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ENT OF HOMOC VST

CROSS-REFERENCE TO RELATED APPLICATIONS
j801]  This apphoation chims priovity to UK Application No. BO35,60, fled

Noveaber 8, 33 the contonts of which are wmworporated horeln by roferente i thew
cntivety.

SEQUENCE LISTING

{00021 The prosent spphoation 1 betng filed slong with o Sequense Listing w aleotroniy
formar. The soquence hsting file, catitted 2016-11-08_Sequenve

Listing IOV IOWPUTY e, was wreated on Noventber §, 2008 and s 26,2 kilobyites in stz
The mforntion i electronie format of the Sequence Listing is incraposated herewy by
sferonee i it ontiy

”
FINLD QF THE INVENTION

{IR03]  The prosot invention gonerlly reltes o onyme roplacenent thorapy (ERT)

S

using hunwn Cystathionine Beia-Synthase {UBR), or & madifiod vorston thersoll{e g, huvan

rameated UBS (iCESyor o vt thereoD) oo v ficatly reduce seham homnoysieig

{Hov) conventraiions, sud restiwe lovels of s downstromn wolabolites such as oyxathiontne

and cysteing, Further, BRYT seih OBS, hiOBS or 2 modificd vorsion theroot, such asa UBSR

swrtant ©1 A8, can be osed for roatment of discases such as homooystingria and bomwooysteing
X

romcthyiation disordars.

BACKGROUND OF THE INVENTION
[e0d] Ceshbionine botassenthase {OBS) B the fest onzyiog i the transsulBipation

pathway, catalyzmg the conddonsating of sorine and hosnooyeteine (Hev to svstathionin,
which is ther hydvobyred to cystaine hy ovsiathionive gannsa-bease {0GLY In svstenx
bisdogy, robastiess of a bisdogiont systontis defined av 1ty ability 10 function progasbedn fige
of pertrbativns, and redundaney of cloments in the systeny is one of the mechanisng by
which such robustness s achioved itane, HL 2884, Nature Revigws Genedios, S R26-8371
Hewever, the icdogieal transsudfination svaten seens 1o hgedy ek redundiney of
COMPOROIE, making NS systom prowd & mutatioval porturbations. For exanple, the €8BS
sy s the sady coponent that can procoss humocysiome By evstathionine. & Hanted
systom redundapey partly oxasts as homooysteme, the st motebobie thar Bewels hato the
pathway, can slornstively be convarted 1o meinoain throuel the romethlation pathway,
s relioving the homoecystenre load. In additon, cvstemne, 8 downstreany product, can be

obtained dirvotly fronydier. Nevertheless, these pathwiees see Hmited 0 thoir sapagity &



WO 2017/083327 PCT/US2016/061050

i nornsek kevels of ntabeliivs, amd lack of UBS functives has dotrimeniad
consequences for human patients o lefl antrested, nectivation of UBXN reselts i

o

cystathionine bota-synthase-det

ciont horsooystmunia {UBSDH}, muoe conunendy reforrad
as elasvival homosystinaria

{0ST  Thore exist Hmited thevapoutic options w ireat CBSDH and carvent traptment

v reduch hoysteing but Jdo st ond 1o romahize ovstathiomine (U0 or oysionw
{Cyal and thus these rostnient options sy b nadeguate for providing robust and effeotve
rostnent {%}3@.%{}&}3. Thus, there romains 8 peed v the ot Ror move offccivt tostniont stategies
for individugls with hompoystimuia,

{0006  The pressat vention addresses this need by moviding cranpositinas and methods
of uaing these composions for the treatnent of UBIDHL

SUMMARY OF THE INVENTHON
{00071 The preseny disclosure provides congx

sibions suitable for enzyvme replaceipent

thevapy comprising huaman nuocated syststhionine hota synthasy (WCBS) and vanants

therond which may also be PEGylated. The RUBS congosition may be wsed o redues
Homooysteing levels and ruse fovels of downstream rostabplites cystativonine and eysteme,
may be used 1o troat couditions and discases sueh sy homoosst ;.n,sté;x {feg, CBSDHD) and
Branocystotoe sty ktton dissedens sad they also ey borused o snprave Bver patholeg
{0008]  Prrvided heran are methods for trosting homooystinuria 1 a subgject by
sdminisioring 1o a subyect 8 compasition compaising s daolated BMOBRS or MOBS wootant
pobvpeptides, The CBS or MBS vuutant polypeptide ey by PEGvisted with g low
molecular weight o ligh woletuder worght PEG. o cortn embodimants, the UBS or
BOBS nustant polypopiide sy be PEGyiated with PEG molecules baving various
goometriey mid diforent charnisimes o comgogation. In some embodiments, the BUBS o
BOBS mgant polvpsptides muy be adodudstored gty doss Tobween 8.8 and 18 mpveand
miay be administered st last onee 3 week, The IMOBS or leUBS mutant polypepade nay e
sdminisiored at o dose batveeen 5 and 7.5 mg'ky and nay be aceindstoresd of feast twice g
wapk: Forthey, the BUBS or UBS mutan podypentide may bo co-adnunistored with betame;
o other Rnown UBSDH tharapies.

09 Provided borehn e mothods for inorcasing the anwunt of & motabobite such as,
bt not lnetted o, ovstathionine and sysicing, inasebivet by adranistoring foa suldont a
sompasition comprising an hMUES or BUES metant polvpoptide, The hCHS or MCHS
mgtant polvpeptide may be PEGyisted with g low rocdovudar weight o high molocaler wonpht
PEG. I some smbodiments, the BORS or BOCES st polypeptides may be administered

3
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at a dose bepeeenn 007 and 10 me'ke and may be adimindstered af feast oner aweek, The
BEUES o BUBN matant polypeptide may be adwiustored of & dose bebweon § and 7.8 mptke
amst ey be acdroiasteead ot foast twiee & week, Further, the hiCBS or MUBS mustant
polypeptide niay be ceaditrstorad with botaine. The antmt of cystathionine may v
merogsedd o OSB3 5 uRE The amonnt of cvsteine may be fnoreased 1o above MO M

o 8. hobwoon 200 aM o 00 g My

00 Provided herein are niethods S deorsasing the anomt of sonetsbolite such as,
hut wot tnitad o, bomooysieing, nothionine S-adenasyt homoevstome, and S-adenosyd
mothronine i a sabjvct by adnunistoring to 3 subleod @ componttioss congeistiir ey BUBS o
RUBS mutsnt polyvpeptide, The ROBS or hiUBS mutant polypeptiche mune by PEGyisted with
3 tow moleeudar wetght or high wmolotudse weight PEG. o sonwe sovbodivents, the BOBS o
HOBS st polypepiides swy be adwimstorad at o dose bebween .01 and 10 mgkg. For

sxample, the dose is about d

kg The heUBS wr RURBS muotant podvpeptide way be
sdwivstored at 2 dose bobwoen § and 7.3 mefke and nay e adininistored st Rasttsiees
weeek. Further, the BOBS or MOBS motan polypeptide oy be co-adnunistored with betaine.
The amownt of homooysieing way be decressed Yo Tess than W M {ag, aboug 1 MY The
amount of methionne may be devrcased o koxs than 38 eM {o.g, about 3¢ 1ML The snow

of R-adenosyl bomoeysteine may be deorensed 1o Tess than 844 uM (e, about GOLE g

[ Provided beroin s methods for treating Bver discase i a subjnet by
adntinistermng fo 8 subjeot 3 comprsition comprinig an BORS or MCES nustiest pobypeptide.
The RS wr MURBRS mutant polypeptide sy be PEGyIated with a low saddoralar waight or
hivh woleodar woight PEG. o some snbodiments, the BUBS or UBS mutant
polypeptides may be adminiiored &t @ dose between 0T mnd 18 gtk ad may be
astministored at fosst wmen woweek, For oxample, the doss is sbout 04 mahe The BCBS o
HIOBS putsd polvpeptide may be sdiministered at 2 dose boyween 5 gnd 7.3 sk and ony
be adoimistornd at least bvion 3 week,

2 Corain eodbodiments of the invention beroin provide a sethod sf troating
hovpoevstimarian a subjost, the method focluding the steps of advobustoning o s subjoct a
gomposition comprising an solated lon truncated cystathionine beta svuthase hCBS)
pintant polypeptide congrisiing @ oatation at el woid posttion 13 of SEQ 1D RQ: 3, sk
that the isolated MORS watant pobepeptide i PEG vlated with an ME-MGGS PEG swleinle,
LR In some cmbodinoniy, the nutation iz & substitution of o serie for a oysigie

1K) In some sobodirnends, the sebiegt ivg human. In some embodiments, the



WO 2017/083327 PCT/US2016/061050

cranposition is advmnistered By a dose sclonted from the range of about G081 matke © abms
10 nvha, For oxample, the dose s aboot 8.4 madky.
{po14} o souy cmbodimonts, the disessy, dsorder, o condition 18 selocted osteopunsis,

defvets, the method comprising admimstoring to a subject 3

alopecia thivming hatr, or eve
sompasiion comprising an bolatod bunan tsested cvstathiomne bota synthase {IOBSY
tion 18 of REQID WX 3
wherain sard solated BOUBS polypoptide ymotant has beon PEGyated with o ME-Z00GS
PEG nwlecule

{8815 Addhonal smbodiments of e prosont compositionyand arthods, and the Hie,

pistant prbepopinle compristng 3 muiation af st dod o

wil be apparent from the following desoripting, donvings, oxamples, and olalims, Ascanbe
appreciated froms the foregotng and fullenemg description, seeh Ratere desorthed horony, sud
svery combnation of Beo or mrore of such Reatwrey, iy incloded withis the seope of the
prosent diselosire provided that the fextores neluded b xoch » vondsnatio: sre pot snsually
faconsistont, 1o addition, any feature ovconabination of feateres may b gpoafically exchuded
fronw any ersbodiment of the prosent iyvention. Addionad aspects and advantages of e
presont invention arg set forth buohe folfowing deseription and olabmy, pavticularty when
considerad in componction with the accompanying cxannples and donwingy,

BRIEF DESCRIPTION OF THE DRAWINGS
{0016]  FIG. 14-18 show oneype rotontion b plason and favde. FHGL LA shows

enzyme retontion o n plasms b mabtwined suggesting that rapid loas of activity Jo vio ds
aresdt of choarance. FRE 1B shoves evzvnse refention tue 3§ Srvive s endaneed for
PEGyated RUBR Mouse 1 abd Mouse 2 30 FIG 18 are slso deseribed e FIGL 1B in
Intoranticenal Fator Pubhostion Mo, W20, the ooy of which arc hivein
meorporatied by reforencs v Hs entirsty,

W7 FRG 2 shows that ropsated admbruserstion of maePEGelaied OBS remadiy fn ne
changes in homooystomse or ovattbionne lovels i HO saee

{0I8] FIE 3 showsa PRGvistion time course with the selected Tinewy 205D PRG
modenals destgnatod MEIGIMAR.

HIB19]  FIG 484D show dwt long torm repeated injoction of the PEGylaed BUBR
significantly upacts homooystome, oystatitonine snd cystane plasma and Hasas lovels,
{He] PG S&SH dlusteate that the PEGisted OUBS mutent {also refored to as
PEGCISS) and PEGylatod MUBS provenis protoin agersgation, forms maindy disers and
exhibits o reproducible PEGyistion patteny, FIGL 5A s alse deseribed as FIG 84 in

Intestationgd Patont Puddication Mo, WO26I41 28770, the contenty of which ars Besetn

s_%
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meorparated by referonce B s ontivete, FEGL 5B i also descrtbed ax FIG, 38 in buernatdonad
Paters Poablication No. WOHHHLHNTIE, the contents of sshich are heroin incorporsted by
reforenes b ity sativety. FIG. 3C is also desentbed as FIG. 3C in huicrnational Patent
Pudstivation Noo WO 0770, the contents of whinh are borein incorponsted by seforence
0 i enttvety, FIG. §F i alse desoribed ax FIGL 6A & Buornationad Patent Publication Nao.
WO 12770, the cnntorty o which are horeivisworporated by roforonve o its antinety.
FHGO3G 1 adso desoribed ag part of FIG. T4 and FIG 78 io tersational Patent Pablicaton
Do, WO EIGTT, the contendds of which are heroin incorparated by reforenee in its
crdivoty. FIGL FH v abo desoribid gs FIG, 0 1n International Patent Publication Mo,
WO 20770, the contents of whick are herohr inceporated by reforonce iy s entirely,
{211 FIG A0 show the effoct of PEGyinted IUBS soatant falso relferved tovan
PEGUIIN) on bomwoysteine and Hs mctabadies at 1% and 24 boors post injection,

{00321 FIG. 7478 show dat roatment with PEGvinted RUBS mutant (abso rofered 1o
a8 PEGUESS) sud belatne svoergistioally rochece sud roainiain ow horsotesicine fevels i
HO myice and theiy effect on oystataonine fovels,

{0023]  FIG. SA-RE show that PEGyisted 1UBS mutans {also reforred o as PEGQUIESRY
admbmtration roscess CBS coonplets knockou! pres froen eaely dhality and maclivaates
fiver pathology.

HI] FIGO9A9E shunw the profiles of diffieent PEGyiated speoios K €138 PEGykued
with o msletntde PEG wodeole (MBI AT so MESS00MA o an NHE ostor PEG
mblecule (ME-IGHGE)

{0035 FIG. HIA-HIE show the speotlic aotivily ad plasma swdabolite lovels and OBY
astivity aflor o slogls subseiancous SC} igection of HINHS PEG-RUBS C13S (aUBS T8
PEGylated with ME-Z000GS PEGH or 400MA PEG-UBS C1E8 (aCBE C148 PEGiated
with MEUOMA PEGY 10 HO mice.

e FRGO TEACHEC show the changes bosoevival rates snd metadndiie bovels e RQ
mive after admnustration of C138 PEGvimed with sither ME-ZU0GE, MEZHIMAES s ME-
SOOMA

{80371 FIG 13AC12E shows complete provention sad delay of onset of faal alopec
groups of I278T - honweygous auce that ware continooaddy sdministered TS5 PRGylated
with either ME-2000MAUB, ME-SH0MA o ME-ZGGS.

{028 FIG 138138 shows traproved Hvor discase n 208HS PEG-HiCBS T 88-reated
KO puee compared to PES<reated KO mice and a healthy control.
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{6029 PG, 144148 shovwe the Hver sanples i PR 138138 as observed by electron
HRCEOSCOPY.

03] FIG. L3A15D shows the offvcts of contiouns adounisiation of 20NHS PEG-
BOCBS CTES fn HO anter on CBS sotivity and sulfinr amino acid metabolites in plasma using
different models of ALZETE pamotic pamps.

{31 FHG. 16A-160 shony sesults of the dusbnorgy Xoray absorpiomenty {DEXA w
DRAY study of contineos loug-eom sdinbnistation of JONHS PEG-RICRS CISS m KO
foe.

{883 FIG. 1TACITE show resaltyof the Jesbonergy X-ray sheorptionntry {DEXA or
DXAY sty of contingows long-torm adaminisivation of 20NHS PEGRCEBS C158 m 12787
mice

{33 FRY IRA~I8E show concontrations of selécted Hver netabolites amabezed wsiny
NME pwisbobwuaioy in 3787 nuee after contimnus long-toro sdministration of JONHS
PEG-UBS C13S and compared o healthy hetorarvgous snd affocted homorypons controls.
{8034 PG, 19A-IUE show the effects of sdountstration of JONHS PRGBOBS CIsS on
oy defects m I2TRT mice,

{0035]  FIG 20A-20D show plasma tmvtabolite foveds i DAY mive that are treated with
JONHS PRGHaCBS and sre maniained on oither gropular divt ov on & matabodite resintated
gdist

{36} FIG 214218 show the spenific aowrby of JONHSRUBS C1ES w male and
fomale rats afteran IV or SO bolus dose of 4 OV 88O, mnd 24 (8C gk FIG 21O
shows specific aotivity of JNHS PEG-ROCBS C188 afior the tutial igechion and af stioady-
state kevels S mdividead wilidtype Spragee Dawloy sate speeteing o total of ® injcotions at &
dose of ¥ mg'ke.

{037 FRG22A22B show the plast tonventration of Cth sndthespeeific sctivipe of
ZONHS PEG-HUBS U138 iowild typs oynomelgus moakeys {Maveos fasclondfody affke g
sivgde IV or SU infpetton of a dose of Tar & msaisb

{Boas] FIG 23A-258 the sposific actbaity sad plasma leovels of oystatvonine (Cib in
wild type syoomolgus moukeys (M zwjE;r,ees:?zi:rs,«*;fz:;f'i,ca’} after muhiple SO adonnistrations of s
1 3 or BUamgke dose of 200HS PEG-MORS O3S,

JR38]  FIG 248240 show stlometric soaling results to ostimate su offtoacious dose of
JONHE PEG-OBS m bunwns based ov the rosulis i the mouse, rad, aad wonkey madels

herein.

&
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DETAILED BESCRIPTION
{40 Provided hersin e compositions and ruthods for roathng ovstathioning btes
svithaspedeficiont homsoyvstnuria SOBSDHY As o now-limiting example, UBXDH may be
rosted by creyme replacomant of UBS or a vt thevead

I Inectivation of OBS rosults tnooystinhionune botsssynthaso~deficiont
homocystimei {CBRSDHY, move commnondy veforred to s clissical bomoovstineng, CRSDH
man g ugmemaﬁ revessive disorder characterieed by markedly clovated plasias sotd
homecystoing (Hoy) sad methivning lovds, snd grostly edoced concentistives of
cystathionine ant cystome; i ix the most conunan sulfur-amine soid defost. Hanteatnd,
CBSDH resulty tn discases, disorders andfor condtiony i vantety of Giforont organ syatonms
sud severs phonotypic changes. Non-limiting examiples of discases, disorders sndfor
conditions from CBSDH include meatal rotardation, psychiatric distirbances, conteal nevvous
system probloms inchuding setzures, cardiovasaudar dissase with a predisposition o

tenrebocmbolis conplicntions resulting 2 highrsie of moriality W untreated and partially

foated dndividuaks, and & vange of conpoctive tissue disordony affecting the sonler system
{eug, progressive pvopla and fone dislocation, eotopis lonts), sud shelotad aystem feg,

marfanoid habitey, osteoporosis, scoliosty, fine fuir bair and beitde, thin skind.

2l Thore is o fonctionsl trichotony i the e of pathogenio nnstatives asociated
seith CRSDH. One group of mutations is classificd ax "pendoxineresponsive,” whore CBS
enzyme fanction may be parnally restored by bigh dose Vitunin B thorapy, This treatmont
can be effective, bat dows wed abwats nittigate 8o pathiokegical evontsin tase tndividuals,
ad sote of the events cvgur oven 1 these jodividuals over e In a Chintead setting
“Vitarom B responeive” s detined as o 0% colative drop i Hoy that seouwrs 24 bours after
anindividual 18 ghven an oral dose of 300y of B8O, moaing that 1 B responsne
individual ray sl bave sbuonmally bk hoanoeystote brvels, The ssoond groap of
fonctionad motations i reproscnted by the "Coterming] RS mutants” that are defotive in
thetr ability to respond o postiinmsiational upregslaton by Madenosvlowetiuoning
Incdhivachaals withribis ofass of magations ssually ook the roentd rotardatidn dand comctive
tiasue aspodts of the phenetype. This class &y dotocted after moaswromaent of plasow Hey
fevels following o idiopatiie teombotic event befine the age of 30 vous {Maclom e @l
202, Huer Shater, 163351 The gl grovp of CBERH onsgations & “elawigal
homosystinarea,” which repressnts the most severe form of e discase. For these latior twe

prowps-of tndividuals Vitamin Betherapy-inisodation does por offectively fovver seruny Hoy
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fevels. These mutational groups wey show phenotypie distinctions but can botreatad

sumsthardy,

HHIE R The most conpmon tmated CRS allele s 83O (78T wihich s assotinod
with pyridoxinosesponsive lumorystimeia. Thus, By resprassive indieidaads socount for
approgimately half of the homocystinaie pationt popudation (Barber and Spaeth, 1969, Mudd
stal, TREEY OF these By rosprassive inlividuals, howover, wany are ondy pavtial responders,
saed 1o conshination with Bono-resposanee individusds, there arises a need for addinonal
therapentic options. Unfortunately, such therapeoiio options arg currently Thaiied s roducing
atake of methimune by following aswict fow profehy dish with sopplometed cystome {vow
easertialy amd deorsasing humorysicine concsniration viy the use of bosabre (NNN-
trimethylglyeine, & methyl donor able o re-metvlate homocysteine back to methioning.
Theretore, enzyme replacement therapy (ERT) ustng UBS {2, PEGylated htCBS deseribed
hereind may be the best therapy for both the By partial snd non-responsive pationts.
0044] Asarosalt of CBS deshmonion, homogystome (Hov) lovels are dramativally
shiered by CBSDH poattents. In healthy individualy, total Hoy kvels e i Gerange of <318
M (Stablor e of 2002, Merholivm, JUNSLU8R), 9% of which ix du the fornyad disuliides
or is protem-bound, Only 2% of the oy exini ax  froe (nmvprotcir-boumd) seducsd
Bomooystoing, which cun serve as a subsivate for UBS (Mansoar ef sl 1992, il Blacham,
IR0 Mudd erad 2000 drverisscler, Thronds Fare, Sl 200170417868 Thig
Balancs is dramatically abiored 1n CBSDH paticnts, with freo reduced homooysteine reaching
JO-38% of tHoy values St e observed 16 thess pationts (g 1o <800 pMY} {Mansoor e
1993, Mendbofisn 42 81488,
{00450 Hivher tHoyv loveds {er, preater than 34 s S wild bope fevels) may alse
cause diseases, disorders and/or conditions such as, but sext Timited to, facial alipecia inomics,
ostepporosts and reduction it pesn sarvival Ax o nosclbniting syvample, model mice baving
3t feant 84 times higher tHey as compared toowild type demonstrated soverat discasey,
disorders andior comditions, including facil slopros, sateopreosts and rodstion i mean
survival, However, po stch s were observed i mice which had tHoy lovels of aboet 30
tivies the normal values and thus bonocwsteine clovation sy only pathogenic only ghove g
threshold loved (Dupta e od, JHB F4AER J TLR8EU3)Y, In o nudiicentsr ohservational
study of CBSDH b hurasus, #was found that oven though various testinent combinations
failed 1o restore noving! bomoeysteine fovels in CRSDH patients, and B nosrespondens

contined fo exdubit loamooysicme fovels 323 times higher than the upper limit in the normal
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poprdation, the nisk of dromboendbolism n-these pattentywas stenificanty vedaced (Yap s
gl A, deteriosoler. Thvomb Fage, Sied 21, 208023085 Collectively, these data indicate

that o amchorate the olinical menfestation of CBSDH, woncomplete sodoction of e, Uit

i below o teoshobd fovel, tiay be sufBoiont fo treat discase,

jakds] While a fow wmethionine dict can be effective tn establishing aud montabing somg
mictahodie conftdl of homooysiine ovelyan patiets, By offoct may o haidored e lack of
divtary compliance eapecially in late-diagnosed pationts, resuliing Iy s CoOnmBIGuY ncroase
it homovystane socompanted by developrent of synptos, aspecially so children {(Walter &

s, FOUR, B £ Padicpr, 1537 Sappl 2, 5715781 Fathee of distary complianoy smses

moreased sorun Hey, resipgense of comphications i the vascular and congctive e

“ . i

mcleding fatal sud prapeoating ovents, and nisk of severe side-effeoty such sg cerchat

o

o

sdoma {Hom escessive sorntn Mot conteniaiont o sosveie makmutition{ o Ik of

seendial wnino acids). The must effoctive therapeatio sirad

(’4

SV I8 B FROIDAse ey e asiivity,

9 iy ovidont when given penidosine to Vitgmin By responsive homooysthaeia, This siraiegy
fa not possible fr Vianun By von-responsive individaads due 1o the motation status, Betaine
may help to achieve o maetabelic control by loss coraplinnt paticonts and its combunation with
duediot mgy reprosent the host availablo reatmicnt, However, surrat therapios for Be sone
rosponders do not ncregse cystathionine, sad oystene supplamentation awy b waranied
maintain propey lovels. §§i£i§'€il od onzyme gotivity i those mhviduals may thorefive depind
o the delivery of sxogenons ey, Lo enzye replacement therpy (ERTY,

100477 Conudurable ovidenee suggosis & prasible fimetion for oystatisonine ndepondent

of e ol as an itornediate in anssullivation. A possiive role for oysiattuonine has boen
sugpested by stadios of 8 partioniar unsgeniomouss ol of UBS-deficiem
homocystinuria. In this model of classical homocystinuria, the mouse oby gone is tnactivated
ansd survives o fow-devel sxpression of the buman OBS troosgens wnder the control of the
by OBS promoter; thus, i has been designated as “amay oaly™ (HOL The HO mowse
sahibiity sovere clovations u both plasmaand tiasue lovels of Hov methsoning, &

sdenosyimethioning, and S-adenosvihorsocrsivine snd a concomitu decrease 18 plasms sad
hepatie lovels of cystoine. However, it contrast to provions UBS hnockmst madeds of

clasgical bomocystimeiy falso known ay CBS huockout mive (KO which seffr asevers

’i7

growth retardation and hepatopathy ard most die within theee weeks atter binth, oven while

wisthers are on botaine Macloy ovol, 20100, Mol ey Mered 101 1834630, which

sedfor severt growtl reterdation and hepatopishy, ncu hopatic stogtoss, frbwosis, ad
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neonatal death within thregoweeks afiey bivth oven wianle wothors are sosted with botabng, the
HO mce oxbabit mild bepatopathy and appresinmatoly 80% of HO mace Tve for of loaat &

moniths Mackean orad 2000 1 Bind, Chem 387, 3PE20038  the contents of which are

horetn ngorporated by roforencs in s entingy). Tl bloeding detorminationy indicate that
HO puoe are g hyporeosgadatios state that s stgnfoaly anclionaed by bolaine reatment
{0k Ml

Wy tnwer that recapituiates the discase as Hoecurs i humass (Vadlean e gl

Gronet. Motab, 101, 153-162) the contents o winch g horsin fneorporated by roforonce v iis
cutiveryd MO mitce have bagh bevels of oy, bot seffer only onoor consequences. There is
Ettleor po diffirence rmetabolite Jovels botwions thess twg yourie mdels, sovcept the lovsl
of cystathiontne, which iy significantly elevatod in HQ mice (-~ 1 g M) 8¢ cmupared se KOs
£~1 o)y Thus, 8 has beon soggested that oystathiowine ny oxert protoctive offocts against
Hopatic and roval hpid accumulation, tissoe Injury sad spoptotie coll death Inducad by
prrdorged endeplasaus retiodum stess,

{0048 Cystathionuns may oxer proteethvg offocts io @ monse modt! of soetntnophone
induced Heor nfory by serving as sovsieie prodosg. The wse of the CGL fmactivating
compotind B -anuno-t-pentynote aoid in exporhmeny 1o mduve hyporoystatiionemaia by
blucking the conversion of cystathioning 1o syt vonplod wath the observation that
cystativontoe exetts significant profestive effects fn a3 colls that are incapatde of converting
this componrd o oysteine, ndicate that e protoctive sffeots obsorvad are mee @ rosaltad
systathioning scting as 8 precensor for oyateie svithess,

{oag9 Cysinthimuns may by boporhag 10 the noveally Sexetioning traty 16 is possible
that cvstathiowmne specifically woomutates i G novmad manmaliss ainiosene aga
eyvtoprotectnt and that the abolition of e synthesity conld contrtbute W mental retardation in
homooystinaria by ereasing sonsivity of novral tssuns 1o the e tsult of clevated Hiy
ansdior derbeatives thersef {Ma&ir@mx sred 301300 Biol, Uhens, 387, 31904320085 Thore are
considarable regional difforpnoss i concontrations of cystathivonne withuy the brain, and
thers s o higher concontration i white swtter than in groy natior, suggosting @ possiblo role
wonyelination. Cystatuonine bas been Yound in higher vels i scwipital fobes of lusnas and
monkey bratns than in the whale braw of Tower suimal spectes, and the role of systathimune
has beon suggestad to be more buportant iy prinate tha in rodent brain (Volpe and Laster,
DT Kol Neowate 30, 385-403; the contonis of which are herein incorporated by reference

WoHE odve Exk

iQ
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o5 Aonupber of tndirert ey of wvidencs sugsport possible phesislogioad roles for
either oysiathionive or o derivative thevead br primate bram sud central servous systam

(N S}:, there apposes 1o be an unbalance botween the relative activity ovels of CBS and €OL

gRimn

cadiny to an sccemudation of ovelathionine. Stontlachy, during smbrvonie doevelopnent, CBS

N

s exprossed wwoaltiple Gesues soch as the beat and haongs that do not oxpress oy deeatable

CBS moadult txsues A range of dats indeates that LGL B notoxprossed during early
srannadian development. I hurnan Hver ssonples for instisree, COL activity 18 {miy duatocied
i post-natal tasee whorens avtioity in Retgd, preowtes and full-orns neonatad Tiver tlasae s

easentiathy wndetectable. Collectively, thase resulty indicate that at cortaty stages of

.

developansnt amd it adol ronral Hesues, UBS s expressod specifically fr the production of
eystathionine distnot front B8 role 8% an puormedige o oystelne syithests (Macka st el
U2 J Biol Chea T, 31984-32005; the vontenty of whchare horein ncorpovated by
referones i its ontiretyh Vadon with the kaowledys that rigorsus omirad sever oystatidonine
vebyase (OOL and OBS oxprossion occury during mamoatian devolopora, these
ohaervations come together o sugrest a possible proteotive role Ror oystathionine in addition
o Deing & prosursor & cysiolie,

{8051 Cystolne binsynthesis from Systathionine iz satabvaed by CGL. Cysisthionine i

St is

present stde the colls, mnd 16 15 belioved o sot exist as a plasms provein, Accordingh
balioved thatthe oystathioning praduced upon injoctiay of the PEGVIaied b rooeaied
(uCBEY enryie described boreln may slro sorve as an intrateihidar sobatrate fe CGLL
Additionaily, 1t may be poswible that voduead lovels of thoy may impede the formation of
gysteine-homogysteine sddacts (otack can be raprdly cleared 1n ux‘inﬁ}? generating baher
Ievels of free oystoin in plasma {Gapta e ol 2014, FISER J IRTRI-T001
{00331 Varlous asponts of the present invention now will be doseribed more fully
horeinaflor. Such aspeots may, However, boondhodisd b pany different fornw and shoald
s be construad us Huvted to the embodiments sot forth herpin; rathey, these simbodinnuts
e provided so thae this disclosory will be thorough and complete, and will fully convey s
sespe to thoes skitled in the art

THE €BS ENTVME
{83 The CRS gone ronides on bunan chrainosong

IR0 (1R Munke et of, A J B, G

31 at g3 (Shovhy ersl, Huw,

et ok

SO-R59 {1ORRY; the contonis

Cipmer, B3

of which ars herein weorporaied by reforonce in therr endinty ). The muchue acid sequence
enonding bunan CBS and the apuno acid sequence encoded thereby are svatiable dwough

X

ClenBank Accession No. L19501, and these stquences wre sl discloned i US Patent Noo

£
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’J;

D23 225 which s incorpesated horeln by reforonce by s entivety, The mecleio aoid
sequence of the genonsic DNA encoding UBN is also publicly avadlable through sequonee
databases such as GeaBank and at Usiversiiy of Colorado-Diorver webpage (Krsus
abwnatoryy
OS] Wiale pot wishing 1o be bound by theory, the protein envodad by the UBS gene
3¢is g% & honrotrinungs 1o catebvey the cmvversion of Boanoovsiame & ovstathioning, the g
step in the vanssulfiration pathweay, The cocoded protent s aliosterioally sstivated by 5
sdencayb-methronine and wses pyridoxad phosphate 88 & colotor. Multiple slweoatively
sphived transeript varianis have boety fumnd Ry this gene.
{0085]  CBS governs the unidusetional flow of sulfie fony mothinusing 1o sysicing by
sperating at the intorsestion of the tanumethy lation, transsalfurstion and :‘a~f3§fei§};§f§a§§:ﬁm
pathivays. B catalyees s Breplacvinent roaction it which sevine condenses widl homooystaine
i g pyridosal $-phosphate (PLP-dependent mamner, 1o foom oystathionine {Miles and
Krgus, 0 J Bmf Che, ITR2OT 29874, the contents of which aro horetiscorpomied
by reforence 1y iy entirety). Cystathiomne can then be converted o ovsteiie by Crstathioning

{ranwng Lvase fOGLY Thas, proper Bmction of the UBS coeyme b oritioal R the regulstion

of botlr cvstoing and mctlionine motabolism (Madd st o, 2001, " Disondus of
Transsulfuration.” Tnthe Motabolie and ronleculer bases of inhenited discase. O R, Soriver,
Al Boudst, WA S V. DU BLRKK W and VB ods. (Now York: MoCGepe-Hill) pp.
JROT056; the contonts of which sre heroin torparatod by roforence f s sngrotyy, aad
socordbrgly, & comprovusod CBS aciivity or lnck thoresd] leads o the lochenical s
chivnogd mantfecations of UBS-deficiont homouystingria (CBSBH)

