PEGYLATED L- ASPARAG NASE Background of the invention Field of the Invention
[ 0001] The present invention concerns a conjugate of a protein having

subst ant iwb 20126 agi ne ami nohydrol ase activity and polpyetEryéiensysgs ycol ,
particularly wherein the polyethylene glycol has a nol ecul ar weight |ess
than or equal to about 5000 Da, particularly a conjugate wherein the
protein is a L-asparagi nase fromErwinia, and its use in therapy.

Background [ 0002] ProteiH%E§ﬁ¥1#¥1£g§ﬁaféyﬂﬂgféﬁﬂﬂﬁﬁy@roIase activity,

comonl nown,  as. Laspar.agi nases, have successfully been used for the
treatnﬁ%?E%PuﬁiﬂigeE Tp¥bl astic Leukenmia (ALL) in children for many years.
ALL is the npbst common chil dhood mal i gnancy (Avram s and Panosyan, din
Phar macoki netield 628R5hvddiod67- 393) . [ 0003] L-asparagi nase has al so been used
to treat Hodgkin's disease, acute nyelocytic | eukem a, acute nyel ononocytic

| eukemijgoo1phr oni arnb ek Givtition lceMk@Eh onjhdPRTASASEIA Having Qibktela0BAEGAFme and
nmel anosar coma (Kot zi a and Labr ou, Bi ot echnol . 127 (2007) 657-669). The

J.
ant P- t unor  dexohyqrolasss activitys gy padycHiyleae glycple PTESHEGLY Bl diserofysthylsae glycol

i nabi lity omademhdredaraRidnt l¥s @in r&khaidanvel $000 ®at pa@wulaﬂytago,gugh&mﬁa@me
L- aspar agi ne (Kotzia and Labrou, J. Biotechnol. 6 127 (2007) 657-669). These

mal i gnant c@FqtEn Py lyasppragipasg FPMAE Mg pat ISH B STy L- aspar agi ne. However ,

t he L-asparagi nase enzyne catal yzes the hydrolysis of L-asparagine to
aspartic aciBhcRfduddmoni a, thereby depleting circul ating pools of
L-asparagi ne and killing tunor cells which cannot perform protein synthesis

Wi t houtjode2pspar agirdieind Koz i BagRfhgindbh@thohydirol B OL&BMNO0l combdhly( Q&) as L-
657-669). [0004] L-asparagi nase fromE. coli was the first enzyme drug used
i nTALL t her &Prasiis fa& Vb oerrshlixbeer ysddorihe gapippyt of AcyifdynpheblpliGkeukeria

Ki dr ol ase(r }ABDHinlchd&R@ @ GhddS8arlVEARL ik el HosELGRA6 cHRBRANAighase SA MR

al so been isolated from ot her nicroorggnisns e.g., an L-asparagi nase
protein frofMEFRIORRE CHr eymessre (309 4436/ 1388t as pase, that has been

mar ket §g003p Er Wi nagpdriginds¥ViaStad 8éen, ustd Go {rd983)dgkin*saaRads@ghduas ayclybfiia.
Enzynol . 113, 608-618; CGoward, CR'uﬁt al. (1992) "Rapid | arge scal e
prepar at i on IOKSIPidC ATHY AYRIOMERGYHS AUERPIYs SPHE iy mphogutiss fexsnya slymphosarcoma,

