp Arg Tyr Ser Leu Arg Cys Leu Ala
305 310 315 320

Gln pPhe Ile Gly Pro Ile val asp Gly val Ser Glu ITe Thr Lys GlIn
325 330 335

ITe Glu val Glu Met Asn Ser val Thr Asp Asn Pro Leu Ile Asp val
340 345 350

Glu Asn Gln val Ser Tyr His Gly Gly Asn Phe Leu Gly Gln Tyr val
355 360 365

Gly val Thr Met Asp Arg Leu Arg Tyr Tyr Ile Gly Leu Leu Ala Lys
370 375 380

His ITe Asp val GIn ITe Ala Leu Leu Val Ser Pro Glu Phe Ser Asn
385 390 395 400

Gly Leu Pro Pro Ser Leu val Gly Asn Ser Asp Arg Lys val Asn Met
405 410 415

Gly Leu Lys Gly Leu GIn Ile Ser Gly Asn Ser Ile Met Pro Leu Leu
420 425 430

Ser phe Tyr Gly Asn Ser Leu Ala Asp Arg Phe Pro Thr His Ala Glu
435 440 445

G1n Phe Asn GIn Asn Ile Asn Ser GIn Gly Tyr Ile Ser Ala Asn lLeu
450 455 460
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Asn
Asn
Ay

Ile Leu Gn
Ser Ay Qu
Asn Val Al a
Leu Val Trp

ser Leu Thr
Tyr Ile Asn
Ser Ay Phe
Ala Ser GQu

Asn Thr Asp
Ala Val Qu
Gy Met Ala
Leu Gn Thr Asn
Gy Asn Lys Leu Pro Leu Ala Asp Val Arg Ala Ala Met Leu
Ala Asn Ser Hs Met Arg Ay Ala Ser Ay Ile Arg Leu Gu
Lys TArgANEArE 3871 Vel pee TleuPhms/Insgndy Var Allr I 619

1451%8155160 G u Phe* y Ser Ile Gy Ser Ay Asp L Val Pro Leu Ser

Tyr 165170175 Ile Thr Ay Ser Leu Ille Gy Leu Asp Pro Ser Phe Lys Val Asp
Phe MeSORIBH5 90 VadncTd widywa1Ghap Met shgpThAl ayPriysThet Aya ddeu Arg G n Leu Asn
Leu 195200205 Ser4§¥ro Leu Thr Leu4%u Pro Lys Gu @V Leu Ala Met Met Asn
Gy 210215220 Thr Ser Val Met Thr Ay Ile Ala Ala Asn Cys Val Tyr Asp Thr

G n 122523023p24Q M¢ ThewythreAbar Idre AmTNRtvad yiVakuHys Ala Leu Asp Il e
G n Al a 245250285 505 510

Gy lle Gn Ala
Prolle Tyr Ay
Ile Ser Arg Gu
Phe Leu Lys Thr

Ser Ser 505560 Asp
Val 65707580 Thr

G n Page 11 859095
Ay Ala 100105110
Leu Arg 115120125
Leu Il e 130135140
Ual Tyr

Thr ser val Arg Pro

Thr ala val Cys Glu val val Gly Lys Pro Leu
515 520 525

Tyr Ile Trp Asn Asp Asn Glu Gln Cys Leu Asp

Glu His Ile Ala Arg
530 535

540

val GIn Ala val Glu

545

ITe ser Ala Asp Ile Q;S Gly Gly Gly Leu Ile

535

His Ile phe Ser Ser Leu Lys Ser Thr

<210> 3
<211>
<212>
<213>

DNA
<400> 3

atgaagacac
aattcttcty
gtagcgcgta
caggcatctt
acatctyggrr
caaaccaact
gtgcgegeag
ttagaactta
gagtttggtt
ctgataggct
acagctctac
atgatgaacg
attttaactg
aatcaatcat
gcagatcaga
aaacacgatt

cagtatttgg

565

1704

tatcrcaage
ccaatgtaat
atggcacctt
gtgattacat
ttggcggtat
tagtttggtt
ctatgectett
tcaagecgrat
caattggtgc
tagatcccag
gtcaactgaa
gcacttcagt
cgatcgctat
tecatecatt
tgatttcitt
atcgtgatca

ggccaatcgt

Anabaena variabilis

acaaagcaaa
tattggtaat
agtgtcttta
taataatgct
ggccaatgtt
cctgaaaaca
gcgtgcaaac
ggagattttc
aagtggtgat
ttttaaggtt
tttgtcacce
catgacaggt
gggcgttcac
tatccataat
gttagccaat
cgagttgatt
tgatggaatt

acctcatcic
cagaaactca
accaataaca
gttgaatctyg
gccatatcec
ggtgcaggga
tctcatatgce
cttaacgcetg
ttagtgccac
gacttcaacg
ttgacattgt
attgcagcaa
gctcetagata
tccaaaccac
tcccagttag
caagatcgtt

tcccagattg
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aacaattttc
caatcaatga
ctgatatttt
gggaaccaat
gtgaacaagc
acaaattace
gcggtgeatc
gtgtcacacc
tatcctacat
gtaaagaaat
tgccgaagga
actgcgtcta
tccaagettt
atcctggtca
ticgtgatga
actcactceceg

ccaaacaaat

560

ttttactgga
tgttgcaagg
gcagggtatt
ttatggagtg
atctgaactc
cttggcggat
tggcatcaga
atatgtgtat
tactggttca
ggatgcgeca
aggcttggcy
cgatactcaa
aaacggaacc
atrtatgggca
gttagatggt
atgecttecec

tgaaatcgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960
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Leu Asn Gy Thr Asn G n Ser Phe His Pro Phe Ile H's Asn Ser Lys 260265270
Pro Hs Pro Ay Gn Leu Trp Ala Ala Asp Grt Met Ile Ser Leu Leu 275280285
Ala Asn Ser @n Leu Val Arg Asp Qu Leu Asp Ay Lys Hs Asp Tyr 290295300
Arg Asp HHs Gu Leu Ile Gn Asp Arg Tyr Ser Leu Arg Cys Leu Pro
305310315320 G n Tyr Leu Ay Pro lle Val Asp Ay Ile Ser Gn Ile Ala Lys
G n a32533Q335cdacegdan tdacGattl baﬁtg‘ﬁga&ﬁc&@dgc’fﬁg cAapca'%S;;ga Praock®u lle Asp
val 340345350 Asp Asn G n Ala Ser Tyr Hi e Le y Gn Tyr
Val SBASI0365" BAEAGES ABGINES G99 HEE T ASH IS AT P Ty e Gy Leu
Leu Aadrdgtta3qR3é RFchQUASBMREL & RetéR cAYR geebade@t Al a28@r Pro G u
Phe Ser éZ,A?éen 3853903 4{6&0%GI %_H:L'gg Pro P(f%o Ser Lé‘% L%u y Asn Arg Gu Arg
Lys OaF IR C VAT CAUGU L0398 §82] B2AQNF8a FCRERTGHR a{CI‘CéaWQtG 92 n Ser lle

Qaéﬂ%t ﬁ%%ﬁ“&g g%{ PEF tk sccg h@g@ 281 4 Ic@alg AcAs @9 Phe Pro
Thr ‘ﬁg ﬁg 04 & Aén n 9 Fe ,&sn gr Gn y Tyr Thr
Ser galttagdiimclenacdSOAG54BBcaattt aatcagaaca tcaacagtca aggatacact 1380
tcagcgactc tagcccgcecg ttctgtggat atcttccaga attatgtgge gatcgctetg 1440
atgtttgygag tccaagetgt tgacctccge acatataaaa agactggtca ttacgatgea 1500
cgcgectgte tatcacctgce aactgagege ttatattcag cagtecgcca cgtagttgga 1560
caaaaaccaa cttcagatcg cccatatatt tggaatgata atgagcaagg actggatgag 1620
catattgccc ggatttctgc tgatatcgct getggtggtg tgattgtgca agcagttcaa 1680
gatatcttac cctgettgea ttaa 1704
<210> 4
<Z211> 567
<212> PRT
<213> Anabaena variabilis
<400> 4
Met Lys Thr Leu Ser GIn Ala GIn Ser Lys Thr Ser Ser GIn Gln Phe
1 5 10 15

ser phe Thr Gly Asn Ser Ser Ala Asn val Ile Ile Gly ggn GlIn Lys
20 25

Leu Thr Ile Asn Asp val Ala Arg val Ala Arg Asn ggy Thr Leu val
35 40

Ser Leu Thr Asn Asn Thr Asp Ile Leu Gin Gly Ile GIn Ala Ser Cys
50 55 60

Asp Tyr Ile Asn Asn Ala val Glu Ser Gly Glu Pro Ile Tyr Gly val
65 70 75 80

Thr ser Gly Phe Gly Gly Met Ala Asn val Ala Ile Ser Arg Glu G1In
85 90 95

Ala ser Glu Leu GIn Thr Asn Leu val Trp Phe Leu Lys Thr Gly Ala
100 105 110

Gly Asn Lys Leu Pro Leu Ala Asp val Arg Ala Ala Met Leu Leu Arg
115 120 125

Ala Asn Ser His Met Arg Gly Ala Ser Gly Ile Arg Leu Glu Leu Ile
130 135 140
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Ala Arg Arg Ser Val Asp Ile Phe Gn Asn Tyr Val Ala Ile Ala Leu
465470475480 Met Phe Ay Val Gn Ala Val Asp Leu Arg Thr Tyr Lys Lys Thr
Gy 485490495 His Tyr Asp Ala Arg Ala Cys Leu Ser Pro Ala Thr Gu Arg Leu
Tyr 500505510 Ser Ala Val Arg His Val Val Ay Gn Lys Pro Thr Ser Asp Arg
Pro SESHA0REE Gr rid enkli/ASh AT &8 U Sy b figp Gu Hs e Aa
540 Ile SennsAla Asp Ile Alaigda Ay Gy Val 1dee Val G n Al a Val
G n 545550555560 Asp Ile Leu Pro Cys Leu His 565 <210> 8 <211> 567 <212>