{8056{ foactivation of CBS reaudts o ovstatinonine betmesynthase-deficiont
homeeystinaria ({CRSDH), more covamonty reforrsd to ax olassical homoeystingria, Clrsxizal
Homeeystinaria was first desorthed By Carson and NotH fy 1952 {Carson and Naill, 1862,
Avek I Gl 37 305-313; the contemts of which ane harcin inctnporated by relforencu in ity
sntirety and i repognized as the most cornynon wboen sevor of sudfor aesimy aond
aetabohism The underbying cavse of bonwoystinuris, @ deficioney of the Cystathioning -
Synthase {CBS) oneyore, was discovered shortly thereafior (Mudd or o, 19864, Kodenwe

T3 T3 LS the contonts of which sre herain moorporated by reforenos i its antiseiyl.
[OST] Missonss mulations represent the woost cotnmon oause of cvsiathiowing fevnthase
{ORS) deficioney, My of these muuations result in pusfolded protoins, which lagk

mokugeal fawtion. The pressnes of chemioa! chaperonss o g sach wethnl dinsstingd

2
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sulfonide, or trimethelantge-Neoode bomn sometioey alloviate or oven restore protein folding
sad aotivity of moten proteins, Bight CBS nudmt ongvmes (P01, PTER, ATV RIXSQ,
EiTok, P42L

$434T and S466L wore purified and chamctonized, and could bo resvusd
with chenneal chaperones by yproving thew proten folding, The tranoric motant onymes
fully storated with hovne had the st o agher speoifie sotivities tan wild tope OB,
Theraal stability measaramody desonstrated that the puaficd nuants are squalie ot miote
thormiostable than wild type TBS. The respose 1o Sadonosyl--metlvonine stiroulation or
thermal aotivation varied. The kel of respovse of REISCH and EIT6K o hoth stivadt
ahionted that theirspooifio sonformatinns wery wnable toreach the sotivated state) heorsased
Tevels of modesolkar chapersaes in onule sxtracts, partiukarly Dnal, indivatesd a nther indirect

effeet of the chomioad chaperones on folding of UBS mutants (Madtan, et ad, 2001007 B0l

Ches RS2 1386615873, the contents of which are horeln incorporsted by reforence in
s entiroly

{00581 The extent of misfolding of 27 UBN mutations proviopsty iosted i B ooft have
heon tosted for the abiline of chaperones 1o resooe the condornation of these mutations wader
the more fdding-pormissive congditions of manwnalian CHOAK colls. Expressimrof
mtations @ mannnahian colls incrossed the prodian activity 16-fold snd the smowntof
tetrroers 3.2-fold compared with oxpression in bacteria, Subsequently, the wesponses of
sever selocted mrutations i theos vompounds with chaperone-Hle activity wern fested,
Awvisponyavetic acid and $-phenyiingerio acid exlabied only & weak effvet T conteast,
home arginate substantially norvased the formanon of mutan UBS protein fetseners {up s
six Fold) andd rosoued catabylio soivity (up to wing fold of fise out of soven mutations

{p ATV, p KION, p RIZED, pR266K, and p RIGBO). The wreatest of)

was observed e the putstiar pRIZIQ, which s non-responsive 1o v vive vaimsent with

st of home wataste

vilann B, Morcover, the honw rosponsivensss of the p REINY nustation wis confinmed

fibroblasts derived from a pativt homosygius for this gonetic varant, Besed on those data

distinet groneg of homeerespoastve C8D nngations way proposed wnd the e praket of COBS
wits procheted to b an inyoniant tavget for desigrang povel therapies for homooystinana
{Molonovsha, or o 208 J Sdderntd Maad Div 3]02Y; the contents of which wve heromn
foorpersied by roference By s entirstvl,

B89 Biochomdestly, CRSDH is claraciorized by highly clevated blond lovels of
homeoystoing, metuonine and S-adonosyl-bomoaysioing (alse known as "SAH o

*Adeley

1oacconpaniod by fow fovels of oysteine and cystathionine. Some of the clinical

i3
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srantfostations of entrested homerysttneiy include throntioombolism, vonnetive tssue
prablems sach as distocation of the optic ko, marfanotd fostures and osivoporosis, cogstive
wpaivnent and other stms (Keus, 1, ond Kosteh, V2001, “Cystathimune beta-synthase
and He defiviency.” In Homworstodne i boadth and diseass, 30 Carmed R od, (New Yok
Cambridge Lhaversity Proas), pp. 323343 Mudd o od, 38H “Dhisonders of
Tranesalfunatn™ ln the Motabolic and mokrondar basss of nboried disense. R, Sorbver,
AL Bouder, WS Sy, V.RUC BORK W and VB ads. (Mew York: MeGraw-Hully pp
2067 2056%,

{006 bial atisogty o treal honorstinens omploved distary rextnictions o degrease
the methiming intake, thus avoiding the build-ap of the toxks homovysioine (Romrower of

al, 1968 dred Dy ORI 418860711 Tt wak ater Round dat supplonentation with the

PLP-cofactor procursor, pyardosing (vitmin By, relioves the olimeal manifostations for
shghtly Tess than half of paticnts, snd a subset of these are ondy partial rosponders (Barher
sudd Spacth, 1988 0 Pediote, TH803478, Mudd e ol , VRS di J Hom, Gowd 37131
The "By respomders” sood 1o take sepplomendal viannn By for the rest of thody Byves. hynsay
casey, oven full Berosponsive paticnts rogisre 3 pulder protatn resivicted diet 1o be able
achizvee 4 prdabolic comtral (Picker, L1, and Levy HLL {2004}, Hunoestinuris Cansed by
Cystathioning Beta-Syathase Deficiency, In GeneReviews, RUA, Pagon, MP Adam, TN
Bied, TR Dolan, 1. Fong, sad ¥ Stephens, ede {Soattie (WA Y Unitversity of Washington,
Seattly; the contents of each of which are herety inooeporated by reforenve i thowr eativey).
The rerowiniig suhsed, the pog-rogpondurs, are subjosied to an extrenely hovwed divg, with
which wauy pationts poordy comphy (Waller erad, 198 Bur, 1 Podiate, 137 Sappd 2, §710g;
the contents of whivh are horein incorporated by reforence ay i sntiretyd The diot i
combined with 3 mothinnine-frox and eystaine enriched amine anid mixine sy with

betaine, which can serve ag w methe! donor for the snzvme hetsmebomeeysiolg

methylivanstvonse (BHMT) wo produce dimethylgteoine and methioning from homooystense

(Finkelgein, 1990, 4 Nue Stochom 1235237 Ghaathume i svnthosized Homovsiaie,
s thus the addition of oysteine ow be Important (o reduos oxodative strass. Most patients
sre also romted with trvocthylglyoing, and & novrost dose of folic aowd supploment. This
foproves the petabolic codral by kowering loanogysteine oveds, iy confuetion with the
strict diet.

el Betmne Mrimethviaiveined ds used o reduce concenations of

fomocysteme by promnoting the conversion of homoteicine back o methioning, fe,

4
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fwreasing T throvgh the remethylation pothway indeperdont of folate-dertvatives (wlach s
nrasndy active in the Beerand i the kidneysh A amsll portion of the recformed metivonsse s
then graduatly romeved by incorporation o body protoin. The ncthionine that is not
sonverted it protein is converted to S-adenvevbanetiionine which goes on o form
Bomecysicine sgain, Betiine fs, therefore, nrost offeotive if the quantity of methisrne to b
romvived 1 sl Himow tregtment inclades both hotase and a dict low  methionme. In
chossical homogystinria, S plasns metloonive fevel usaally moresses above the normal
range of 30 mdoromsoles L and the concentrations should be meuttorad 88 potentally o
Feavels (more than 400 micromoles'Ly may bersached,

{08621 Analiornather wrestivent stakegy for UBRDH has g beer sought o provide tw
Bomereaponders and partial respoaders with g sherapy that improves the metabolic
abmormaditios, roduces the recunndation of toxie hormoovsteme b airadation and inoreases
the lovels of evstathonine and sygieine. Such motabolic chanpes vy roverse, ovdelay, e
prset of CRSDH symptoms, and alfow this grow of sffoeted individagds o onjoy an
anvestricted or oudy onldly restrioted dist and stgmifioantly boprove thetr gualite of e, To

provide these benefity, o thorapy st inprove the owe deficiency that underlics this

condition, namely, sheornt UBS lovedy andior Bmction. Acomrding . sestoanic introduction
of ORS, in the form of Ensyme Replacoment Therapy (BRT, should be beneficial for
heanooystinatic pationts.

B863]  Wahout bemg bound by theory, & stpmifionnt decreast i axtracelialar

horbowesteine due 1o URS sduunistration s beheved o genorsie 3 covesntration gradion,
riggering @ fhax of homooystome o inhee o ostrgcelidar spaces, where the administerad

enzyie can Siether process i, and thes the extracelilar OBS oy sorve ax g bonwoestsine
“xike,”

LU The spructers sad mode of sotivatton of netive buman CRE, which sxists s g
teframer, vomprised of fowr tdentical mononwey may o difficalt to use as ERT. This fomof
the enzyrse has o high tendency for aggregstion, which poses o major consteaing on the
purification efforts (Rraus and Rosenboyg, 1983, dech Siochems, Sis‘;gﬁsf;}:;» I8 the
contents of which sre horetn tncorporated by refivnce fn its entirety ). Addivonally, CRS
sethvation requives the binding of &Adsmm:\y§~;}‘zs:i§x§imi:1¢3 {SAM} b the Cprnunal sl i
order 1o redicve the mpto~inhibition exorted ow the enxyvme by its Cotovminal rogulatory vopton,
AT A puncated recombitiuyt budan UBS (MUBS s provided {SEQ ID NG 31 whore

the Ciormntnal regudtory sogion b beéon romoesd. Inopt cnbodinienty the UBS may be

£3
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sstted where ovstebee ot o sond posttion: 13 has been changed toospringe (R8BS nmt
or IR ESEQ HI NO: 13

{BR66] in one wishodiment, PEGylated OB or PEGylated 1CBS mutnn cnzame
improved the phanmacokinetic and pharmacodynanie propertion of the enzyme & vive.
Therapeutic protoins, wilike small molecoles, are delivered via parentoral soutes, and
trostnstnt offivacy may bo wicatly nnpactod by thelr absorption, distribution, metahodisn and
exoretion CADMETY (Vogmeyvster er ol 20123, Wardd Joprsol of Blalogicad Olemdsoy 373
82 the vontents of which sre herfon ncorporated by refovoncs in its ontivety). High molesalar
weoight connpowds, sueh sy onevrnes, have Baited Besue ponstration capabilicy, sud are thas
maindy prosent in the plaso until they are wopved frons circudation by at feast ong
mechanisny

R6T]  Inone ombodiment, adndnsstration of ROBS o BORBS mutant for BRYT madmaies
high acibaty in plasta for a pedod of time that s sulficiont to deliver 2 stomdy sad significant
effect on sulfiy aine soid neiabolism. Enhancing ERT officscy may vegoire addisionst
modifications 1o the protoin, i order o ncroase retention time & efee. This may be achiveed
by PEGyiation, the addition of Pobe-Bithylene-Crlycol {PEG) manictivs onto the swrthee of the

protedy, i onder fo oxtond the rotontion B in i sehiect, FEGyviation was foond o punimize

proteolysis, inwmue response wid adtigenioity, while incrensing protein stability and stee,
snd redhicing waal sxcretion {Kang etad., 2008, Expert opdndon on eperging drage 143863
380 the contonts of which ave bereny imcorporsted by reforence iy i t::n:’ii:ret}*‘},

00681 Cvercine biosynthesis from cystathionine is catdezed sodely e CGL.

Cysiahuoning i only prosont nstde the cells, aod doos nor oxist a8 & plesmg prowein

Accordingly, i ix belioved that the sestathioning prodeced epon iostion of the PEGylated
BUBS or FEGylated BOBS pratint cnzvane desoribed hovetn mony also sorve us an

mntraceHolar substrnte for OO0 Addiionslly, and not mutially exclasively, it s alss possibie

that roduced fovels of tHoy may hmprde thy famation of cystcine-honoeesicin adduix

fvhach can be rapdly cleared 1 wing), genorating ghor fovely of froe ovsteine i plasma, &8

wits recently supgested (Qupia e ad, 3053, FASES J 38, TR1-7900) Normalizing ovstome
lovels without oystone supplomentation fs anothey potential nzimﬂmgc of the presently
described BOBS mud BUBS mutant i ERTL

69 In one wwhodiment, nomalization of sysiaing levels sy be absorved following

adpunistration: of the PEGyiated OBS or PEGyiated ItUBS mutant enzpme. 1o addition o g

chage wnctabelie foveds, another posttive effcct of BICRS oy WCRY nustant administtation

k&
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sy be pradicted fo be pagnificant inpaot on ver discase sod soervivabof affored CBSDH
patients.

METHCGDN QF UNING PEGYLATED i BY
E7T8L Doone enbodimon, the crunpositions and methods desoribed horein oay boused

to treat CBSDH. Thore ave theee groups of pathogoe nutations sssostated with URSDH, (1)
pyadosine-responsive motstions, () O-teoninal UBS mutants and O classtond
honecystinwia

{807 I ong embeadisnont, hUBS and MUBS oot sy roplacement may beased
o freat CBSDH The MUBS and BiUBY nustant enxyvme may by PEGvisted by 3 method
krowry it the art or desoribed herein, As o non-Haiting sxample, the PEG may boa dow
branched FEG. For exanyrle, the ROUBS or lCBS mutant polypeptide s PEGyviated with one
of the following PEG molecules ME2O0MAOE, MEOOMA, MEDS0GS, GLA0MA,
anst ME-200GS. For extrople, the hUBS% e MUBS mutant polypeptide PEG conjugate na
JONHS PEG-WCBE (135 congugste.

{aT In one ewhodinent, PEGyviated TeUBS or PEGyated 8BS mutant and mothods

3

of waing the PEGykted BURS or FEGyhed BUBS mutant desentbod boreln may bo wsed o
treat subisote with pyridosincresponsive nuitatinns. BEGWistod RUBS o PEGyised liBS
stant may be wsed alone or in combinativn sith corront thompies (e, Vit Bé o
Betaine) 1o treat subjeots seith pyridoane-responsiee padations. 48 o son-linuting example,
the PEGyinted UBS o PEGyIated BOBS mutant yoay be waad to mitigate o reducs
pathological vents in subjects with peadosine-respouaive mutstions. s 8 non-loniting
example, the FRGyinted BUBS v PEGylated hiUBS nutsnt may be used & tront a subjedt
with pyeidorine-responsies watatons whe 18 1 partial responde o Vitamit B thergpv . As
another non-timiting exanyle, the PEGv inted BURBS o PEGyInted BIUBS swtant may be
ased to treat o subjeat with peridoxine-respinsive mutations who is a von-responder to
Vitaro: Bé therapy.

{86734 L ongebodivasi, PRGylaiod BOCRS o PEGyiand OBS sutantand swthods
of wsing the PEGyinted OBS or PEGyhied MORS mutot describad borein sy beased o
sreat subiocts with C-toroung! CRS mutations. FEGyhated BUBS ov PEGylated OB
mutant nxy be ased glong or m combinatin with curment thempies (e, Vitamin B or
Hotame} o treat sabjects with O-tornunal UBS motations. As 3 neaelontiing example, te
PEGyiated MOUBS ov PEGyiated i8S mutant may bo used tir lower soramy Hoy fovels in

subjsots with C-termunal CBS pustionse &3 a pov-limiting exandde, the PEGyiated BUBS

poaen
o
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or PEGylatnd CBS ot vy b used to-treat v sabectyeith Cotorminal UBS mutations
who s a partiad responder to Vitanuin B8 therapy. As anather non-limiting example, the
PEGylated MUBS or PEGylated IUBS mutant may be yeed 1o treat 2 sebioct with Cotemsingt
CBS mutations who &3 8 posvssponder to Vit B8 thenapy.

R74]  In one conbodiment, PEGviated TeUBS or PEGviated MUBS matant and methods
oo waniy the FEGylated hiUBS o FEGy ted UBS sputant doeribind borain v e weed o
eat subgests with classics homooystianta, PEGylated IUBS or PEGyviated IUBS mutang
sy be esed wlope o Broombination withy corveot therggsies Loz, Vitanan Bé oy Botase} o
frontsubiecty with classivs! hemocystimeia, As g non-Hniting examgle, the BEGhviated
RUBS or PEGylated hOBS mutant raay e used o baneer seran Hoy levels in sudygosts with
clagsical homoovstingris. As a sondindtng cxample, the PEGelated BCBS oy PEGviaed
HOBS nustant may bo used o oeat @ selyect with clssical hoasocystimaria who 8 2 partiad
responder to Vitmnin 86 thorapy, Ax avother non-linuiiog oxample; the PEGyaed BUBS w
PEGlated MOBS smutant may bo asod o frost 2 subgeot with classivs! bomooysiinaria who i
s neneresponder to Vitanun B6 therapye. T contain smbodiments, the sebyect ts o human, aorat,
a mouse, aid § nonchunian privoste. In cortain cndodinents, JONHS PRGBS CI158 i
gsod ftroal af least ons disogsy, disorder, conditiony, or climioat symptom selvctod from the
group comsisting of osteoparnsts, thinsing hair, ov oye defeuts,

RHETS] Inoone cnbodiment, the compositions and mothody desoribed fwet sy booused
to rechwe @ syapstont, discase or disorder assoviated with CRSBH The eymptom, diseage or
disorder ey be b organ syalem i g severs phonaiypie change. Nnelbotwing examphes of
diseases, disorders sadior couditions front CBSDBH inclode wentsd rotardation, psyeliatiic
distrbanves, contral noresus system probloms ohading seizores, cardiovasoudar disgase
with 3 predisposition to thrombormabsdic somplivations resulting in o high nate of muwsality in

witreated snd partially seated ndhvichals, and 8 ravige of commective tissue disovders

sffecting the ovalar systom {e.g, progrussive mvopiy and lers dislocation, eotopia lontis),
and shelutal svstem (e, marfanad habiten, ostooporosis, seoliosiy, Sae fair katr and sty
shin sking,

[6076]

, broone embodusent, 1he compositions and sethods desenbed bevoin ramy be used
fe troata disease, disorder andiorconditton such as, bt oot Bntited to, deomboombolism,
ctuective fasue problovas such ag distocation of the aptic lons, marfanoid foatures,

osteoponasis, and coprlive Bnpairment.
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{8077 for one embodiment, the PEGviaed BUBS or PEGviated UBS motant sneyme
desoribed bovein sy reduce e offects sadior reat Hver discase. The lver discase nay bew
& subjecr with CBSDH. The treatont andion reduction: of the offvcts of Bver dlssase nay
thay increase the rate of survival of CBSDH pationts. & 8 nonslinniting exanpde, PEGyiated
OB or PEGyiated HUBS mutant wmsy by maed 1o rodoge Biver parenchyma damage.

{8078 ivoae cabodiment, PEOyv Batod R8BS o PEGvinted hlUBE motant nay bo ased
ty increase cvstathioning sud treat or roduee the offects of fver disease or injury.

{88791 Ly one ondbodiment, the compositions and smethiods desortbod bevein {e g, enzvme
replacoment therapy TERTYH using the PEGylatod BOCBS or PEGylatad BCBS mutant
crzyme can mustiorate the disessy mantfestarions amt metabolic atmormalities tha
charscterize the homocystimeria. In some embodinents, the PREGylated BCBS or PEGyiated
HUBS nudant onmyme modulates toxie metabolites for st Jeast 38 howes, ot lesst 45 howrs, o
viated IRCBS or PEGyvisted ICRS

st onrvie anchorates the discase wmpniostations for ab least § mouths, & monthy, 12

wt feast 72 howrs. In adiditions] sndodinens, the PE

monthes, or JMdmonths,

{008] 1o ong cwbodiment, ERT using PEGyiatnd OBS o PEGyiated MOBS mutiyt
cnzyre offors an cffoctive therapy for CESDH pationts to allow provention and eanment of
anstior amehoration of symptwns of homooystimrn, and relioving the seed o maimiatn such

Sviated UBE

Fatrict potdin-achading diet. Alomatively, g sebioctis sdwinisiared 3 RE
C1A8, mud the subiset s on proteieoxciuding oron a Metasnoted dict

{308 i e endbodiaont, PEGyiated BOBS o PEGyviated BrUBS mutant nay bo usad

fo frcrease cvstathiomne sud treat or reduce the offeciy of meniad retardation
homooystimaria subjeots. The amemt of cvstatinon may b incressed i 8 region or ares of
thie brab such as, but not Bosted to, secipital fobes groy naiter aned white shatier.

{8 Inone owbohment, PEGyiated UBS or PEGylated B R mutant woay by used
to ihereasy sensitivisy of noaral fssacs i the boain of hosmogystinurin sebjents. The anwount
of pystathiontne sy bednorcased s sogionvor srowof the braty sk as, bat aot Haslted g,
aocipital lobes eroy matter and white matier.

0083 Dnoone ombodument, PEGyisted BUBS o PEGyiated hiOBS mutant may be used
tey extend the e of ¢ subiect with UBSDHL

O8] Inone cbhodiment, PEGyiared eCBS of PEGylated IOUBS wutant ix used as pat

of CBS cozyme roplscoment thorapy (BRT) R the treatmont of homaeystimria,. The

i9
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administraton of PEGyhated MUBS and MCBS mutant may not nevessiiaie inroduction of

the deficiont cuzyme by is natursd intacellular conpartment,

{OO8S]  In ongombodinent, adonisteation of PEGylated BiUBS o F‘fr";ﬁ‘;‘:};ie&ta:{% MUBS
-'.

matant decrsase Bomoovstodne Tovels by Bl 108, 15896, 20%, 25%,, 309, 335, 35%,, 4186,

459, S0%, :

S5, GU%, G855, 6T, GU%, TO%, TA%, T5%, T6%, TT%, RO, 85%, 90%,

S8 %% o nirore than 8845 Asa norhinuting oxample, hedeoaw of he-xx:mgs stoiw mavivg
decrsase of shout 9% &s a son-linuting cxample, the desrease of bomooysteing may bea
deorrase of shingt 67%. Ava von-linsting example, the deorcase of bonwooystele mav be a

degreaseof about 32%. &g a nop-hiauting sxample, the desrease of bomoevsteing may bew

dosrease of about 33%,

{086 Inone owwbodinent, PEGviated BN or PEGyisted IUBS mutans wmsy be
admbistored before, after or contirrontly with taditions] bataine treatmont. The combimation
thorapy maiy rexalt insvnorgistiv offests on homuoeesigine lovels,

{00871 hvone embodiment, sdmimsivation of PEGylsted ROUBS or PEGylared RUBS
srstant fo o subieo may alter the exirg- aad intva~cellabar equibibeiom of salfie ansno sads.
{OO8R] v one owbodioent, th slorstion of oxtrs- and wiva-collular apalibrhim ey be g
decrease m the plasnia homooystoine suoh oy, ng not Bmited fo, a dotrease of abowt 5%,

%G, 18%, 20, 38946, 309, 33%, 38%, 40%, 4

E¥()

I K80, G, 63, H, 6N,
T, TA%, T3%, Ta%, 7706, 80%, R3%, 900, 5% or muons than 93%. A¢ a non-limiting
example, the decrease of plasma homocysteine may by 8 decrease of sbowt T84,

0683 In me onbodioent, the alteration of exira- and nire-cetlndar equilibsion may be

b not Rustted fo, @y inorease of dhowt 10

A0, 0%, 60 0%, 80N BBy, 1000y 1100, 11200, 1200, 1B, 1B, 16086, 1708,
180%, 190%, 200%, 210%, 220%, 230%, 240%, 250%, 260%, 270%, 280%, 290%, 300%
310%, 320%, 330%, 340%, 350%, 360%, 370%, 380%, 390%, 400%, 410%, 420%, 430%
440%, 450%, 460%, 470%, 480%, 490%, 500%, 510%, 520%, 530%, 540%, 550%, 560%,
570%. 580%, 590%, 600%, 610%, 620%. 630%, 640%, 650%, 660%, 670%, 680%, 690%,
TOO%, TI0V, 720%, TAO%, 74006, 750%. TA0M, TT0%, TRO%, 7005, KO0, RIOW, R,

R30%, 840%, 850%,, B60%, 8705, 88O, KOO, SO0, RHE, VX

auiurease in oystathiouine suchi as,

QA A, U5

QE00E, 0, OROYS, B9U%, 10005 or miore than 10EES, Ag s waelimiting example, brorease

in cystathionine may be about 900%

2
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{ogam by oneonnbodimens, de slteraton of exntras and intrecelhalor egdlibrinm sa be
the noramlization of cysicine concentrations that 1s rellecied in tnprovement of
bistopathobrgical changes b the lver and increased sursival.

R Inoone eanbodiment, PEGvisted OBS or PEGyitted hUBS matant miay be wied
to redhece oy fovels I g subjeos with CBSDHL The tHoy Iovels nay bereduced to 1,2, 3,04,
5,6,7,8.9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20 21,22, 23,24, 15, 26,27, 28§, 29, 30, 31,
32,33, 34, 35,36, 37, 38,39, 40, 41, 42,43 44, 45,46, 47, 48, 49, 50, 51,52, 53, 54, 1-5, 1-
10, 1-20, 1-30, 1-40, 1-50, 2-5, 2-10, 2-20, 2-30, 2-40, 2-50, 3-5, 3-10, 3-20, 3-30, 3-40, 3-50
4-6, 410, 4-24, 4-30, 4+40, 4-5), S-1{3, 5240, 5-3Q, 5-49, 5-50, 6-K, &-143, §-28 630, &=
40, 656, 7-10, 720, 736, 7-40, ?»5@, 10, 820, B30, Re40, 830, 910, 9-20, 930, 940, 9-
My, 10W3 F0AR0, 1840, HES0, 2038, 20401, 20-50, M40, 330 or 30 thnew theowild

>

type fevel. Asanop-hinutng example, the tHOY fevel is reduced o about 3 thoes the wild
tepe fevel, s a non-liniting exasyle, the tHOY lovel s reduved o sbont 3-8 thogs the wikd
g devel,

{soaly fo one entbodiment, PRGyisted BCBS or PEGylated hiOUBS mntant may be wsad
o donwnr tHov Jovels snd thus treat or roduce the offvots of discases, disorders andior
conditions associated with high HOY lovels fe g, groster than 3 e the wild tepe bevely,

Nou-Hiniting exsrnples, of discases, disorder snddor conditions assoviated with high tHCY

fovady inclade facwad slopecia, vsteoparosts, dislocativn of gve lonsey, and rodeetiony 1n mean

wr
R Inme endbodioent, the PEGylated BOBR or PEGyviated OB matant describad
heretrmay beused 1 sormalizing cysteing lovels without ovstotne supplementation.

{60941 o one smbodiment, the PEGyiated BUBS o PEGyiated hUBY mustant desortbod
hergin nay be usedt i combinatinn with Botaine o rodhior zoncsntrations of hinopgesiaing
asubivot, Homogystelne pay be reduced ahaat 5%, 10%, 15%, 20%, 25%, 30%, 33%, 35%,

F, 500, SOV, 320 35%, 6080, B8, 6T%, §9%, 70%, 74%, 75%, 76%, 77%, 80%, 85%,

WG, 95% or mrove than 5% i o subjoet weing the combination therapy. As a non-limiting
exanmphe, homooysieine may be reduced 7% As s poneliniting exanple, bopooysioine may
he redoced 76%. As a non-hinnbing oxample, homooystome may b roduced T4 &s a non~
hanting exanple, Bomocysteine muy be reduced %,

{095 In one ahodiment, the PEGylated MOBS o PEGyiaied MUBS moutant deseribed
hergin may be used t catse g change such v an moresss anddon decronse i mtiahadite

foveda,
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{6696} for onge snbodiment, the PEGviated OUBS or PEGylated MUBS mutam desoyibed
horony may be used o cmes 3 change suoh o an norease in metabolite loveds. &z s vone
lmiting example, the metabolite may be eystatinonine and cysteine which may be incressed
5%, 10%, 15%, 20%, 25%, 30%, 33%, 35%, 40%, 45%, 50%, 52% 55%, 60%, 65%, 67%,
69%, T0%, 4%, T5%, 76%, T7%. 80%, 85%, 90%. 95%, 100%, 110%, 1120%, 130%,
140%. 150%, 160%, 170%, 180%. 190%. 200%. 210%, 220%, 230%, 240%. 250%, 260%,
276%, 280%, 290%, 300%, 310%, 320%, 330%, 340%, 356%, 360%, 370%, 380%, 390%,
400%, 410%, 420%, 430%, 4405, 450%, 460%, 470%, 480%, 490%, 5005, 510%, 520%,
530%, 540%., 550%. 560%, 570%, 580%, 590%, 600%, 610%. 620%, 630%, 640%, 650%,
660%, 670%, 680%. 690%. T00%, 710%, 720%, 730%, 740%. 750%, 760%, 770%, 780%,
790%, 800%, 810%, 820%, 830%, 840%, 850%, 86404, RT0%G, KROVe, 8O0, SN, 9105,
920%, 930%, 940%, 950%, 960%, 970%, 980%, 9%, 100G ormore than 1000%. As g
non-limiting example, the amount of cystathionine may be invreased 1 be sgbove QOOK, 801,
0.015, 0.020, 0.025. 0.03, 0.035, 0.04, 0.045, 0435, QUS%. Q.08 0085, 407, UOTS, QU8
0.085,0.09, 0.095, 0.1, 0.15, 0.2, 0.25, 0.3, or (.35 g} or cystathioning mey be ingrossed o
be betweoen $.05 and 035 gM. As another noav-diniting sxmnphe, the anount of cysigiag may

bo tnorcased & be aboee B, 150, e, 170, 180, 194, 208, 218, 220, 330, 248 25, 264,

IO, 2R0, 290, 300, 310, 130, 330, 240, 350, 360, 370, 380, 390, 400 or cysichue may be
worsased fo bo betwibon BB oM sad 460 gdL

a7 Inone cnbodiment, the PEGylated BOBS or PEGylatod BrUBS mustant dexertbed
horein vy bewsed 1o onitse a change xuch a8 o decrease wymoctabolite fowels, Axaron
heniting oxamnple, the motabolie vy be homoovsteine, wethiontne and Sadenosyd
homooystoine which may be deoreased by Jg0 108 130 2000, 250, B8 330, 35%, 48,
48%, S%, S2% 553%, 006, 65%, 67%, 6995, T0%, T4%, T3%, T6%:, T7%, 80%, 853%, 8%,

G0, G ar FON% Avynoedimithsrample; the amount of homoovsteine may be

ducroased to be about 100, U5 90, 85 B, 75, T4, 65, 60,55, 80, 45,40, 35,30, 25, M 1§
B S 40302 o b oML As aoaon-limiting example the anwaest of methioning may By
decreased to be about 3645, 40, 38 30,38 20, 13,80, 5, 4.3 2 ov 1 M As wother non-
Linuting example; the smoat of S-adencev] homaoystoine is deoreased o he about 815,
004, 613, 612 8 11 610, 00U, 000, 08S, H.08. 1LATS, D47, BI85, 008, DOSS, a8,
0.045,0.04, 0.035, 0.03, 0.025,0.02, 0.015, 0.01, 0.009, 0.008, 0.007, 0.006, 0.005, 0.004,
0.003, 0.002, 0.001 or less than 0.001 uM.
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{0098 for onge snbodiment, the PEGviated OUBS or PEGylated MUBS mutam desoyibed
horeny may be used o roduce Ievels of homooysione, smethiomine, S-adenosyioncthisnsine
andt S-adenceyl-homocysteine in a subjrot.