Bi asepar at i Q&ticdlosad@arad 4l melbnB&HBAHAGLI1AS &8 L1960, Ot BRFecAPECIE$20f7) BSMEdY).a
have al so been identified, |ncluding, for exanple, Erw nia chrysanthem
3937 ( Gonbarlhe AEREST BV HAALGPOSBRNE 1 PSYF R a Py ke HEriebNSAPECdiEas abiy
(Genbank AcGESet nAlHAalbBd o sypitkiBd @-asparagine (Kotzia and Labrou, J. Biotechnol. 127
(2007) 657-669). These malignant cells rely on an extracellular supply of L-asparagine.
However, the L-asparaginase enzyme catalyzes the hydrolysis of L-asparagine to aspartic acid
20 and ammonia, thereby depleting circulating pools of L-asparagine and killing tumor cells which
cannot perform protein synthesis without L-asparagine (Kotzia and Labrou, J. Biotechnol. 127
(2007) 657-669).
[0004] L-asparaginase from E. coli was the first enzyme drug used in ALL therapy and has been
marketed as Elspar® in the USA or as Kidrolase® and L-asparaginase Medac® in Europe. L-
25 asparaginases have also been isolated from other microorganisms, e.g., an L-asparaginase protein
from Erwinia chrysanthemi, named crisantaspase, that has been marketed as Erwinase®
(Wriston Jr., J.C. (1985) “L-asparaginase” Meth. Enzymol. 113, 608-618; Goward, C.R. et al.
(1992) “Rapid large scale preparation of recombinant Erwinia chrysanthemi L-asparaginase”,
Bioseparation 2, 335-341). L-asparaginases from other species of Erwinia have also been
30 identified, including, for example, Erwinia  chrysanthemi 3937 (Genbank Accession
#AAS67028), Erwinia chrysanthemi NCPPB 1125 (Genbank Accession #CAA31239), Erwinia
carotovora (Genbank Accession #AAP92666), and Erwinia carotovora subsp. Astroseptica
(Genbank Accession #AAS67027). These Erwinia chrysanthemi L-asparaginases have about

91-98% amino acid sequence identity with each other, while the Erwinia carotovora L-



carotovora (Genbank Accession #AAP92666), and Erw nia carotovora subsp.
Astroseptica (Genbank Accession #AAS67027). These Erw nia chrysant hem

L- aspar agvoasesobsmeée about 91-98% am no aci d sequence i @#emiEPRyI0X69509 each
other, while the Erwi nia carotovora Lasparagi hases have approxi mately
75-77% am no acid sequence identity with the Erwi nia chrysant hem

L- asparagi nases (Kotzia and Labrou, J. Biatechnol. 127.42007 ..657-669) .

[ 0005] L- aspPdgi"iss V%Fpﬂa’é}{né‘reﬁfaﬁﬁﬁ’garnﬁn% SAEh IR NS Micc EaHE
anti geni ¢ poLEkdiiini BRAGhatdg@@Lte (K btyia REDNDKR, AB/QESLI BAGLIINSSFE@9YI ng from

mld allergic reaction . to anaphylacti.c shogk.i.n sensitized patients. ng,
B. et A+Q°5 2003) r@gﬁﬁ%ﬁ#%ﬂ%&ﬂ%ﬁﬁﬁ%%ia 1@6}&?@?@3&9@%%@?“ P"ten“afé%
i’:mt i ﬁs par agiﬂ%maﬁ@fdﬁbﬂﬁﬁd@j&sé ?%@ﬁ% ﬁngiy%rggmhhi%@ Itllle&iic_l &ﬁ&@mta afePphidacio @hock
y oma patients), Leukem a , -1588). E. coli L-asparagi nase s,
pa?? i cul arl y" f%ﬁﬂ%ﬁdg’éﬂﬁn& <“oang’h‘3-reéblo?825%3j5oﬁw)tl%%nglawe*@b% St e f Ai-nase
anti bodi es taghakging@l bntlbodispan ae@hteas/elgﬁ%%jﬁw lﬂﬁre]l!n}av (AIO dnd Mym@Rdthaipsiidn@f,i on
an % 1 n chi ren .et a

reaching as high as 78%in _adults Wang,. B. | .
(2003) Leuké’ﬁ%"fim??% : ié@i%}mﬁ CO?léoefeTfa@naofs &a@aéfeﬁu%&g é@g’f’?%%?lés‘&%@?%‘?ﬁ o
co:ji hand E_r Whpi@scabd Y ami-parhgihis ]taﬁtﬁboidiés el l’colp!lﬁd.’s?ﬁ@ghﬁs@@(ﬁlklﬁfé@f ppestings

an ave di stinct I.munogenic. proflles, respective . ertse . et
al . (2001) 'aéawgﬁﬁlwa%?ngﬁﬁﬁvgﬁrﬁﬁ;é% laradtﬂﬁeﬁdy!’/wnt I@Fv\f\?{?%&%sb?la&bﬁgse
andoaspar agizeaemiMe a583-13B&Yr macoki neti cs phar macodynami cs, formation of
anti bodjes and influence on _the coagulation systen Brit. J.. mat ol . . 115,
983- 9gd§0.061:urt hemP@?glmseShé@mbé‘?é%e%ﬁts ot Bt ito dr iR '@@%%B@H
after a treghimatokictidl gro@SRAr agi Mase distiod mmeRkéni€ Qrofdts, ClegBstiveBaGKIug t h