1 tific 2 stein serin stltutlon at
p05| %’oﬁh%%gy e ![gé) o aqvar%'ﬁ% Y%’?SP;“E@BW BL%E?E S"Thr Leu Ser @n Al a
GI n Ser Lys Thr Ser Ser An GI n Phe 151015 Ser Phe Thr Gy Asn Ser Ser Ala
IX lle.lle %/ 2 Cli sZOZSSOLeHThrIIeAsnAs Val Ala Arg val
g }Nsr‘ﬂéingh b Vel -854005 FeP L EGC TS %&Aﬁgnphﬁhr Asp Ile Leu Gn
Gly lle Gn Aa Ser Cys 505560

Asn Gly Lys Glu Met Asp Ala Pro Thr Ala Leu Arg Gln Leu Asn Leu
195 200 205

Ser Pro Leu Thr Leu Leu Pro Lys Glu Gly Leu Ala Met Met Asn Gly
210 215 220

Thr ser val Met Thr Gly Ile Ala Ala Asn Cys val Tyr Asp Thr GlIn
225 230 235 240

Ile Leu Thr Ala Ile Ala Met Gly val His Ala Leu Asp Tle GIn Ala
245 250 255

Leu Asn Gly Thr Asn GIn Ser Phe His Pro Phe Ile His Asn Ser Lys
260 265 270

Pro His Pro Gly GIn Leu Trp Ala Ala Asp GlIn Met Ile Ser Leu Leu
275 280 285

Ala Asn Ser GIn Leu val Arg Asp Glu Leu Asp Gly Lys His Asp Tyr
290 295 300

Arg Asp His Glu Leu Ile GIn Asp Arg Tyr Ser Leu Arg Cys Leu Pro
305 310 315 320

Gin Tyr Leu Gly Pro Ile val Asp Gly Ile ser Gln Ile Ala Lys GIn
325 330 335

Ile Glu Ile Glu Ile Asn Ser val Thr Asp Asn Pro Leu Ile Asp val
340 345 350

ASp Asn g Ala Ser Tyr His Gly Gly Asn Phe Leu Gly GlIn Tyr val

Tn
55 360 365

Gly Met Gly Met Asp His Leu Arg Tyr Tyr Ile Gly Leu Leu Ala Lys
370 375 380

His Leu Asp val &In Ile Ala Leu Leu Ala Ser Pro Glu Phe Ser Asn
385 390 395 400

Gly Leu Pro Pro Ser Leu Leu Gly Asn Arg Glu Arg Lys val Asn Met
405 410 415

Gly Leu Lys Gly Leu Gln Ile Cys Gly Asn Ser Ile Met Pro Leu Leu
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Asp
Thr
Ser
Asn
Asn
Arg

Tyr
Ser
du
Lys
Ser
Met
Phe

Ile Asn Asn
Gy Phe Ay
Leu G n Thr
Leu Pro Leu
Hs M rg
Au Iligqghe
Gy Ser_lle d

Al a
Ay
Asn
Al a
Ay
Leu

du
|l e Hhir Pleg Jy S1YLAED Isleé

Asn Ay
Ser Pro

Lys
Leu Thr

u met Asp Al a’t

Val Ju Ser
Met Al a Asn
Leu val Trp
Asp Val Arg
Al a se y
Asn Al é2§§

y Al a ser

teyA

Ay
val
Phe
Al a
Ile
val

Thr Gler PalAsVEG1nThsn dlg ASneSaM &1 @ YASYY

225230235240 I11e Leu Thr
Al a 245250255 Leu Asn Ay Thr Asn G n Ser
Lys AGO265279 Frovid sxsE’rﬂeGb?ye Gin Aﬁun]‘rr pal £l aAfse ASp 1@un Met

Leu 4685280285

Met Phe Gly

His

ser

TY"

Tyr

Ala

Ile

Gln
485

val

Ala
500

Asp Arg

val His

515

Arg

Trp Asn Asp

530

Ile
545

Asp

<210>
<211>
<212>
<213>

<400>

Met Thr Phe
1

Glu

Arg

Asp

Ser

Ile

Asp

Ser

Glu

Ala Asp Ile

Leu Pro Cys

565

5

523

PRT
Streptomyces
5

Ile
5

val

Ala
20

Ala Arg

Arg val

35

Arg

Arg val Tle

50

Asp
65

Ile

His

Ash

Leu val Pro

Ala
85

Ala val

Ala

Ala

val

Asn

Ala

550

Leu

B alle Ala Met 4

val Asp Leu

Arg Thr

490

Ser
505

Cys Leu

GlIn

val

Glu
535

Gly
Ala

Gly

His

maritimus

Glu
Gin
Ala
Tyr
val

70

Thh

Leu Asp Met

i0

Arg Thr Pro

25

Ser Arg

40

Asp

Gly val

55

Asn

ser GIn Ala

Asn val Gly

Page 7

Pro

LYyS

Leu

val

Asn

val

val

Thr

Arg

Ala

Pro

Asp

Tle

val

Glu

Leu

ser

Glin
75

Ala Tyr
90

du
Al a
Leu
Al a
Arg
Thr

ﬂs%}GPP%ﬁ §gP

o Thr Ala Leu
Leu Leu Pro Lys Au Gy Leu Ala Met Met Asn

y Val

Tyr

Thr

Thr

Glu

540

val

Thr

Leu

val

Met

60

Leu

Leu

Prolle
Il e Ser
Lys Thr
met Leu
Leu4%5u
Pro Tyr
val

Tyr
Arg
Gy
Leu
Leu
Val

Pro
eHL:ysﬂWaWUAsp

Ay
Au
Al a
Arg
Ile
Tyr
Ser

g Gn Leu ASn

5 Sl ATy ThAsiEUThr

Thr
495

Lys Lys

Glu Arg Leu

510

ser
525

Asp Arg

His ITe Ala

GIn Ala val

Gln
15

Leu Asp

Ala
30

Ser Pro

Lys Phe val

45

Gly Gly phe

GIn GTu Asn

Thr
95

Asp Asp

480

Gly

Tyr

Pro

ATg

Gln
560

Leu

val

GlIn

val

Leu

80

Thr

Val 65707580
G n 859095 Al a
100105110 dvy
115120125 Al a
130135140 Lys
145150155160
Tyr 165170175
Phe 180185190
Leu 195200205
Ay 210215220
Gn

Hs Ala Leu Asp Ile @n
Phe His Pro Phe Ile H s Asn Ser

Ile Ser Leu



290295300 Arg Asp Hs Gu Leu Ile Gn Asp Arg Tyr Ser Leu Arg Ser 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 Ile Asp
Val 340345350 Asp Asn G n Ala Ser Tyr HHs Gy Gy Asn Phe Leu Ay Gn Tyr
Val 355360365 Gy Met Ay Met Asp His Leu Arg Tyr Tyr Ile Gy Leu Leu Ala
Lys A340375380 HiesméeWedsierVatg G1a Jalesd achevlalery Allg ASer Pro G u Phe Ser
Asn 3853903954080 Ay Leu Pro Pa85Ser Leu Leu d ¥1Asn Arg G u Arg Lys val

Asn Met 405410415 Gy Leu Lys Ay Leu Gn lle Cys Ay Asn Ser Ile Met Pro
Leu depuat2@425430p A1 PhanTydy Gy AN &Val | AaAVS ASR Ang Phe Pro Thr His
Ala G u 435440445 G n Phe Asr0 G n nlle AsiesSer Gn Ay Tyr Thr Ser Al a
Thr Leu 450455460 Ala Arg Arg Ser val Asp Ile Phe G n Asn Tyr Val Ala lle