R o oone eanbodiment, the PEGylsted ROCBS oy PEGylated MOBS st sy be
used fo mereasy the fovels of cvsteine and cyvstathionine in a suddgest

100 o Rethor aspont, the prosent mvvention relates 1o & mthod 1o recombinantly
produce and purty & heser cystathioning syathase, The mwethod inchedes the step of cloning
s nuclele aold sequonce encoding & buman CBS cozyme or g inocated o nastated vatiast
thoreod Into my oxprossion vactor, Asa non-tmiting example, Se chpvak and wethod nwy
be as sot forth In Tntsrnatinial pablicarion WORGTS 120770, the contents of which are heveln
meorporgted by reforence, aud specifically as i SEQ 1D NGy 0, SEQ I NOUE2 SEGHD
NGO 3, SEQID NG 4, SEQ ID NOUV I3, SEGHID NG 14, SEQ DN 15, and SEQ DI Ny
i&

ADMINISTERATION AND DOSING
B8 o onewehadinen, PEGyaiod CES or PEGylated OB tuutast may b

admiristered fooa subieat by paventeral adwmitiustration

1621 o une cnbodiment, PEGvisted UBN o PEGyiaed MUBN mptant miav be
adsinsstored tow sudject by suboummons (8O, satravonous (VY or intrapertoneat (38}
fvonion. As a von-hinting exanple, PEGyisted MUBS or PEGyhaed MCORS mvtant nwy be
sdministored o asebiect by subcotancous adounisttion. &8 a son-Hnutiog example,
PROykied OB or PEGylnted MUBS nutant toay B adpdnisterad to asubiset by
miravehons adainistiation. As 1 non-labiting oxangle, PEGylaied BOBS or PEGyad
HEUBS oratant may be adnunisiored (0 a subjoot by intraperitoneat adonnistration. As 2 vow-
hniting example, PEGylated BUBS or PEGyiated BOBS nasant may be administored to g
subsiest by au stric g,

{08103 Dnoond enbodiment, the PEGylaked BiUBS o PEGvIased TeUBS muotant may be
sdministorcd o asubeotatlosst LA LG S0 T B R B0 B 12 134 15, I 1T, 48 19,
20 of more thay 20 o,

HI0104] In one cebodiment, the administration of the PEGyhaed MCOBS or Pﬁ(iyiaied
BOBS sutint may be ropoated overy minnte, 3 mingtes, Y wobutes, $ minuies, § ououies,

& Tombmstes, ¥ osimston, ¥ oainuios, 10 minetes, PR onainetes, 30 minaies, 28 minaies, 30
mimses, 35 mumsges, 40 mundes, 45 mimates, S0 nunutes, 33 nunotes, howdy, 3 howrs, 3
howrs, o howrs,) % hours, € howrs, T hours, Shoars, € hows, I bours, 11 howrs, 12 howrs, 13

hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20 howrs, 21 hours, 22

23
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kS

hows, 28 beass, digby 2 davs, 3 daws 8 davs, S days 6 daveoweeldy, biveekdy, 3 weeks;
mronthly, 2 months, guarierly 4 wonths S months 6 wonths 7 months, $inonths 9 months,
14 rouaths, | omomtbs yearky, Blmenths, 1 months, 15 months, 15 montls, 17 months, o
¥ wonths

O8] In one anbodiment, the admimistration of the PRGylated hCBS or PEGlated
HOUBS wumant sy be g sdnds of dosoxy which wré nuinutes, hours, days s wosky apimt. The
pumber of doses in g sovies may be 2,3 4 Sor & As s von-loating m:&mpk‘:ﬁ a subject s
sdministored 3 doses 24 houwrs apset. As anothey son-Hidting exavple, asubject s
advoirasiered 8 dosex 12 howes apast,

{00186] o one smbnadinvent, the adndinstration of the PEGyhated WUBS v PEGylated
HOBS oustent may follow g dosiug sehedule of o series of doses that has o gagy botween e
first sorios and the second series of doses. The gap bebwoon the dosos may be Lhowrs, 3
hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 houss, € hows, 18 hours, 11 bours, 13 i»‘i:s:’s-i:t‘s;, i3
hours, 14 hours, 15 hours, 16 hours, 17 hours, {& bours, 19 hogrs, 3 heaes, 31 bowes, 22
hours, 23 hours, day, 2 days, 3 days, 4 days, 5 days, & dvs, week, 2 weeks, 3 wosks,

menithly, 2 monhs, guarterly,  months, S months, 6 months, 7 nonths, ¥ nonts, S montlss,

10 ooths, Honths, 12 months, 13 man{i}s, B4 months, 15 months, 16 months, 17 muosthy,
or 18 moonbs, The muroher of doses by g servs may be 3,3 4 Sor & As s non-hionting

sxample, & xubjoct may b admimstored o iy serderof 3 doses 12 hows apant and ten 14
days after the fst dose o sudvjeot is administored g second series of 3 dosex 12 houes apart As
stiother sob-hputing example, & sulygoct 15 administored two sortos of duses over a partod B )
weoeks where the first sories isoone dose twtce o woek for teo weeks and the second senes of
doxes & three tnes & weel fw §wenks.

{00187 In ong nlusdient, PEGyiated UBS or PEGVated CBS mutant way he
administored at losst onee after ¢ subjoct bas boen adusintstored Botaing, The time btwesn
the Betaine achuiniviration the PEGviated UBS may be 2 hows, 3 bowrs 4 hours, § bours, 8
lowrs, T houss, S hours, 8 howrs, Whigaes, 1] bours, 82 howrs, 33 boes B hoses, 18 boars,

16 howrs, 17 howrs, I8 bours, 19 bours, 30 hoags, 21 howrs, 22 hoars, 23 howrs, day, Tdays 3

das, 4 days, § duvs, & days, week, 2 woeks, 3 weeks, miontldy, 2 mouths, quartedy, 4

mionths, § neonths, Smonths, Taonths, Faoonths, oonths, Hnoaths, 1 momths 12
wmumiths, 13 months, 1 months, 18 months, 16 months, 17 wonths, or 18 months. &g 3 s
Hoiting example, the PEGvisted BOUBS sy be adounistercd 1 days after the sabjodt was

sdounistered Betaine. As anothet not=hinuting oxanpde, o subient tiay b admadsisrediive
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doses after the suljent was admtmstered Botane, The PEGyInted MCBS or PEGelatad CBS
mstant may be advanistered 14 and 13 davs affer Betaine administeation.
{1081 1o ong ombodiment, PEGykated MUBR or PEGylated ItCBS mutant oy by

adminsstered in combination with Betrdne to g sabject. The cionbmation may e adminisieored
atdeest L34 26T RRER T 12013 U R e o than L poms,

§'ﬁf}iﬁ9§ Dhivoae cabodiment, PEOy Btod RelUBS o PEGviated MUBE mstant nay be
sdministered i combination with Betaine 0 8 subjoot after the sobjeot bas initiadly reuctved
Bettine, The time betseoon the combination treatment sud the origingd Botaine sdisbustration
sy e 2 howrs, 3 hoors: 4 howrs, § hours, & honars, 7 howrs, 8 boars, 9 hoors; 10 hours, 1
howrs, 12 benars, 13 hours, 14 bowes, 15 hows, W hours, 17 hours, 18 howes, 18 houes, 20
Bours, 21 hoors, 32 henas, 23 Bowrs, day, 2 davs, Ddees, S days, S dovs, Sdavs week 2
woeks, 3 weeks, monthly, 2 ownths, guaniedy, S voonths, § months, 6 voonths, 7 wonths ¥
monthe, # months, 10 wonths, 1 mosths, 12 movhs, 13 moeahs, 1 oonthe, 15 month, I8
months, 17 months, or I8 months. As 8 non-liihing oxample, the combingtion nay be
somintstored 14 divs after the sudvieot was first adonnistered Betatne, As avother non~
Hmiting exauple, 2 sublect may be sdeunistercd twe doses after the sebinct was fiest
admibmisered Betaine, The combination may be adminstered (4 and 13 dayvs afte Betaine
adminisirgtion

BHRLEG o oose cosbodimenst, the dosoof PEGeyhind UBS or PEGyiatad ICUBS nustamt
adntinisterad to 3 suldeat may be betwern 3 and B gk soch o S mphg S8 wmeke 6
mgdke B8 mgke, 7T opke T8 mate o B optkg by contain coabodinwats, the duss s

selected from the range of ghowr 2 mgdky toabout Tk, Foroxample, the dose s abeagt 2

mugke, sbowt & mypke, abowt ¥ gk, about 10 medhy, or ahwast 24 mpdy In ooetain
embodimnty, the dose 13 selveted frone the sange of about G & about 10 mpke. For
example the dose s about 8.4 mede In cortain entbiodimonts, e PEGlated OB S oy

PEGyiated BOBS mutant polypepiide i adusinistersd to o subjset on a siitonine-restricted

diet, Altoratively, the PEGyiated BIUBY o PEGylaed ReUBY matant prdepeptide v
sdministered to a sulyiect that s not on & methioning-resttioted diet

{00111 hoone ebodusent, the PEGylated UBS or PEGylated TeUBS mautant
polypeptide may b co-administored with spother therapeutic for troting CRSDH. Asweed

Ky

herein, Vco-administered” means the administration of Beo or miore cmnponents. These

PEGyvhated BEUBY toutant, betamoor Viamin B Cosadounidation :xim, fothe

b
Loy
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adimppistraton of Bvoor more commpaaens staliansoasty or withes tinw bapse bobveen
sdminisivation such as 1 second, 8 scoonds, 1 seconds, 15 seconds, 30 seconds, 48 seconds,
Indute, D minutes; 3 oinwtes, § nivates, § minntes, & inhutes, T minmes, R ntnutes, §
minutes, 10 minutes, 11 minutes, 12 minutes, 13 mimutes, 14 nunutes, S nunutes, 16
minutes, 17 minutes, 18 minutes, 19 minutes, 28 minuiex, 21 nbutes, 22 asinates, 23

¥

munutes, 24 minutes, 25 minutes, 26 minutes, 27 nunuies, I8 minnteg, 39 minuies,

&

3

o’

W/

4
3

minutes, 31 minutes, 32 minutes, 33 minutes, 34 munutes, 33 minttes, 36 imimtes, 3

minutes, 38 minutes, 39 minutes, 40 minutes, 41 minuies A2 minutes, 43 mbmgtes, 44

A
ot

minutes, 45 minutes, 46 minutes, 47 minutes, 48 minutes, 49 minutes, 50 minutes,
manutes, 52 minutes, 33 minutes, 54 minutes, 35 minutes, 56 minutes, 57 minutes, 58
minstes, 3% mingtes, L howr, 1.5 howrs, 2-hows, 2.5 hours, 3 hours, 4 hours, 5 hours, 6 hours,
7 howrs, 8 hours, 9 hours, 10 houars, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 16
henars, 17 hones, I8 howrs, 1S heaws, 30 hours, 21 hours, 22 howrs, 23 hours, day, P53 days, 2
davs, o wore than 3 daws,

IH&-‘FI&’I}"I{}W%‘
ORI As used iy ihis spoifiontion, the singular forms "2 "an,” and “the” hohede plural

roferonts pndess the contoxt cleardy diotates othorwise. Thas, for sxamgﬁs, teferenoe o g
“sotvirer Inclodes a single p\z%»mu as wall axtvo or more o the same o differens
podumers, reforenes 1o an “excipient” includes & single exciptent as well ag teo or e of the
ssne or different oxcipionts, and the lke

8131 Where o range of vahues ¥s provided; it s intended thut cach itervening value
bebween the uppor and Fower Bontof that nange and vy other stated or ttervening vahee in
that stated ruige is cndompassed within the disclosure and speaifically disclosed. Fov
exanpde i prmpeof § o 8 fon tvsratad, Ui intonded that 2 pm, S um dpne S

s
((

e, and T oo ane also explicily disclosed] sy well o the range of values gesater than
eual to 1 e and the vange of valoes foss than or oqual t0 8

{88114 "Coding sequencs™ refory 1o that porhion of o huclere actd (e 2 o} that
envodes () s BMA thatis trarslaind 0t an anune auid soqurncs of 3 prdein; or {if} a
funetional RNA, stch as an fnterforing RNA or antiscase modenude,

HRLEST  "Recombinmt,” whon nsed with rofironew i, eg, a ool nucleie and,
polypoptide, sxprossion sasscliv o vecier, reivrs to 8 mateeial, o a paterial corrosponding i
the natan o sative form of the materisl, thas hos hoon moditiod by thy intrduction of a new
miotety of alteration of an existing motety, o ks deotical thereto but produced or denvved from
synthodio noaterals Forexeonnple, roomnbinant colly cxpross goves that are oot Gand within

&2
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the pative (nereresonhingnt) form of the cell {0, "oxogonnus nuclelo soida™) or sapeess
native penes that e otherwise oxpreased st » different lovel, typioally, wnder-oxpressed or

s atall

HOT ONpYS
{giie] Recombingnt techmigees can tnclods, e, use of 8 recombinit nuclore said such
as 2 eDNA oncoding & protei oy Qi autizense seqoence, For insortion imio mn oxproasion

e, such 4% an exprassion vonkny the resuliant constrant w intraduced wte s ool snd the

coll sxpresses the nucleie aeid, and the protoin, i appropuiste. Becombinant techniques alse
cuomnpass the haation of nuclele scids w0 coding or provoter sequences from ditferan
SOUreny It one tapresalion sassetiy or veotoy for expression of 3 fusion profein, comtifutive
expression of a protein, or indiihle expression of a profehy
[T Thoe terms “subject” “individead” or "patient™ are vsed mtsrchangeabhy herein and
rofer to a vontebyate, proforably s nanwnad. Mamnsels nehade, but are not Badted o, lnamass,
O8] Associated” refors to comncidencs with the devclopment o manifostation of g
gisease, condition or phonotype. Association may he dieo o, but s vot Hmited 1o, pones

»fps}smﬁic for bousekeeping fancticas whose alterstion can provide the fmadation forg

v of tisesses sud consditions, hose that are part of 3 patlrway that s invobved iy

speitii“}c dixcase, vondititn or phenotype and those that mdwently contrinie o the
mantiostation of g discase, condition or phenatype.
{8119 “"Physiologicat conditions” oy "physiplogival solution” refiors to an squois
snvironnen having wioniy strength, pHL and femperature substmtialiy sttty 1o conditiong
i an abtact rommeaban coll o B B bssue space or organ of a Hving mammal. Typlondly,

physiological condiions comprise au spsous sohution having abont 158 M Nal pH 85

T4, ad a fonperatars of spproximatedy 2337 degress €. Generally, physiologics! cnnditions
ars suitable hinding conditioas for intermoloculsr ssswsiation of biokygical macromolendes,
For example, physiologioal conditions of I8 mM NaOl pH 74, st 37 dewrees Care
zoneraliy suttabhy

26 "Pharmmwmosetically accoptablo-excipiont or camier® rofors to o sxcipient that oy
aptiomathy be included in the componitons of the invention and that causes po sigaificant
sdverse foxicologival effocts fo the patient. In pavticular, 1o the present matance, such refors
ty sy exoipient that can be thow bito the nonmaiian subjeot’s body By assoniation with an

avtive conpound thaee PEGyiated htUB5} seith no significant adverse toxicological effects to

£-3
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0121 Theter "exgiprent™ or Pvehicle™ oy used heren nwans sy sobatanes; et tnelfa
herapentic sgond, used 1 g carrer for delivery of & thorapentic apent and wstable for
adininziration 10 8 sulgect, @ g a manunal ov nddad to s phamiaceuneal ommpositing to

improve its handling of storage propertics or to pormit or facilitate formation of a dose unit of

the composition indo a discrete atticle such a8 a capsale or tablet suitable for oral

sdminisganon Exapionss and vobindes michude any such matorials kaowan i the an, sg., any
Hrguad, geb, sobvent, Hoguid dileent, solubilizer, or the Bke, which iy sontowic aud wineh does
not interct with other compotoms of the composiion i a deleterions e
Sdmaniatration can miea oralb administration, inhalation, cntoral adiministration, foodinge
msronlation by infravenous injection. The oxcipiads way include stondind pharsacentical
excipionts, and vy sl fnchide sy comporenty hat nay b ased o prepare foodys and
boverages for huy goddor animsd consutption, feed orbait formulations or other
frdetutly,
{01221 “Pormesnt” “drag” or Ppharmmeologically aotive agent™ or any other sinilay
togny sy amy chemical or blologioal nateriad or conpound, inclostve of peptides, sunabde
for admimstnation by the waothads provicushy huewn in the art andior by the pethods tauglt
i1 the present dixclosure, that induces a dostred bivdogioa or pharmweological effect, whish
may foclude, but s sot Bmited 1o (1) having o prophylactic offect on the otgamiun and
preventing o undesired bidogical effict sucly 88 proventing iy infection; {3 alloviating »
sondition caised by g disease, for exanple. alteviating pabt or inflanuration cosed ag &
reaudt of dissase, andior {3} sither alleviating, reducing, s coopletely aliminating the diseass
fronn the organism, Tho offect may be local, such s proveiding for & oo anesthetic offeon, o
ity be systenie. This dinclosare 8 not drasen to novel pormeants or to sow slasses of
active apsnis. Rather it s Hinttod o the muede of delivery sf ageonts of pormeants whivh exist
n-the state of theant ge-which tay kter be patablished av gotive sgonty sndiwhicheare suitable
fo dodivery by the prosont disclosare.
23 Thoe torm “about,” partivelardy b roforoncs 1o @ given gquantity, i mwant to
gnoompass doviations of plas or raimus five pocent,
{08124 "Optional® o "ophonally” means that the subscquently deseribod ciraonstanes
gy oF iy not b present or oecur, so that the iis:&sx:fi;}tim sncludes bistancoy winre the
ciremsine is prosont o oosurs and instances whore 11 s nod prosent ov does fod oo,
RIISE "Rubstantially absomt” or "substantially fue” of & contain foattee or ctite wocans

nearty totally or vompletely absent the feature oy ety For sxample, for v sebrect

R
A
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sdmpsistred PEGylated MOBS, the sobatantial absence of an observable side offont means
that such side offoud 1 either sondetestable, or cecurs oudy 1o 8 neglioblo degree, g o an

exiont o frequency that s reduced by about 805 or aove when oompired fo ithor the
frogquency oy intensity of the aame side sffect observed Bt an untreated pationt.
{EI2S]  The terms "pharnosiogioadly effoctive anmoumt™ or "therapoutically effsctive
soeit” a8 robated fo the present compreitnmy loy 1o o noteie, bat suffivent ansouns of
the active agent {or composition containing the setive sgenty to provide the destred fovel in
the bloodstrean or 9t the site of action feg. Intrccthadarted b the suldeot (o be posted, sndior
fer provvide audestred phosiplogical, Mophysical, Mochonical, phanmwolkical or thorapestic
espraniss, such as amehiorstion of the maniostations of homooystimia, The pxact amonng
sm;xziws;i with vy rom wbiont to sabject, wd will depend on numerous fxotors, nich as the
avtive agent, e sctivity of the composition, the delivery device ensploved, the physiedd
characteristios of the conpoition, intended pationt use fle., the muonber of doses
sdeuisiored per dayl, ax well as paticut oovsidurations, such a8 spocies, ape, and pouerdd
condition of the sabject, the severity of the conditton bong teated, additional drugs being
takon by the subjout, mode of administration, snd the ke, These factors and onnsiderations
can readily by defenmnined by one skilled to the sty bosed vpon the nfeomstion provisled
borein, Angppropriate "effective’ atount in sy mdividual case sy be dotornsned by one
of ordinary skill o the st using routine oxporimentationy, based vpon the hdormation
provided hersdn
0127 The ternd "biotopiond activity” refirs 1 sy Wologival sctivity typically stivthined
fo & nuckede woid o protein by those shilled iy the avt Bxamples of biologroal activities are
enzyeie aotivity, alahty o dimerie, fdd or nnd suother protetn o suckers acid moleeate,
[si6ea
{8128 The torm “nucleis aoid”

tclade messonger RNA, svinhotio BNA and BNA cDNA and gonnte DAL The DA

may booan the feom of BNA ar v the Banrof DNA& and

may be double-strded or singlestranded, ad i singdeestranded may be the coding strad o
fhe pop~voding {ang-sense, complomentany) stand.

001291 As used beremm, 2 "vartant” s a nuclete and, proton or polypeptide which 15 not
shontical to, but hay stigmficant homology (Ror exanple, B, 8335, 90%, 91%, 93%, 93%,
aT, B, a8t

Qe WEN % ot PO sequence idontity) over the cotive longth ol the wild type

%4

suckei avid o anwne acid sequenee, s exetnphified by segquences i the pablic sequenee

X

databises, such i GeaBank, A ased heroi, o Vprotein, folypoptide or peptide fragment

2
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%

tharen™ mrany the Sdi-deongth protoin or & portion of it having an andno-acid soguene

-~
§

tiSiiﬁiE}; atbeast 8,6, 7809, 10 11, 120 130 Bor 15 avmno acuds in fenpth, although
dipeptides, tripeptides and otrapeptides are also contenplated sad encompassed by the
prosent disclosure,

HEEL36] Awised beroin, & Moot B g tated protein destgned or cagineered o alter
propertiss of Runctions rolsting 1o ghreosviating, proton diabilizanon andior higansd binding.
00131]  As used borgin, the tonms "natiee” or Mwildsiepe” relative to o glven el
polvpeptide, nucheie acid, vaitor phesotype, refors o the forr iowhich et s typieadly
foumdd 1y natin

0133 Asased herein, the feens prrtein.” “padvpeptide.” “ohiznpeptide” and “peptide”
bave their conventionsd meaning and arg weed mtorchangeablhy o denote & pohaner of at feast
teeo annng acids covalendy lked by an amide boad, segardiess of Tongth of post-
granstations] eodifteation {eg., plveosyiation, pﬁs&s;ﬁm:yia@iexg Lipidation, myristvlation,
pbigquitiiation, s ) Farthenmore, the polypeptides deseribod boron sre not lunited o g
specific leogth, Incladed within this dofinition are T gd Lonine acids, and nuxtwes of -
anst L-anvine achds, This torm alse does not refia to o sxchade postoxpression machfionativas
of the pulypepiide, for oxample, glvensylations, seetvktiony, phosphorviaions aod the ke,
as will gs other mndifications Rnown bt the ant, both natuvally oocurring and nonsnaturadly
soaring. & polypeptide muy b an ontivg prodoin, o a sebseguence terosd, Podypaptides
s adse vefer to mine scid sudwequences comprising epitopes, L6 anhigome determinants
substabually resposible for the nanmogane prapertics of a polypeptide and being vapable
of evoking su DRIuURE TERpoNse.

{80133]  "Position comusponding fo rofors oo g positivay of nrorest G, base vuvbor oy

resichie nunder) i i nuolkis sctd molecule or protein relative to the position in another

i

reference puclewe soid solecele o protein. Corvesponding positions dan be detormined by

companing and aligning ssquences to pxagimize the nomber of mutching muclootides o

rostiees, for example, such that idenuty between the seguencss 1s greater than WSS, groater
than 93%, groater than V6%, greater than $7%, groater than 98% or groator than 9% The
posttion of tatevest 1 then gives the sasdber assgmed i the reforence sueleie sond woleeule.

For example, i 2 panicudar polemorphism in GeneeX ocours o muckeotide 2073 of SEQ 1D

N X, o identidy the congsponding nucleotide in snother allele ot isolate, the sequences ae

e

ahigned and then the position that hoes ap with 2073 iy idonificd. Singe various allcles vy

GE
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be of ditforent keagdh, e pasition designating 2073 saav ot bepuclootide 2073 bt tnstend
ol @ position that "corresponds” to the position i the reforence sequemee.

{134]  "Porcentane of seguence dentity” and "porcentane 'hs:ssmiesggf“ areased
intachangeably horein w refor o comparizons among polvinclootides mnd polypeptides, ad
are determined by compining teo optinilly abigned sequaimes over g comparison sindow,
whvrein the ports of the polyauckotide v polvpoide sequcncr i the Senparson vt
nray comnprise additions or deletions (Lo, gaps) as compared b the reforenee soquence
{ehich doss nat comprise addions or deletions) Sw optimal aligument of the o sequonees,
The porcontagy may by calouiatad by dotorntming the shanber of positions & which the
wientical nuclole acid base o maine aoid residie cocurs I hoth sequeness to vicld the
mmber of mistohed posttions, dividing the mumber of magohed §3i}$i€i§i}nS by the sl manber
of positions 1w the window of companison sad multiphving the resalt by HR o yvield the
porcentage of sequence idendity. Alormatively, the persomtage sony be caloulated by
detormining the suadser of postiions &b sehieh gither the wdenticst muckie actd base or amine
soid residae oconrs i both sequences or & waelele acid base or sniae soid resdes s altgoed
with 3 gap o yicld the rumbee of matched positions, dividing the misnber of satched
positions by the total numtber of positiony in the window of comparison and moliplving the
rosult by 108 fo vield the percentage of seguence dendity. Those of shall i the art apprsciaie
that thers are many ostablished algoridhuns avaslalle o slign tvo sequonces, Uptimal
ahgnmen of seqpaness for compariso can be codacted e g by the kwal homslogy
stacrithes of Smith & Wikenswn, Ao Appd Mok, TARZ B, by the hoasadogy slignmen
atporithoy of Nesdionan & Wipsseh, J Mol Badd 484483 (IR, by the seared for simifany
method of Bearson & Lipman, Proc Mot deod. Sed 104 852444 {1888}, by vompulugized
mplonsatations of these algonithang (GAP, BERTRIT, FASTA and TFASTA ln the GUG

Wisconsty Sofbware Package), ov by visual inspeciion {vee generalhy, Curvent Protoosisin

Mdevulae Biology, F. ML Awsabel o ol ads Carrerdt Protovels, s joint vinture Detweany

~ \

Greone Pubilishing Associates, Bwoand Jobn Wiley & Sons, Ine (1995 Sygpplonant}
{Ausuabell). Examplos of algorithms that are saitable for derormining peroent segquenog
identity and scquenes suntlarity are e BLAST and BLAST 2.0 aig@ﬁtﬁ}m@, wich swe
deseribed in Alischald erofd (YR Mol Bl 215403410 and Alschal er el (3979
Nuclede dotds Rex, 33893400 respectively, Software fov perfuming BLAST analyses s>
pubhichs avinlable through the Nadiongd Conter for Biotechnology InFmmtion website, Thas

sliorithit tnvoldves st identfvng high schting seueney pairs {HISP) by doanfrmy short

Lk
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words of lonpth W b the guery seguence, which enher match orsatislv.some posttiveseatord
threshold score T when aligned sath @ word of the sanse length i g database soguencs. Tia

roboreedd 1o as, the noighborhond word soore throshold (Alischul er gl worg}. These initiad

avighborhood word hits act as “sceds™ for iritiating scarches 1o find lowmger HEPx vontaining
them. The seord higs wre then svtended 1y both diveotions slong cach seguence for as far as the

spnsative aligrivent some oo B mereased, Cunlative sooves are caleulated using, for
nuchaotde soqueness, the parmneters M {rovard soore for 3 pair of matching residues abways
S and N {penalty score o mismatching restduey; slweays < For anune seid soguenees, 8
seormg matriy isaned o raloaiaio the cumdative soore. Extension of the word lnh i gach
divectitare halted whens the cunlative alignment score flls ofUhy the quantity X fsun s
maven achigved vadoe; the conudstive score goes v sero or below dogto the
avcunmlation of one or more negative-sooring restdhie aligraments; o the oud of wither

seguense s resched. The BLAST wlgarithon parsosters W, T, and X determine the seositivity
sud speed of the ghignment. The BLASTN program (for naclootide seqpences) nses &
defanlts a word longth (Whof 1, av expectation (B of 10, M3, Nt and 2 conpanisony e
both strands, For aming seld sequences, the BLASTY progvant uses a3 defsalis o wornd lonpth
W of 3, oxprotation {8 of 10, andithe BLOSUMES sooving matrix fwve Homkoff &
Hentkoff, Proc Nod, dood-Sel U84 QW IR0IS (1988,

{8138 Wiale all of the abovy mentiored algorithis and progeams are suitable fora
doternunation of sequence shgnment and % sequence wdentity, for purposes of e disclosure
horein, dutormination of %% sequinios identity will tvpically be perfirmed weing the BESTHIT
or GAPR prograns i the GG Wisconsin Software package (Acoehey, Madison W, using

defaalt paramders provided,

{00136 The sorm “NHI Torminal Modifications™ may be wsed 3 refer t the poptides
described horem, The terminns of the peptide compounds of the ipvardion corresponding to

2,

S feg, H

the amdng fernunus 1 resent, viay be i the T WY, or altenativedy may be
aoylated with a group of the formely RO or B°&¢ ti}};s;a Wh{;’m iy R is ax previonsdy
defined. To one cmbodiment, RY s selocted from the group conststing of (0-Ca) skt (s
Cand anel {00 sovladksd, 318 mombered hetorosret or & 16 mombered hoteronrvlatkyl
01371 aothercbodiment, the godun ternungsy may by “blocked™ with oo blocking
group designed 1o fmpant the cotpound with specified propestics, such as 3 low anfigeaidity.
Non-Hmiting sxsaples of such blocking groupgs mehude polvaliovione oxide polywoers such s

potyethvlons gheedt{PEGY A ooty of pobumers wichl for mpvting compounds, and s

beg

e
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partivolar peptides sod protdins, with spectfied propertios are knoven din the et avare
chenustries nuitable fr sttaching such polviners to the compounds. Specific sop-limiting
HY: 5 010 485

examples may be found in US. Patont Nog, S,643 375, £ 730,880, 02,5
& I3 B0606 IR3 685 and 8,177 087 the disclosares of whivh are incorpraatad hersin by
rofrence.
HHIEIS] Thetors "Uarboxy Tormdnss Modifioations” sy brased o relation tothw
peptides desenbed heroin. The wrmines of the peptide compoands corrsponding to the G-
tenmings, i pre way be i the form of s onderivatized carbioxyd growup, cither as the free
acid or sy valts such e & sodien, potmasium, oalehen, twpuestaniaadior othor saltef an
M ZANIC OF OIgae Hay, or may be i thy Sew of o derivatized carboxyl such as an oster,
thisester or mide. Buch dereatirad R of Swe conmpounds may b prepared by reacting a
compound having & varboxyl torminus with an sppropriaty aleobol, thiol or anune. Suttable
steohols, thinks s aebney inclade, byway of cxmople and ot Houtation, sleobols of the
formmla REOH, thiols of the formada BUSH sud amines of the formala RN, RN or
NH, where cach R is, tndependontly of the others, as previcasly defined.
{00139 The o VLo 1 forny mmino acids” rowy be used m relation & the peptide
deseribod borein, A will by rocngnized by shilled artisans, the various X reaidues
c{t«‘m.;}rising the vompounds of the venpon may be i either the Lo oy Deonfiguration about
s U varhomts, bnone suhodinent, all of the O cvbons of s particular cmnpowsd are in
the sane configeration. by some ebodiments of the tevention, the compounds conprise
speeific chirdditics sbout ong & more g sarbonds) andior include son-poptide finkages &

specified fecations 30 ax to tpart the compoad with specified properties. For oxample, # 13

sefbknown that poptides coropossd v whole r b partof Deaouna aoids ang more ng
10 proteases thay their comresponding Lopeptide ctnvtrpans. Thus, iy cve ombodiment, the
cesmpoends e peptides congrosad i whols or v partof Deamine seids, Alteratively,
eoniponnds haviag poed dabiliny sgainst profeases mry inclade peptide snalogs including
poptide Hnkages of roversed polarity ot speeified positions, Fow svnple, corpounds having
stability gpuingt yptic-Hke pradessos include poptide analogs haviag peptide tadiagoe of

reversed polarity bofors sach LeArg or Lelys resides; componnds having stability against

chymotrypsine-like professes nckude peptide anslngs having peptide Thakages of roversed
polarity befiwe cach smadland medineeied Laadiphatio restdoe or Lason-polay residue. In
sroviher entbodbnent, componds having stability agsnst protesses tchsde pepstide angdog

cunposed wholly of peptide bonds of reversed polity] Other sanbiadients hanving stabilay

s
Lad
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spainet protesseswil be appavent to those of skill in the wrt Addigonat sprafic pbadimonts
of the sonpounds are desortbed heret,
{0148 Asused horein, the form “long-torm adonnistration” refors o sduunistration of the
CBS enpyme, BIOCBS, o UBY motant (g, with a U8 motation} congoegated to 8 BEG
mointy over 3 Hine-period of & wosks or fonger
Bl Asused émreﬁs,zz, thi torm “eontions advunistration” rofers o npeated
sedinistration of the UBS enynie, MOBS, or BOBRS potant fe, seitha C1ES mstation)
conugated 10 a PEG wodety throughout the coarse of g stady via 5O injeonion ot ioplanied
ostmctic mp,
00143 Asused horcin, the toomy "IITETY, M278T homozvgous”, or "IRTRT o4&
Bomoeygowa” mice refers to 8 mowse moded i which the ondogendts mouse chy pone hag
been knovked out and & e OB tansgene baving the most commen mutation i the OBS
sHele, S33THC OR7RT), which fx sssnisted with honwoystinuria, has boen bweried as g
cNA clowe snder the contral of aine-tnducilde prowotor on s plasid integated o il
MOV JOIOMIL,

EXAMPLES
H0I43]  The following exmplos are dlustranieg i natee and are wno way ntonded o be

Hmithng

Exampl

A Constraction of Seguence-Cpaimized, Trowoted Hupan {88 i PET.
00I44]  Asprevioasly described fo Internatinnial Pablication K WO 20THE, dw

disclosure of which s ineorporatad hovedn by reforcnce 1o s ontirety, Ad eogth (881 awy

Ve Feodor

baman CRS coding sequence was optinnzed for bactena! oxpression and cloned tnto the
g}iﬁ(ﬁﬁ? vector following digestion with the BcoRY rasiiction enzyme, by Gendenpt LBA
fre NI USAL The UBS scguonve was then sopdifiod by PUR weing pringes Al and A2 1o
generate a sequenee eoding Ror the roncated eneyewe {aa 14131 The POR prodost was then

digested with the restriction cozymes Neol and Xhol, and Hgated o the pET-28a+)

that wan digested with the sane cazyrnes, Clontg Inte the optimald Neol st of pETERa(H
vesults i a G to O matation as vornpiead to the CRS wild-type seguence. Site-Dirested
Mutsgenons Kit {Stratagone, UA, USA) wtilizing privoves B snd BY wag wsed o re-gonerate
the wild type sequonce (UBS). The samgestrategy way usnd to geperate the TS mataat(T
to & onstations, MOBSCLE) bee using prames €1 and €3, Al seguences wers verified by

sequencing. Expression of the truncated UBS is vontrolled by an upsiream T7 promoter in the
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;\FT« LETE }\ ector, witteh regquires tramsformation irto DEY beoteria and induction by IPTHL
Table § desoribes the primvers snd thelr sequenes identtfier,

Table b, Priovers

,,,,, Primersame | SEQID NO.