T583. 1508) | Ee B: Gt U01 HaBF oA B4 B TEae s SpULE RS B s e
as a second akjaRginasee atdaant plﬁhfrmﬁﬂokini:tﬁbsP@h@gﬁﬂ&ﬁiyﬁa{hﬂés, r @asdtioh OofE.anfdldies and
R T NI N it A T
| ynphoi d malshgnamei @sibodis Skt ldsvelped@aft@ndeainzac i L opRadifEgasth SAtDd har
ipRIERGE T L ANCINE TN S TR (T R
44: 367- 393) .Th)W0akparhdinads) @bMET walid @FiSdntakhsé)Elll 6€eni IPLIBAIRBIE ling tRsERe &t ed
R TG R CTC B T NN IS S
Thze net hod Assregiohmesll-ysphiagiae asth ERRRY 3pdraynas@indhd @amdaest ehawad tyanpabider
L0, ol oguSaleLOBSLLLEE 2L RE0L 805 (ABUCHONE, K8t Bl (ID
At tachment @fan®e|GhaitiRY s @RekediyGRlup phale Budl” £lbam s, 252-2734;)Avrahid SnB&Bdgyan, Thi S
so-call ed MG bR Rl A9 B06s) 44:367-303).
[0007] In another attempt to reduce immunogenicity associated with administration of microbial
25 L-asparaginases, an E. coli L-asparaginase has been developed that is modified with methoxy-
polyethyleneglycol (mPEG). This method is commonly known as “PEGylation” and has been
shown to alter the immunological propertics of proteins (Abuchowski, A. et al. (1977)
“Alteration of Immunological Properties of Bovine Serum Albumin by Covalent Attachment of
Polyethylene Glycol,” J.Biol.Chem. 252 (11), 3578-3581).  This so-called mPEG-L-
30 asparaginase, or pegaspargase, marketed as Oncaspar® (Enzon Inc., USA), was first approved in
the U.S. for second line treatment of ALL in 1994, and has been approved for first-line therapy
of ALL in children and adults since 2006. Oncaspar® has a prolonged in vivo half-life and a
reduced immunogenicity/antigenicity.
[0008] Oncaspar® is E. coli L-asparaginase that has been modified at multiple lysine residues
35 using 5 kDa mPEG-succinimidyl succinate (SS-PEG) (U.S. Patent No. 4,179,337). SS-PEG is a

PEG reagent of the first generation that contains an instable ester linkage that is sensitive to



or pegaspargase, marketed as Oncaspar(r) (Enzon Inc., USA), was first
approved in the U S. for second line treatnent of ALL in 1994, and has been
approved wonrofigsdss |ine therapy of ALL in children andpadmpresiossssee 2006.
Oncaspar(r) has a prolonged in vivo halkf-life and a reduced
|nnunogenlC|ty/ant|gen|0|ty [0008] Cncaspar(r) is E. coli L-asparaginase

t hat has be dified at nult |ne resi dues us

NPEG- succi ni fa pis bY CRAYHSE & f“(tg 1&? T veugsd HiS- ﬁatem?bg%@@% Makomsg | s

a PEG reagemtienf 1938£187] 1 BI-1g@NETRdst pfbp&rhast deeRBcdottSinanrd Adtiabhe sabillisf and
| i nkage that is sensitive tohydrolysis by enzynes or at slightly alkaline
pH val ues (G¥SMPBECER1YNY: 4, 670, 417; Makronol. Chem 1986, 187,