5480 t Arg Thr T L
Lys hr 1g§4§qéj g‘?fbgb/g ﬂe 5’?0 ﬁ)s{u\% aﬁg]sﬁé\lq'ae\d%] LeuL%gr IrD?O Alra }I/'Flr ésu
Arg Leu Tyr 500505510

Gly Asp Leu Gly Pro Leu Ala Ala ITe Ala Leu val Cys Ala Gly GlIn
145 150 155 160

Trp Lys Ala Arg Tyr Asn Gly GIn Ile Met Pro Gly Arg GIn Ala Leu
165 170 175

Ser Glu Ala Gly val Glu Pro Met Glu Leu Ser Tyr Lys Asp Gly Leu
180 185 ' 190

Ala Leu Ile Asn Gly Thr Ser Gly Met val Gly Leu Gly Thr Met val
195 200 2G5

teu GIn Ala Ala Arg Arg Leu val Asp Arg Tyr Leu G1n val ser Ala
210 215 220

Leu Ser val Glu Gly Leu Ala Gly Met Thr Lys Pro Phe Asp Pro Arg
225 230 235 240

val His Gly val Lys Pro His Arg Gly Gln Arg Gin val Ala ser Arg
245 250 255

teu Trp Glu Gly Leu Ala Asp Ser His Leu Ala val Asn Glu Leu Asp
260 265 270

Thr Glu GIn Thr Leu Ala Gly Glu Met Gly Thr val Ala Lys Ala Gly
275 280 285

Ser Leu Ala I1le Glu Asp Ala Tyr Ser Ile Arg Cys Thr pPro Gln Ile
290 295 300

Leu Gly Prc val val asp val Leu Asp Arg Ile Gly Ala Thr Leu Gin
305 310 315 320

Asp Glu Leu Asn Ser Ser Asn Asp Asn Pro Iie val Leu Pro Glu Glu
325 330 335

Ala Glu val Phe His Asn Gly His Phe His Gly Gln Tyr val Ala Met
340 345 350

Ala Met Asp His Leu Asn Met Ala Leu Ala Thr val Thr Asn Leu Ala
355 360 365
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Ser Ala Val Arg Hs Val Val Gy Gn Lys Pro Thr Ser Asp Arg Pro 515520525
Tyr Ile Trp Asn Asp Asn Qu Gn Ay Leu Asp Qu Hs lie Ala Arg 530535540
Ile Ser Ala Asp Ile Ala Ala Ay Gy Val Ile val Gn Ala val dn
545550555560 Asp Ile Leu Pro Cys Leu His 565 <210> <211> <212> <213> <220>
<223 n<AAPZr§ RO TASRErfNihel i &1 Akp QYSt 8dNRsh GereRime gulsat i tution at _
positiopzivariabilis PAL 335503 in AnabaenagoMet Lys Thr Leu Ser G n Ala Gn
Ser Lys Thr Ser Ser G n G n Phe 151015 ser Phe Thr Ay Asn Ser Ser Ala Asn

Val ] e CloL AL G0 s, 202030 etk Tl U6 66 AsRelal Al Arg Val Aa

Arg 400

Gly Gly Gln Phe Met Thr Ala Ser Ile Thr Ala Glu Thr Arg Thr Leu
405 410 415

Thr Ile Pro Met Ser val GIn Ser Leu Thr Ser Thr Ala Asp Phe Gln
420 425 430

Asp Ile val Ser Phe Gly Phe val ala Ala arg Arg Ala Arg Glu val
435 440 445

Leu Thr Asn Ala Ala Tyr val val Ala phe Glu Leu Leu Cys Ala Cys
450 455 460

Gin Ala val Asp Ile Arg Gly Ala Asp Lys Leu Ser Ser Phe Thr Arg
465 470 475 480

Pro Leu Tyr Glu Arg Thr Arg Lys Ile val Pro Phe Phe Asp Arg Asp
485 490 495

Glu Thr Ile Thr Asp Tyr val Glu Lys Leu Ala Ala Asp Leu Ile Ala
500 505 510

Gly Glu pro val Asp Ala Ala val Ala Ala His
515 520

<210> 6

<211> 510

<212> PRT

<213> Pseudomonas putida

<400> ©

Met Thr Glu Leu Thr Leu Lys Pro Gly Thr Leu Thr Leu Ala GIn Leu
1 5 10 15

Arg Ala ITe His Ala Ala pPro val Arg Leu GIn Leu Asp Ala Ser Ala
20 25 30

Ala Pro Ala Ile Asp Ala Ser val Ala Cys val Glu Gln Ile ITe Ala
35 40 45

Glu Asp Arg Thr Ala Tyr Gly ITe Asn Thr Gly gge Gly Leu Leu Ala
50 55

Ser Thr Arg ITe Ala Ser His Asp Leu Glu Asn Leu Gln Arg Ser Leu
65 70 75 80

val Leu Ser His Ala Ala Gly ITe Gly Ala Pro Leu Asp Asp AsSp Leu
85 90 95
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Ser Leu Thr Asn Asn Thr Asp Ile Leu Gn Ay Ile Gn Ala Ser cys 505560 Asp
Tyr Ile Asn Asn Ala Val Qu Ser Ay Qu Pro Ile Tyr Ay val 65707580 Thr
Ser Ay Phe Ay Ay Met Ala Asn Val Ala lle Ser Arg Au G n 859095 Al a Ser
AQu Leu Gn Thr ASn Leu Val Trp Phe Leu Lys Thr Ay Al a 100105110 Gy Asn
Lys Leu Pro Leu Ala Asp Val Arg Ala Ala Met Leu Leu Arg 115120125 Ala Asn
Ser Hs net Arg Ay Ala ser Ay Ile Arg Leu Qu Leu Ile 130135140 Lys Arg
Met v@luatd éefPHdeliéar #ah LabalyE Y 1&/aAsnTher Pre SByr ARG Tyrhe145150155160 G u
Phe Ay Ser 11'¥%Gy Ala Ser A yYAsp Leu Val Protleu Ser Tyr 165170175 Ile
Thr Ay Ser Leu Ile Ay Leu Asp Pro Ser Phe Lys Val Asp Phe 180185190 Asn
Ay deysc uldbirgAS Aya BiorThrsi A aless Alg QiantdiewraASEnleu 195200205 Ser
Pro Leu Thiadlbeu Leu Pro LystdQ u Gy Leu Ala ¥8t met Asn Gy 210215220 Thr
Ser Val Met Thr Ay Ile Ala Ala Mh Cys val Tyr Asp Thr G n 225230235240 Ile

Leu aflrcAl @al 1§ r b Wit 1GbypRlelli iy sAE By kB VASPGTY @16 drAl @ 245250255 Leu
Asn d yl3thr Asn G n Ser IBhe H's Pro Phe K@ H s Asn Ser Lys

Gly Asp Leu Ala Pro Leu Ala Thr Met Ser Leu val Leu Leu Gly Glu
145 150 155 160

Gly Lys Ala Arg Tyr Lys Gly GIn Trp Leu Ser Ala Thr Glu Ala Leu
165 170 175

Ala val Ala Gly Leu Glu Pro Leu Thr Leu Ala Ala Lys Glu Gly Leu
180 185 190

Ala teu Leu Asn Gly Thr GIn Ala Ser Thr Ala Tyr Ala Leu Arg Gly
195 200 205

Leu Phe Tyr Ala Glu Asp Leu Tyr Ala Ala Ala Ile Ala Cys Gly Gly
210 215 220

Leu ser val Glu Ala val Leu Gly Ser Arg Ser Pro Phe Asp Ala Arg
225 230 235 240

ITe His Glu Ala Arg Gly GIn Arg Gly Gin ITe Asp Thr Ala Ala Cys
245 : 250 255

Phe Arg Asp Leu Leu Gly Asp Ser Ser Glu val Ser Leu Ser His Lys
260 265 270

Asn Cys Asp Lys val Gln Asp Pro Tyr Ser Leu Arg Cys GIn Pro Gln
275 280 285

val Met Gly Ala Cys Leu Thr Gin Leu Arg Gln Ala Ala Glu val Leu
290 295 300

Gly ITe Glu Ala Asn ala val Ser Asp Asn Pro Leu val Phe Ala Ala
305 310 315 320

Glu Gly Asp val 1le Ser Gly Gly Asn Phe His Ala Glu Pro val Ala
325 330 335

Met Ala Ala Asp Asn Leu Ala Leu Ala Ile Ala Glu Ile Gly Ser Leu
340 345 350

ser Glu Arg Arg Ile Ser Leu Met Met Asp Lys His Met Ser Gln Leu
_ 355 360 365
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260265270 Pro Hs Pro Gy Gn Leu Trp Ala Ala Asp Gn Met Ile Ser Leu Leu
275280285 Ala Asn Ser G n Leu Val Arg Asp Gu Leu Asp Gy Lys H's Asp Tyr
290295300 Arg Asp His Gu Leu Ile Gn Asp Arg Tyr Ser Leu Arg Cys Leu Pro
305310315320 G n Tyr Leu Ay Prolle Val Asp Ay Ile Ser Gn Ile Ala Lys
Gn 325330335 Ile Qu Ile Qu Ile Asn Ser Val Thr Asp Asn Pro Leu Ile Asp
Val B40BAH3he AsPvABIETE ABnALRy Sey VT atl Sed 1yGhe A Phe Leu Ay G n Tyr
Val 355380365 Ay Met A375Met Asp His Led8frg Tyr Tyr Ile Ay Leu Leu Al a
Lys 370375380 His Leu Asp val An lle Ala Leu Leu Ala Ser Pro G u Phe Ser
ASn 3853A0IAP4A0 By AbEUNRY PelPia0a S kEY ALBULE X1ASRLAG AU Arg Lys Val M
met 335410415 Ay Lewysbys Ay Leu Gn3tde Cys Ay Asn &r |le Met Pro Leu
Leu 420425430 Thr Phe Tyr Gy Asn Ser Ile Ala Asp Arg Phe Pro Thr Hs Ala