Al 7

Al 8

B 9

B 10

£ i1

L2 12

5 e

pRER & &

8 Exprossie J Purification

{0014%]  The pET-I8al+) vesty, §1stf§3m‘iﬁg the sequenoe voding for the runcated heman
RN, was ransformed o BRI baoieria e, S 00 B3 RE o HMEITE Y and

bacteria from kvantvsin-rosistant chovies were grown in 8 md of LurbeBeortian (1.8) nodian,
witl 34 pedmd onsanayoiy, overniglt a8 370 on g votational shiaker (0 275 RPM. Cuemdof
the ovornlpht culiure was added fo 100 o Tomific Broth {18 wedimn with Mugimd
kansmyoin and grovwsn overaight. 10 e of was thon added o o Titer TH modium contining
8001 of dummine-HOI pH 8.0, L0028%, of proridovine-HU pH R0 083 M S-ALA pH
B0, 150 M forve oidonde, Mug'd of kangmycin, The aulbure was thargrown gt 3% on a
totations! shaker st AT RPM vttt OB rcached the val o ~0.6-0.7 and profoi
expression was induced by addition of T aad PTG Fermentation was continued for
addeditions! 16 howrs, Cells wore hatvested by 8 10 minute, 5000 ROF contrifugations st 7,
wiznhed with cocold 8.9% Nalll, recontrifisged ax sbove, snd frozen at -8°C 445 ml of
fysis buffor (VM NalL POy, pH=T 2, 40 M NaCL G 1 ;M PLP) per | gramyof pellot v
theradded o the oall peliot aud the Tottor was lownoeenized By Dowree anogiaizes and
groatiad with hoaoeynw {2 mgdmi Snal) ncubated for L hour at 3°C on avocking plasiorns
someated g redhuce viscosity, and contrifnged @ 33RO RO, The supomatant, conpristng the
soluble fincton wan then stwed a SN The fsate was grocsssed through o moltt-siep
chronwgraphe procodurs: The Core process consisty of an anton sxchangs capture colarmg
{DEAE Septarose-FE), followed by an affinity colunmy This attans purdty of approisately
Q0% The final gy of » 89% i schioved by the wxe of ove or two polishing
chromstography steps. The final colomm chua was dlafithered o PBS,

€ Fnsyeme daivite dooy

JEBI46]  CRS activity wax detormined by o radinisotope assay with CM labelod sorino ax s

substrate. Ten il (ol 490 ng) of pure MORS jn dibation huffor 01 M T HOE pH=86, 1

33
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o DTT, 10 oM PLE, 0.5 mgimd B3A&) or 10 wd of plasow were added 0 85 gl of resction
&, M Leacring, 8.5 mdd PLE .5 mpfmd B84

amst 3 uCi {for pure envie} or .45 ;:,{;':;i {For plasimal of LICNUSorine. Samples ware

auxiure containing 00 M TrsH{ pb

ncithated for Swbe af 3770 and reaction way inithated by additfon of F ud of 02 M Hev {106

mdd finad concentration). Following 30 mumn of moabation st 370, 3 28 pl aliguot of the sy

)‘\“

auxiure was apphod ot g grade I THR Whatnan €N S paper. Aosay nntation amd

SR

3

3;3?3'3%\ XI}& of the resuly ang RIS WEre i SERRTRG B that cack regotion Sime was 38 ntnes

Desconding paper chrorastography was used kv isolate the mdisetive product (O] froms

fahelod substrate Serd The O cystthivaine fromed in the reaction was sepaated Fom
serive by an overnight desconding paper chromamgtaphy in Z-propanolformic acrb M0 (78
SF N8 viv) Rudioaativity in the area of the tarker ovstathionine (dotected by staining the
markey lane with munhydnm} was dotermined by cutting the chrovstogram bito sivips that
were submergad in 3 od of Opti-Hloor schillation cockinil (PerkinBlner, MA, USAYand
cotmted 1 & Bockman LS-3801 scintiliation counter, A onryme-fiee sample was used as a
hank o monttor the background mdhoactivity that was thon subtracied Bomoach sample. Foy
pure sieyne, spociic aclivity values ars sxpressed ax sneyine vaits {the ymowst of shzyme
that produces | umobof eystatidoninghour por mig of CHS, and for phism samplos 3s wmily
por ul plasoa. 1 the pharmacskinetic (PR} studies, this bas been designated: Ul of
plasia.

£ S Gel ol Aavay

{0187]  Protoin samples were separsted uaing Native Page (Bio-Rad, OA, USA)Y The gel
was then incubatod Bor 1530 minnioy w2 staining sohution (CHR mdd Teie-HOE pHsR M
Lovystadog, 30 mM 2amercaptocthamd, G0 mM PLP and .2 had nitvate). Regotion wan

sel i 7% soctie acid,

g

wp;:wi by subimcrging the
E. Fherormiation of metabolite convansaions
HBIAR]  Plasma romabolites homwooystelng, systathioning and oysisins ware detennined by

stablo-tsctopesdifution lipad chroonstography mass sportroanetry as proviously deseribed in

fAHen er el 1993, Mebolivn, 420 TR 6. Mossuroments of rotal non-protain bound
harpoeysteme and sthey soinotiioks as well s olmmine souds by tissue were porfored ns
described  Odackean o o 2010b. el Gromer. Motad, 181, 1330682 Motaboditos ware
determined by stable-isotope-dilution Hiquid chvomatography mass speotromnehyy,

¥ PEGYation
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001497 Polvetbnvlene glveol soleonies wore purchased frony the ROF Corpreation
{Tokye, Japand. PEGylation was carriod vof according fo moamathotorer instructions. For
example, coupling of FEG msloipude devivatives to the SH groups of RUBS (S mpiel) was
ciwtied st in a 100 wmM phosphate buffor pH=6.5 ovemight at €€, Mols Ratio bopween
PRG molecules to the UBS proteissas 1w 301

{08
{ME-

below outhines the PRGyIntion procedure.

15 Allenatively, PEGyiation wias achivved by comugation o X Ds NH wster PREG

200Gy with BOBS €18 (ruseated hurnars U8S having 8 CLES muation), The protoent

0151 Chvomatognpbically purified BOUBS C138 v buffor exchanged sud fornlated i
HISmM xodiven phoaphaie beffer pH 7.2 and concentrated fo af fesst 10 myfan. The eneyine
shiguot was stored At -NC, aod was thawed out i @ 3TH2°C water bath with secasionat
saaing. The onmyme aliqeod v spun dosen o romove geserated four, Hany, snd Repton
wo antil neaded.
{00152  The PEG

wo 431 mg of ME-

dation madar saiowas D H ooy BORS CHS subunit)y, which ashues

QOGS por 100 g o ORS CHES The calinlated sromumt of protain,
watir, and 2x batfer (necded ondy i concontration of th sazyme was higher thas Himginad}
wore sixed i g stertle endotoniefroe 38 md Falvon tabe. For example, PEGyation of 2068
mg of BOBS CIAS of 20 syg'nd roquined 1 sl of the protoin, 12 mi of stontle water, and 1
i of H0mM NP pH7 2 buffer. The b vomtaned ot volwrne of 32 miand wag kept
on tee. It g separate fube, 362 mg of ME-200G PEG was dissolved i sterilo water or
D80 by nuxing, voriexing, o nplional wansing up s IR0 water bath fora byied
amonnt of time, The PEG quickdy dissobeed into o cloar, ughly viscons solution. Ditagd
s was fransforred tnto the tube contmning dissolved PRG sweiftly by cither poaing oy
pipetting, The tdwwas closed vghsly aud inunediateby vortexed for 10-15 seconds 1o
penerate & homogenous ixhive. The b wag incubated at RT s somcking platformn iy 446
howrs orat 470 overnight,
€ FazpmeNipenge
{0153 PEGyaed hUBS CIER seas formubated nstug PES pH7 4 and concentraied
approvimately st keast & vophel, and typieally o 2 cocontiation hetweeen Wand 2% wgimd.
The enzyine was stored a0 -80° In (L2 nadd aliguets. For osch dosing day, o single use, fugh,
solution of cnzyme was propared by ditation o PBY w5 flaal concentration of 1 mgind,
Any sohntien rumaining upon completion of dosing was disesedesd.

H Antwrad Procedhersy

i

T
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{00154 Al animad procedeses wers approvad by the Unbvensity of Colorado- Desver
AU which ssan AAALAL Accredited (SOU235), Fublic Health Service Assured {
IG001 r and USPBA Liconsed {888-RA0059) Justitution, CFTeRL el and CBS knock o

(RO anes were obiained from the lacksos Labeoatory (ME, US4} Homan Oudy (HOY mig
wire prviowdy gonersted dackean er ol 200b. Mad. Goner Mowdh, BHL 13062 i the
inbuvatiwy, Aninals wiore mansained on extruded stondavd Jiot 2918 (Hardan, T4, USAY with
antimiied acoess to food and waser,

{00183 Representative pups were routinely sabezed for homosygosity . A singleuse
lanced for subnandibula blosding wis ased for bload coliection into Caphieet T-MEHG
Hthium heparin {33 U tebes with gel{ Tennno Medieal Corporation, NI, USAL Tubes
were then contrfiyged at 12006 for 1 min, Rollowed by colleotion of phsma o L3 mlabes
andd storage st -SPC,

{00186 Goootypingy Boprosontative pups wors routinely anabvzed for homsaygost

QP{TR. Tl bopsioy o, E'iiii-;ittﬁ,

xore gengrated By the TiNg

Crovensavh. DNA guabity sweas monitored by NanoDrop 1600 { Thonmo Scientific, DB, USA}Y
Tweondy g sonyries of DNA were nm single-plex in tiplicate using Apphod Bioxystom’s
£300016). Anpl

Applied Bivsystent's 7530 Fast Instrament using the standard cutve method. Apphied

$CA, USA) Gene Expression nraster mix (Homy & atton was porformed on

Biosystomy™ Tort  Roa 44583087 of Thee (ot SMER368) copy nuntter rofucaos ssaays

were ased a8 e homorygous one copy sedibratr. Applicd Blosystewm's assay Mr0G2U300

wing usedd to dotvor the Neo gone.

§ ’}'} WHE fype Sprapue Dawley rats wore boused o oages and mandatned ander
dard conditions with unlimited avesss tr fond and water,

§{iﬁi‘§$} Wild-type oynomolgus monkevs (Macaes fosciondards) wore housed i sex-

segregated pons with undimitad socess o Rod sad water, Taadve-bour bghtidek tyveles,

tonporatire, snd husmdity wire cntinuously monitored and controlled. Additional
snvironmsatal envichment e the fornr botly nabeal suditory backgrowsd sowuds and visual
astwre video eotichowent wore provided daty. Al moukers were soveened for gonend health
prior fo the study.

£ Sl enllection

ORISS]  Aftor injection with a PEGylated foore of BrOBS, such as NHS FEG-OUBS

AR, blood was sollosted gt vanous tne-points o Capnpect T-MLHG lithinn beparin

tobes 1123 Bl with gol {Tonomo Modieal Corporation, NI USA) fom the sebmaadibalar

ol
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vetnof vomciony study antmaly usinga disposable lancot-destigned fie sebmamdibulay
samphing, Flasma was collected from Blood samples after contrifogation at NG for 10
minutes sud stored 2t <8O°C 1 1.3 ol tabes
R Fhavmacokisgticy
jiet]  The phavmacokinetic {(PK) pargineters were calondated ssing 8 noneconipartnuntal
sarye strippig model wivch resolvas §oarve ne & sentes of oxponenial et
covresponding to 1y absorption, distrbation and olimiation phises eccurning during the
noe counse of Se s 1o the Mood. The curve steipping spproscly asswmes that the
dispesaition phases of the doig oo spparent Hinstorder kineties which fs ovidenced by e
Hnearity i the teroninad portion of 3 ssmi-tog plot. These calonlations were made wsing @
modeling progren called PR Sohitions 2.0 (Bamait Solations, Montrose, OO weing the
mean plasims euzeme sctivity for sach route of adbunistation. The bloavaiabiliny was
galoulated by dividing the arca under the curve (AU S the SO ov 1P route by the AL
ohserved sfter IV administration,
X Praparation of aaveples for NHY PEGyiation swpping
{01611 Bach smple (300 ggb, inchuding the non-PEGyiaed CBS control, was diliged
with HPFLC water (ThermoFishery 1o 30wl The sample was then mived D fetviwith 024
8 CAPS buffer (Stgem) pH LS, snd incubated at 37°C for 22 hours to remove the PEGE.
The de-PEGyiated suropleway ansfired fo Amivon Ultre 33K Coatofugal il (Millipors),
and 320 gl of B puansdine HOT sobation Stgrmug was added. The fillor wag span gt 138
rpwe for MY robwstes. This provess wis repesesd peies to buffer exchange the samplos o 8M
guanidine HUL and remove the sesidogd free PEG.
(001637 The sample was cnbived with 1M Frig HCHEH 7.5} o a fual concontration of
O amd Tris The sooopde was redused with 10 DT {Sigmad a0 36 °C for 48 mbnutes
andd cooted. Todoacetamide was added 1 2 fingl concordeation of 36 mM o the saoples

wire wmsabated i the dark 3t roons tomperatize for | hoar. The sarsple wax then diluted with

Trin ¢pH 7053 sobution toreach o gusmding conceontration of 1 ML The
reduced/alhylated samples wore used for Asp-N endopeptidase digestion.

{00163 Two pgof Asp-N was ndded o 100 pp of the reduced and slkylated sample
fervme protem ratio = 130 (el The digestion was conducted svermight at 3750

& Freparation of samples for histopadholegioal anadwsis

6] The PBSanjocted tr PEGyIated hiOUBS conjogate, such as 2ONHS PRGUHHURES

CLES, toated KO e wore soortfioed on day 1718 and Hesr smmploy wire proceased for

3%
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histelogical suabyais by optical nuerosropy. The histological sazossmonyws cared-out i a
blinded fashimn Livers worg semvad snd were Bxed for 24 howrs weath 4%
paraformaldehvde i FBS (pH 7.4}, Tissue blosks fiw histology wire tinamed, delwedeated
with an otharod sories folloved by sostone, soctone-xylene miciure, and xvlene, then
snthedded tn paraffin. In porallel swadl ssaue Bocks {aroand S 2 mm) Bred with

m

pasafrmabichyds were sapidly focen n potind ety conded wth dey e, and swed s SFC

o

for detection of agmiar Hpids, Paraffiy seotons 4 g theek weere depaeafinized noxvlone and

sfter fsopropst seohol gep rebydrated with cthonet (6%, 70%, 60 Tissug seotions were
stained with howmatoayhn and cosin (HEE) woevaloste histopathological changes. Masson
tichriwo staming was porformed for detestion of Bbrosis, Steatosis was verifiod weing Qi
Red O staiming for derection of apolar lipids i Sxedefrovon sections that wan 18 g thick
and cut with g Letea Cryomicrotoms {OMIRME The scotions ware viewed and
photopraphed with a Niken Hoht ndoroscops (EX00) equipped with Qbompus dipital eaoeea
{DPTnL

{01631 For clectrow mvicroscopy, one turd of each of the Ivers seas provessed for slectron

v

picrosropy by cutting 1 inte 13 nwn fhick

ocs and tmemersed post-fination wte 3
glutarakichyde. Sanphs were subsequently snbodded into sn Epon-Arsklite nuxture, doable
stainod, and exanuned wsing o JEOL 1200 olectron nuvroscops at 30ts napnification.

A Lupbenergy Xoray chrarpiomerry (REXA}

{ise] A PiXIonsi DEXA scanner (GE Lungy Medieal Systoms) spocifically dexipned

for scanning small anbrands such ay mise way ussd for DEXA walvsis, Thiz machine enalded

guick and efficiont dotonmiation of the bady composition (lean, Tt mass, and bone dessity)
of & msuss bofors ferminad Ussis oxtraction proccdures, Mive wors fasted fir 4 hows prie to

went o repove food from o gastro-tmtestingd truet. Mice wire then

¢ 1P bohus tjoction of 60 migfy ketoine and 15 mghondlazineand

plaved on iy in the DEX A machime. Adter the msasursnmnt was done (33 muinutes), the

mive wors renwved frons the DEXA muachine sud wacd 1y tormina] provedises, such a8 Gsaa
exfractions,

¥ e rg vy PR R e A I FNIE N T TN SN SIS
R Feaparation of e samples Por odservaion Sy micrsoosy

{08167 Mice wor sulyected to porfison fgaton witdh 4% pavaformaldelede i 1x PRS
pH T {

rensoved, submerged to 3% PFA and a seall hole was carefadly made 1 the posterior globe

BEAG to proserve the walls of the oo globe. Eves ware cavelully surgiontly

pa s

of the ove nght bedow the optio worve to allows the fixative to permeate to the interior of the

40
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eveand fxate the structpes pvermtght 2t $°C, The somples wore washed 3 times waing
filiered bx PHS pH 740 Aler wasling, the posterior globe of the ove wis carefilly dissected
down to the level of the ciliary epithobuny to capose the eifiary zonule: The sample was
placed 11 3% BSA HMocking solutive for 2 howes with shaking. After blocking, MAGPI

antibodies (Stgmad dtuted 130 4% BSA were added to the smple snd stoved st 7€

ey

wvgrnieht. Thio not diy, e smaple way washed § times asing Ix PBR pH 74, and Ao 488

secondary antibodies (1200, Invitrogen) were added 1o the sampde sud inadsated for 2 o
st roont ienyerstart with slaking. The sarple wis wash 6 thies and countiesiined wath
methvigreen tnaclear stming) for B ndmaten.

{00168] A sudution containimg % agarsse was heated, pramed o @ covered ship glass
portrt dish, and alfowed fy solidifie st roons tonperature. The sedidifiod gol served asan
wraging chavsher for the eve. A snmadl bole was made i the gl fo serve as o sovare chamber
for the ove. T shsorve the otiary zonuke, the clandor was fitled with 1y PBES, and the
statned oye seaple was placod i the bolewith the postorior surface of the s aching il
gel bed. The Sdimensional images were gonersted waing an verted LSM SHtconfocad
micrscope at 1y magiBostion sad .7 zoom.

Example I, MOBRS refsation tine

A amodified ROOBS exhiliny g shovt reiention tine 38 olreslation
EHEGS]  The phunmscokinetic propertics of a phinmscsiogioally aotive substnes thatiss

adsinstered to cavniaion € preathe affected by voteral mochanismg of ADME. Rapid
glearmmee of the infected molecule may growly bopset troworent officary and thus longer
eireudating halflives gre dosired, which niay traaslate tato fess frogquent aduunisirations o
srovatler dosex that i tuey siainee the side effvcts. Toodetermine e pharmacokinetion of
HIOUBS tr plasoia ciroulation, s single diss of § ik was injoctod vie subontanvous (80,

miravenos VY or irsperitoneal UPY romtes o CRTBLASY nuoe. Adounisiration of BCBS

via Vo TP rontes wahilsited the highest spredic aotivity values during the firsy 4 howrs post
Table 2

shows Ares Linder Curve (ALC) vahues) The pharmagokinetio pasroeiors caloudied fhovs

mjsction {obaerved peak plasma lovels of up to 123 and 7o mliial respestively;

plasma samples (Table ) show that the halfhle for RUBS was 2.7 bours, supgesting that
after voughly 6 balt-lven Cless than 30 bowrs) UBY tevels should be m&ée&wiz&bi&
HRIT0]  The bloavailablity of RUBE was S15% for 8C mutes sugpoesting that SC dehvery

may be g ohinionl aption i thiy thorapeutic approach. The slower npparent halilives for 8C

and IP {Table Do beoxpluned by g slow abrorption phase that Is sotsrmg duning e
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eltination phase hareby sxtending the mean vestdeney e and spparent half-hife, hoserver,
for the present purpose & meh lovger hadfdife waa deatrable and thas PEGylated devivatives
of WUBY wory tosted,

Table 2. Phawrmiscoakinetic Parameters

Pharmseakineiie

Favameter P SC v

Prose Asmonut X 3 &
AL fobs aren) 9334 | 3008 | 10

Bioavailshiline R % -

¥ Halllie 4.3 G.d 27
R 734 34.8 ~

MRT (aren) IR Q& .4

{08174 The m;mi dechine b R&s aclivity in viw oy be aitrbutedt fo r facilitated
closrance frow circalationand sy slse be mirtboted to S logs of ereeniatic asdivity of
BOBS orce introdiecd $o the environment in cironiaton. To s the latter, UBY wag
fmeabated &1 vivo b ouse plasay of wild type or HO mive a8 37°0 B fo 96 howss, with
actieity sicpawred overy 24 howrs. As shown tn FEE LA, no stpmificant oss of setbvity wa
rocorded forap (0 72 howrs of incubation do the plastes of either monse model A modest
25% foss of activity wis revorded after 89 hours of wouhation, Furthormor, as shownin
FHE 1B, wostorn blot (WE) analyses of plasms fromthe SO injeoted swnls, rovealed that

the amount of MOBS deoregses a3 3 fanction of Sme, honee, clogrance scoots for the rapid

oy of BOBS activity by oivculation, vather than sy of sctrvity in plases.
& FPEGYation of BUES exbapces plasi ol e dn vive

RITE 1o order o detoronne the impact of PEG moleouies o the pharsactkinctics CBS,
BOUBS was PEGviated with & low molecutar wiighe (2 &8z noar PEG, and with a high
molocuiar werght (48 kDay four aenn branched PEG (designated MEQIGMA and GL4-
SOOMA rospeetivelv) Axshonen tn Table 3, PEGylanon did mint affeer the specifio activity of
the anmyme. Table 3 shows the resulis of the Coonassie-stained SDS-PAGE of the
PEGyiad and non-PEGyinted URBS with covvospondhng speific activity values showing
that PEGylation does not influencs the activity of the enzen, Mive wers injeoted 8 as
deseribed Bn A fesds 3], with the MEZ00MA-~ or GLASKEMASBED
to the o PEGViated UBS.

viated MUBS a5 conmpared

Table 3. Activity

BICBS tested Specific Activity
Non-PEG CRS 1193

ME-HNOMA CBS 1i84
GLEA-RIOMA CBS 1473
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801731 Acdoseof S wgke bady weight (BW) of PREGylated MCOBS {PEGRIUBS) was
sdmimstered fo CITHLAT mice yaa the S and IV route, and UBR activity was monsttored ot
ditfioront thme points, Two oyponoental ooy {8 pachy wire used for cach bygotion routs,
Blood wan collectad post njections fromm group L a1 0, 1, ¥ and 34 hooss and from group 2

o4, 16, and 48 hoarg

HIIIZE]  Asshown in PG 1B (botiont panely B tho L4

i plasnw was siguifioanty exteoded for the PEGylated peotein s compared 0 S ot

A PEGRICES, the agthagy

-~
;

PRGylnted countorprt. As showen in Table 4 (e halfilife ingroased from 2.7 howrs for the
ponPEQvIeed BUBS 10 167 and 304 hoagswith the MERZOMA and GLE4IMA

PEGyIation, mapestively.

Table 4. Pharnugokinetic Modeling Regudis

Fhsrmaoskinetic Modeling Rosulte PEGyInted MUBS PEGslated lUBS
MELEMA GLABMA
"""""" ¢ 1w 1 s¢ 1w

Dose Amound ] g 3 3
ATNCHL) {obs ares) RSt 2383

Biaavalability b - BOLEY

E Haltdife hy w7 i 4

s {0bs) M, S48 - 649 :

MRY {ares) e A QT EYGRE $3.4

80175 Thix meany that the o of sxposore after 3 singde dusyowoudd be S 1o 10fold
smger for the PEGyviated forms, Additionalby, the Moavaiiabibiy after 8T admimstration

ranged frons 3 o B0% sugpesting that the SO rout winild be reasonable for clinical studiex.

Example 3. Sdmigistration of BOUBS aud servum Tovels of homoovsicine ovstathionine

aund cysising,

§§3%}1’}’§§ Thewltionts goal for e ver of UBS R UBSDH B 1o Iowsr the e thoy
load, o clovate cystathimane snd oysiing lovds, Those chianges are oxpected fo proven,
roverse or dofay the caset of CBRDH synptimny, Homooystinena rescarchy, however, has long

Bou hindored by i lack ot a saiable sdnsl maoded, Mice that aee conplone knochout for e

i 3

ey gone div widen -3 woeks afler bivth, The HOQ (Bhess Oabe) mice sve diflvrom from

b

gther kaockout mice beoguse, by addition 0 having the mouse gone kuocked gut, ey oxpress

fow fevels of the havnsy geoe which allows thetr sereivad o adolthosd Mackomy st e,
2010b, Mol Gener Metah, 101 183163 HO nvdee oxhibit severe clovations of Hey,
mothicnune, S-adenosvimethimung, and S-adenosyihomeyioine and pressnt with g
gopummmitmt devrosse in phsns and hepatic Jovds of oystaine. Accordingly, thuse nuce
exhibit characteristios that 1o soverad aspocts, recapitulate the disvase a8 11 socurs in hunass,
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A FHCES alpoimisinndion doey pof dmpraeve 1oy cond cpsaafifosine concentrations
00177 HO mice admmisisred non-PEGyiated BUBS o Smg'he for $oopseative days
on wicks | and X110 days betwoon soty of ooatments} domonstrated no change b sonpn
homorystetne lovels, FIG, 2 shows the mean homooystoin and ovatathiomne evels i HO
mive. This fack of metabolic modinlation by nonPEGviated BOUBS firther confivnm the
secuse ity Ty prodidy BURS by sovaiont sitaddunest of palyethoiono gvool mtleenles,

00178]  Severad ditforent chemistrios of PEGs wore tosted as desentbod in Inornationsd
Poblication N, WO 120THY the contents of which are herels incorpornated by referencs
B iy snbroty, (e Table 5) and the dute hdionts that UBS that 3 FEGy lated with ey than
20 kDa PEGs demonstiates @ muwe rapid loss of activipy in plasaa, thare CBS with PRGs of
fpher moleoudar weight. For that romaon, the Boear 20 kDs PEG dostgrated ME200MAGR
was chosen for further svadyses, FEG 3 prosonts a Coomassio-stained SDS-PAGE showing
the e vourse of hiUBS PEGylation with MEZOOMAQE. PEGyviation reaction was initizied
by adding the PEG, and ssvaples were withdvern S the fube st the indioated the polats o
be anahvzed.

Table 8, PEG chemistry evaluation

PEG molvonle. | Structuse Turget gronp Size {kbay

MEDBRHES bmway -NH2, -OH, -SH 5

MEM8GS Huar -NH2, -OH, -SH 20

IREMANR Hndar -SH 20

MEIMA Basey -SH 40

GEISER Toaro -SH 40

GLASOOMA 4 ams -SH 49
LIS A Y Bt -8 e
B Repeuted PEGRORN

adminisgaion ey Moy and cpsalioning conoonaiions
and revtores porpry cpstedne fawls

HI79] The long teoom offvct of PEGIRUBS admimstivation was monitored waing HO mive
The PEGIICRS cnzvme wos admisistored to 8 HO nuce at o dose of 7.8 mpkp, tedep g seegk
{Monday and Thursday) for the first beg weoeks, and then dwee bimes g wwek (Monday,
Wodnesday and Friday) for & weeks, Blood samples wers collosted 34 hoawes {Teosday) and
73 houry'{Monday} post mivetion {(FIG 4840 FEG 48 shows that plasea tHey was

srnge i the range of 62- 103 10 34 howrs after

roshioed froen 32 pMaat tine o an

injections, and way at & range of 141189 g2 72 howrs poxt the Teat weakly injeetion. From

ad
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N
$
f)

dae I8 on, the 72 bowr post figestiony vahwes were stgifieantly bower than the tme O value

(P2 0003 Cystathionme and ovstoims lovels were positneely mBluenced sy well, Cystatiionare
ncregsed fron & g o 30 bighas 30 oM md oysteing was constantly sbowe 200 g0 24
hours post injection (PG 403 Interestingly, froms day 34 ¢, Huctuations i oystatiunonine

soncentration were moch loss provvonced s comparnd to the Hest these weeks of toatnent.

By mcddinon tooanalbyveis of plasmg membodites §¢'\-c'e§s, frver, kidooy and braty trsue saples
frovn the njectad mice wore analyeed s welb o deternune the levels of sonsprotem bound

homovysteine (free and disulfidobaked forms) As shoser n FIGL 48, 0 the long ronw
agented antmals, wroduction of 4, 63%% and 4T wan domonsteated o Been, kideey, and

bratn evugs, rospestively, Thus, by toray repeated injectiva of the PRGHOBS sypnifivantly

s hﬁsﬁacys{emeg s:y:;{m?hi{m iy angd oviteme plasms fevels

BORS matant (CI1S5) showy

& C138 mutared BrOBS exhibin no oygregaiion and @ wnfform FE

sylaiion pattern

{00188]  Although it was proviously reported that the MCRS cozvme is loss prose o

agpregstion g8 cotpared to the fall fongth protein (Frank of of 3000, Siochennisary
SRR LR, wenll formms fotustnes and higher agurogates. This many stinudste e

defiensive moechmusos and lead ey aovvioid deposition {I¥Sowra of o, 3, " Asylosd

the mternationsd jowrnal of exprorimenial and climteal fnvestigation. The official el wiithe

Bternational Sooety of Anpvlotdosis™ 21 71-73), bt adee affoct punification, handhing, snd

gopsistoney. FIG SA {previoudy disclosad g8 Fig S8 o WOR0IE120770, the contents of

X,

which arg hevein incorporated by reforence v s ontirety) deptorga Coomassrostatied
native-FAGE showing that difforent baches of MUBS sxhibited diffirent dimerttotramer
ratins, with varving degrees of lugher apuregates. FIG. 3B (previonsly disclosad as Fig. 5B of

WOBH20770, the contonts of wiioly e bereiy ingswpoaratod by roforonee by v sntiratv) i

sy e activity assay demonsteatod that these aggregates exlibit UBS activity, FIGL 30
Grovicusdy disclosed as Fig 30 of WO20 120770, the coatonts o whnoh ars boretn g
woovporttad by roference By iy ontiveny) shores that aggrogation causes nom-gonsistent
PEGylation products. PEGlation vesudied oy twn distinet bands, presunubly reflecting
sarving degress of PEGyiation & agarogation iy at v obsewre the avamlable PEGViation
sites. Acvordingly, due 1o 2 wouve pronounced sgeregation of batch I8 {FIG 8/A) its
PECGylation resulied iy miore provounved foweer hand, Le Tosy PEGyated, on SDS-BAGE

FIG, 30), whercas PRGylationof haclt 12, comprised of both totvarnory and dimers {FHE

4%
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AL resubted o anwe pronoced wpper bavd s compared o baeh 28 (FIG. 3G PR 3D
shows g Coomassie-siamed natrer god) indiostine thet moubation of bath eorvne batohes
with the reducing sgont tis{2-carboxyethy Bphosphine (TCER} converred nauch of the
tetramners and higher aggresates o a dinweie S, These data iy that spgrogation

Aoy

driven by exposed cysteines on the sarfice of BOBS. Thug, TCEP freataont was belimved o

six rostlt in e oxtonsivg Jation, as wove dimers ane genevated front highor MW
forrns, ghving rise to exposare of sddittonad PEGyiation sites on e safher of WUBS. hudeed,
s shown i FIGSE the ratio boveen e wppardewer PEGyiation bands on a Covmassies
stained SD-PAGE v sionificantiy alnfied towards theowpper bad Killeswoing TCEP reatnent
as compared to PEGylation i the absense of TCEPR, Sccordingly, MUBS agoepstion i
Bolioved to be drivon, at leest partialiv, by formation of trmmoleclin disalfide bridees.
Thus, O was pwitated 1o sevine, gonerating the C138 BiOBS nastant, T1S was proviowmdy
shown o be the most reactive oysteine o the surfice of CBR (Frank of ol 006,
Biochenustry $3: 102 11 HR9) FIG, 5F (proviomsdy disclosed as Fig 68 of WQRGIA12077,
the covtonts of which are heroin incorporgted by reforenee by Hs entirety) depicts a
Coomassie-stained native gel, inwhich two msin bands (direors snd totramers ) am observed
for MOUBE whersys the TS BOUBS rowant sxhiluis o single band, which as sxposted s nawt
afficted by treatroent with TCEP, This observation was Huther substantinted by HPLU size
exclasion chromatgraphy (HPLCSEC)H UBS propasstiony wire sopasated on & Yama 8B
300, TN nam shre exclosion column (Phenomeney, €A USAL The endonm was
gabibrated and oporated 1o HE b sodium pliosphate pH=8.8, at s Row rate of 1 nolimin at
soow tomperatire, HPLGSED analesss, FIGL SG (provioushy disclosed s pant of FIGL TA
and FIG, 7B of WOQ2HH4120770, da contonts of which are herein incoaporated by refheence
1 s ctivety), shows the differences it RUBS CIES (Fig 86, Bt pavel) and WCBS
35 MCRS

matant cluted ag D62 min while the main peak for the heUBS chsted 2t 7.9 nuin, coresponding

SN

dimertetrsmer vatio (FIG SG, vight panely The mgza peak forthe dimene €

to @ fetramer. Figare $H shows  Comnasaie-stained SOS-PAGE ol shonving ropreadueiiniity
of htCRS C185 PRGyintion betwonn difforan batches snd comparisen 1o OUBS The
shsence of aggregates w the C188 MUBS rosulted tr g more consistont BEGylation pattorm
betwesn different batches withabmost excdusively o FEG v iated band that spposesy on 588
PAGE. Dirget vomparisn betweon PEGHICBS sud the PEGUIES beth & v and o vies

showed no ditforence by pafornance,

46
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OIS The offoctof PEGCIAS o protabodBoy was alsotested ot ) Sand 34 howrs post
syeetion (FIG. S&FIG. 600, The fevels of tHaow (FIG. 84, ovstathionne (FHG 68, and
eystoing (FIGL o0 in HO nuee injoctor weith 7.5 magfky of PEGCLIS or PRS {83 1 4 and
24 huners post imjection were measired. Dot 3s prosentod ax mean <5 EM and vach time poimt
s congsared botweon the two groups weing wopsared Stdent’s et SpaBad, My Gt
snd T¥ee LG0T The effoct on oy snd svstting was olnorved only 24 husis post Bgeotion
(FIG, 64 and FIG. 600, howevsra sigmﬁtxaﬁi ferease i oystathiomne sas already observed
st 1 and 4 howy post injection (FHGL6BL

Esampde 8 PEGCISS sod betaine spersieayvaerenticalls fn vl

{00183 Towvaloate the o ffcer of betaine aved the gmbination therapy, botaine, PEILHULSS,
and & covbination of betaime s PRGUISS troatments work conducied snd metadolites of the
sransauiforation pathway were compared.