1131 13d0bp) The; @uﬁn@m]gfethﬁﬁs %glgg@@&@tlz rd@ﬁitthatianuwdteﬁ @%@rugebd ﬁgaﬂiéﬁ@aéi)hﬁ@inhéet y
and_can inpair drug, safet rtherpnore, it has been denonstrated
that anti bo%‘i"@% Eq e8] wﬁlea%asga?aﬁ%t ith, égﬁéﬁ‘% i e B oth € Q88 %Vﬂvaﬂe%%fs
react with Qﬂﬁl@ﬁc?@gi& Icjos{-18861@n JB. anaras@kaglr{gé’eogialboalévaﬂ hakd @mpﬁasblzgltmumb@gl c
cross-reaction o nti aspalr a ant | | es n_acu \ (0] tic
| eukeni a (ALLLERAd Wﬂl&ﬁam&a% ﬁf@fmm lﬁeﬁf’%érﬁ%é)ﬁvenlg@ﬁh g%%?mbﬁal%w?rﬁough
t EeSﬁ aRti badi &ﬁtr?llﬁ?@ mtﬁnaﬁgt:reaﬂly ddnTv@straltddli tBe HipipbitéiGialCloeabdsshypasenmisbitadred
t he 1 g potentla Qr Cross- ersen3|t|V|t OOI’ l’ SS-1 hactlvation I n
vi vo. | ndeed 5% Hlaﬁlr‘(é“‘?ne?ﬁeﬁvf’ 9%’1%‘8’? TR Wr‘ér{" 9&&% ré%é@?xé‘i‘ﬁ?ﬁ%@%?@b%?‘é%e
hadoan al | emgd en 41RAGd ie@fiot B, BB a£12088) L&LRHASB) 7, uss,l_!kesgsﬁ 17 1583-1588) .
[0010] h@' ddi ti &ég out war d glhe ic reaction , Féﬁ% en1of " si | ent
hyper sd ivity"™™ “?"e‘@e%‘f‘f’%} P tf%ac‘}“"%@?é’ﬁ %‘%{f’ B%@SBV“-‘/ was
ﬁnt i -aspar agedaatgeregmeldbwﬁérs@ Ml%ﬁi@déveﬁﬁ)()a\ﬁhfag)aadgmaéﬁ dnfib6Ads etiotdesHoe i ang
ypersensi t

Thi s reactlgﬁmﬁ ﬁV %%%F? ?& “WE%H%%P%&“%&;%Pg%#kﬁﬁg ﬂﬁfﬂ%§3§§§%%

coli L-asparmagitaten andcrGamhpagase ofhﬁumﬁeﬁag ahthbe8ies taa et Sis R £giAed and
smhéched to Erwinia |nase because re are pot outward sig &s of

as ar
rsensi t iPFFTRATESER :.15 YVRET é ? BAPRR et BYNRE® “’s‘fﬂﬂ( PEG- 23R peguse there
ef fective t neahsteditwirticige nderBersedsitividy, an@dhadéfore thienedcoive aQnetr. dut&ion26304)

279.270), [OGLIL Eot 0 GROYSATE e, b DERALAN, 058 LLGROREN, 1 = of en
Howevernootitf has beemiohgsstyekbni hBlaspamgliagty resmdt- X0%feh @ad i @ntie kamei ofi ng
oo L RSBRLASHRTSS, Y S SIS, Ly (A an and Pancayan, GL
L- agpar agi naseotas, & sdtigits fréceianil Sruehe uzeparegmam Rat armaodyqiofsmw f(@vrﬁﬂﬂﬁﬂaﬁﬁhe
and Panosy am ot fin CpripitsgRI 00 2006) 4. NBoudayecnih L Bagkg gy -
Avram s et al-asparfgids®lha a&%ﬂﬁc&@iy&ﬁ&&r%ﬁﬁm@&ﬁﬂﬁlfaﬁ@ﬁﬂaﬂ\ﬂhé B. d’ofllfleﬁslpélﬁgmases it
Fggror?n)i nglgn%%{?cbé) E(? f fn{s{ee?ed n’g\(\)/r% qlslen?lgf (ivramls and gllosa};[arrl C}_ie r}Ewu’matcokmet 220059
44:367-393). In a study by Avramis ef al., Erwinia asparaginase was associated with inferior

25 pharmacokinetic profiles (Avramis et al., J. Pediatr. Hematol. Oncol. 29 (2007) 239-247). E.
coli L-asparaginase and pegaspargase therefore have been the preferred first-line therapies for
ALL over Erwinia L-asparaginase.