Lou 95049408 Watar WG s 08P Meps AR B A Vel wa 118 A

Leu 465470475480 Met Phe Gy val Gn Ala Val Asp Leu Arg Thr Tyr Lys Lys

Thr
é%syVa? Ser Met Ala Pro Ala Ala Gly Lys Arg Leu Trp Glu Met Ala

420 425 430

Glu Asn Thr Arg Gly val Pro Ala Ile Glu Trp Leu Gly Ala Cys Gln
435 440 445

Gly Leu Asp Leu Arg Lys Gly Leu Lys Thr Ser Ala Lys Leu Glu Lys
450 455 460

Ala Arg GIn Ala Leu Arg Ser Glu val Ala His Tyr Asp Arg Asp Arg
465 470 475 480

phe Phe Ala Pro Asp Ile Glu Lys Ala val Glu Leu Leu Ala tys Gly
485 490 495

Ser Leu Thr Gly Leu Leu Pro Ala Gly val Leu Pro Ser Leu
500 505 510

<210> 7

<211> 567

<212> PRT

<213> Artificial

<220>

<223> Cysteine to serine substitution at position 64 in Anabaena
variabilis PAL

<400> 7

Met Lys Thr Leu Ser Gin Ala GlIn Ser Lys Thr Ser ser GIn GIn Phe
1 5 10 15

Ser Phe Thr géy Asn Ser ser Ala égn val ITe Ile Gly Asn GIn Lys
30

Leu Thr Ile Asn Asp val Ala Arg val Ala Arg Asn Gly Thr Leu val
35 40 45

Ser Leu Thr Asn Asn Thr Asp Ile Leu GIn Gly Ile GIn Ala Ser Ser
50 55 60

Asp Tyr Ile Asn Asn Ala val Glu Ser Gly Glu Pro Ile Tyr Gly val
65 70 75 80

Thr Ser Gly Phe Gly Gly Met Ala Asn val Ala Ile Ser Arg Glu Gln
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485490495 500505510 Ser Ala Val Arg H's Val Val Gy Gn Lys Pro Thr Ser
Asp Arg Pro 515520525 Tyr Ile Trp Asn Asp Asn Gu Gn Ay Leu Asp Qu H's
Ile Ala Arg 530535540 Ile Ser Ala Asp Ile Ala Ala Ay Gy Val Ile val @n
Al a val dn 545550555560 Asp Ile Leu Pro Cys Leu Hs 565 <210> 10 <211> 567
<212> PRT <213> Agtificial <220> <g23> Cysteine toggerine substition at
position 565 in Anabaena variabilis PAL <400> 10 Met Lys Thr Leu Ser G n
Ala @ n Ser Lys Thr Ser Ser G n G n Phe 151015 ser Phe Thr Ay Asn Ser Ser
Al a ASnSHalsTETiEy FE @) Mente qg%yTé"pzf)%%UL‘éﬁ i 9YerAsn Asp Val Ala Arg
Val Ala Arg Asn Gy Thr Leu val™ 354045 Ser Leu I Asn Asn Thr Asp lie Leu
Gn dy lle dn Ala Ser Cys 505560 Asp Tyr Ile Asn Asn Ala Val Qu Ser Ay

G u FvoASN éyYTylreuCPyo gl AB78715801 Arg Ala Ala Met Leu Leu Arg
115 120 125

Ala Asn Ser His Met Arg Gly Ala Ser Gly Ile Arg Leu Glu Ley Ile
130 135 140

Lys Arg Met Glu Ile Phe Leu Asn Ala Gly val Thr Pro Tyr val Tyr
145 150 155 160

Glu Phe Gly Ser ITe Gly Ala ser Gly Asp Leu val Pro Leu Ser Tvr
165 170 175

IMe Thr Gly Ser Leu Ile Gly Leu Asp Pro Ser Phe Lys val Asp Phe
180 185 190

Asn Gly Lys Glu Met Asp Ala Pro Thr Ala Leu Arg G1ln Leu Asn Leu
195 200 205

Ser Pro Leu Thr Leu Leu Pro Lys Glu Gly Leu Ala Met Met Asn Gly
210 215 220

Thr ser val Met Thr Gly ITe Ala Ala Asn Cys val Tyr Asp Thr Gln
225 230 235 240

ITe Leuy Thr Ala Ile Ala Met Gly val His Ala Leu Asp Ile Gln Ala
245 250 255

Leu Asn Gly Thr Asn Gln Ser phe His Pro Phe Ile His Asn Ser Lys
260 265 270

pPro His Pro Gly GIn Leu Trp Ala Ala Asp GlIn Met Ile Ser Leu Leu
275 280 285

Ala Asn Ser Gln Leu val Arg Asp Glu Leu Asp Gly Lys His Asp Tyr
290 295 300

Arg Asp His Glu Leu Ile Gln Asp Arg Tyr Ser Leu Arg Cys Leu Pro
305 310 315 320

Gln Tyr Leu Gly Pro Ile val Asp Gly Ile Ser GIn Ile Ala Lys GIn
325 330 335

Ite Glu Ile Glu Ile Asn Ser val Thr Asp Asn Pro Leu Ile Asp val
340 345 350

Asp Asn GlIn Ala Ser Tyr His Gly Gly Asn Phe Leu Gly GIn Tyr val
355 360 365
Page 12



Thr Ser Ay Phe Gy Ay Met Ala Asn Val Ala lle Ser Arg Gu G n 859095 Al a
Ser Qu Leu Gn Thr Asn Leu Val Trp Phe Leu Lys Thr Ay Ala 100105110 Ay
Asn Lys Leu Pro Leu Ala Asp Val Arg Ala Ala Met Leu Leu Arg 115120125 Al a
Asn Ser H's Met Arg Ay Ala Ser Ay Ile Arg Leu Qu Leu Ile 130135140 Lys
Arg net Qu Ile Phe Leu Asn Ala Gy Val Thr Pro Tyr Val Tyr 145150155160
GQu Phe Ay Ser Ile Ay Ala Ser Ay Asp Leu val Pro Leu Ser Tyr 165170175
| | e diyr M@ 1 GetetLasp Hie W@uyAt@TYASTYrPEGe Séy Rheleyf1WalysAsp Phe 180185190
Asn A y3{%s A u Met Asp ¥Pa Pro Thr Ala B84 Arg G n Leu Asn Leu 195200205
Ser Pro Leu Thr Leu Leu Pro Lys Qu Ay Leu Ala Met Met Asn Ay 210215220
Thr Ser LMalaspbiaiTorn @y AlaeLdl aedl daAser Bys dal pHyrseAsgEnThr G n
225280235240 Ile Leu3PAr Ala Ile Ala B8 dy Val Hs MW Leu Asp Ile Gn
Al a 245250255 Leu Asn Ay Thr Asn G n Ser Phe H's Pro Phe Ile Hs Asn Ser
Lys @Q0265370 Mo0skh SelrieuChyy G AUGTI Arfl AL Ash g Net |1 e Ser Leu
Leu 275280285 Al a4#%n Ser G n Leu Ma@ Arg p Gu l4es Asp Ay Lys H's Asp
Tyr

Gly Leu Lys Gly Leu Gin Ile Cys Gly Asn Ser Ile Met Pro Leu Leu

420 425 430

Thr Phe Tyr Gly Asn Ser Ile Ala Asp Arg Phe Pro Thr His Ala Glu
435 440 445

GIn phe Asn Gln Asn I1e Asn Ser Gln Gly Tyr Thr Ser Ala Thr Leu
450 455 460

ATa Arg Arg Ser val Asp ITe Phe GIn Asn Tyr val Ala Ile Ala Leu
465 470 475 480

met phe Gly val Gin Ala va'l Asp Leu Arg Thr Tyr Lys Lys Thr Gly
485 490 495

His Tyr Asp Ala arg Ala Cys Leu Ser Pro Ala Thr Glu Arg Leu Tyr
500 505 510

Ser Ala val Arg His val val Gly GIn Lys Pro Thr Ser Asp Arg Pro
515 520 525

Tyr Ile Trp Ash Asp Asn Glu GIn Gly Leu Asp Glu His Ile Ala Arg
530 535 540

Ile Ser Ala Asp Ile Ala Ala Gly Gly val Ile val GIn Ala val GlIn
545 550 555 560

Asp Ile Leu Pro Cys Leu His

565
<210> 8
<211> 567
<212> PRT
<213> Artificial
<220>

<223> Cysteine to serine substitution at position 318 1in Anabaena
variabilis PAL