{0183 The hotaine and botatney PEGUISS groups wors treated with 2% betaine e the
drinking water thronghout the 1R davs of the exporiment, aud the latior groap was wmicoted
with 7. Smg'ke PRGCISS o days 14 and 18, The PEGUIES single treatmont groap was

matniained on egular water und jcciod on days Moand 13 as well As showa i FIG A,

davs of botaine gostmend rosubtod tn0g 2950 and 3% deorcase dn oy e the betaine foated
groups. The betming single teatment group maintained these levels of tHoy to day 18
fjestion of the PEGCISS on e backgronmd of botaine sesulied {0 aoons moncuned

rochtion of 7456, 7T, TA% and 4090 on davs 181617 and I8 regpectively. Troatnont

")‘?l‘}

with PEGCTSS alone resuited in a rodustion of 648% PO S and 3% onvdave B8, 15,17

aud 1, respoctively. According w0 these daty, injection of PEGUIES with or seithout betsing
oatvent i e superior i botaine Teainat slose. In additisy, thecombination of
bolaing+PEGUISE was superior to treanaent with PEGCISS glone, As shown in FIG, TR, the
difference hetwern these o groups bocame statistiosily sigpnBoant 48 hows post secand
wjretion {on day 17 Thus the connbination of PEGUISS with bataine atfows for
maintaiving lower tHuy kevels Tor anextended pertod of timel

{B0184]  Betaine reagpont alove did not resadt i an ineresse of ovatathiomne Swoughoy
the 18 days of the oxperinient. In contrast, an noresse was vheerved for the two groups tht
wers troated with the PEGLIAS (it o withoot betine). Intorestinghy, the sombivation of
PEGOISS with botane, resulted 1o an neresse which stavting o day 16 and on, was
significantly fower than i the group that reeeived PRGOISS single thorapy. This s due to e

fact that treatment with PROGUIAY slose chvady homaoystsi 1o condensation with sering

g
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tey-form eystatfuonie: Combinatiowwith botatne chaymele sonwe of the gvatlable
homooyatehe theough the remethelation pathway fo produce methionie, sud thes fess
bomeeystoine oy be avatlable fix PREGULES 10 be converted e oysiathiomne.

Example 6 PEGUISS vescues KO mice from eardy death and improves Hver disesse

4 Reduction of Barly Dok

SN The majority of vomplete CBS-kuockaut mine (KOs) dic wathin 33 wecks aRer
birth. & Kaphw Mever suevieal curve of KO oniee injeoied sedoe seoshly woith PEGCISS
vervny mice that wore bgected with PRS was plotid, Mice sove maintained on botaine watgr
anttl day 21, aud the ability of the Injectand aneyvm to rosou RO pops was tested. KO pups
wers inreted twise weoskdy with PEGULES or with PBE. Al mior ware on betaine i
drinking water up to day 21 (wemning dav). A¢ shown bt FIGLSA, onday 21, ondy 18% of the
mioe surshved by the FES~njooted oy as {1}3};&3&&{% o 93 of those that wore injected with

i
for the enpymesigected group. From day 34 andbon, the nemthors of the enzymesiniooied

the onzye, No PRS-njocted snimal survived o day 34, while 86% survival was rosorded

aag

siimals began to dechine as well, with 458% mervival on day 29 and 3B o day 33, although
ase of a ditforent PREG molvouie and dosing regimen was observed B groatly inpact these
resudis as shown in additions! exsmples below g, FIG. HA and 1O

i Liver Diseare

{8186 fvway provicusly domontrated that KO sios suffir spvere Tiver damags (Mackoan
ararf,, 2018, Ml Gover Mead 101 163170 Watanabe o ol 1993, Froc Nl doed St
£ 84 B2 1ARB-1889). Prodonged sunavad of KO ioiee, msy be thus correlated with

fraprovemont i Hoer disoase afier CBS trogtment. Accordingly, hisolopical analyas of v

sectinns from animals that were bescted with PEGU LSS for 33 davs ware performied.
Antmals were syerificed on day 36 and Beer samples wire prosessed for histologdesl analysis

by optics! microseopy, PRS-njected antmals Jdid vot survive 1o day 33, bt Bver samples

were tahen frony two animals ediately after doath, mwd wore provessedl The experimants
were carvied vut i a blinded fashisay Tavery ware romoved ambovors ficed fio 34 e with
A% parafirmaddebyde i PBS (pH 745 Tissue blocks for histology wene trimaned,
debydrated with an cthane! sonos Bllowed b acotone, soctoneyylone naxte and xylens
sl thew embedded fnparaffin, Dy paraliel, sonl tissue Mooks (around Jwvo < 2onnd fixed
with paraformsidelvde wore vapidly frozen in petrad sther cooled withudiy foe, ansd stored at ~
S0 fot detection of apodar Bpids. Pavaffin scotions 4 pan tlack were dopanmifinteed

% B, 608 Traus

xyiene and after sopropyl alcohol step rehydrated with othanad (967
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sections were starned with ety and coxin (HRE)Y o evaluate histopsthologieal

changes. Masson trichrome stainme was porformed for detection of Shrosts, Megtosts was

- N . TRER T e

verified using (1 Red O staining Bov deteonon of apolar Bpids i fised-fioen seotions, {lum

thick and ot with & Ledea Uryomicrotane (CM 18580, The sectioms wore viowed and

photsgraphed 8 Nikon hali seoroscope (ERGGY equipped with Olvinpuy digiad camers
(PN

{00187} FIG. 8B shows the Bver hstology of peo PEGC S S-byected KO mice saenifiogd
our day 38 wepvur hvers from tvo PBS~ojected KO anbosls that dicd oo days 1T and 24
thematoxy iy and costrstaind, Low povear vigwes of e ver paronchmac PG BB el
entunms) show modente chanpes with shightly iregudar Bver ool plates and mild i
moderate steatonts iy PRGOS S nected KO-1 and KO-2 contranting swith massive zonat
socroses of hepatodyvies (R 8B, KO3, mivkod by arrowhosds) sud diffuse stenosis with
maktiple disprrsed novroses {(FIG KB, KO-, noorsses marked by arrowhieads) i PRS-
siected ROs. & spocific stain for apolar hpads s the ovtoplasny of hepatooyios is shown i

the inserts. Higher powervigses {right colonms) demonstrste presence of froguent sutoses

{marked by sreows sad showed in 2 detail in nserisd and enlurged ploiomorphic nuclel

pronssat paclesd! in PEGCHS-mecied KOs, Highor power vows of the By parsachoms
w Pl S-injected KOs domoustoate condhuent hepatooetlalar nogrnses with & sparse
wilamnegory nfibration {FIG. 8B RG-S, munked by arrvewboads) or nusltiple dispersed
weroses sccompanind with g promient resorptive mflammatey noeton (FRGL 8B, KO-4,
marked by anpwheads ) The romsining Bver parcachynns displavs vaero and maseravesiculay
steatosts i PBS-tujected KOs (PT = portal tract, OV = commal veind.
{60188]  PBS-hmectod antmady developed severs bopatopathy chansetorized by promouncad
micrvesizulur o mucrovesioular steatosis and sionifivant death af hepatocyies, with miminal
or e fibrosts. Multipde sone or slige collular nesroses of hopatoeviey dsporsed dvonghog
the hver lnbuds sovompanted by a ;3;‘0’;1}:’:;3&3& inflanunatory roseptive reschion wers found m
sve vl whireas yassive confluent sooroses of hepatooyioy mataly in posipostal zomes
with a sparse nflvonwtry infilrake doeinated & Ratire o the otber. Siges of liver
parenchy i regeneration wore minmal in both anteals. The two PEGCIAS-tyeeted antoals

X,

showed moderate changes i the Begr with minor sigos of parenchems dionage ot with
propunent generanon, and were correetly recoguized by the sxaminer as s‘e:m::iving thevapy.
Changes indicstive of Tver parcachyion mg@m:mtim& {shohtly iregnlar architettare of the

tiver fobute, basophulie cvtoptasm of bopatooetes, Hopeat siBtoves and oucdeated

&9
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hepatooyies, macdear pleonphy and endargement with promingst nuckeol) were the most

conspronous featre. The oversll morphology was consistintwith incromsed profiferation,

transoription and ransiation i hopatooyies, Besides, rave focal nenroses of hepatoryies md
mitd steatosis of 8 microvesicudar type wens docted aod Sbrosia was wimal,

Example 7. Blochenicad chavacterization of 2085 PEG-MOBS (188

{8189 Biochomual sharsctonstios of JO0NHS PEG-WCES CH S wore dotremined prior

o studion on the offosts of v admibnistestiony of the molooule.

A Noterminol se@uencing sad vser masy nandisls

OIS Fheo hatches of ennodified BUBS CIES were aviabyzed osing Magrngd
sequencing. The obtained sequamoss were identical for alf the batches, and compared 1o the
roferonce sequence, they aff focked the ital methiowne resdue. The Netormbmas of BeCES
CES was obaorved 1o be PSETE, and not MPSETP av is found o the soquence of the wilds
type CBA,

{00131]  The intscl nass determined by the decomvoluted navss spocira ot UBS 1S
covroborated resulie from the Naternunal seqeencing by sdentifing only one mgior gzz‘mk’ at
SR294 Dia in the five batches, This value matohes the molecular nass of the RiCBR CI38
oy witheast the Netorntinad msdiionie (iimm‘sti‘:{tai miotpeudar weigi}{; 4524
[oR192]

Verston), using the G{m@imxs &iigmmmi fvie TGhbal a?;s:m st wth ond gaps” and e Cost
Sateny BlosemS?2 o vompars the protein sequenves of MOBS C155 1 humans raty,
monkovs, and pres. Reaudes condiinmed that the Netormibing of 20MHS PEGHICBR (138 1
PSETE and wot MPSETE ag i found 1o the sequence oF the wild-type taated €8S i
hanans, smonkeys, ras, and prics, MUBS C138 was observed to shars 3 96% ssquonee
whentity, inclading 1 zap (at the start codon), with tuncated monksy UBS. The follewing
difforonces betwosn the sequences were observod in the BMUBS O35 used borehvand
srancated monkey UBS based on UniProtiKB S wisseProt Q3EHNT. Amino acid position
{hased on e alignnont of e seguences) 18 R L (CBS CI35 ased horesw-2runcated
mronkey sequence), position 23 X020, position 32 $-2 L. position 3 B3, position 69
A3V _position T1 A2E, position M V=3 posttton 133 D34 position 1587 42T, position
24T 02K pogition 38 V-0, and position 803 Ty

RI93 hOBS 188 was observed v share an

S sequence idemtity, nchuding 3 gaps
{in the rat seijuence}, with tumested rst CRS. The followng differences hotween the

sequennes way observed Hooy e BOBS C158 ssod Reretnt g troncated vt CBS bassd an
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UniProtB S wineProt: PR2232, Annoscid position {hased on aligoment of seguenvest4
B daUBS O yeed herpue? nueaded vad sequenee), position & PN, poaitiey 8 A %Q
position {0V -2D, position 12 P28, position 13 T4 position 13 8-9C positions 172
HREGPHS A QDLEVQPE, position 26 20, position 32-34 SPE2ASLG, position 38-42
AREPL R ¥, position 43 R385 position 48 A97T, positiony 662 ASE-2MAD, ponitions
66 H-¥Y | position 88 A3V, positton T AT, position 82 K2R, position 86 D3N,
position 94 K2R, position 86 (-8, position 98-9% KF-#NA, positon 133 D24 position

161 R=2K, position 173 $-9M, position 338 T-2D, position 3138 D38, position 348 L3V,
positon 253 V24, position 376 B2 K, position 300 T-2A, position 318 T-> A, position 322
K2R, position 338-331 EEADDDS, prottion 333 T4, prsttion 340 and 380 A2 §,
postiion 333334 TV -2 AM, position 363 Q2K position 3H3 T35, posttion 389 2K,
position 397 120, posttion 401 D9+ position 03804 TE-¥8V and position 406 K2R,
100194] TOBE C158 was observed to share an 889% sequense wdentity, including 3 paps
(i the mouse sequenes), with roneated s CBS. The following dilferonces bobween the

segproness was observed fom the BOBS C13S used horetn and tumeated moose UBS based

on UniProth B/ Swiss-Prot QUTWD, Anune acid position {hased on alignient of sequonces) 4
B3 UBS C1ES vend hermin-dmuncated mouse ssquenos position & P35, pogition &
A2 position HEVSD), poutions 13-13 PT5A, positions 1521
SEHRSGP-2GROHLDM, position 34 A2E, position 2627 GS- RO, positiony 3234
SPE-PSG, posittons 3743 BEAKEPL2BR--V, position 48 8377, positions 3962

PASE-3 AMAD, poaition 65 H-3Y | positions 8871 APAD VLT, position 82 K~ R, position
8 DN, positicn 96 G285, position 3-8 KF-ONA, posttion 133 D94 position 161
R K, posttion 178 S0, position 235 T-2D, posttivas 238 D2 E, positias 335 VA,
positim:z 276 R¥K, position 300 T-3 A, position 38 T-3 &, positions 330331 EA2DS,
position 333 T2 4, position 330 4~K, position 383354 TV-3AM, position 383 T35,
p{xsiiian 380 R-2K, positive 397 L2 M, posttion 01 D3+, poxition 403404 TE-28V,
position 408 KR, and position 411 R

1001981 Bosults shove show thet rat sud yeosse sequensces share nany of the ssee
difforenves conpared o the MURS C1ES PEGyinted weith 3NHS BEG-RUBS Cl5S wsed
the examples bovedn, The tnmeated monkey sequence shared the grestest simifarity with the
sequenor of 20MHS PEG-HCRS Q188

& NHY exter PEGYation mapping of BECGCISS

5



WO 2017/083327 PCT/US2016/061050

{01961 The PEGyhation stes of throe fotg of HINHS PEG-CBS TS were mapped:
RC6-6T8 (6.3 mginad), ROB-678 (6.7 il sod ROB-1 L8 syl The smnples were
de-PEGyisted o athali, reduced and alkyvlated, digested with Asp-N endopeptidase ad
analyeod by LEARVRS,

ST Roevorse phase chromatograpby was performed for an infoation soant of 33 s in

s mobtic phase & of 8 1TEFA {ThonmoFisher) mn water and 2 sobile phase B of 8 1N TFA
{ThermoPishery i acotoniviie {Burdick and Jockeon) with s XBridge BEHIZCIR 3.8
6w B i ooloney {Waters) b a cobuan emperature of 60 °CL Table & shows the gmxiimﬁt
for high perfonnae Baeid cheomstostaploe {HPLO)

Tabls 6 HPLO gradient

Tinw {avn} Salvers 8% Flow Bage (mdOwiad
it 3 X
3 3 R
8.3
: 58
IR ¢
W
3
3

{0198] The ESIOTOF mass spoctrometer {Agilont, moded {n 38y ws sot fo high-
resctution 4GH: and positive won mode hevving 8 MS Sem nange of 336 3200 md
prioy to LOUVIMES asing Agliont caliivation tuning teix. Vodtages were st as follows:
fragotentor 23V, shinomer 68 ¥, and octopole RE voltaue T3 V. The gas umporature
wis I3G°0, Al madses were ealibrated to widde 1 ppovbefore testing could procsed

Drvaansio mass weiy calibration was ahyo emploved throvghout ol BUMNMS experiments by
continuous mfusion of 8 reference standards Look muass oy wore enmploved: 822 008708,
1081591 A non-PEGyisted MORS U188 protoin was proceseed in paratiol us # contrd, The
poptde tup was observed toodover 87 88 of the dnane soid segoonce Tor each of the four
sanyes, including ol 30 brsine rosidugs. Twelve peptides wine idensifiod as having been
PEGvIated based on the wass adiions of 1-3 PEG Hokers, and the extent of PEGylation was
sstimated toobe i therange ol 4.8 10 83 PEGSCRS subanit for these three lots
fy s

HH208]  The smmples were fhest do-PEGyvlated snder conditions p 1EE 3750, 22 hours)

sytirnized i PEGy bt sttesoncupaney snsbesiy of PFREOviated BeUBS CHS e LOMSNMS,
After do-PEGylation, the formerly PRGyrlated sitos are loft et s hinker taving the formala

CsHeOs (monotantopie modeoudsr woighy of 1140317 Da), which can be idemified by poptisle
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arapping. Thoede-PEGvised sonploswas redeced, alkyvinted, dleested with SspeX

eudopeptidase s snalyeed by LOUNVAMS as desertbed above.

{00201} The oxtont of PEGyiation was estimated using the fdlowing ealeulation: § of

PEGS per peptide = (At P Lanker) + 2 x Abandanca 3 Linkordy { {Abandancaine
Livkory + Abundunce(d ¥hinbker) + Abusdance2¥anker). Table ¥ provides e LOANVAS
results.

Table 7. Extont of PEGylation in the three spmuples measarad by estimated PEG/peptide

Estimatad PEGpeptide

Peptide BUS-2%4 | RC-6-67B RU-§-14

234 ) .24 1.29
{84 0.98 1.03
N 0.18 0.22
3 0.31 .37
0.03 0.03
0.61 0.63
5 ' 0.03 0.03

245248 g3 0 48 gy
270 w}{ {334 & ‘s»}

0022]  Lysnen 25,30, 214 7 7 T L and é{}\n&ﬂfx were ungguivocatly identified v
PEGyiaed to s cortaty oxtont in all throe 20NHS PEGHUES €155 batches. Bach ol the
groups of bratves 72 and 73, Q2 wued 8394, 9708 and 103 322 and 325, and 394 and 388
were within the same peptide, ard the analysis hevetn was not sble to detornuine which tysine
wan PEGyisted to what oxtent.

{0263 Sonw p::pisd clopyagey ot speoifie o dep-N u&sin;:mg\iiﬁaw {Netermunad of Asp

and (e} weore also observed, for example HIT AK 1 and 333 &K M8, which may be

stivibitable B busic bydrlysis of the prowoin dhng de-PEGyiation. A significant prrosniage
of deanudation was observed for some peptides; whach muay alse be atiribnated e the alkabing
conditions ased for the dePRGylation reaction,

- 3 x = > Eoo% NS T

Examunle 8§, Biochensicy! characterization of maleimide PEGylation

{02041 SDE-PAGE and nanve PAGE gel ware prrformed 1o connpare the soproducilulity
of PEGviation patioms for MOBS conjopated to MESGGMA and ME-200GR Resalig
showed 2 vanable ratio betweon diserete PEG-URS species and showed ncongslete
PECvlationy whos the nleimde PEG mokioudes of MEOOMA worg 1oed. Vaniable oxdonts
of PEGylatron for the NES cster PEG ME-3GS geserated 2 high nwlecalar woight

“gravar” of nseparable PEGyisted spootes on SDS-PAGE (FIG. 94) and native PAGE gels

(FIG. 9B).

&3
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{00208]  Unlike PEGylation of MCBS C138 with ME-200GS, PEGyvlation of UBS CI38
weith ME-200MA was sshserved to vield three defined spesies when sepavated o amative
PAGE (FRG. 98} The hegvicst species was absarved 1o so-clate with the second speeies in
BORS UAS PEGvIsted with ME-Z8GS, The soact identity of the hoaviest apecisg was not
deternaned booanse the relatively sl smount of Hus spevies congared 10 others spegiss
sad fack of syparation rochulod detatiod pharmacndynamie (P3} chanototization The
second spoctes was wdentified 1o cavry | PEG sttached 1o cach sobnamit i the natbes diver,
crherwdse kuown as the honoPEGyviaed species. The Hghtest PEGylated spevies bas boen

observed tpicarey oalv 1 PEG por diimer, othorwdse o as the boterePEGviged or

henmPEGylsted spesies,

& Mdsfodde PEGYotiow supping of FEGCIRS
{R266] The first step of peptide mappiig was seesunting of each cysisine-cotttining
puptide i twe samples ot MOBS 158 PEGy o with ME-2008A: RC-6-13 POOLL and
RC6-13 POOLI. RC6-13 POOLT (BSL smplod TITY reprosens the homoePEGyisted
species st kely PEGysted on the sonevesidogy. RC6-13 POOLZ (B8 saopded 1138)
represents the homiPEGvinted speoies, thovoline on SDS-PAGE there was obsersed to be
abogt an ogual proportion of the PEGylnted and vomodificd hands, This sxample deterndand
the Jovation of siiaciooent of o ME-008A when the most accessible ovsteine {015 s
roplaced with sorine.
BR207 A LyedD digestion was performed o the reforence prototn (UnPEG RO-0-(8
DIAFILTR

&13 POQOLIY Bightovsivine-contaiming poptides were dentifiod from a reducedialiovlated

ATES and shmuliancousty on the two PEGvisted protorss (BO-6-13 POOLY RO

<,

LOMS poptide miap. Seven oysteinesontaiiung peptides vickded similar relative sbondanoss

w all three samples s shown i Tuble 8 below, fndivating thase 7 systoing peptides ars

untibely to bave beon E?‘S?L-Gﬁzst{:d.

HHIZOB]  Unly one oystelne-containing peptide was ohewrved fo have significantly

docroased relative ahundance i cach of te two PEGyiated samplen, Table § provides the
relntive abundances of nou-FEGviated poptides to cach saople.

Tabde §. Relative abundance of non-PEGvisted oyvcontminimg Ly {0 peplides

Peptide Beforensy profoin relative showdansy DY rolative aliondasee | 1138 voligive shasdamew
43-72 .40 .36 340

F103-108 (.03 .04 {3.04

139-11¢ O47 (X3 0.07

[23-172 {+15 .13 {114

212-247 021 .20 3721

272-322 {0.25 HEE {017

326-35¢ 3.14 G2 Q13

54
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{208 Poptide 3172322 was obsorved fo contain o cysivine residucs, PE lated

rosichies were ohserved ot Cpad 2 andfor Cvs T8 residing on Ly poptide 372-323 Ta
frther difforontipte whether Cyal72 andfor CysE7E ate PEGyIated, the bearrosiducs worg

separsted oot different peptides, the reforence {LPEG ROSQ0 DIAFILTRATR and the
BOOLE

<t yanobenzoie scid INTUR) Beppase NTUB cloaves Netormtnadbe o five

twe PEGviated provcins {RUG-13 RU-6-13 POOLI ) wre tromted with voagent 2

Nigro=S

cystome resrdues, PEGyinted ovstaine does not S te syanvhaed end prodect and dan

blizoks the clesvags,
{00218  Seven oystvine-contuining peptides wery idontifiod S the NTOR treated C8

LS poptide woap. s e chomivad digestion offcieney was selatively low congrarad 1o

extion, the farget ;}z::mid& praks weore sosall in the clvomatogranm, and side

abserved {r

snvine diges

reactions werg alsa sults notshown). The ovsteine~rclated pepiide peaks were
fovated and uantified using saneal jon sowvching, Conpared fo the reforonse protein oy
ong cysioine contamng peptide showed a signaficant deorease i the RO6-13 POOLE
satple. The peptide, identified g remdues 28371, sipufios that site 272 weas blockad,
fwering the viekd for the 244371 peptide. Two pvatoine-coniatining poptides showed a
decreast in relanve shundinee for the RO-G-IPOOLY sample; Bdweever, the vatio s close
bobween these two, [1is possibile bothroysteines are fnvadved it the PEGylation or that the
poak sbundancs ts oo low o draw g salid conclision. Resalis iy Tabde ® provide evidence

that the PEGylation restdes v on

272, ahibough Cys2T8 vam vt complotely ruded ot as
the focation of PEGy st
Table 3. Comparisoy of PEGelstion of Oved T2 and Cyd73

I

Reference protein ITRC-6I3POOLY T L8 ROA-13 POOLY
Peptide L R
{aming Delta ] Pelta . Rﬂmk Trelta - . Rado
) Relative o Relative | referenge o Rolative | roforsmoe
redd BN X RS g o PERRE : ) ;
P o shurfanvy N abundane ¥ - sharmanie LN
peaddies) | ppam pom . , ppowm L
sample sumpde
12 159
[IREHES: e 1373
ii keiii}« ]

SONHS PEG-HCRS €158 i HO milve

LIS B Y

Thas example chanotenizes and compares the pharmaeokinetic {PKand
N ks :

pharmmacodympaic (P properties of ROBS €138 PEGyluted with either 20 kD fowar NHS
gaforactivated PRGOME-ZO0GS) or 40 kBa Linear maloinitdeactivated PEG (ME-€00M AL

84
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Each of the PEGC Erowerepanified oo DEAE sephawrose and bulfor exchanped using

tangential How fliration {TFF) on & BloMax® 100 cartridee by sienle PRS,

PR BCRS 188 modifiod with ME-S00MA (AUOMA PEG-MUBS C1 88w
soncentrated o Togdml The homoPEGylutod MCES €188 modified with ME-400MA (Pusk
1y was comventrated (0 43 mgfnad, and the hempbetoroPEGvhted OB C13 modifiod wah
ME-OOMA {Poak 23 was convomtmtad fo S0 mpind. BrCBS CUS modifiod wish MEZDOGS

{20NHS PEG-MCRS CI138) was concentrated 1o § ngfnid,

[0213]  Por 20NRHS PEG-HICRS C185, HO mice were adhnimigtorad SQa doseof 3, Hrar
18 mudke doseor wore schminbisced BY adose of 10 mgthy Ford000iA-UBS CIE8 HG

ndor reoxtved @ single dose of 1 nag'ky sither 8T ae IV of one of the theer rms: (N 2
mixters of dl species] where ne separation of mdividual fvms bas boos attompted {mix}, {i}

a bomePEGvlated specie (Pesk ), and (hid o hoterohoniPEGyiated speores (Pesk 2

{0214]  Bothoek and fomale HO nuce were used i this exsanple, and oxch group
coutaned 3 fod nuce. Two groups of nuce dostgaaied A7 snd "B were used for each rowe

of admimstration 1 mintnze the blood vohuane taken from any one moase, For 8C

adiministration, blood was collected from group A st8.5, 323 and T2 houns post-iigostion
angd from group B at £ & 48, and U6 bours postinfoction, For TV adminsstistion, blood was
collected froor group A @t G235 1,6, snd 48 howws post-injection and from group B at 0.5, 3,

24, angd 72 hours posb-injrction

A Phasmacakinerics
BOXIS]  The PR panunsters calonlated fioan the tme-aotivity curves are ombtned in Table

10 for the ME

Eﬁgﬁriﬁzmic ;’33{}{3 wre Eocar for the nrlvavenig g}“‘f;‘mgs and thos confinmed that ol femyof

~200GS conjtgrate sud fn Table 11 for MESHIMA couugate. The seaws

§§}i}2}.6§
the S o 1P route by the AUC observad after IV administration. Table 10 provides the PX
paraneters after IV and 8O adonmstration of 20MHS PEG-CBS (155,

Table 10, PK parameters for experients conducted with 20NHS PEG-WCBS QIS8

.§;-1§:t:€§ ‘%33@-‘ {iiviﬁing the sros wder the cunse {.:»’f;{,_.f{_‘f'} for

The i;«im\faziiai;«i h‘sﬁ.};\s wits Saloy

PR Parsmater inis 3 St S v
Dose Awunt Mok 3 1 i3 iG
AR foby aven} mbioheinde IRETLIAR 4788626 5754160 7431£154
AU e H13 479 384
Bivavailabiliny b Y268 64.6% 51.6% NA
E Half-life hr 137195 17.5+1.27 22.0x1.7 47.6x14.6
A Half-life hr 53=11 12.7H.6 11.9+£1.2 NA
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g folig §mi’§.«1 i SE3aY 89.9+10.2 104.2=11.3 371.6=11.2
o e 9.0 6.9

MRY farea} Hy 44 8+1.7 49041 4 52413

€1 (obs sres) il 21133280 2R T3 } 327 3
Tine t steady sfate® i 343

Peall at 88 ik 162

Trough st 83 §m£§s‘}d. }5

002177 The * indicates that thy value was modeled for a 10 myke dose with o 48 hoaw
dozing mberval and 2 175 hoae halfilifs,
{OR2I8]  For JONHSE PEG-RCES U155, the aren under the curve woas 3062, 4788 and 8784

S &

frthe 5, B and 3 gk doser, respectively, Th fraction of BEUBS C138 snvme that
reached the gystomiv dirculation affer sxtraviseplar {80 dosing was B ur the & ke

ZONHS PEGRCES TS 80 doss

15 gk dose growps. Thus, the rorease was Joss than dose proportionst which is reflested

gronp but docrcased 1 626% and 316% In e Hhand

 the propornon of buwrease i AU, gy a0d binavailabibity. Those rosults sve kely
explained by a shght decrcase tn the total absrrptivns of JUKHY PEG-HEUBS T3S with
meregsing dose.

{0219 Thechmination halfdifo i the IV doss group was 48 hows momting that halfof
the drgg concentraron b the phosy will clear overy 48 boors, The dats were congslerely
hinvar whon plotted ax conventration with tite on'a §o.g sowde with vorrclation coethicioms of
>0 sugussting that this s cioss sgtinsate of the chmation hadBife for 208HS PEG-
BEOBS C158. The halflifv doterndnations o the 8T dosergroupeesse varialdde, and ravging
fromy 173 s 137 bours. These estinmtos are confounded by o slow Inphasie
ahsorptimy'disteibution phase. The wversge oiroulating tow of & stngle enzyme moleenle

(MR was ealoubuted B sunge betwegn 34 and 194 bours for JONHS PEG-RUBS C158.

BHEXI8T  Theotine tooroach stm:%jy stite (ronsiant ponk and tough lovelsb way modieled

finn the 1 moke SO data set assunung 2 dosbig Bwerval of 48 howrs and @ 173 boar half

Bk, The e to reach sbsolote steady state was ostimptod to be 343 howrs fie after sbowt 7

SO impections overy 2 dovsh butchanges it poak and trougl plasns lovels wore very
close to sieady state tovels by 194 bowrs, At steady state, the peal aud trough lovels wae

sinnulated trhe 162 and 85 mllal after 5 10 gk dose sdminisiored SC once every two

days. However, vegy sinalar fovely seere seached fir 144 hows posisiniection e sfer 380

sdministranions of PECrlsted suayme overy 2 days,

221 The phoo Tovels of 400MA PEG-HIUBS TS for peak | roprosenting the

homoPEGyIated specien {2 PEG motstios por OB Sdinen), poak 3 soprosenting the

]

i
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y singde PEG wrotete por BOBS CLHES dimwrt were comprared

FHGOI0A, Thenux is mpressmémi as ¥ solid Hoe with sguares indicating the collection points,

Peuk 1 is roprosentod by o dashed le with circles indicating the

IS vepresce

LR

HErugky of SOOMA PEG-WCBS 188
Table 1L PK pavaueters for experiments conducted with J00MA PEG-RCBS T35

nted by a dashed Hoe with dimmonds indicating o

Table 11 provides the PR paramotars oale

estlechon points, sid poak 2

tHevtion polts.

wbazed after 3O and IV admuinistvation of

Pharmscekingdic s ‘s{‘ 8¢ 8¢ i\

Pavamter itged Peak 1 Peak 2 Mixed
}‘}w: Amourt Mehz 14 10 10 10
AU bl 51931519 42012436 6888268
&sxm silatilite Y NA NA NA
E Halildile Hy 220553 104.9+1223 30.0£12.9
A Halidi hy 112.121.26 63555 NA
Ty {ay Opd for 1Y) W iy 24 1818 NA
— mial Bt 04 680 73 8514 8 13068400
MRT taveay W Jadd S0.082.37 {38120 45824014
T {oby wrdal Ly IRT05 LR

{0223

shsareed to e 332%, Tow ts the tme of e {ittiad poak plasoa fevell

The Moavaiabilitycale u§.:ﬁu:§ im ma, RN

A PR RS CT R

At

The shimination

half-life was calonlated 1o be 39 hours frony the 1V datnsst. The PR patanictors wery fust

dramatically difforent for the wdividungd PEGyhuied spocies desiguated as Pegk |

thepuPEGviated) and Peak 3 thowmaPEGyiateds.

[00224]

& Caonprarivon of ME-J00GY ond MEAQ0ME PEGYted forms of CBY TSR

The Pis pm‘am@wx& were not ahssrved to by ;}amamihiy differeont Ry the twe

spediile autivity versis thine cunves R the 18 mﬁ"k&a IV and SO dns&s of gach enzyine wore

algo observed o be similar ax shown i FIG. 108 The sopvitiesv afier 1V dosing ang shownag

sobid Hnes and at

reprasent oo

Heotion tmes for mitce sdonnistored JONHS PEG-RCBR CI5S

Hor SO dosiog are shown as dashed Hoes. The coeles iV andinang

\*-r\

fog {80

S ad the

diamonds (V) and squares (80} ropresent collocnion tmes Sy nuee adnundstored 400MA-

BUBR CI38,
RS

Howover, the metehobite prpfilos dopteted 1o FIG, M sl that 200HS PEG

WUBS CES was soore officacions i terms of nommaliziag plassn lovels of homooystuine
B

fodredesy and costving (spares s altor axingde a0 doses

The kevels of evatathionine,

represented by the tisngles in the graphof FIG. 10, werd not sigaficandy dithrant

4]
7
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betecgen the o conpugates: Generalte: the reaponses fidloae the plesme levels nrousied by
tho activity sasay.
{OR236]  Tho responsy oy 20XHS PEG-HiCOBS C158 was observed fo ovour o rapidly
and wag sheerved to b mors molonged cranpared o Hie response o SEIMA PEG-URS
CEES, Both PEGyiated cuzprnes ware observed fo smprove plasma ovels of Hovand Gy i
roghby the samie oxtont for & howrs affer 8 admpnistranion, and plastey lovelyof Hey ware
observed o remain decreased ap o 72 bours afior sdnvimstration of 200808 PEG-RCES
CISS gompared o the gradial novvaadiation frony 3 hours aud total rotum 1o pre-injoction
keacels ot 72 oy llowing sdmimsingtion of F00MA PEGHREUBSCIER. A similay patiorn
weas reflected by plasnia fovels of Cys for both PEGyIated saaymes,
JR27 Incroased dosing weas sot observed 1o sigmificantly prove the PO profife of
cither forve of CBS sugeesting that maximal efficavy of e envme 1 not govened solely by
plasma lovel concontrations, but is alvo influenced by fackues such as onzyvme Rinedies,
substrate avattability, and comcentration,
{OO228]  JUNHS PEG-ROBS CIES was observed to provide the most fnvorable profile
after SO adounisteation connpared to A00MA PEG-ROBS CLES. Spesifically, the haliliie w

circudation was 47 hours for 20NHS PEG-UBE CIES compared 1o 39 hows i 2
mﬁgcr halfelife} for A00MA PEG-HICRS CIS5, and bioavaiability after 5C sdminisivanon of
sqead anouat {18 meke was S46% for ZONHS PEGHUBS C138 compared to 33, Be fiwa
mixtere (e TP bettor Boava }i;&i}iii(}*}

. Compaeiesin of different Joyey of SONHIPEG OO

{00223 The PO regponse pouerally was observed t occur i divoct proportionadity o pesk
plasro lovels and degreases propostiomatiy with hatfdife. Haeover, e doscerclationship in
posk rexponses was observad o approach maximal kevels ot 3 mgke sonte that shosss of 10 o8

b rosuhed by Butde tiorease av the peak offiosey a8 dotomdned by both homeseysteing

snd cystathionte Tevels as showvin FEG. 10D A wavy pattorn of olinvnstion was ohearved

i each of the climination phascs that vy the sune i cach curve, sueh that the plase
sotiviaty rosched a trough st 48 howes and thew rocovered {ov wis sinular at 72 howrs, only o

drop off zﬁgain at 96 bours, This uousual climbabion patters observed afier 5C dosing of
BHOBRS C138 mgy be possibly due o the closrancs of the biphasio absorption phase comisting
of ar ealy wapid and shower fate absorption phase.

JR230]  Invrcased dosing of 20NHS PEG-RUBS €135 was obsovved 1o show o roughdy 3~

fold highor UBS activity fn plasma for doseoof Himgfe conpared ol sk i b was g

beg

]
&
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o &

Hnear for the higher dose of 15 medke, which i showr $n FIG. 1B, There is discemable
ditference bebwen the PD resposes of the 1 and 15 medky dose groups Ror sach metabolie.
In fact, many of the tme poinis in the higher dose wroup wore observedd i produce & response
that trended below that of the 5 mpfg dose groep. These difforences were not socountnd far

by the fower Boavariadabity {deorsased sheorpion per anit dose} observed witds inoreasing

IS ¢ HY PEG-HUBS CIBS I vonclusin, a stngle dose botwenn 5 snd 10 mgtky
was ohserved o produce s maximal officacy response in the H mouse nodel

Fxample 18 Fharnocodynandes of PEGOIAS durine long-torm administration in HO

mige

002311 Tles exaaple assesses and compares the pharmacadynmmic efficacy and potontial
mnanegonic responses of fong-teror exogenously admibnstored BOCBS 158 PEGylated
with oyther ME-200MAOB, ME 20808, GLA-SO0M A, MESI00MA, or MEAE0GS 8 HO

mive. When looan proteios are engineersd 1oty the pamss gonome and sxpressed in seonatyd

sualy, ag s the case for the HO mouse, tvnans responses are more kely o baee oliniesd
relovance to the human response. See, Gradoee for Indastey, nonogenic sascasment of

therapentic protoiy products, CEBR (August 20135 The HO mive express soall amounss of

R

thie fnan OBS prodemn and ave fikedy & be nrore sinvlar (o bonan paticnts i fome of thar
adaptive aame respanse to PEG CRS eanvmey than complets knock-out o wilitype
e,
{2321 o oove sot of exporanenty, OBS C138 PEGyinted with vither MEZOOMADBB,
ME-2000GN, GLA00MA or ME~SUDRMA was ovaliated. Six grovps of HO nuee were used
o oonduct these studies two groups recoived 200MAOR PEG-RUBS C138 (Grovps Tand 31
o groug reosived JONHS PEG-UBS U158 (Group 4 one groap recepved (L4848
PEG-RCBS CIE8 (Group 5y, amd twn groups eeeived 0GMA BEG-RCBS 188 (Group &

and 71 Both male and fomale HO puce were usad (gl s o 8 oo per group? i those

studis,

233 Foo Group 1 the mice repeived 2 hoots of 3 duily subcatancous syjeciony of
J00MAUE PEGHICBS Cl 88 ondave 12, 309 and S doveek Drand days 15,16, 17, I8 and
19 fweek 33 The dose for this exporiment was S mgfhgiday. A seline control o (G 23
weay inchoded i this exporiment. Al othgr groups received 3 bouts of § dathe subrutanesus
yyections ondave 1L 20 304, ond S feeek B dues 15, 10017, BB and 19 (wenk ) andd days

330,31, 32 and 33 (eeenk 51, The dose for these experiments was 7.5 mgkgdday.

Y
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002341 Do soparate set of exponiments, OBS CHS PEGyIated with ME-200MASB o
MBS wiw evaluated. Twe groups of nale and fomale HEO ndos (MSE) recerved 3
bouts of 5 datby subcutancous injections of cither 2O0MAOE PEGIHCBR €138 {Gronp Y or

3008 PEG-ROBS (Groop Srondays 12 3 4 and f ook D day 15, 16017, 18 and 18

fweek 3y and days 28, 3G 31, 32 aud 33 {wenk 331 The dose was 7.5 sngkedday.

O33N Dol sets o oxperinents, sach S-day dosng svcle was followed bya 10-day
“washout pertod”, Blood was snpled asing s sebnnndibelar et on Moaday, Wednesday,
s Friday of the downg woeks {1, 3, and 31 and oo the Fiest diny SMondayy of cach 18-day
washowt poriod. Al blood sampling mocederss and seboalanors Tgesiions wire congducted
ap 3 P to avoid antifacty doe by diurnal vaniations, On days whers hoth bloed ssenpling amd
mjection were conducted the blood sanpbing procedare wis condutted prioe o onevmg
adminstration

{00236 The pharvacedenmnie rexponse tn HO mice t cack PEGyTatesdt MURS CHSS
comugate was sesessed for each bout of doseng by quantitating plaso loveds of metabolites
hamovysteine, cystathioning, sudoysteine, which are sasocisted with the transsulfination
pathway, at bascline and sfier wostment. Quaniliontion was porformed by stablocisotope-
difetion boguid chrosnstouraphy mass speatronnetry (LGS as dosontbed i Exangpde 1 The
maxinal porcent change of honogysteing, cystatiiontne, and cysteing was calenlated
vompared to bascliny valies S each doss wek

BI37 ME2OOWAAR: Three mdepondent stodien were conducted with 200MADB PEG-
BORS CLAS (Grnps 1,3 snd ). In Group 1, plasma Tovels of Huy were observed o drap by

88% compared 1o bascling lovels during the st week of doving, but were observed 1o deop

by onby 248%% conared 1o baseling lovely during the second series of 2000MA0E PEG-HUBS
{138 njoctions during woek 3 with o H-day washsnst portod i botween {Table 121 A
simitar deching v offic was stggested by atienuated slevation of both Cth and Cys ovels

o
x the seoond mnd of injrctions { Table 13 snd Talde 143 & sevond stedy (Group 3} ¢

sonducted to detornsing 1 attomated offfcaey was chssrved with o difforent sot of natve HiZ
auve. The tomd Hey foveds i Group Y wore observed fo dechine to 83% below bascline duving
the fst ovele of mjectivns, Dunng the scoond mad third ovele of mjechions during week Y and
week 8, the Hoy lovals ware observed to decling to oude 3795 qud 30% of baseline valoes,
respeetively, Stailarky, the additional Tot o J0OMALE PEG-IURS C1AS sdonnistond o
Cronp 8 wis observed sy deorcase plasma Tovels of Hoy By 80% conpared 1o baseline fovels

wy the first week of dossti, bat ondy b 6156 oof the bascline valves durg wiek 3o dosing

&
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During week 3 of dosing, the plasma lovels of Hov were observed 0 drop o 3026 of bassline

vatues {Table 12} A stonhe decling 1o officacy was suggested by ationuated slovations of
Cox fovels during woeek 3 aned woek § tyections (Table 13 and Table 14}, compared to wack
FoA similar trend of sttomated officacy way sbsoresd in Gressp 1 3, and B slthough the
magnitude of the sttonuated rosponse win observed to be e drnatie v Group Poompared
to Group 3 and K

[00338]  WR-200GS: Admbmstration of 20KHS PEG-MCRES C155 fr expenioent Grogp 4
ws observed fo decrease plasma levels of Hep by T2% compared 1o baseline loveds in the

£

fivst week of dosing, 7

pev

W during the thard wock of dosing, aud 88% during the 18 weak of
dosing {Tahle 133 & stmilar decling o efficaoy was shunssr by stisneasted elovations of Ot

d Uy fovels dortng the thard and fifth wock of dostng {Tabde 13 aud Table 143 compared (o
geke 1 However, for JONHS PEG-ROBS O3S,

s week § of dosing was the lovst compared to the other FEG RUBS CI58 cmyugates and

the decline n officacy observed by woek 3

was statistically nstgmificant,

{80239 G180 Admimistration of GLA-IMAMCRS C185 f Groop S rosalted iy
an avernge of & THH docroase m plasros lovels of Hoy sompared to basehne foveds fo the st
week o dosing, but only 4% during the third woek of dostng and 34% during waek S of
dosing {Table 121 A sl decling i efficncy was shown by miteonnted elevation of Cth
sud s fovady durtay weok 3 and wiel 5 of dosing (Table 1Y cnd Table MYy compannd o
week §

B0340]  WE400040 Two independent axpertments were conducted with J00MA PEG-
RHCBRS C188 {Growp & aad 71 In Group 6, the poreent decrsase of Hoy lovels wan observed 1

awd 39%

be T3% comparad to baseline fovels tnoweek L and subsequently doclimed to 63%
during wiek ¥ angd work: S of dosing mespostively, The magnitude of the decling in officsey

wag mwory dratatie i Group T agshown by the atonuated decrossey of Hov lovelwduweing the

thres Bouts of dosing {Tabls 12}, Sinsttar wends of sttonusted eifivacy ware observed o the
changes of the Cth and Cve lovels R Group 6 and Group 7 (Table 13 and Toble 149}

06241 WEGRGS Administation of $30GS PRG-ICES C138 in Group B was obsenved
to decrense plasna fovels of Hey by 78% compared to baseline fovels mosveck 1 of dostag,
but ondy decreased by S of baseling loveds during week 3 of dosing. Dosingoweek 5 of
dosing, the plasow levels of Hoy was abserved 1o decvense 1o 435 of basehae lovels {Tabke
123 A shmika dochne v officnoy was shown by sttonunted slovations of Uil and Cys Tovels

R g

durme wesk 3 and § of dosng (Tabde 13 fnd Table 14 compared tooweek 1
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0242]  Table 12, Table 13, and Table I presentthe-percent chanpes in plasimsa
homooysteing, systathiontme, and oysicine metabolite fovels after cach bout of the
subcitancous injoctions of dilforant forms of PEGylated WOBS €138, In theso tubles,

+ Stdard Brvor of the Mean (SEM) i oM and

e prosevted o the mean maan] peroent change from boseline for saeh Saday

Baseling values ave prosented 8 meand
chanpes g
duising ovede Dweeks L ¥ and 33, od stands for Mo dotrmuned”, o 13 wovides the
percent ‘hmgﬁ i totad homoeystelne aftor long-tevm roatnent with PRGCISS.

Table 12, Change in totad Hew levels after PEGCISS treatment in HO miee

Stdy Buaseline (udhy Porcent Beovease wd Trough
froup PEG Mudety Day # Week 1 Waeek 3 Week §
§ ME-ZOEMAGE n.d.
3 Saline n.d.
3 K20 50%
4 S 66%
3 g ER ]
i) M- ‘3~§ 13333 2 ;
MBS0 Wogsild
b ME00M AN I Bl ‘}
8 MEQMGS ARSI TN
{00243 Table 13 provides the poreont change fovstathionine after ia*mw\:rm F——

with PRGCISS.

Table 13, Change in cvstathionine levels after PEGUIES treatment in HO mies

Study Baseline () Pervent Iavawese at Peak
firoug PEG Malety Py gt Waek Weel'3 Weeli §

{ ME-200MASR £3383 796% 508% n.d.

2 Mg $.54004 -1% -19% n.d.

3 F R {} i 700% 866% 335%
4 676% 492% 432%

§ e M, 715% 723% 449%

£ ME-OUM A 505 383% 329%

3 ME-d0iMA 1888 GREN 5

8 S kw‘-"vi AR 103

8

{00244}

PEGCISS,

Table 14, Change v oysteine Jevels after PEGCISS treatment in HO mice
Study Bassline {ud) Porcent increave a Peak
{araug PEG Mplety ey 8 Week § Wik 3 Week 8

} MEZOBRIAE PR TS 38% 16%% wal

3 S ism. H0ZRRT ~ FE% % k.

3 { 2% 38% 32%

4 59% 61% 51%
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GLE-00MA 114,588 e 34
& WE-OMA i TP &%
2 7%
¥
: I

{024S] The roselis of these studios showw g dovroase wplasos Hey fovels concert with

an increass i plasos Otk and Oy i all groups, supgosting ononmalization of metabobios in

response fo the PEGWULES eatoant. In sl Groups, the maximsd officncy was ahserved
durmy the first wesk of destng. Hoy lovads ware obsorved o decrsase significantly {ahowt
685 to about 810%) below baseline for all experimental groups, se shown i Table 12, The
peak persent mcroass in the Ch and Cys loveds wag also musvional dhaing sveeh 1 ag s in
Table 13 snd Table 14 The swgnitude of the phavmacadymansie response declined daring
subsequent oycles of PEG-UISR byection during week ¥ and further on week 8. Overall, the
tgheet and st endosing pharmgodynanuc reaporss was obsprved for JONES PEGMCES
CI8%,

[0346]  Astonuated officacy was observed during the segond bout of PEGyiated hiCBS

sates with the éxcepaon

o

CHIR dostng administored during dosting wioek 3 for all studdied cong
of TONHS PEG-ORS CI8S, A futher decling in officacy was obsorved during the third
ovele of dosing conducted during week § compared 1o wiek 3 Although satibody formation
was not wmessured divectly By those stlioy, thiy stow doclinn v officaey following mpeated
admustration B a olassio padication of adaptive rrouasity. T, the hkely explanation for
the atfonuation was an e responsy directed at the MOBR C138 PEGelated with ME-
200MAOCE, MABOME, GLAHEIMA, or MEDRGK
{82471 Of the conjugates toated, JOKHS PEGOUBS TS was observed o have tle
msst robast and ng-Hved offieaey. The ME200GE ¢ byvpothestzad o be ghile o inore
efficiontly mask smmenogenic cpltopss on the MCBS C18 conpared to thy they PEGs.
Thevefore, JONHS PECG-MORS C135 form was observed to be the most potent and Toast

wwnanogenie form of the varous PEGyisted MOUBS C1IS conpugates togted

Esumple 11 mx C155 PEGviated with ME-200MAUB, ME-400MA. or ME200GS

{0248] A swrviead atdy wan porfoemed in the RO mowse model desoribed heretn o

cranpare the effivacy of varions FEGylated hilBS8 CI38 cojupates.

A Survived of KO moos wp s e &
249 A Kaplan Mover sursival cueve was plotted of KO mijoe igeoted three fines
weekby with 7.5 mgke BUBS CI58 PEGyiated with MECOUMAUE (=24, ME-HIMA

i
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{3 =1 3F + 18V, or ME-200GS (28 14F +14M), and & growps of KO mie (asdd thae
wits ippected with PBS e a comtrol. Lactabing mothers seers msintaded on bolaie water, and
after wosning, the pups (day 21} wore put on reguler water with no betaine. The alulity of the
injrcted enzyme o reacue KO pups avas tosted.
{280 Avshown in FIG TLA, ot day 31, only shout 20% of the mice sirvived inthe
PHS-tgroted group a3 oppased fo about 82% of those that wore ipreted with 2R0MAGE
PRGHUBS CIES (OIS ME-200MA  and sbont B7% of these that were igected with
SOOMA PEG-RIUBS CL3 {CISH0MA) or 20NHE PEGHICRS TI85¢ T00GS).

& Aerabolite fovelv affery weshond washow Grevwshl cond 2 fay sfter the ast

infection {paak

251 Muokabolite fevels b surviving KO mice ot ape of about 4483 wooks were mvasimed
after w wockend seashont (rougly) and 24 bours afler the Jast potion {poak) weing the
sxpenvental provedhie i Example 1.

{02521 The lovelomvasured seore comparad fo fovels in gmtlardy troated hoalthy KO+
SCRS 188
freated KO noce ranged 25638 gM 72 hours post-dose (ME-S00MA) {bar on iy ot for gach

httermates as shown by FRG VB The ploama levels of Hoy i $00MA PEG

efabolite) to 145348 M 24 houry post-dose (ME-S00MA 34} (bar sevond from ot
esch mutsbolite). The plasmp lovels of Hoy tn 20KHS PEG-HiCRS C188-treated RO nuce
ranged PO ot 72 howrs postdose (ME-HEIGS p{bar thicd from ket 1o 9628 w324
hours post-doge (ME-280GS 3488 (har foarth from keftl Thos, S maovina! response for both
BURS C188 conjugates was aheerved 24 hours post-dose and was observed to destie 72
hours posi~dose. Trostment withoither confugate was observed to signifivanty (pa 001y

devsease the plaswin bovels of the toxie Hoy by abowt Balfl In contragt, plasma hevels of

homooysteie i the trosted hoalthy hotororygous tormates weore ohserved o hosbout § uM
at hoth timepeints.

J283]  Lovels of Uth were observed within the tange of 37 and 77 M i KO me
troated with PEGyhaod RCBS €135 conpogates. These plaso ovelswens roughly 12-fold
higher than those sbeorved i the untreated hoterozygous wice. The difforence botween peak
sud trongh plasoa lovels of Cth was observid 1o be small] wiueh iz ovdence that the
pharmncodynamnic ifect of the sneyme on cvssathionine lovels yogy porsist beyond 72 hos
andior Cth may be nuwe slowly cleared from the plasow compared with the othoey mciabolies
where larges ditfieeonces were shegoved. Plasnua fevels of Cys 72 oty post-dose i bath

SUOMA PEGRIUBS U1554rcated and 2ONHS PRGEUBS TS onted KO muco werg
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observed o be stgnifivatly (po0.001) deereased 1o 8304 nd 10606 oM compared to healthy
heterozygous Bitermates {13 18], respectively, Plasma kevels of Cvs wore observed o be

mncreased i freated KO puce 24 howes post-dose for both conjugates indionting & partial

sorahization of circudating selfur wetnbuditen, Plasin fovelds of Cuewens observed 10
monniee 1o 15706 34 bowrs post-t00MA PEG-WMCES CI8S adwinistration and 1 1766 gM
24 hunirs post-TONHS FEG-UBS C1AS sduunistiatinn. Motlionine plasa fovels ware
shghidy slevated B KO mice compared o healthy beterozy gous controls and did not change
stgufosmtly botwesn trongh and poak fovels,

€ s afer i iniial or consbmns troatren

{00254]  Adfforan mital 35 davs {F weeks) long treatment to provens nwonatal lethality of
KO muce, the KO muce treatod with 2ONHS PEGHUBS O35 ware divided Into v groups.
Oue group {3W) stopped recciving any teatment apant frovs the el ove, while the other
o LOONT ) coomtinied with the same rogimen S wp 1o 130 davs ot age (7.8 mothg, SO, 3
s weekl

{02381 The sarvivel of these grovps of KO peps for up to 4 months was observad and
phatted i FIG 1HD AH KO wmice that were continuously administored 20MHS PEGRCES
CEA A

E-200GS suevived at toast 119 davs ss shown i FIGL HEC, Tormination of

the treatment after inittsd 38 dayy rosuliod in gbont 83% survival ot 19 davs of aue
£ Tootad wedght ond welpht garn of UBXapedted KO wive vs, 44 hendthy mige

{82561 The total worpht and amownt of wedght gain of the KO sute (mple nxld and
fomale n= D) administered 20NHS PEG-HEUBS 138 deee ey weekly ata dose of 7
migke was determined and compared with simifardy seated 5 hoalthy Bitormates foadey

sl b and fermades pl 31 The total weight and welght pan wore nweswred in miee alley

weming from day 2 o day 36

Loy

2871 Holorasvwous made e were ahserved o have e groatest totad woight frong

ragging from sbout I g 1o abog 18 g although the 20NHS PEG-CES C185-
tronted KO male mice had the highest ol werght st day 21 (abeaat 10 g The 2ONHS PRG-
BUBS CAS-meatad KO fomale mitce bad the Tovest totad weight after day 23 nwging from
shout 18 ptoabut M g

{08238]  Healthy wade wice (=14} also had the gregtest amoant of weaight gadn shuting &t
day 23 ranging fom about 2 g woabout B3 g The oo o8 wight gatn biothe 2ONHS PEG-

HS PEGHIOES C 138 reated KO fnale

MOBS O35 teaied KO made pdce (o160 and X

mice feed L esay stpnifioanthe ower than the amuntof woteht g for both control grougs.
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{28 127RY WL bomorypous nouse madel of homocystinuria was observed fo exiubit
speeific phenotypic tratts such as facial alopeem by additton o o typicsl ntabolite s profile,
unitke othet homovystinoric mouse models, Factad alopecin iz defined as o loss of bawr from
the oo and hoad Thi mesnt of facia! aloponis v drmmnd S0 day s {WID), tepically Bully
developed around 120 davs of age (WIT

{00268]  Faoial slopecia s hypothesizad 1o be related to homovystimats and the related
moiabolic prodily; therefve, adnnnisteation of onzyaw replacenent therpy (ERT PEGCRSY
houkt resone this phomtype by shewing the progress, preventing/delaying the onset, andior
roversing the damage abeady taased.

A Fafay dhe onger o faoid wapedds

02361 3W old nuice not showing mny signs of fiolal alopesia ware sphit into X proaips.

The first group (e 3 o) wag injectod with 7.5 mgky three thmes perweek with
& % i

008 AGE PEG-UBS 158 fora poviod of & waeks, Physieal look was recorded before the
expotiment and moniored wonkdy, then b-seenkly after tho 6W higection rogimen, Metaholiie
ku&smu cheocked bafory the experiment and 24 howrs after the last byeetion, ta after
§{¥i}i3£§;2§ Asﬁ,:niﬁistzr‘s{{m;z of JUOMAGE PEGHETBS C138 for a period of & waeks fronvage
IW was ohsorved to delay the onset of facial alnpecia i FIG. 13A 78T affvcted (0 o
healthy (371 vuee wore ohiserved fo be indistinguishable at tharsge, and the - mive had no
siges of Hietal bade doss, Untreated 1278T 0 healthy hotorowvgous o were sot obsenved o
suffer from 8 loss of facial hatrs at 19W and onbymild hawr ey ot 34W, vabike wsireated

LRIRT - affrcted homorygous puve, which were shesrved 10 have fully doveluped froiad

slopects by 38W. Typteally, ficial shopecin bovompeapparent ¢t 12W snd v fally developad
by the ape o ITW,

263 Adminixtration of 2E0MAGE PRGBS €138 for 8 wecks {age of mive duning
miccton was 4 W-TUWwas observed 1o delay the onsct of alopesia fr ghout the same tinr
g% the duration of the treatmant {6 weeks) as evidonced by L3787 <& alfccled bomoeygous
puoe buoing shserved to show no signg of Hicial badr foss ot the speof 48 and only nitiad
signs at the age of T These results provide evidence that sdinistration of JHOMADR PEG-

A
HOBS C1ES for 6 woeeks delayed the casgt of favial glopeoia i 12787 wice.

pavy

& Fasad preventparnf doveloping the facial alopecia
"
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{02641  The second grogp (n = 3 2 mades, T fomaled was continpowsty tnjestnd with 7.3
ardke of 200MAOE PEGHUBS C1ES adnunistored subcutancousty from 3W of age vntil 41
weoeks of age. Welght was jnttially moniored weekly. ?‘.hy:s.imi look was reeavded boefore the
Motabolite lovels ware chocked before the mtgﬁz‘&:}fcm and 24 bours afler the last in im‘:tiam o
iniigl OW ogtion regumestand then followed wenkly or bsweekly,

[00268] Continvous adnvinistration of 200MA0B PRG-UBS CIES 1o 1278 -4
hovoorygons mice was observed o completely provent the onset and develapment of fhowd
alopenia i mice observed ar WIS, W24 WAL and Wil of apo axvshown in FIG. B The
physival fooks of sach treated mive roscrabde thuss tvpiually observesd for bealthy 1I7RT +-
Bolorogygous mive] and sigaificanely dffer Bons the physioad Tooks of both antrogted IITET -
fecomtrods and JITET -~ homozy gous at age W36 and older treated for ¢ & week pariod andy
{03061 Motabolie measuromonts in FIG. 120 shoos that coatinmuons adannistration of
F00MA0E PEGHICBS TS rosnlted iy asignificantdecrease of Hey toveh compared w il
fevels before the treatment {about 308 M) and stabilization: gt Tovels of around 1K M of
total Hoy (mitddie Hoae), Cys foveds Gop Hag) wore nornalisnd with the treatient {from abowt
1360 gt aboot 248 gy and maintained groughout of kevels weound 230 M

i Reversedomeondiiarion of phesotipe once de fSSoial alopecia bas den fully
developed

{267 The 2TRY ';::';.éi:&:.ﬁ whinh ware at feast 120D (WITY old and had visibly, folly

developed facial slopecia, wore plit inte 2 grouge. Grong & {omd; 3 males wd 3 forandes)

was ijected 3 tmes peeweok with $RIMA PEGRUBR OIS &m‘i {}mzip B{n=d4 Inaks

2 forvalosy was myeotod 3 times por weaek with 2ONHS PEGHRCES CiS uptoanage of
ahongt 1 vear. Motabolin Tovels wore dotermined prior to the ircatment intiation and

measored during the study 24 bours after theinjection, andoweight and physica! ook worg
iittly montored weekly, amd lator Bsweekly.