<400> 8

met Lys Thr Leu Ser GIn Ala GIn Ser Lys Thr Ser Ser Gln &ln Phe
1 5 10 15
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290295300 Arg Asp Hs Gu 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
Grt 325330335 Ile u lle Au Ile Asn Ser Val Thr Asp Asn Pro Leu Ile Asp
Val 340345350 Asp Asn G n Ala Ser Tyr HHs Gy Ay Asn Phe Leu dy Gn Tyr
Val 355300365 H, YadretedtrMeta ASP T ST1L1 &Gy TNdn &Y% hke Gy Leu Leu Ala
Lys 370375380 i s Leu Asp Val @&n Ile Ala Leu L&u Al a é Pro A u Phe Ser
Asn 385390395400 Gy Leu Pro Pro Ser Leu Leu Ay Asn Arg Gu Arg Lys Vval -

t .40 Uy I n Ser Ile Met Pro
Leu L¥E ! gg%%ﬁé > %ﬁﬂ-%ﬁa %@rga/ Alﬂgs r(aSAS']' ﬁgqﬁagﬁs V%ng Phe Pro Thr His
Ala 3 u 435440445 d n Phe Asn Gn Asn lle Asn Ser Gn Ay Tyr Thr ser Al a
Thr Leu 450455460 Al a A ser n Tyr val Ala lle
A s EEuLHeSH 3980 TRE (PR LS T LA £ 0t ASE 8 A g The Tyr Lys
Lys Thr Gy 485490495 Hi s Tyr Asp Al a Arg AI a Cys Leu Ser Pro Ala Thr du

Arg Leu Tyr_ 500505510
Asp Tyr Ile Asn Asn Ala val Glu Ser Gly Glu Pro Ile Tyr Gly val
65 70 75 80

Thr Ser Gly phe ggy Gly Met Ala Asn ;81 Ala 1Ile Ser Arg Sgu GIn

Ala ser Glu Leu GIn Thr Asn Leu val Trp Phe Leu Lys Thr Gly Ala
100 105 110

Gly Asn Lys Leu Pro Leu Ala Asp val Arg Ala Ala Met Leu Leu Arg
115 120 125

Ala Asn Ser His Met Arg Gly Ala Ser Gly Ile Arg Leu Glu-Leu Ile
130 135 140

Lys Arg Met Glu Ile Phe Leu Asn Ala Gly val Thr Pro Tyr val Tyr
145 150 155 160

GTu pPhe Gly ser Ile Gly Ala Ser Gly Asp Leu val Pro Leu Ser Tyr
165 170 175

Ile Thr Gly Ser Leu Ile Gly Leu Asp Pro Ser Phe Lys val Asp Phe
180 185 190

Asn Gly Lys Glu Met Asp Ala Pro Thr Ala Leu Arg GIn Leu Asn Leu
195 200 205

Ser Pro Leu Thr Leu Leu Pro Lys Glu Gly Leu Ala Met Met Asn Gly
210 215 220

Thr ser val Met Thr Gly I1e Ala Ala Asnh Cys val Tyr Asp Thr Gln
225 230 235 240

ITe Leu Thr Ala Trle ATa Met Gly val His Ala Leu Asp ITe Gin Ala
245 250 255

Leu Asn Gly Thr Asn GIn Ser Phe His Pro Phe ITe His Asn Ser Lys
260 265 270

Pro His Pro Gly GIn Leu Trp Ala Ala Asp Gin Met Ile Ser Leu Leu
275 280 285

Ala Asn Ser Gln Leu val Arg Asp Glu Leu Asp Gly Lys His Asp Tyr
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Ser Al a Val

<213> Ap§

G n Se
Asn%
Al a

g ficial

r Lys Thr
| AfH &1 1 dua s
g Asn Ay Thr
Ay Ile Gn Ala Ser
Pr o qlineTyy Le@ Gl yvRito 6597 0/2380sPTialY slde @@ryGPnd 1@ 4laGLys ME8n Al a Asn Val Al a

Ser

Ile Ser Arg Gu G

Phe Leu Lys Thr Ay Al a 100105110

Arg H s Val

Ser

»%3: (@”nAifﬂ/é*"Q(ﬂSBﬁg_éﬁ“ THE $¢elpd
£ Leu Thr Asn As
Ile Asn Asn Al a Val

u Val

va

| Ay Gn Lys Pro Thr ser Asp Arg Pro 515520525
Tyr Ile Trp Asn Asp Asn Qu Gn Ay Leu Asp Qu Hs Ile Ala Arg 530535540
Ile Ser Ala Asp Ile Ala Ala Ay dy val
545550555560 Asp Ile Leu Pro Ser
<220>

354045 sert
Cys 505560 Asp Tyr

Il e val

Gn Ala Val Gn
Leu Hi s 565 <210> 11 <211> 567 <212> PRT
3> Cysteine toyggrine substitutions at positions
565 and 503 i n Anabaena variabilis PAL <400> 11 Met Lys Thr Leu Ser
G n Gn Phe 151015 Ser

Gn Al a

Phe Thr Gy Asn Ser Ser Al a
p Val Ala Arg val

i

r Asp lle
du Ser

Leu Gn
Gy Qu

859095 Page 203%A1a  Ser G u Led3*& n Thr Asn Leu Val Trp

ITe Glu Ile Glu Ite Ash Ser val ggg ASp Ash Pro

Asp

Gly

His

385

Gly

Gly

Thr

Glin

Ala

465

Met

His

ser

Tyr

Ile

545

Asp

Asn

Met

370

Leu

Leu

Leu

Phe

Phe

450

Arg

Phe

Tyr

Ala

Ile

530

Ser

Ile

340

GIn Ala Ser

355

Gly

Asp

Pro

Lys

Tyr

Asn

Arg

Gly

ASp

val

515

Trp

Ala

Leu

Met

val

Pro

Gly

Gly

Glin

Ser

val

Ala

500

Arg

Asi

Asp

Pro

Asp

Gn

Ser

405

Leu

AsSn

Asn

val

Gin

485

Arg

His

Asp

Ile

Cys
565

Tyr

His

Ile

390

Leu

Gln

Ser

Ile

Ala

val

Asn

Ala

550

Leu

His

Leud

375

Ala

Leu

Ile

Ile

Asn

455

Ile

val

Cys

va’l

Glu

535

Ala

His

Gly

360

Arg

Leu

Gly

cys

Ala

440

Ser

Phe

Asp

Leu

Gly

Gly

TYF

Leu

Asn

Gly

ASD

Gin

Gin

Leu

ser

505

Gin

Gly

Gly

Asn

Tyr

Ala

Arg

Gly

Asn

Arg

Pro

Lys

Leu

val

Phe
Ile
ser
395
Glu
Ser
rhe
Tyr
Tyr
475
Thr
Ala
Pro

ASp

Ile
555

Leu

Gly

Pro

Arg

Ile

Pro

Thy

460

val

Tyr

Thr

Thr

“Glu

540

val

Page 15

Leu Ile Asp val

Glu

Lys

Met

Thr

445

Ser

Ala

Lys

Glu

ser
525

“His

Gin

350

Gin

Leu

Phe

val

°ro

430

His

Ala

Ile

Lys

Asp

Ile

Ala

Tyr

Ala

Ser

Asn

415

Leu

Ala

Thr

Ala

Thr

495

l.eu

Arg

Ala

val

val

Lys

Asn

400

Met

Leu

Glu

Leu

t.eu

480

Gly

Tyr

Pro

Arg

Gln
560



Gy Asn Lys Leu Pro Leu Ala Asp Val Arg Ala Ala Met Leu Leu Arg 115120125
Ala Asn Ser Hs Met Arg Ay Ala Ser Ay Ile Arg Leu Qu Leu Ile 130135140
Lys Arg met Qu Ile Phe Leu Asn Al'la Ay Val Thr Pro Tyr Val Tyr
145150155160 A u Phe Gy Ser Ile Ay Ala Ser Ay Asp Leu Val Pro Leu Ser
Tyr 165170175 Ile Thr Ay Ser Leu Ille Gy Leu Asp Pro Ser Phe Lys Val Asp
Phe 180185190 Asn Ay Lys Gu Met Asp Ala Pro Thr Ala Leu Arg G n Leu ASn
Leu 488200205 Ser Pro Leu Thr Leu Leu Pro Lys Qu Gy Leu Ala Met Met ASn
Gly 21 O Thr Ser Val net Thr Ay Ile Ala Ala Asn Cys Val Tyr Asp Thr
G n.5538523023p24Q 1 1e Leu Thr Ala Ile Ala met Gy Val Hs Ala Leu Asp Ile
Gn Ala 245250255 Leu Asn Gy Thr Asn Gin Ser Phe Hi's Pro Phe Ile His Asn
Ser 4« §>260265270 Pro Hi s g p Ala Ala Asp Met |le Ser
Leu 1444 g%%gg ‘ig@‘"ﬂ% SSé?t‘éP "Lrbét\P&IS”A’r‘ﬁ‘ ABD @ ﬁ”ar_t@@”%p Ay Lys His
Asp Tyr 29 Asp Hs Qu Leu Ile Gn Asp Arg Tyr Ser Leu Arg Cys
Leu #00>3035310315320 G n Tyr Leu Ay Pro Ille Val Asp Ay Ile Ser Gn lle