{2681 Fuoothe roversal of faowebaloproiy I 12787 w0 oy pous nuor (therwise
Knovwn ss novmsalization of phonotype), the treatroent of woice already fdly oxprossing faoiad
&E{}pm;ia g}hem:styps: was iubatod. The age of antmals at the bogluning of the stedy ranged
WIiT),

JR26Y  Continuous sdininistration of cithor of the PEG-UBS conjugste for 3 fimes o woeek

stanifcantly snehiotated the ficid slopocia s shoen in FIG 12D, evenr though i did aot

o8
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cennplotely novmadize i conpared to the votreated waffected B2I8T 4 heterosygous

comstrols, JONHS PEG-CBS (1IN was observed o porform botter than 400MA PEGRICRES

€138 berause all muanals treated with JOMHS PEG-ha(UBS C158 responded to the foatment
4 out of 43, while only 5 out of & antmals rosponded to treatiment with S00MA PEG-h&UBS
€138, In addition, & sebjective observation of the nucs provides that thickness and glosainess
QJONHE PRG-RIUBS (135,

§9@3¢?§3} Purthermorg, motabolite woeasuroments i FIG. 12E shows thay whole both PEG-

{the o coat was betior for those admustoroad

UBS modecoles were effective, 20NHS PEGHOES T35 (Group Bl was obsenved 1o
devrease Hoy Iovels and Incross Cos lovels trore subsiantially San 40004 PEGHCES
1SS (Group A

X Cenchasingy

2T Advunistration of PEGAUBS wgardless of the PEG muodety roadied i
fropesvement of factal alopeoia, which s a phenstypio et fepreal for untreated ITET -
he;mmz}fgws wmice a8 mentioned sbove, ERT adnunisteatton for & weoks rosalted 1 delay
cnsetof facial wlopecia. Continnoos ERT adnunisteation to the mive before the onset of faeial

aloperis s'.:@ingﬁa{ei.y povenisd i developioent and such suinwls wors indistingishabde fam

gnatoctod hoalthy BTRT 4 hoettrozygows mice. Contineous BRY adnvinistantion to the mion
with sheady fally developed facigd *iss;\m,m reaied w significant aprovenent of their
phiveical lovks. fo ol caxes) the positive sffect ont Brodad aloposia was avcompinded with ey
sased b ot Teast partial GHovy oy full {M»} sorimalizatie of plost metabedites fevels,
JONHS PEG-HUBS OIS ingirovs
003721 Histological pualvsis way g}mm g for feer sections from KO wice tha had

of JOMHS PEGICES CISS or PRS dave

tinrs a1 wonk from 3 days of age snd cwthantaed ot apsoed 17-18 days and connpared & Hyvers

Exwonple 13,

been suboutersonsty (SO njected with 7

of sge-mstohed 5~ healthy condrol e

A Lyl micraseopy

273 Astaale wors osatrificod o day 1738 and Bvor sanplen wore processed for
histologioal seabvais by optical nvcvoscopy. The Biver parenchyres of the PES-inivoted RO
nuee, as shown i FHG L3A, was observed o have shghtly wregolar svchitesture of hesr
Jobules with woderate © sovere steatonis, Real hepatowelluday neoroaes, and resovptive
wiflammatory reaction, which v indicated by the arvow, The bver pavenchyo of the healthy
Botorowygous moe and WNHS PEG-OURBS CLAS-voated KO miive, also shown in FIG 134,

ware observed to have regular heer archilectire and minimal anizokaryosis.
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{00274]  The wreator detail provided by & beber magsification of the identical Bver section

shown in FHG. 138 are shown in FIGL 138 willy nusets showing (8 Red O stadning for Hpids.
PRSanjected KO mice were abserved 1o have niere- and macro-vesionlar stogtosis,

anizokarvosiy, foral neorsses of hepatveytes, sd a rogorptive mﬁmﬁmﬂu}r}f reaction. These
foatores o potted owt by the arvewes. The Bver pavenchyma of the 20NHK PEGMCES
C155-treated B4 nuotiwas obsprved s have nusuead antokgreons, e ovidencsd by she
suclet of the 20MHN PEG-MCRS C185reated RO snd the beabiby botorosygons mice both
having reguladdy sirad snd shapod with fine dhvomatiy and Inconspioaons ncheodt. The
dinprete Bpid deoplots seen in the oviogiavm of hepatovviey of the troated angd healihyv neice
e detectable asing O Red O stom {soc wesels n PG 138
5 Floctren sicroxenpy
J2TS]  Laver ussue from o healthy beteroaypous {05 mouse, & PBS-troated KQ mouse,
sud 2 J00MA PEG-RUBS C135-troated KO rowass was also whesrved using shectron
AROYORCORY ot MR maenification, Captured olvctron mtroscopy mges are shown in FlGU
A, I FIG. 144 the black arrowes indicate the rough endoplaamic retioahm (ER ), aud the
white armnes mdioste nitochowdvis (M) The Mack astonisks ndicats sytnsnlic ghyongen,
ansd the double black astonsks indicate mutl The white sstorishs imdicate lipid droplets.
{0276 The +- mouse was observed o bave a binuclented §kpaii}x_$ 1o with ool
sytophsa conposition and meclen with sormed morphodogy. The cixtoonas of rough BR wor
shevrved 1o be shivy and repudarly organtred, and the MT were obgerved to be nosmally sised
siid shaped. The mucket were sbserved o be regadir sad notmsehramatic with meonspivuous
nuchooli,
802771 The PES-tromted KO mouse weas obsorvid to have steatosts, sy inorsased mambsy
of eytoptasaie organctios, sad an wregular yporchrmnatic nuclous of the hepatreyie, The
eytoplasim was sbssrved to be rich o ovginelies and to contsin numerous hpid deoplos
Ohite sstorishs) and edomatous MT. The poclens was observad to have cosrse chromating an
wregular matline, and & promiest sncleohas,
[BOX78]  The SOOMA PRG-BCRS C15S-poaed mouse was obsenved 1o ave 8 nonadd
gytoplasn composition in the hepatooyvie and a regalar normwochromatic nuclens. Like the +4
mrouse, the cisternae of the ER wargobserved 1o beoshing sond rogubinly ovgaanzed, the MT way
sornally sized and shaped, snd the nuclous sppeared nonmal with fine chsaatin
27 Rloctms augroscopy bunges af SOU0K v fication condinm these findings in

greater detml, assheven o FIG. 1480 I FIG: 148, the Black arrevs mudicate the endoplasms
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e antochondeia (MY The Mack axterinks

mdicaiz oviosedic glycogen. The AOBMA PEGHUBY C1ES-boated mnd - nuce wore

observed to bave shiny and novally seganized rough ER onvtornas and sepular MY The PRS-

wreated KO mesuse was ohserved i be sich i costernas and verickes: The BR cistomae wars

sihsarved 10 have variably trorsasing widths, The MT wore obssrved o b

wwolen with diserganized erisiae,

€ Comporisan of menbolite faelvd
age

§{}i}2;$ii}}

ormwtral}, wntreated hranozygor

phvene and gssey fu KGmifce oy 181

s atfocted K nw

o pdetonorphic and

P ey b‘f

Plasmy and thsue nisbolitoy were nmvared i the aropy ol wildstvpe toe

o and SROMA PRGRUBS O35 traated

KO muce. The treated groop was adminsstorsd subotangons injections of SU0MA PEG-

HIOBS T35 3 thmes por sveek ata dose of 7.8 mpfke from the age of 2 days. Plasms and

issuoy were hary

.

s, Cth, and Meg nplasma,

Tahle 15

osted 34 hours affer the last ijection. Table 18 shaows

the fevels of Hoy,

Metabolite lovels in plasma JpM & SEMY

Ganatype Treatment Homovwstedne | Oralsthionine Methtuine
Wikd tyee | N 2843

Neww L0

Nong® Qa0 00

SONHS PEGRETRR OIS R

Ty ¥ awale 13 {81

{03811 Table 16 shows the lovels of Hm Cyy, Cth, and Marin i oF HssH
Table 16, Metabuliis lovel o ver Gesue famelsiy & SEM]
””{xiﬁﬁfﬁ pe i “Frestment Hemooyaiae | O Ht&ﬁt;{m:m W\%&shmmne

My

Nung
Tvan® Stias 8

Ky JONHS PRG-CHS QI35 385834
o, ¥ novalie GH0E
{2821 Table 17 shows the levels of Hoy, Cys, Uy, md Mw i kidaey
fable 17, Metabudite fevels in kidney tissue nmolsig &
Treatment Cystathionine | Cysteine Methionine
Home £463%101 R EHN RS S
B ISR EH) STORIBIHT 83,8003
{470 06 BRI | S66 28128
""""""""""""" 3568477 8 W2EITY | 300
QO30 Y16
{BO2R3]  Table I8 shosws the loveh of &isrs (\ s, Cth, and Mot in brawn tissns,

Table 18, Metabolite lovels i brain fissue fnmoly

ek

3

fg & SEM]

XF e
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Genatype Treatment Hamoovsivlne ] Cyntathiondne yaielne Methionine

[00284]  ALZE
MRS C

PEGylated sith ME200G was adounisivated using foar different models of micro-osmotic

S osmiie pumps provide sieady, controlied delivery of the JONHS PEG-

S for a prolmged peniad of thae o Fosh and pafve HO nuce The MOUBS (188

ALZETE pumps, which contimensly dispensed 3 vohane of enzyie por how tnstead of
ropented suboutancous mjoctions: Model 1O {023 wif), Model 2002 60,5 pih), Modad
2004 (025 plhy, and Mode! 2006 (0,15 b,

HRES]  For paberelied proe sad postioperatively, avdmady wore also adainistered
TYLENOLE {2 rgfol) owater bottles ad Sdines for 48 hours before and after swrgony for
tnplantation of the ALZETR pump. o addithsy, the antmals seosdved 5 sag'ky of carprotia
subcutaneoushe every 34 hows, and for 48 bours postoperstively, For asosthesia daning

surgery, 3 oflarane was adnnistored v inhalation and mamtained 8t 2-3%% duning

surgery, Whils mive woere sncsthotized, thoy cach reeived g madical ginde ALZETR
panatic pump wyplanted wnder stentle conditions 1n a biologioal safsty cabiuel, Punps ware

wplanted seboutaneousty m the Toose shin wranon the venad side of the weck. Priov o

tnphuning
BETADINE®R

sterto scissors, The meiston wiss dosad with wanad olips, which were romoved after | aeek

the put, theanive were shaved and the skin aren was preppod witle

Purnp tnploniation roquired o soaall surgioal meision (3 nund made with

whentthe shin bad fully healed, Blood samples wors taken at 1, 3, 6,9, 12, 15, 19, and 20
days for pumps Made! 1002 ad 2002, Modadx 2004 and 2006 of thy pumaps were satgionily
romoved at the aud of designated e gycle ol the pump (4 and & weeks for Model 30 and
e, respectively ). Collection of blood samples e therefore adiusted fiw oach §3uﬁz§~: b3
313,09 30 31,32, 33 amd 35 daes Be Mude! 2004 explanted at stede dy 3 and 1,3

13, 18,36 33 40, 45, 40, 47 gnd 30 dayvs for Moded 2006 caplanted at study day 84, Plsaw
sspplesosere wsad Ry determinaton of CRS selivity i plasiog sad measuring Hep, Oy and
Ly fovels,

{08386]  The admbssterad enzyare for Models 1082 and 2002 was JINHS PEG-RIBS

CLAS at weoncvntration of 21 parnd sod having aspearfic sonvily of 87380132 Liimg In

i
bk
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those experiinents, Model 10682 had s wesp puompingrate of S 353001 1y for s pentod of

Hdovs and the mean B volume was THETRES ub The rate of adonnsisation of the enzyme

28T Model 3132 bad o nwon pumping vale of G4800.02 wlhr for g portod of 14 dayx

snd the nxcas B volome was 20T el The ratv of sdminbivation was i paty ofide

cazyme, which s equivalont to 282 pgddey or sbout 7 Ly cquabing 168 Uiday,

BHIZER]  FRGOIS& ds agrpbroeomparing the plasta ovels of Hey and Cys betwesn HG
aues phasted with sither g Maodel 1003 or 3 Model 2002 ALZETR osmetic puinp. An
overkag of metaboiite lovelydn the plasns of both mrops wis observed, FIG 1588 s auaph
comparing the specific seiaty of the 20NHS PEG-HICBS T35 in plasma after cominums
achobsistionowith cithat 8 Mode! 1002 or 3 Moded 3002 ALZETE oxmatic putap. UBS
actieity o plason o HO mice implantad with Model 2002 porspsowas observed to be
roughiy doutled compared to the naoe inplasted with Model HHE However, swice the
st of CBS sotivity i plasms of nrice impdanted with the Modsd 2002 punw resaliod fo g
sirntlar provement of plso motabolites a8 o schioved finnrcr ingdasted with the
Maode! 1002 pump and having roughly balf of the plaswee OBS activity compared 1o Model
2002 growpn

{288 The adnusistored soavme fr Models 3004 and 2006 wis ME-HERGS PEGylated

HOBS C158 at a concentration of 18 priul and baving o speoific activity of 623.2+16. 4

Limg, Mede! 2084 had 2 man pupiag vate of 0334181 glhe for g pevtod of 38 davs and
& punyg & gL 3

g e kons

the mean B vohume was 2377806 b The rate of sdminisiration of the shwyne was 4.8

padw of the enzyme, which s cquivalent to 108 pyi'day or abomt T8 Ly cqualing 67 L
The ALZETR osmotic panp Mode! 2004 veas explanted a1 30 days.

B02HH  Model 2006 had 3 moah praning oo san i IS8T slfle fora pevied of 42
days, and the mean 1 volonwr was VT30 4l The rate of administetion of S ensyme

was 17 wehy of theeneyme, wheel s equrvadont o 63 wddey or showt LT Whr sqosding 40

Uiday, The ALZETE: panwotic punyy Model 2006 veas oxpladed st 94 days.

{00391 FIG 150 and FIG. 13D shove graphs comparing mctabolite ovels snd CBS
sonvity, respogtively, in the plasma of mice that have boen administored JONHS PREG-RUBS
LIS with cithor Muodel 288w Moded 2006 ALZETS psmotic pumps. Dospite Model 2004
dispensing 879 mrore enzyrne than Medel 2086 maonp, both growps of nsve wers obseread to

have simiber plasoe rectabolite profiles. The plasn levels of Hoy won sdsenved to be
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substantally rodiced fn 20NHS PEG-BCBS C13S-treatad nvoe, ver thers was ouly @ modest

serease m s plases levels,

{R292]  The offenty of tong-term vontbusus ;idmxmxit ation of HONHS PEGOUBS CI38

i KO amt R7RT micwas anabyeed waing duslonry wvay sherptionstry (DEXA  sving

the prowwcoel iy Exasaple L

A Bevie minaralantion and f’ihﬁ LORHERN e i RO mifee

883331 The bous minesal domity (BMB ) and bone ndnsral content {BMO wors anadered

by DEXA for theer growps of mizer v healthy hetersaygous eswstrols {nsdb 68}, atfected
KO controls (e 13F), and HINHE PRGERUBS CLS (CHSME200GS - ronted KO
mice et hEH 3] The 20NHS PEG-HCBS T3 8rdated mice wore adunnistered 7.8 mpky

subvotancously (80} three times owesk from dy 3 about 3 moths, Al KO nvee were
teated for the mital AW (o 2 1 35 days of ape) to provent neonatal lethahity,

MG FIG 1A FIG I8B FIG. 16, Fik §f§§}‘ snd FRG 16E any wrophs compazing
BMD (eiem®s, BMC (o), totad vuass (o), lo niass {0, and fat contont (98), respectively,

snong the three groups of mice, Table 19 ;:sys:svi{ies the Pevalues used fo dotorming

siprifivance for e difforenses e treated granp compared to the g coptd grones,

Table 18, Povalues for BEXA determined pamm@iﬁrs i K3 wiee

BMD 8“& Total wuss Lcm Brans Fat content
<EhiK Q.01 (g3 9 GT% S0
SIS i, w ,,,,,, a0 1 AL
<3 i D449 043

| w&z%g ﬁs i"axaim a:»f .05 was setasa i’hrmho do dxtm mine significance. The treated
groap bad g signifoantly higher BMD than both contrel geoups. The treated group also bad s
soniBoanthy igher BMU, tial v, lean mass, and S content than the knock-out covstind,
Thersfore, geatment of KO vrice with 20NHS PRG-RUBS C138 completely provented
prifound osteoporosts and teproved body connposition {fotal mass, lean tosss & B condont).
B Flasme monbolisey tt KO sics
{02961 In JONHS PRGRUBS C158ronted KQ wice, the plasma lovels of Hey, Oth, snd
Cyswere mensursd biweckly over the cowse of the study and are shown i FEG. 16F, A
blood sample was iuinally bonat day 41 {docs nob represent s e thee sort, rathey
setpbetite ovels 72 bowrs alior ingesticny, then boginning at day 45, o sample wis teken
geery tw woks. The Tevel of Hey (onddie Tel was observed 1o decresss from aboat 180

M s day 45 1w about PO 1 an day 485 and rovsined steady at those levels drooghout dw
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stady. The level of Cys {top Huel normalized with the treatment froms Joss than 100 uM at day
45 b0 about 200 M at day 43 and sustained sver the course of the study. The level of (b
{bottony hoe) ssaitiated avound 30 aM througbout the duration of the stedy.

BIR297L Plasma metabedites wire detormimed asing the sanw mise/gronps ax desoribed
above. The endqpotnt loveds of metabodites Hoy, Cth, Cvs,and Meat wers dotornsined 34 hoans
sfter the last wjectisny 1o the QONHS PEG-RICES C158-mrestnd KQ mice {right bar S sach
{loft bar) and affected < KO mige

fratddie bar), oy shoven i FIGL 166G Tabde 20 provides the Povalues wsed o doterming

mtabolite} and compared with wntreated heabihy o

stfirance for the difforoncey i mstabolite lovely withe teated group compared to the v
coirol grvps:

Table 26, Povadues for metabalite fovel changes ¥n KO wice

Cih X8
heabiby contrady veo o steored conimiy b SO.001 ~§1 08
hoalthy condraly v o= gatsd \“ﬂ“} IR RRia 33
<eontlvoted contmlew - isated EREE 2483 (LG {raiis

{0298 A Poaluc of t}ﬁ} wis sot as g toshold o de

Hoy wore chasrved to drop significantly, Cth fovels ware observed o hiorease significamly,

terine significance. The lovels of

angd Cys leveds wore novmalived in KO mice retorving J0NHS PEG-RUBS 138 conpared

o the wtreated KO ouce. The Mot kevels were observed o be slighthy elevated b antreated
KQ mice, but not sigufioantly difforent moong the groups.
{02981 Thorefiwe, vontineous Tong-tenm administngion of 20NHS PEGHICBR CiXs w

KO mice was observed to significantly inprose Hoy, Oy and Cys plasios levels compared

o the untrsated - KO mise, Plasma Toveds of Oys were nosaliand (e, oot significantly
difforent from) to the healthy S mvce valoes. Mataboltos data were observed o corelate
with the dojormaned phenctyps by DEXA
Hone sebieralisation and Sdody compesliion in L2757 mice

GO3081  The hone mineral donsity (BMDY) and bone minemd contont {BMO)Y ware analyaad
MR -
PEG-HOBR U3 8reated
IZTNT mive {(n=0M+6F), The 20NHS PEG-CES U8 (UESME200G  Hrcated 1278T
son wore administered T8 mpdhy sebeatancousty (8O 3 fioes porwsek from e age of &
months wriertherags of 1 wonthe FIG, PTACRG 178, FIG, V70, BIG 7D, wd BIG. 17

{
b DEXA for these groups of 12787 mie: /- healthy hotorseyous conlrods

& affected homosygons B7RT controls {ns::'.&?\f{*?*éii?‘}, and 20MHS

are graphs companag BMD (g mz Y BMUC g, total mass {gh fean mass {g), and 3 content
{24, respoctively, aawng the flver grovps of micy; Table 21 wovides the Fovalues used i

determine significance of the differences 1n the tranted grovgs sompared fo the control groups.

i
7R
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Table 21, Poealues for DEXA detormingd parsmeters in BT mitce

<330

6493

i Sieni Feaner, Al DEXA

determined paramcterswere sipmBeantlhy decreased fy sffected IBTET nuos compared 1o

§f§§}3{}§§ AP .x BT mi & {3'% WaS \t,f as athaes ahc}id to doten

healthy hotovozygous mice. The troatnsont of IE78T mice with 20NHS PEG-CBS (U1AS
tosulied in Q@ signiicant oorrectivar of a1 pavamctons sxeopt mnow of foan musy coppared to
untronted 12787 mice. In fact, bune miberaiisation (BMD Y vatues wors shssrved to be
mdistinguishable between boalthy boteroryveoas conrals and 20WHS PEG-OBS TS5
trogted F278T mice. Therefore, reatment of I2T8T micr with JONHY PEGaCBS C138 alsn
provented profound ostroporosis and hnproved boady corposition {lotel mass, kanmass &

fat contenmt).

£ Flaomg swetdbolitee e 1278 wlve
{9032 Plasms wetabolites were determmred i the sanw mice/groeps ay desenbed above

and compared 0 each other. The plasoa tovely of metabobites Hoy, Cth, Cys, and Mot are
shoven 1 PG TTT. The loft bar represents e evel of metsbolite for - hoalthy contrals,
and the widdic bar reprosents the lovel of metabalite for <0 affvcted controds. Thalevelsof
cach metabolite m 2ONHS PEGUBS CF 58 aroated mibce by reprosented by the right bae,
Table 22 shows the Povahues waed to datornune significanes fr the difforonces i plasma
swtabolito-dovely wong the Wehealthy contrals, o~ affvated controld, and J0MHE PEG-
KBS C188-treated 12787 mice.

Table 22: Povalues of changes i plasmas metabolites

Hey Ch 28 et
iw §°§=\- i, o aimmi <B3{K} b3 {iﬁ‘* <Y Qi
: g AN <3108 bl
<4} w}i <$3 {iﬁi SHLH

vels o xgmm&mh fproved, but not novmeatized, R8T mise
recxdving JONHE FEG-RCBS CLAS conpared to the untreated affteted 12T contvols, The
Met leveds were slightly olevated b ontreated affected 2787 mitce and wore signifivanty

sornyabived ot hoterazyeous mice fovels in 1278T nuee after roptment,

(00X Those results ary shndar e the ronit in the DEXA stady with BO suier, exees

that sormalization of Cys levels tod lovels was not observed 1 the teated 12787 group.

7%
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Therefore vontinueys ng-toen: JONHS PEG-RCES C1F5 adwminisvation 0 12787 mige

supv fetly improved Hoy, Crh, Cvs, as well e Mot plasnie fevels comparad to antreaged -4
bomeeypous affected mive. These metabadite dat wore abserved to corvolvrate the
phenstype sssessad by DEXA,

{308 Thorefore, long-tonm contineosus sdmimstration of JOKNHS PEGRCES €138

provents bstonporesis and puproves bady vomposition  both RO aod RI8T mowse models,
sl 19 efficacions o aprove yaetabolite fovels Bt are assosiated with horoeystimang,
w adaduistration of HMAGE PEG-WOBS C188

improves Bver meiabolism and funciion, reduces inflammation, and normalizes plasma

JR306] Adminiration of 200MANE PECHBOURS CI38 1o 37T nuice was obaerved to
wprove hver glocose mesbolisng, redoy stane, and metudation potontiad as well s hipid
metaholisoy, Liver function was ohsvrved & beawatfvoted, and the inflanunatony oytokbes
sud plastos Hpids wore observed to be novmalized by the treabmeut,

A OMARE PEG-ICBY CI3N n Sver Rawotion

“"4'
Ey
s

Eftecey of fong-term adlaunisieasivg of X

and Spid mstabolivar in 1278 paive

O30T Plosmy blomarkers wors measared i I3TET mdes finllinving longe-tonm froatmaent

with 200MAOB PEGHUES O35 toamalyre bvey funstion, inflgnmuation, aod plasws hpid
eviady, Theow groups of ETET mricy were analy zedo 44 hoalthy hoteroaygous contied {n=3), &

oted homerezmes coartrol {3}, and 20GMALE PEG-BCBS CL S sroated BE7RYT muce

=3y The 200MAOR PRG-DCRS O 58reated mive wore adosdnistersd 7.5 mgrkn

suboutgreoushy (301 3 tmes por week from the age of & monihe ap o te age of 13 months,
The onzyow activithey of dlanine muinotransforase CALTY, aaparlate aninotanstorase (88T
amt wikadine phosphatase (ALPY, the concntrations of evtikines =12 {0, 12 {p24y,

18, GOSF, MOPL and TNFaar and the concontmtions of plasng Bpids Gorad, R and

LDL chedesternds, and trighyeerides) were measared in plasor {reswdin not shown), Liver

fiotion was ohserved o beanaffocted as the AST, ALT and ALF phonme ssuvities warg
weithin the reference range. The adflammatony oviokines, pavticadarty -2 (930 and 113,
were observed o be clovated o wntreated I27RT mice and novmslized with the trent group.
The plasina hpid panel showed that watrestod 12787 mice has sigmificantly bigher totad, HDL
angd LDL cholesterols, while substantially decreased trighveondes compared 6 healthy -
conirols, The Hpid profile was ontiely novimglized i 200MAOR PEGHIOES CHS8teard
12781 mice.

o
P
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g
‘4.

R Effbcty of fongtorm aplounisieation of 3OS PEG-BURS TISx an Brvgr
medabofion i 8278 sriee

(D038 o wldition to biwanvkers desenbed sbove, nuclear rmongoetie resonanse (INMR}
metabodonics was perfnmed to andese ey tevee of the san mive by ivvestigate the offent
of fong-terns treatront with 200MAOB PEG-RCUBS CL5S on IITET auee: Metabolitog from
bivor tevsnes wone extraciod muo ydeoplithicand Hpophilio solventy st guunstifiod separgtely
st NMR.

{8308 The concentrations of ghaogen, glucose, phaathione (OSHY, wotal ghuahione, and
sty beroups by the hedvophilic Sacttonary shewiriny BIG. 1840 The loft bar ropresonts the
coreanngiinie in v heakthy controls, and thy middie bar ropresents the conconrasions iy«
affeotod controly. The concentrations 1n HINHD PEG-RUBS C13S-troated nucgrare
ropreseniod by the right hay. For the hydropbobie faction, the total umsstunuad Sty aaids
{UFAL pelvanssturated Sty soids (PLIFA)Y, HRaity acids, (UM, Hphds, and ol bpids ase
shown 1 FRG. 188 The el hav represents the conventrabions -+~ boglity contvols, sud e
stddio har roprovents the concenations iy -~ affeoted conteols. The conventrations in
JONHS PEG-RCBS C138roated mive are ropressuiod by the vight br, Adhntastration of
20OMAOGE PEG-RUBS CLES to 12787 mive was oherved to inprove Bver glucoxe
mgtabolinm, redox status, and methylation potential as well as lipid metabolism,

Example 17, Lonpderig troatnent with JONHS PEG-RCES C185 impraves eve defects
w I2TRT nwice

0310 The changes in metabolite lovely i plaso wore mbssured i RIRT{H ) beslthy

heterozygous controb mive, yatreated ~ gffocted howmorygons control muce, gud 2NHS
PEG-UBS C1 58 -tranted <~ homnorygoos 12787 mice. The 20NHS PEG-HCRS CISS
ESSMESB0GS ircated mive wore adminisiored 7.8 muyvkae subcutneousty {5C 3 thogs

o

por woek from the age of 2 davs up o the age of 4 months. Changes in plasmgs mctabolie
fovedy fhont & weoeks tr 4 nravths ane xhown i FIGL DAL Leveds moasared boghmsiog at 72
hoars after the jection gy mive were on the teatment from 2 dave of ags.

0311 Ag expeoted, the untieated homonypous I27RT contrel bad st flowstly dlevad
Hoy lovel and reduced Cys loved compared to the healthy hetorozygous controls as shown in
Fitr. 194, The Hoy level in the entrosted Bononyveouws 78T mice Buctiniad srowd 8 g
A ;:a’vi ﬁmix}g the ::mm which s evidence of 3 continusus acownulation of Hey due o

cated RITRT wiee, Hoyw oved

doordiesd from 23 g M fo aboat T M and wmaintamed this level throughout the rest of the

78
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study, e addition, setvity of J0WHS PEG-WCRS C18S8 resuliad in secumulaton of plavng
Cily to arcund 50 gM throughens the study and move inporiantly soroabization of plasaw
Ly fovads to around 330 oM, which was mmntiaied theougbout the study,
B3I Eves Som 2787 mive wore snabyveed and compared among the theee groapy, The
hoalthy heterozygous control and the untreated - affocted I3T8T control are compared in
FIG 198 and PRGOIBC, wospoctvely th wnireaind homoiyiess omtral wiss observed o
have fower and donner sovular fbers which forinated at the Tovs oquator just above the
meridional rows and did st o on the posterior suefice of the Jons. I the savples fromethe
JONHS PEGHICES T8 5<meated mive shown n FEG. D and FIEG. 19, envichment ot the
ensity of omhar fibers and sy of Vregrowth” of zonular fibers santo the hack sarfice of
the lens were observed. These odsorvations sre ovidonce that long-torm troatment with

SONHS PEG-UBS C13§ bad o positive effvct on the gy defoets 1o the RR78T bomozygous

IS

sumpde I8 Combination of administration of 200HS PEG-UBS C138 snd » Mets

{033 A dict study was porformed b 278 micr and analyze thon, Plasag mctabolites
of 10 woeks ofd mice; 4 JR78T (eontrol, «& 12787 (nogative contrald, and -4 treated with
JONHS PEG-IuPBS (A8 mitce: Bach o was Bother divided nto subgroups oo a
ropular diot {82 gikg Met TDLOTOSS divt + zine weator) (REGY and one on a methionties
restrictod diot {8 FaRe Mt TD. HIO30 ] dist + botuine yatony (MR Treatinent was bogon
at Wi nfage
JHE3I4]  FHG 204 shovwes the lovels of Hoy mwong the & woups. & ugh level of Hoy (358
1M, which v consistont with the experionts shove asing BURT mice) were observad n <&
mive on 8 REG divt, The lovel of Hoy was obacrved to b sabstantially lower O51 idMbinthe
treatad group on the REDG diet. Ao relatively high level of Hoy 141 g M) was aleo obssoved in -
&~ mise on & MRD dic, which was sormalized by the U758 toptment {2 aMovessus d aM
e gay MREL
[BO31S] FRG 38 shows the fovels of Cth among the & roups. & high Tevel of Cthowas
ghearved iy the <& QT-58roated nrtes on both dingy, 113 oM for REG vorsog 18 ;s;\ti for the
MR digt, and the foweh was lughsr in moice on REG dict dug 1o substvaie availabifipg, $
stonttar trend bobweeon REG versus MRE diet wag sbserved for the romaining groups, which

is evidonce that high lovels of Cth {particalardy i 5 on BEG) result fron the dict L holiose
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{00316]  FIG 200 shows the levels of Cys avmong the § groups. Ovs lovels wore observed
to be substantially decreased onldy in <4 mice oo g REG diet, while 2 MRE diet andior Q1438
Foatvent was observed o poroalize plong lovels of Uss.

BR3T7L PG 200 shows the lovels of Mot wmong the & groups, Flosma lovels of Me were
observediobe lgh (1313 oMy in -~ mive on a REG disg which bad i Seen moviously
observed i 2T8T mice ot a stndand diet. Rich & bigHesh foved of Mot had andy been
previously ohagrved i D19 untreated CBS KO mics. The high Mot fevelsin - 12IRT
o ot g REG dicd reepiving PBS syoctions was hkely the rosult of a higher contont of Mt
wm REG St wsed s contral diat i thiy exporimenst compared to the STD diet provded by the
snioal faciling

[BO3IR]  Novertheless, OT-S8 treatmoent in - mioe on o REG diet was observad o deerease
the lovel of Met (201 pM o 66 M) xobxiantially, though it did not normadize the fovedy, Met
fevels i mice on MR dhiet were vhierved 0 be novasd o Iower than normal showingonlva

shight effioct from raahmant.

{0839 Therefory, thy combvnation of 1 Mot-resttivted dhet and adnunistating of JANHS

PEG-MOBS G155 wan observed tonormahize snetabodite Yovels iy I78T pnee, Co-
admstnistration of 20NHS PEG-BICBS T35 (0108 with an envestrioted foot just cased) diet
i omooysiinunio suldests roxabted dn g sodeetion of Hov o S ghd

Expmple 18 Pharmacokinetics of JONHS PEG-MOBS CI88 inrats

A Nhgle dose phormocobineties
003281 hoorder to assosy the pharmiscokinetics O 20NHS PEG-RUBES TUIS3 s, wild-
tvpe Sprapue Dawlov raty were iectod with 2 single dose of 20NHS PEG-RCBS €138
twough mirg-vascular IV} o sebecotancous (SC) rotes. Theen separate single dose PX
stucies wire cobined vsing o identical or vory similar stedy design as those shown in
Table 23, The design of a third {repeated dosed PR sty {yroups T8 was sdieated to allow
gxtraction of data afior the Hrst dose and thuthelr combination with a single dose PR study
{oups 10}, Plasrog soas ondleoted at dessgnated Doves as histed 38 Table 23 and anabyaed for
CRS activity axing wethods dotailed i Exanple 1

Table 23, The design of single dose (groups 1-6) and vepested dose {groups T8 PK

studies on Sprague Dawley vaty using 10MNHS PEG-htCUBS C158

Route

L W SR A

0,05,2.4.8,12,24,48,72,96, 120, 168
4 {1, 0.083,0.167,0.25,0.5,1, 2. 4,8, 12,24 72, 120

dn s L s
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3 3

8 Guainy

{21 ihr *spu,n‘n, activity of 2O0NHS PEG-UBS CLES to aale and fonsle rats sl
stingle IV ov 8C bodus doseof L VY, 8450, sod 34 mpdhe (80 sve shown in FIG. B and
Fith 218, Rosolts froon admibnistrationy of J0NHS PEG-RCBS C135 via IV iyjoction to muale
sred fople rats way abost superimpesabl: However, sobstantial differonces wore observed
g of JINES PEG-

HIOBS C138 via SC mne. PX prrametors 8 b IV snd S3C rontes i males snd fomalss

betwens maley and fomales affor & single administratimr s Ror 2

eatordated fronethe renaltvin FIG 21 (agfe TV and FRE 2B smpkanmd 3 ke
HE PEG-OURS CISS froun 80 in sats

wits strongy sex~depondent with males sheovbing lese (F136) tha fomalex {about 36%%),

SCHare shown in Talde 24 The Bloavalability of 2

ans the bivevatlability was substntially lower i rafs comparadin what was obsarved i BO
sres {32835

Table 24, PK pavaineters of J0NHS PEGHECBS CI8S w Spagne Davwdey vafs

PR Paramater Vinit n::ies & ;iim ni:}‘éu Se::}im mis:;&w fs::éizaﬁes
Pose mgkg ‘ 3 S 174 33 ¥ 13
AU fobswarony B8 ;x% THR FME5 9269 13135 7231 6165
AR sdboss i TR Y 63 386 547 1808 1541
Plorvaiabality irs 5] Ei e 213 355 100 100
s & 138 AR 13.6 13.0 N/A N/A
fony & 44 3 ¥ 3 51.2 411 40.0 348
Ty £00G & 38 24 38 48 N/A N/A
. % 110.0 166.3 N/A N/A

; ¥ N/A N/A 182.1 186.2
S i3 4.6 6.9 N/A N/A
MEF taned T8 Had R S38 F1.¥

g Repearted dose pharpucokinetion

3221 To further ovaluao rads a9 specien for conduating long-tero ieiy stedies, the
pharmacokinetios of 20NHS PEGRURBS T18% was determined in thyee groups of Sprague
Dowloy miv reociving a total of ¥ 5C injeotions ovary 48 hoaws of vither g fowad R
ke (ondl, or 34 gtk thigh 2ONHS PEGHICBS U1K The stody desgn s sutlined iy
Table 23, The sxpennent was conductod B a leagth of 24 days. Plaso was vollected and

analyzed for CBS activity using micthods dotatled i Exaophe L
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O3] The UBS spuctfiv activitios i the repeuted dose PX study plotted svver e are

exenpiified on nudedese § mpke as shown in FRG 21 {sinular phovemena was observed

for low {dungka ) as well ax high dose (24 mp'ky groups) The mrows widivaie an Hyjosiion.