Al a i\]fl_t_e_}%si..% r%hézt?e%ggg):?%}n Ala Gln Ser Ii%s Thr Ser Ser Gln Gln Phe

15

Ser Phe Thr Ggy Asn Ser Ser Ala Asn val Ile Ile Gly Asn GIn Lys
2 25 30

l.eu Thr gge Asn Asp val Ala ﬁgg val Ala Arg Asn Gly Thr Leu val
45

Ser Leu Thr Asn Asn Thr Asp Ile Leu GIn Gly Ile GIn Ala Ser Cys
50 55 60

Asp Tyr Ile Asn Asn Ala val Giu Ser Gly Glu Pro ITe Tyr Gly val
65 70 75 80

Thr ser Gly Phe Gly Gly Met Ala Asn val Ala Ile Ser Arg Glu GIn
85 90 95

Ala ser Glu Leu Gin Thr Asn Leu val Trp Phe Leu Lys Thr Gly Ala
100 105 110

Gly Asn Lys Leu Pro Leu Ala Asp val Arg Ala Ala Met Leu lLeu Arg
115 120 125

Ala Asn Ser His Met Arg Gly Ala Ser Gly Ile Arg Leu Glu Leu ITe
130 135 140

Lys Arg Met Glu Ile Phe Leu Asn Ala Gly val Thr Pro Tyr val Tyr
145 150 155 160

Glu Phe Gly Ser rle Gly Ala Ser Gly Asp Leu val Pro Leu Ser Tyr
165 170 175

ITe Thr Gly Ser Leu Ile Gly Leu Asp Pro Ser Phe Lys val Asp Phe
180 185 190

Asn Gly Lys Glu Met Asp Ala Pro Thr Ala Leu Arg GIn Leu Ash Leu
195 200 205

Ser Pro Leu Thr Leu Leu Pro Lys Glu Gly Leu Ala Met Met Asn Gly
210 215 220
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QP
<T O

I Ile Au lle Asn Ser val Thr Asp Asn Pro Leu Ile Asp Val 340345350
Gn Ala Ser Tyr HHs Ay @y Asn Phe Leu Ay G n Tyr Val 355360365
Gy nmet Asp His Leu Arg Tyr Tyr Ile Ay Leu Leu Ala Lys 370375380
H's Leu Asp Val Gn lle Ala Leu Leu Ala Ser Pro G u Phe Ser Asn
3853903954901 Wey HeUGH) G1Br 01aSaTa LW ERUVA YryfSisArdr @i Arg Lys Val Asn
Met 24685410415 dvy Leaﬁys Ay Leu Gn239e Cys Ay Asn Bér |Ile Met Pro Leu

Leu 420425430 Thr Phe Tyr Gy Asn Ser Ile Ala Asp Arg Phe Pro Thr His Al a

Leu 4B07aeatn Aranle & A& VAT disn (R EeBRrd Tt S0 Vol Ava fie Ak

Leu 465470475480 Met Phe d y VaI Gi n AI a Val Asp Leu Arg Thr Tyr Lys Lys
Thr Ay 485490 95 H| Tyr g a.Ser, Leu Ser Pro Ala Thr Au Arg
Leu SrABbE b% 'ngr i@ SP%F-I?/(;”-ES(%\% h s Pro Thr Ser Asp
Arg Pro 51552 5 Tyr Ile Trp nAspAsnGIuGlnGIyLeuAspGlqusIIe

Ala Arg 530535540 |le Ser Ala Aspl e Ala Ala Gy Ay Val Ile val Gn Al a
Val AenHis P;g Gly Gln Leu Trp égg 1a Asp GIn Met gég Sér Leu Leu o

Au
Asn
Met

Ala Asn Ser GIn Leu val Arg Asp GlIu Leu Asp Gly Lys His Asp Tyr
290 295 _ 300

Arg Asp His Glu Leu Ile Gin Asp Arg Tyr Ser Leu Arg Cys Leu Pro
305 310 315 320

GIn Tyr Leu Gly Pro Ile val Asp Gly Ile Ser Gln Ile Ala Lys GIn
325 330 335

ITe Glu Ile Glu Ile Asn Ser val Thr Asp Asn Pro Leu Ile Asp val
340 345 350

Asp Asn GIn Ala Ser Tyr His Gly Gly Asn Phe Leu Gly Gin Tyr val
355 360 _ 365

Gly Met Gly Met Asp His Leu Arg Tyr Tyr Ile Gly Leu Leu Ala Lys
370 375 380

His Leu Asp val GIn Ile Ala Leu Leu Ala Ser Pro Glu Phe Ser Asn
385 390 395 400

Gly Leu Pro Pro Ser Leu Leu Gly Asn Arg Glu Arg Lys val Asn Met
405 410 415

Gly Leu Lys Gly Leu Gln Ile Cys Gly Asn Ser Ile Met Pro Leu Leu
420 425 430

Thr Phe Tyr Gly Asn Ser Ile Ala Asp Arg Phe Pro Thr His Ala Glu
435 440 445

Gin Phe Asn GIn Asnh Ile Asn Ser GlIn Gly Tyr Thr Ser Ala Thr Leu
450 455 460

Ala Arg Arg Ser val Asp Ile Phe GIn Asn Tyr val Ala Ile Ala Leu
465 470 475 480

mMet Phe GTy val Gln Ala val Asp Leu Arg Thr Tyr Lys Lys Thr Gly
485 490 495

His Tyr Asp Ala Arg Ala Ser Leu Ser Pro Ala Thr Glu Arg Leu Tyr
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545550555560 Asp Ile Leu Pro Ser Leu His 565 <210> 12 <211> 38 <212> DNA
<213> Artificial <220> <223> Nostoc punctiforme PAL priner 1 (forward)
<400> 12 cactgtcata tgaatataac atctctacaa cagaacat 38 <210> 13 <211> 45
<212> DNA <213> Artificial <220> <223> NOSt OC punctifornme PAL primer 2
(reverse) <400sp0ol3 gacagtggcg geegctcacg ttgacttiga gctcgaaaaa atat g45s
<210> 14 <211> 38 <212> DNA <213> Artificial <220> <223> Anabaena

vari abiljs PAL primer forward, N-term pal fragment) <400> 14 cactgtgcta
gcatYda L%gggtﬁf%ﬁb%é{aéc%aggég“ Jéffogr‘lgﬂézgi >A%§ ALS199 DNA <213>
Artificial <220> <223> Anabaena variabilis PAL priner 2 (reverse,

N-term nal fragnment) <400> 15 ggaaatttcc tccatgatag _ctggcttggt tatcaacatc
aat tagt g%g‘fazﬂmw% AéEl%’g gtn @gXZLﬁUDI‘\@P Ef;gaﬂwh Alei A9 <220> <223>
Anabaen ariabilis PAL imer 3 (forward,”"C-term nal fragnment) <400> 16

Ile Ser Ala Asp Ile Ala Ala Gly Gly val Ile val Gln Ala val Gln

545 550 555 560
Asp Ile Leu Pro Cys Leu His
565
<210> 10
<211> 567
<212> PRT

<213> artificial

<220>

<223> Cysteine to serine substition at position 565 in Anabaena
variabilis PAL

<400> 10

-Met Lys Thr Leu Ser Gin Ala Gln Ser Lys Thr Ser Ser Gln &1n Phe

i 5 10 15

Ser Phe Thr Gly Asn Ser Ser Ala Asn val ITe Ile Gly Asn GIn Lys
20 25 30

Leu Thr Ile Asn Asp vVal Ala Arg val Ala Arg Asn Gly Thr Leu val
35 40 45

Ser Leu Thr Asn Asn Thr Asp'IWe Leu GIn Gly Ile Gln Ala Ser Cys
50 55 60

Asp Tyr Ite Asn Asn Ala val Glu Ser Gly Glu Pro Ile Tyr Gly val
65 70 75 80

Thr Ser Gly Phe Gly Gly Met Ala Asn val Ala Ile Ser Arg Glu GlIn
85 90 95

Ala Ser Glu Leu GIn Thr Asn Leu val Trp Phe Leu Lys Thr Gly Ala
100 105 110

Gly Asn Lys Leu Pro Leu Ala Asp val Arg Ala Ala Met Leu Leu Arg
115 120 125

Ala Asn Ser His Met Arg Gly Ala Ser Gly Ile Arg Leu Glu Leu Ile
130 135 140

Lys Arg Met Glu Ile pPhe Leu Asn Ala Gly val Thr Pro Tyr val Tyr
145 150 155 160

Page 18



ccactaattg atgttgataa ccaagccagc tatcatggag gaaatttcc49 <210> 17 <211> 41
<212> DNA <213> Artificial <220> <223> Anabaena variabilis PAL priner 4
(reverse, C-termnal fragnent) <400> 17 cactgtgcgg ccgcttaatg caagcagggt
aagatatctt g41 <210> 18 <211> 35 <212> DNA <213> Artificial <220> <223>
Anabaena variabilis PAL forward prinmer <400> 18 cactgtcata tgaagacact

at ctdaagion Gt aaay351 e<219P>A1h95er<Z1yl AsPOL R V2P MNALR? Edr Amti ficial <220>
<223> Anabaena vaitfubilis PAL reve’@e prinmer <400>1I8 cactgtctcg agat gcaagc
agggtaagat atcttg36 <210> 20 <211> 38 <212> DNA <213> Artificial <220>
<223p1Anbagpasaral iahnbi ¢lyPAdy REH BD - eheatye a1 Maglenei te and delete
internal Nhel 80te (forward, NiZ8&rm nal) <400> 290 cact gt gcta gcat gaagac
act at ct caa gcacaaag38 <210> 21 <211> 49 <212> DNA <213> Artificial <220>

<223%n 608 1, ahialishi §aPAL RREMBE E(ﬁ; GR§ATH Peu MIR! 3 t€ and delete
internal 'Nnéf site (reversezodN-term nal ) 205

Ser Pro Leu Thr Leu Leu Pro Lys Glu Gly Leu Ala Met Met Asn Gly
210 215 220

Thr ser val Met Thr Gly ITe Ala Ala Asn Cys val Tyr Asp Thr G1ln
225 230 235 240

ITe teu Thr Ala Ile Ala Met Gly val His Ala Leu Asp Ile GIn Ala
245 250 255

Leu Asn Gly Thr Asn GIn Ser Phe His Pro Phe Ile His Asn Ser Lys
260 265 270

Pro His Pro Gly GIn Leu Trp Ala Ala Asp GIn Met Ile Ser Leu lLeu
275 280 285

Ala Asn Ser GTn Leu val Arg Asp Glu Leu Asp Gly Lys His Asp Tyr
290 295 300

Arg Asp His Glu Leu Ile GIn Asp Arg Tyr Ser Leu Arg Cys lLeu Pro
305 310 315 320

GIn Tyr Leu Gly Pro ITe val asp Gly Ile Ser Gln Ile Ala Lys Gln
325 330 335

ITe Glu Ile Glu Ile Asn Ser val Thr Asp Asn Pro Leu Ile Asp val
340 345 350

Asp Asn GIn Ala Ser Tyr His Gly Gly asn Phe Leu Gly GIn Tyr val
355 360 365

Gly Met Gly Met Asp His Leu Arg Tyr Tyr Ile Gly Leu Leu Ala Lys
370 375 380

His Leu Asp val Gin Ile Ala Leu Leu Ala Ser Pro Glu Phe Ser Asn
385 390 395 _ 400

Gly Leu Pro Pro Ser Leu Leu Gly Asn Arg Glu Arg Lys val Asn Met
405 410 415

Gly Leu Lys Gly Leu GIn Ile Cys Gly Asn Ser Ile Met Pro Leu Leu
420 425 430

Page 19



<400> 21 ggaaatttcc tccatgatag ctggcttggt tatcaacatc aattagtgg49 <210> 22
<211> 49 <212> DNA <213> Artificial <220> <223> Anabaena variabilis PAL
prinmer to create 5° Nhel site and delete internal Nhel site (forward,
C-termnal fragment) <400> 22 ccactaattg atgttgataa ccaagccagc tatcatggag
gaaait ek Iy FZE0 a3 serihz Ah 720 239D $Rd 3 cARtd Taigi@ly, <220> <223>
Anabaena vaebabilis PAL pri##r to create 5 4del site and delete interna
Nhel site (reverse, C-termnal fragnent) <400> 23 acagtggcgg ccgcttaatg
caaggag at ct < <211> <21 <213> Artificial
<228§§ ﬂ%%§§§ﬁ§ha§%h&3§2%§b§%?§?%gfygﬁ%hégffﬁgcggaﬁﬁpéf%e (forward) 5" Nnel
site and 3' Sinai <400>24 cactgtgaat tcatgaagac actatctcaa gcacaaag 38

<2]i£ﬁ%5Arg Arg Ser val Asp Ile Phe GIn Asn Tyr val Ala Ile Ala Leu
465 470 475 480

Met Phe Giy val Gln Ala val Asp Leu Arg Thr Tyr Lys Lys Thr Gly
485 490 495

His Tyr Asp Ala Arg Ala Cys Leu Ser Pro Ala Thr Glu Arg Leu Tyr
500 505 510

Ser Ala val Arg His val val Gly GIn Lys Pro Thr Ser Asp Arg Pro
515 520 5253

Tyr Ile Trp Asn Asp Asn Glu Gln Gly Leu Asp Glu His Ile Ala Arg
530 535 540

ITe Ser Ala Asp Ile Ala Ala Gly Gly val Ile val Gin Ala val Gln
545 550 555 560

Asp ITe Leu Pro Ser Leu His

565
<210> 11
<Z211> 567
<Z212> PRT
<213> Artificial
<220>

<223> Cysteine to serine substitutions at positions 565 and 503 in
Anabaena variabilis PAL

<400> 11

Met Lys Thr Leu Ser GlIn Ala GlIn Ser Lys Thr Ser Ser Gln Glin Phe
1 5 10 15

ser Phe Thr Gly Asn Ser Ser Ala Asn val Ile Ile Gly Asn Gin Lys
20 25 30

Leu Thr Ile Asn Asp val Ala Arg val Ala Arg Asn Gly Thr Leu val
35 40 45

Ser Leu Thr Asn Asn Thr Asp Ile teu GIn Gly Ile Gin Ala Ser Cys
50 55 60

Asp Tyr Ile Asn Asn Ala val Glu Ser Gly Glu Pro Tle Tyr Gly val
65 70 75 80

Thr ser Gly Phe Gly Gly Met Ala Asn val Ala Ile Ser Arg Glu Gln
85 90 G35
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<211>37 <212>DNA <213>Artificial <220> <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