No ancmalation of UBS aotiesty way observed in plismg, and a substntial dechine i prak
CBS activities win observed affer the first € injoctions was observed, Thix unexpected
tnabitity of rass by achivve prodivied stoade-stime ovels s CBS aotivigy in plastin voas
observed 1o be more profound i males than Feroales, most Bikely due o their decreased
hiopvatlability (sov the wingle dose PR duta abovel, The substantiad attonuation of OBS

aebivity W the sabseguent admunixtrations of JNHE PEGREUBN Cl 38 was Bhely dugioan

e responsg, which was svidenos that raty ars not @ suitable spretes o long-termy
toxiity studies,
Examuple 2t Pharmacokinetics and pharmacodvngnics of JONHS PEG-HCBS C1858

monkesy

{00324 To ovalnate s noschunws primate moded Sy loug-loro ooy studies snd o
estinue of huunan officn fose via allopetne soaling, pharmmcokinetic and
pharmscodyianue stihes of JONHE PEGRCRS CLFS wore conducted o owild type

CY IR 1 Uy m\mf\t‘\*\ {Macaon }‘g?\{? 7{?31.:‘3’;:‘??‘33‘},

A Stngle dose pharnvokinatios and pharmacedisamicy C2ONHRXPEGRCRI OIS s
smenkey

{3281 Fovthe single dose PR stidy; thires experimental groups of G dM2F}
monkevs coch wore used e condact the experdments, The fst group veceived 2 mgke
JONHS PEG-CHES CLES vin 1Y bijection. Blood was colfoaed w8, 0083 016,035, 0.5,

L34 & 24072, 130, and 192 hours post IV sujeetion, The sevond and shied groupsaencived

etther 2 mgd'ky or & mpdig JONHS PEG-URS CLAS vip 3¢ injection. Bheod was collocted at

£, 20408, 34 8T, S 128, 192, 288 and 336 hours post BCujwetion. Collected plasna

ws aadyzed S CBE activity and sulfor amine sold motabatite thomecystohne, cystathhnn
and cvstoined kevels weore determned waing wmethods desortbad wy Example |

{03261 The UBS spocific aoiivity aver thme quwves in monkoys aftor roceiving o single 2

¢ dose of SO adnumstoation of

JONHS PEG-HCHES TS5 gveshowr i FIG, 23A. The calookited PR proamietors for both IV

and SC adnunistoation sfier s single njection are summarized fn Table 38 The blopvmlabiliny

mg'hg dose of 'V adovnistmtion or o 2 mgddg oe b g

of JINHS PEGHRCBS CLES 18 monkeys wan caloutated o be approxisately 80%, which is

abmost identivat to the bicavatlabibity tn HO mide adminastersd woith 8C dossof 2 mpdy
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t 83‘3‘%}‘ The clinsination huedfife of JONHS PEGMORS C155 fromploame o suwhors was
calvadated to be 87 bours Fom the TV dadaset and 73 hours fron fthe SO datasol e ws

cxloulnted 1o bo 0.8 vl at an S doseod 2 ok and 1149 0eliul atan SC dosc of &
mgky

J3RTT Table 35 Bsts PR prvaneters obtned from g single dose experiments conduoted
with JONHS PEG-fUBS (138 i mushoyy,

Table 25, PK pavametors after ¢ stogle IV and 8C injection of JONHS PEG-HCES CISS

to & cyuomalgus monkey

PR Paranweter fnit SC SC v
Basg 2 6 2
ALCH4 tabs aread 157434629 5942+156
ALdaidow Jinl60 2727+119 297178
Biosvailability i RoRed, 79.9£35 160
$32-4 b Tkt 9.7=1.0 N/A
LK iy T38%1 1 72.8x1.7 66.7x1.2
trenx fubsd b 36 32424 N/A
s, rRe L4847 5 MiA
ot N 96,5428
Cpyitione milniingie WA
MRT fsreu} R 32 Ok
L1 (ol qvead uldke A

{00328 Since the jocted monkevs were bealthy wildstypes and had satiealby fow Hey
Revels (35 add vompared 1o 150300 M omurine wesdels of Tomeystiosnial, o
pharmscodynanies offoct alfer a single IV or 30 dose of 20NHS PEG-RURS CI58 was not
expooted. No stgouBlowt chsoges in plastos lovels of Hev and Cysowave obsoread in osted
monkeys, However, siguifioaat spikes weve cheerved 1o plasme of T 8 bowes aller IV
sdvunistration, and ¥ aad 48 hounsafer SU administration owapared i the nitial evels,

whichwas evidence of 3 PO offect evor inwatfectod boadihy wonkeys (FIG 238 The

spikes o Cth plasme lovels kel originated from the sdnunistestion of 20NHS PEG-HUES
138 bevause UBS i the oaly onzvime known to form Oih o addition, UBS ensyoe does
not normatty circulate and function in the phema. T formed i plasing by adimitistored
JONHS PEG-ROUBS C1E8 was observed 1o be cleared morg slowly than Ces or Hey
Themefors, the metaledites, particudarhe G wige Ruther mostiiored i 2 sroltisbesostudy to

dotsrmine whaether the observed PE effect wore wrore provsumesd o dusedepondent.
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A, Repeated dove pharmocolinedes gad pharmacodouenios of 3

NHS PEGHCRS
{1AN dv monkors

{BR32Y Repested dose suponiments wors perfonmed in which three groups of 4 monkeys
CLAMETF fn mrann sabgroup and IMELF nyrseovery subgrow) reosived s total of 6
sonserative MU doses svery 72 hunas of either Dot Jow), 3 wabhg nad), or 10 gk
¢hiphy JONHS PEG-UHES (0
32,072,104, 144, 176, 216, 24N, 28K, 33 360, 12, and AN howrs poat first injoction, while

35, Blopd was collested from nionkoys b main subioups st 8,

the animals worecovery sebgroups were bled at sddwsonal tioes of 432, 4536 480, 83X, sd
£8% hours post first wnicotion, Plasom was collected avd analvend Ry B8 activity and solfig

amin ol fhinmosysicine, cysathioning, systeine, bnthionine, snd honssdanthionng) fovely

using methods describod in Exaople 1

{H330]  The JONHS PEG-RUBS U138 speoific avtivity over e carves for I

mgrka, pud (3 mghe and high 010 mgdki duse groups affor & conserutive 83U injetions
gvery 3 davs are shown i FIG, 2340 The suboutgnoous sdmbustration of 20MHS PEG-
ROBRS C13S o ovnomodgus nwabevs led to prodiviabie snd dose-dependent plasma lovels of
CBS activity aler 6 doses given overy 3 davs B 16 davs. In contrast toorosults in the mat
ropoatod dose PKostudy, po atcouation of CBS activity wis detosted sy reprated
admiisttatives of JONHS PEG-RUBS O35 s wild-type monkeys, Bacho sabsequent
sdministeation of the varvme resubtod n g complatady predivtatie sccamudation of OBS
activity i plasow and exsenttadly reached steady state Tovels atter Sirst three dosen. Fasther
dusing was dheerved to maintain e stoady state, where the rate of elinination was
goguteatont w the vate of absorpiron headhoy o constant peak aud trough plasing ovels, The
s peak plasioy concoatration ot steady S {Bapuasd Was normshized for doses ranging
front 36 o 39 ] and e trongh plasma Tovels noraalized for dosex af steady 80 {Cue
¥ ramging fom 23 to 28 ol The elivunation rate of JONHS PRGRUBR T8 wag
ahssrend to e log-fiway thus condoming to fivst eder kinetios sueh that the finse roquired
forr half the plosma JONHS PEGRCBS C135 activity 1o docressy was constant (data not
shown} Vhe climination half-life was estimated i the recovery animals after the last dose at
day 16 and wax bobween 49 and 64 hours, Lo, stfar fo the halbhie olserved o sonkeys
after wosingle SO dose of 200HS PEG-HUBS U158 (73 howes), which was evidencs tha
wtiple doses did not chavge the clivunation rate.

331 The plasms Iovels of eyatathionang, a bioswkor found indicative of J0NHS PEG-

BURS O aotivity oo nyanaffocted hoidihy sionkevs {see smgle dose wmonkey datad
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3o {3 ke,

A

Resudos i monkoes repgiving & njoctions 73 howrs apart for e {Lmpk

sard b (10 mpdgd doses are presested t FHG 238 The leveds of Cib corralated well wish

poaks and tronghs of 20NHS PEGIMUBS €158 szrc:ti\-‘i;tiy in plasew ansd wore observed to be
doseedependunt as well, Noclaar difforencey ware observed between duse groaps for
homocysteine and oystaing (data not shosal

3321 o addit o thinether cystathionine prodined by CUBS, s shiosthars lasthionine
sud Bomolantbioning, which were chosen as surrpgate markers of bydrogen sulfide

production, wire messwed momonkey plasma semploy from repoated dose study an selooted

i points. Hvdrogen salfide 1o an omerging and snportant signaling melecude i many
physivdogiea! processes and thus has been studied exiensivady in recant years for
therapeutioad applications.

[B333]  Table 26 prosents the plaswas lovels of cystathionine, lanthionine, and

hanolanthicnine by wild-type muondoys after repented sdininistration of JONHR FEG-h{’83

C1S5 at difforont doses sin the SC ronie, Metgbolite lovels at O bowrs {prosdosgy, 176 houes
siid 392 hours affer the st izgém:;i{m arereporod. Dot are prosonted as mean & standard
crroe of the mean (SEM M ns

Table 26, Plaxma levels of thiosthers c«ysthmbienin ¢, Ianthionine and homelanthioning

in monkers after repested admindsivation of 2ONHS PEG-RCES C158

Metaholite ! mgﬁfg s mg‘i«.g
84 ek | 324 8k

\is}iii

$ioniatioanae

ik 2 2 :
Howwlntionme: | 388 S S Wad &34 St >\;:’\ 3
033 Repeated administrafion o M:BNHS PEGHUBSR U S wy \xﬁdm;\c S waR

ahserved 1o inorvase plasnm leveb of cystatldonte and lantvonine, but levels of

homolantidonine were not significantly affected. The inerease of eystathionine and
fnthioning was uhsgevedd 16 be dhrectly propurtional to the dose, and the dose dependency

was obsorvizd o e wsee grominest for fanthionine than cystathionine.

¢ PGS AS

I3RS The bloanalviical ncthod developesd using 1O

8 (5§ aotivity ausay

'S for the determination of

R

£

cystathioning M as product of the CBY astivity using cestathionine M8 G0 ns me
ntormal standird has boon developed and validated for both monkey and harsan plasms
samnples and thos ce beowsed o detorming CBS sotivity in samples from pharncokntie
arnd toxiookagy sudics as well ax chneal trinds, The cnryvmatic assay way assentially
purformed as desorbed m Bramplde | with the following modifications, Beuterated D i

8%
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homooystoine Midwas used v tinte de rosegon withronlabeled Loserine s the reaction

puxfire. Affer 30 min incubation gt 370, the enzyatic veaction was stopped by

acidification using 6N HO and labeled produet of the resction {oystatiuonine M4} was

sxtracted asing B faast B3 {Fhenonwnex, HSAL Briefly, 31 of sample {ealibrason

standard, QU sample o cazemalic veaction) was paxed in tobe on foe aund protestad from

bphrwith (00p of intormal stiudant solulion fovstathtomne MR 2% spiabyaad 230 ¢l

weater. The mix wag eadacted with MOX canpridge cobamng (Waters), Ehated yoodiam (N

sinnmonia in wethaol} sy evaporsted 1o devness at 4330

7

The dry residue way dissolved in

eluent mediaet the B ihas kit derivatized sod Houididigped exivagted fllmeing the kit

saanuficturer’s protocol. The sulid phase exractior was mtonrattzad with extraction plates o

merogss throughput sed save thme. Momsurable concentration of cystativonie Mad waare

observed rogardioss of ol of the cnzyme (CRS CIES or CISEME-GHGE prosent in

plastia samples or controls o ftaoes of endugencus monkoy hanan CBS o plasos sanplexy.

Mool ationiion was paid o the calibrgtion range stoee the mewred detoominanons were nihe

higher part of the concenivation range qualifiod (348 1800 ol

(00336]

Tablex 13-14 below show the companisan of CISME-200GE spostfic activity

determined by LA MS uiing B L-bomooesteing M4 ax g substrate amd by sedionsetiie

assay wsing Lol VC-Ulsorine as 1 substrate. The enzvems’s speeific sotivity is prosented in

mUidpl The "nd”™ stands o “not detormined”. Table 27 shows comparison of the CIISME.

JUBEIS speuific autivities i g st of plosma samplex from Genomaigas motkey injesied B

with.a single dose of Lmpikg

Table 27, Comparison of CISSME2006:S specific gotivities determined by two assays

ur monkey phasys seomples after x single IV dose of 2 mgfhy

Time th}

LOOMSNES wasay

Radiomudria sseay

fHiforonte §963

R

RAEH 54

TARR

0.167

81.065

90.049

9.977

0.25

80.315

88.891

9.648

0.5

81.815

85.342

5243

i

75415

80.992

6.887

2

71765

78.984

9.140

4

67.415

77.809

13.359

8

61.715

70.357

12.283

24

47815

55.865

14.411

a7
12

28915

31.601

8.500

120

17.180

18.908

9.142

192

8.490

9.182

7.534
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{00337 Tuble 28 shows comparison of the CISSME-2000S spenific mogvitios i a set of

o

plasma smmples ooy cvnomiedgos monkey injected 8O with & sirede dose of 2 meke
Table 28, Conyparison of CISNMEZSUGE specilico sotivities determingd by two assays

i menkey phant samples after s single 8C dose of 2 mgfhyg

Thme () O MS gy Rsdiomedeio sasny Difforence ()
H nd 3842 ad
2 6.479 5.801 11.694
4 11.108 11.207 0.884
8 19913 22.164 1155
24 n.d. 40.293 n.d.
48 32.538 36.658 11.238
72 27.888 30.670 9.069
9% 20,768 33336 11758
134 inVsR 1R.60% 8866

192 w063 - 34 4.551
24 o8 3963 LR

336 F273 L G o

{03381 Toble 29 shows comparizen of the CIISME-200GS speoific autivities naser of

plasis Wimples frotn oyponsigus monkey infected U with a single dose of & mipkg Grelatss
o Examyple 201
Table 28, Comparison of CISSNE-200GS specilic activities determingd by tivo assays

in monkey phaama semples after a single S8CHduse of & mu'ke

Fime thi EOUNISMS sy Radicmetviv assay Differsase (%
] RREN 1338 PN

2 T4 Ri88 IR
4 18.365 22.263 17.877
8

2

41.090 50.194 18.138
24 85.19¢ 111.081 23.308
48 86.000 109292 21.229
72 74.840
96 59.940
§ed4 F6.340
ta2 24190
240 14,440

{3381 In most cases, the plasma kevels of a drug rogqueired o olicll o phamwcodynamic
response are difforont gormss spocios due to specios-sporiic sequoner variations in the
repeptor or eriyme favget. For example, an anstbody spsinst o human profein may have vory
different affinity Ry the nuarine and homan taget protein dog to speuiey differonces i the

%

target profedn soqueneg, by the case of HINES PEG-RUBS T35S, fle bologival target s e

T
i
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s aoid, Hoy which i wdenteal across spevies, Fasthenmore, the distriboution of s dvag to
the trget Hissue may vary soross species aawd may not bo vasily predicted by drg plasisa
fovels due to species-spesific bindistribution. However, the “target tssue” for J0NHS
PECGCTSS 1x the plases fonding 2 high degree of cortitnty 1o the prediction of exteapolated
foman values Hrom Bfenspetios somparison of the plaemacokinetic parneters in plasma.

B3] Stodiey horowywere conducted wrase asing 2 8 dose of 7 S kg, and doses

response studies domonstrated that adose of 3 mpRg maximiced efficacy potoms of

nwodelatng the plasna fevels of blovesrkerst Hey, Cth and Cys Using s dose of 5 gy and

cerrecting forthe difforence yn body surfior ares betwoon Tnunans {70 ket and ndee (B 4
kgd, a duse of B kg was estimated tr by the officacions lannan equivalent duse (HED).

At this dose the perk plasow fevels wore 58 mllal in ovoe with an AUC of 306 mli-hanl.

Sineg the substrate for JONHS PEG-ORS C1S gotvity (Hoy and sonne) was the same
seross speoics and the site of aotion was the blood pool solf, these panwnctors provide an
socursio estimate of the gl human plasema lovels rogquired for efficacy 1o 3 JUNHS PEG-
BORS chakalwiah

{034 Pharmscokinetic studivs wors condusiod i mwrine ol models of CRSDH,
nornwl Spragee Dawley rats, amd normal synomolaus monkeys after oithey singlo and

mutiple SO yjostions st varous dose-lovels. Iy addition, single dose pharmavokinetic

’1

fudies were comduotod &vall 3 speotey afie Y admbistration of JINHS PEG-RURS ISR
to evatoate broavatlability ol 3 speoies sfer SC sdmniatvation. A& aunnmary of e
phamacokimetic parametors hioavatlability (P} correctad for doso by mouse, rat and
mronkey models after SO administration are provigded w Table

Table 3L PR parameters for OT-88 (hUBS (138 ME-QG86GR) across spetiey and the

predicted human values from body surface area scaling

Farsmeden: Tia - AUCHese  Cayfdose R
Units: kL {mihiml vonehg LR 3 S
SyeecionBex

Sovtarboll sea i 812 b3 3 B
RatMale AR IR pi4a $.d: (1T 33 0%
BavPe i 29 36%%
20 9 LRI

Hunun predisted vadue {77 34 Ka NA

{342} Y mdivates tat the average f\"i idosy i rats wan vorrected 1o 8026 bioavatlabilsty

equating 1343 (bRl X ougthe) ™ indioates that 1he Sverags taeddose raty was

sorreoted to-80% bivavatisbily squathg 165 (mU/nLY(mg/kg).
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O3] Acvording to Sasoreselis 20NBRPEG-ROBS 155 wasslowly-abaorbad e
the Mosdstremm after SO admpustration i all 3 species. The sheprption halbdie was similer
ACTOSE spocics ranging between 8 and 12 hours in the mouse, between 10 and 16 bows in the
rat, and betwesn ¥ and 1 hoans 11 the nwashey after & single 8O injoction, which led by Tae
vahus that ranged botween 24 hoors and 48 hoors i individua] antasads. The climanstion
halbhie Chin oy 20 boors o mice, 343 howrs st and 73 hours 1t wonkeys, The

NHS PEG-BURS O3S absorbed into the Yood afer 3C administsation

g}ﬁrmﬂ:&g& of 2
} (k

raodels, Hosvover, the porcontage of J0NHES PELERUBS T3S abarrbed tute'the Bood way

B0% yo both pwuse (8 mg'kg dose) and monkey {at doses of | 3o 10 mgrkgd

onby 286 i male sats and 36V in fomale sats. In Talle 3, the AUC dose and Omaxddose i
st were corrected o RO0% bioweatiability (paventhone vadoes in Table MY oalow
worspeekes comparisos B be made at the saine P

{00344]  Intorsposies cmpprrizons wire conductod based upor body surfioe won soaling
sasnring s 0% bBogvishabality el 3 spocios {mouse, rat and movkov o dowrmme i
Hinear corvelation existed betweosn the log body weight and the log of variows PX panuncters
(AL s, CUnnax per doseand Tl A lncar conelitivas in these patarnotors indicsted that
thie pharncokinetic parametors for 2UNHS PEG-RUBS UHS were soaded fo body xurfacs
arga, and thus would bkely be prodhotive of oo values, Lincsr vovvelapions allow
predivtions of the climicad dose and dostug rogimen froan the procliniel dainw b nade
B348] A linesr covvalation was observed for e phrmacokinetic parameters UG
Croaxand Th sorows spevivd for 20NHS PRG-HICES CI55. As shavvvin FRG 348

AU dose), FIG. 4B Owavddosey, and FIG 240 {Tia) e exceliont Bnear covrelation wag

observed betwepn fog body worght of cach specion agats thowr associated PX pansmders

cswvectest for dose. By oxtrapolating to the log body weiidyt for humans {70 ke S sach
parameter, the AUCdose, Omaxddose, sd T was ealoolated Yor human sabjects, The
prodivtive buman valoes are provided i Table 30,

{348} The outrepolatedfpradicted batflife i huonars wan abowg 173 bours o 7 3 davn,

The buman predicied officacious dose was calonlated from the efficavious dose In mice (3

mgdhed by alloreetne sealing 0 be 8.4 wptho e T ke lnonan. Using the predivied Tuanm

S OF 34 il el (oo mphyd snd & Thoorange of 45 10 72 hows, o pothebical turve was
coastiuoed for a singde dose PR curve by inans, which s shown i FIG 34D The B

wiervept wis 43,079 mgdul., and the half il v 176737 hours, Date froee mioe and
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nrnieys arg alyo showy R conparative parposes tn FIG, 2482, Table 3 provides the
extrapolated concentrations sstimated H humas,

Fable 31, Extrapolated concentrations fer hamans

Time (hours) Concentration (mg/uL)

0 0

1 0.9

2 2

4 4.3

8 8

20 20

48 33.3

72 24

26 23
240 167

I 13

S8 2.3

{00347 Frone the PR parsmators dovig d fom P10, 240, 8 multiple dose PK cuvve was
modeled pasuning frst ovder binotioy in hopwns, which s shown fn FHG ME.
& Hypothatioal vepegsed dove B awve vl
{00348 FIG. 24F shows predicted PXovalues for JNHS PEGRCBS TS n lomans b a
5C dose of 1 mgh administerad onee por week during the approach o steady state plaanw
fovels and the prodicted posk and frough fovels abstoady state (hght gravh FIG 3460 shows
prodivted PR valucs for 20NHS PEG-CRS 135 @ horans of 2 5 doos of | kg
sdrinistered teroe poe week during the approsch o steady state plasnw fevely and the
predicted peak and trovgh fovels 1 buomaos at this dosing soterval ight orav) Table 3
cotnpares the pradicied poad snd trowgh plaa lovels of 2ONHS PEG-HIUBS €18 i
humans at SO doses of 033, 0,66, and | ke adounistored omoe por week sud teice por

ook {assuroing 8% Wopvatiability n huwmars )

:;

Table 3. Predicted plasms levels v humang (assuming 88% bisavailahility}

Hhaomun duse Pmoiky .66 moks 8,33 mpdy
Ixfwk Iwk I sk Txdferek I wank nfweek

Dosiug interval {1680 {830} {iéé&:} {838 (3688 {84k

§{}{}3-W§ Erom these ealoalations, & dose of

admbusiered SC 1o humad paviands wee 1o week was predictwd o result i plasios levels that

range botwoon 3T and 45 sl of steady state, Sioubedy, o dose of 8133 adwinisiered bwite
wekly was prodicwd o resolt in plasms Jovels ranging botweon 35 and 41 ol st steady

state (afler about 8 dosesy. These predictions assuwrne o suboutamcons bloavaitabiline of 80%
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as was shserved In botender and monkers, These dosorof 3N PEG-UBI Cl35 we
slso sxpevted to produce peak snd o plyss levels m the efficacions range fiv the

plamen lovels sioilar to those i mice {peak lovels of 30 ol Addittonally, these dascs
sorrespond to the oy sfficacioe dose pradicted froom S marine stadies alone of 8.4
medky The Hincar correlation of body woight and the P prrassstors sorpas the preciiniead
spreies, albeged stiomaire soading (hody sufoe ey sealmg o prodict the PR parammstug
AL, Cmey snd the climbation halSER in homans Iy compring values atross spocien,
{08330 Both nethods of predicting the offieacious dose o humans {directly from the
saoustdata et alloetrioscaling aorose 3 speciesbeens chervsd to agren In ovmn of
efficactous duss wedicptons (HEDY Thus, assming an B0% binavailability, a propesed dose
of .33 mgke sdmibustered bwioe weskly or .66 mgdky adnimistered onceweokdy will hkely
be effeotve doses iy Tnevan chntead wieds

{0381 The Swegniog oxanples of the related et and Hodiations molated thorswath are
atended o bo ihetestive aad pol exchustee, Qther hatations of the related et will beconge
spparent to those of shill iy the st opoy 3 reading of the specification and o stady of the
demwings:

{80352 While 3 munber of txemplary avpents and snbodiments bave boon discussed
ahove, those of skill i the an will vevognize contaln moslifications, poroiiations, additions
snd sidecombinationy thereol I s thorefors intonded that the following sppeaded clalms and
chatms horeafter trodured sre mterpreted towclude all sueh modifieations, permatations,
sdditines anad sub-conbmationg as e within thelr true spinit sad scope.

003531 Al paionts, palent applications, patent pubhicstions, scioniilic auicies aud the IRe,
eited or wentificd by this spplivation arg hereby worporated by refirence fn thoir ontirety in

order to deseribe more fally the séate s the art to which the present application pertains.
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CLAIME
We Clanm;

1. A pithed of tosting hosnoovstisnmin iy g xebiect, said method comprising
sdminisioning 1o 3 sulyect 8 cornpositian: ConRRIsing s fsodated human tuncaied
systathionuns bota synthase (UBS) vutat polypoptide, whormn the isolated ROUBS
polypeptide mutant bay beon PEGyelatad, and whoeretn the ssolated BB mutant polypepuide

iy administored i a-dose betworn abowt 801 and shouwt Hm

kg &t loast mien g weeky

2 The mothod of clagm b, whersin the PR I g v aodeeularweiaht Hueae PEG
KX The mothod of elaim 1, wherzn the PR s & high molecular weight four s
branched PRG

4, The mothod of claiin | seberein the dose 18 an amount seleoed from the wonp
gonsisting of about 808, ghout 0.1, about 1.5, aboat 1, and sbowt F mpdkp

3 The method of claim 1, wherein the dose s about 4 g

8, The method of clabim 1, wherin solated RUBS vwatant polypeptide is co-
administered with botaine

7 The method of clain | whorsin betaive is admibmstersd prioy ©the olated WUHES
mptant pobypeptide.

3. The methed of ol L wherein the BUBS motant polypeptide i sdministored of bayt
pwies @ wiek.

a The method of clatm L wheveln the subieet is 8 haman,

16 Themothodof claim 1 whergy e tsoluted URS mutant polypeptide s PEGviatd
with st Teast one solotted Fovn the grngy consishing of) ME-URHGE, ME- 2008 AGE ME-
SHOMA, GLE-00MA, snd MEQIOGS,

o A;cthedof morcasing the oystatinonine andior cysteing i o sudyedt, said nothod
sonpriving sdpdoistoning 100 subiott conpositioy comprisiing sn ssodated o fruncatsd
eystathionng bota synthase JoUBS) mtant polypepude, wherein said wolated BOBS mutant
podvpeptide has ooy PEGyvhated, and is adwtsterad inon dose between about .01 sad aba
1O ke st least smes wesks

12, The method of clainy 1 wheretn the ROBS mutant polypepiide fs sdvoiusterad st
feast tvioe woweek,

i3, The outhod of chidon 1 owhaesin the sabiect is a lnsman,

o The method of clom H whorein the FEG 13 o low awdenelar waglt lonar PEG.

15 The method of claim ] wherein the PEG is o hiph molecular welght four arm

branched PEG.
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6. Themethod of olaim 1, wheretn the olsted BOCBS nugmt polypeptide s PREGylard
with at east one selected frowm the group comststing oft ME200GK, MEHOMAGR, ME-
SOONA. OLS-00MA nd MEGROGR,

17, The method of clane T wheretn the dose sy et selveted from the group
consisting off ghout 008, gbout 8.1, sbowt 83, abost 1, and sbout S mgike

(R The method of oladm L whertin the dose s abowt 8.4 g

19 The method of claim 11, wheroin the semoant of cystathiomng iy noreased o sbove
8.008 1dd

3G, Thewmcthod of olatm I, wherein the avoount of cvstathiomine iy bvrcased i betwesn
6005035 pM

31 The niothod of olmin 18 wheretn the amout of oysteine is morsated to above 1488
Tho 8

22 The mothod of claim 19, whorein the smoount of Gestoine & bwreased By bebvesn 3080
M o S ahd

23 The method of claim 1, wherety ssolsted MOBS metan polypeptide s oo
administered with hotsine,

4. The method of clatm 1}, whersdn bietaine is administered prior to administration of the

isolated UBS sntant polypeptide.

350 A methad of deores

n hothocystohte, mothioning, andlor S-adogosyd Bomogvsiole

0 a sudgent suid nethod congrising adiminixtoring 105 sulgent & Cranpositiny conywising ay

twrlated lnaman tuncated sysinthioning beta synthuss (CBR) onstwe pobypepide, wharein
said solated MUBS mutant polypeptide has been PEGyIad, aud i adimbnisiered s a dose
betevern 0T and HE rap'ke at koast ongs 8 wick.

6. The method of claim 35, whersin the PEG s ¢ low suoleondar weight linear PRG.
¥ Thenwthod of oladne 23, wherein the PEG s o bigh solecular weight Hour saom

wod PEG

¥

hrang!

2R The mothod of clatm 28 whoreln the dise 1 ay et selvoted from the growgs

consisting off abome .05 about 001, show (45, about 1, and showt 5 kg

238 The method of clatin 25, wheveh the doge s sbout 8d mpg'ke
M The method of clabm 25, whorsin the amount of homooystobe s osy than 100 gML
3L The metbod of clain 30, whorein the amount of bonwoysteine i aboat W pML

32 Theowthod of clune 30 whoran the samount of methionme 3 doss than 30 8L

23
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Tk

X The method of olaim 32, whersin the amoun of nothionine vabout 3l

sk

4, The method of clain 32, schersin the amows of S-adencay! henocysicing |

desreased o dess than 0.1 gM
350 The metbod of clain 34 wheretn the st of S-adenvsvt homordtsing i

docragaed fo about Gl gl

36 The wethed of olaio 28, whercin isolated BOUBS 3 so-adiinistored with betalie,
30 The method of cham 23, whoreln botaing s adwininered prioy fo the wolated RUBS
nustant polypoptide.

38, A ssothod of treabing Hyor disease said nethod compriving sdosinistenny 1o 8 subie

ot deodated huinan tuneated systthionine hoty synthass (CBS)

'

& cranposiiizue comprt
mutant polvpeptide, wheresn satd bolated BrOBS muutant pobvpepiide has been PEGyisted,
andd whevein the tsokatd UBS ot polypepide s adoinisterad by g dose betweeen (001
snd 10 mgtke at least once a day for at feast 4 weeks,

38 The muthod of olaim 35, wherchs the PEG o low woloodar weght hoewr PEGL

40, The method of claim 38, wherely the PEG 150 hogh molecslar weight four amm
branched PR

41, Thoe method of claim 38, whernin the dose & an amdunt selected fovn the group
consisting off about QO3 gbout .1, sbout 0.8, about 1, and abant Y mgke

4% The sedhod of cladm 38, whisein the dose i sbout G d mglg

43 The method of clan 38 whorsin damags to the Beer parenchymg i rediwed.
S Aoethad of vating bomooystinuria i subjeet, the wethad compriving

admivistoring o g sebjoct 3 composition comprising au isolated homan naated

cystathionine bota syathase (hiUBS) mutant pedypeptide comprising @ muation at ansno acid
positton L3 of SEQ 1D NO: 3, whoerehn said fsolated BOURS mutant polypeptide b PEGyIaied
with s ME200GS PEG nrolecule:

45, The mothed of claim 44, wheoesin the nutation is a substitution of a serine for a
Sysieme.

44 Themethod of olabm 43, wheretiy the subjeetiea hovoan,

£ The mothod of ol 44, whorein the composition ts sdmbustored fn a dose selected
from the range of about 1 mgke o abost 24 mgke

48, The methad of el 44, wherein the composition is sdounistered fn g dose selected from

a range i the group consisting of! sbout D01 gtk fo abowt 6.5 gk, abowt 8.3 mpka

2
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about 87 ke, abeat 0.8 make to abont 0.8 mgdhy, md aboat O.7 mphg to aboug 1.
ek

49 Amethod of trogting at least one disensy, disorder, or condition selocted S the
group comisting of osteoporonss, thimying hade, or eve defeots, the methed comprising
adeinisioning 10 8 subject ¥ composition comprining an tsolated uman trancated

wystathiones B aenthase (VB S mutant podypeptide osaprising & rustation at andne aad

position 13 of SEQ I NO: 3, whereln said isolatsd BOBS pelypoptide mutant js PEGeh
seith an ME-2000G3 PEG molecule.
3. Themothodof clatm 4%, whesain shusubject is not on a methionine restricted diet.

81, Themethod of claim 49, wherein the subject is on a methionine restricted diet.