Ala ser Glu Leu GIn Thr Asn Leu val Trp Phe Leu Lys Thr Gly Ala
100 105 110

Gly Asn Lys Leu Pro Leu Ala Asp val Arg Ala Ala Met Leu Leu Arg
115 120 125

Ala Asn Ser His Met Arg Gly Ala Ser Gly ITe Arg Leu Glu Leu ITe
130 135 140

Lys Arg Met Glu ITe Phe Leu Asn Ala Gly val Thr Pro Tyr val Tyr
145 150 155 160

Glu Phe Gly ser Ile Gly Ala Ser Gly Asp Leu val Pro Leu Ser Tyr
165 170 175

Ile Thr Gly Ser Leu Ile Gly Leu Asp Pro Ser Phe Lys val Asp Phe
180 185 190

Asn Gly Lys Glu Met Asp Ala Pro Thr Ala Leu Arg GIn Leu Ash Leu
195 200 205

Ser Pro Leu Thr Leu Leu Pro Lys Glu Gly Leu Ala Met Met Asn Gly
210 215 220

Thr Ser val Met Thr Gly Ile Ala Ala Asn Cys val Tyr Asp Thr GIn
225 230 235 240

ITe Leu Thr Ala ITe Ala Met Gly val His Ala Leu Asp ITe Gln Ala
245 250 255

Leu Asn Gly Thr Asn Gln Ser Phe His Pro Phe ITe His Ash Ser Lys
260 265 270

Pro His Pro Gly Gin Leu Trp Ala Ala Asp Gln met ITe Ser Leu Leu
275 280 285

Ala Asn Ser GIn Leu val Arg Asp Glu Leu Asp Gly Lys His Asp Tyr
290 295 300

Arg Asp His Glu Leu Ile Gln Asp Arg Tyr Ser Leu Arg Cys Leu Pro
305 310 315 320

Gin Tyr Leu Gly Pro Ile val Asp Gly Ile Ser GIn Ile Ala Lys GIn
325 330 335

ITe Glu Ile Glu ITe Asn Ser val Thr Asp Asn Pro Leu Ile Asp val
340 345 350

Asp Asn GIn Ala Ser Tyr His Gly Gly Asn Phe Leu Gly GIn Tyr val
355 360 365
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<220> <223> Anabaena variabilis PAL prinmer to create cysteine to serine
substitution at position 503 (forward) <400> 26 gtcattacga tgcacgcgcc
tctctatcac ctgcaactga g4l <210> 27 <211> 41 <212> DNA <213> Artifici al
<220> <223> Anabaena variabilis PAL prinmer to create cysteine to serine
substitution at position 503 (reverse) <400> 27 ctcagttgca ggtgat agag
aggcyegrec cay ogttasty i £ 4u<@¥DFy 8y« 21 k>GAY 1eR1leu BNA L9213> Artifi ci al
<220> <22B3> Anabaena vard’abilis PAL primB#0to create cysteine to serine
substitution at position 565 (forward) <400> 28 cagttcaaga tatcttaccc
t cctiigeadd A8R0Re0gUC18042 cdilQzu 28 a<CklPrd &162dm> sBNAsR213> Artifici al
<22(®85<223> Anabaena39@riabilis PAL p39er to create cAPSteine to serine
substitution at position 565 (reverse) <400> 29 <210> 30 <211> 44 <212>
DNA ¢5918&, AR IdrbCs& 152300 §R2 A3 mb@ﬁﬁaraqgeamwl hSn RAk primer to create
cysteine to seringpsubstituti'on at4iposition 64 (fowwvard) <400> 30
gcagggtatt caggcatctt ctgattacat taataatgct gttg44 <210> 31 <211> 44 <212>
DNA <213> Artifii cj > < b i.abilis PAL primer to create
Gﬁ% lr_get{ Lg/l‘éefif%% L&J Gfg%qteugf%%z§?@% ?eqfnilié/qz%b‘[ %’89 | By L’%lu

cysterné to ne subst’i position VErse) <400> 31

Thr Phe Tyr Gly Asn Ser Ile Ala Asp Arg Phe Pro Thr His Ala Glu
435 440 445

Gin Phe Asn Gln Asn ITe Asn Ser Gin Gly Tyr Thr Ser Ala Thr Leu
450 455 4860

Ala Arg Arg Ser val Asp Ile Phe Gln Asn Tyr val Ala Ile Ala Leu
465 470 475 480

Met Phe Gly val GlIn Ala val Asp Leu Arg Thr Tyr Lys Lys Thr Gly
485 490 495

His Tyr Asp Ala Arg Ala Ser Leu Ser Pro Ala Thr &lu Arg Leu Tyr
500 505 510

Ser Ala val Arg His val val Gly Gln Lys Pro Thr Ser Asp Arg Pro
515 520 525

Tyr Ile Trp Asn Asp Asn Glu GIn Gly Leu Asp Glu His Ile Ala Arg
530 535 540

ITe ser Ala Asp Ile Ala Ala Gly Gly val Ile val GIn Ala val Gln
545 550 555 560

Asp Ile Leu Pro Ser Leu His
565

<210> 12

<211> 38

<212> DNA

<213> Artificial

<220>
<223> Nostoc punctiforme PAL primer 1 {(forward)

<400> 12
cactgtcata tgaatataac atctctacaa cagaacat 38

<210> 13
<21l> 45
<212> DNA
<213> Artificial
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caacagcatt attaatgtaa tcagaagatg cctgaatacc ctgcd4d <210> 32 <211> 43 <212>
DNA <213> Artificial <220> <223> Anabaena variabilis PAL priner to create
cysteine to serine substitution at position 318 (forward) <400> 32
caagatcgtt actcactccg atcccttccc cagtatttgg ggcd43 <210> 33 <211> 43 <212>
DNA <213> Artificial <220> <223> Anabaena variabilis PAL prinmer to create
cystei2fbe to serine substitution at position 318 (reverse) <400> 33

geccdadat A0Sty FHRRYIOTH COYATT IS gt ABRGAED tt g43

<400> 13
gacagtggcg gecgetcacg ttgactttaa getcgaaaaa atatg 45

<210> 14

<211> 38

<212> DNA

<213> Artificial

<220>
<223> Anabaena variabilis pAL primer 1 (forward, N-terminal fragment)

<400> 14
cactgtgcta gcatgaagac actatctcaa gcacaaag 38

<210> 15

<211> 49

<Z212> DNA

<213> Artificial

<220>
<223> Anabaena variabilis pPaAL primer 2 (reverse, N-terminal fragment)

<400> 15
ggaaatttce tccatgatag ctggcttggt tatcaacatc aattagtgg 49

<210> 16

<211> 49

<212> DNA

<213> Artificial

<220>
<223> Anabaena variabilis PAL primer 3 (forward, C-terminal fragment)

<400> 16
ccactaattg atgttgataa ccaagccagc tatcatggag gaaatttcc 49

<210> 17

<211> 41

<212> DNA

<213> Artificial

<220>
<223> Anabaena variabilis PAL primer 4 (reverse, C-terminal fragment)

<400> 17
cactgtgcgg ccgcttaatg caagcagggt aagatatctt g 41,

<210> 18

<211> 35

<212> DNA

<213> Artificial

<220>
<223> Anabaena variabilis patL forward primer

<400> 18
cactgtcata tgaagacact atctcaagca caaag 35

<210> 19
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<211> 36

<212> DNA

<213> Artificial-

<220>

<223> Anabaena variabilis PAL reverse primer

<400> 19

cactgtctcg agatgcaagce agggtaagat atcttg 36

<210> 20

<211> 38

<212> DNA

<213> artificial

<220>

<223> Anabaena variabilis PAL primer to create 5' Nhel site and delete
internal NheI site (forward, N-terminal)

<400> 20

cactgtgcta gcatgaagac actatctcaa gcacaaag 38

<210> 21

<211> 49

<212> DNA

<213> Artificial

<220>

<223> Anabaena variabilis PAL primer to create 5' NheI site and delete
internal NheI site (reverse, N-terminal )

<400> 21

ggaaattice tccatgatag ctggeitggt tatcaacatc aattagtgg 49

<210> 22

<211> 49

<212> DNA

<213> Artificial

<220>

<223> Anabaena variabilis PAL primer to create 5' NheI site and delete
internal NheI site (forward, C-terminal fragment)

<400> 22

ccactaattg atgttgataa ccaagccagce tatcatggag gaaatttcce 49

<210> 23

<211> 41

<212> DNA

<213> Artificial

<220> ) )

<223> Anabaena variabilis PAL primer to create 5' Nhel site and delete
internal Nhel site (reverse, C-terminal fragment)

<400> 23

acagtggcgg ccgottaaty caagcagggt aagatatctt g 41

<210> 24

<211> 38

<212> DNA

<213> Artificial

<220>
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<223>

<400>

Anabaena variabilis PAL primer to create 5' NheI site and 37 Smal

site (forward)

24

cactgtgaat tcatgaagac actatctcaa gcacaaag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

25

37

PNA
Aartificial

38

Anabaena variabilis PAL primer to create 5' nNhel site and 3" smal

site (reverse)
25

cactgtcccg ggttaatgca agcagggtaa gatatct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

26

41

DNA
Artificial

Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 503 (forward)

26

gtcattacga tgcacgegee tctctatcac ctgcaactga ¢

<210>
<211>
<212>
<213>

<220>
<223>

<400>

27

41

DNA
Artificial

Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 503 (reverse)

27

ctcagttgca ggtgatagag aggcgegtge atcgtaatga ¢

<210>
<211>
<212>
<213>

<220>
<223>

<400>

28

42

DNA
arvificial

Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 565 (forward)

28

cagttcaaga tatcttaccc tcctigcatt aacccgggct go

<210
<211>
<212>
<213>

<220>
<223>

<400>

29

42

DNA
Artificial

Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 565 (reverse)

29
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41
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gcageceggg ttaatgcaag gagggtaaga tatcttgaac tg

<210> 30

<211> 44

<212> DNA

<213> Artificial
<220>

<223> Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 64 (forward)

<400> 30
gcagggtatt caggcatctt ctgattacat taataatgct gttg

<210> 31

<211l> 44

<212> DNA

<213> Artificial
<220>

<223> Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 64 (reverse)

<400> 31
caacagcatt attaatgtaa tcagaagatg cctgaatacc ctgce

<210> 32
<211> 43
<212> DNA

<213> Artificial

<220>
<223> Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 318 (forward)

<400> 32
caagatcgtt actcactccg atcccticce cagtatttgg gge

<210> 33

<211> 43

<212> DNA

<213> Artificial
<220>

<223> Anabaena variabilis PAL primer to create cysteine to serine
substitution at position 318 (reverse)

<400> 33
gccccaaata ctggggaagg gatcggagtg agtaacgate ttg
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