[0012] Numerous biopharmaceuticals have successfully been PEGylated and marketed for
many years. In order to couple PEG to a protein, the PEG has to be activated at its OH terminus.

30 The activation group is chosen based on the available reactive group on the protein that will be
PEGylated. In the case of proteins, the most important amino acids are lysine, cysteine, glutamic
acid, aspartic acid, C-terminal carboxylic acid and the N-terminal amino group. In view of the
wide range of reactive groups in a protein nearly the entire peptide chemistry has been applied to
activate the PEG moiety. Examples for this activated PEG-reagents are activated carbonates,

35 e.g., p-nitrophenyl carbonate, succinimidyl carbonate; active esters, e.g., succinimidyl ester; and

for site specific coupling aldehydes and maleimides have been developed (Harris, M., Adv. Drug



coli L-asparagi nase and pegaspargase therefore have been the preferred
first-line therapies for ALL over Erwi nia L-asparaginase. [0012] Numerous
bi ophar mreweurbiwmbmshave successfully been PEGyl at ed andpowmpediedsdsos nmany
years. In order to couple PEGto a protein, the PEG has to be activated at
its OH term nus. The activation group is chosen based on the avail able

reactive group on the protein that will be PEGyl ated. In.the case of
prot eins, tﬁ%fnﬁ@ifgnﬁﬁpﬁaﬁ?&éHSnoTﬁ%@ﬁgggwg’P SRR ehowica ﬁ?ﬁma?d@éﬁF@
acid, aispar _tnildaifaf@ﬂicﬂl,hsh&v@ granwanhlexeai?mmehpoumﬁﬂed pldeid\wilEbdm Bak baras?gao ]
group. n vie of t W de_range o reacgti ve I ou In rot el n_near t he
entire pept Y- H%ﬁﬂ@?%whtag c ﬁ‘glaﬁfyaﬁlml?@%f% whel boe TERe Mt aashed WO i
Exanpl es hf orplrdtéih ﬁags%itio\@hﬁdlcﬁ_ﬁ@hé p%g?meaﬁcgr Fropeiids \GR R P ECAIAAANARGEIB. T€mJst,
p-nltrop enyl car onate, succln m yl .carbonar e, actlve esters,. e.g.,
sucei ni m dy{c@Es{dy expegief t}l%’rtﬁ%'rlgﬁefél&é’a?lmu@f B6igpt 9Ty b Rrder B TR FIH des
$ﬁve be_eln g_ﬁ‘);f@lhd)ﬁlﬂﬂmf {ddatidal propdhkies egﬂl]émna@r gg-R.AEw..%@%VDezgﬂ?_( 2560_@1008),4%968%76)-
e aval l abil1t Ol_ .varl ous em ca t r 1 f1catlon. shows
That - oach adl euelF b B Qo Ot 3 ponr 2 St T he s tmae Ty tease
study. | n addifbirmanhdtowkREPBChem Shiugatth® ABhi@E dbaiinddgightheraimit @i Pirddhat is
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properties GP2{IES R B GrigeRItiapCe. Prrmprokinglisang Parmpcodynasuc tiagiionpiihe ¢ he
hi gber the mRlyacuhatasveisghd sigf ofttheePIREGHachfient BRtdagid ffdiea mdREGMEREH: o0f0odhhe

phar maceut i cal erti (Shermpan, M. R, Adv ug | ey.. 60 (2008),
59-68; Hol e 368 .%(,f?"j%‘tff%Elw-of’f’%f%G‘r’ll”égeﬂéﬁ?;éé%%o[)@@)‘)z()’%éﬂi % 259-271).
For exqomgp, Hol treherd, a%} mhy c@s@ﬂrﬂﬁqjﬁd belEhﬁnd_ RE@]‘déﬁSshﬁ_ﬁrﬂigi@taial g@f t@duced
argi ni ne deaninase, another am no. aci. egr adi enzyne. i s rom.a
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enlzymeI i ncr %Slﬁﬂc@i?gyt BE PEGZIatidi Balmci%@mm@fnmgatGéneﬁfeeHs&d Tfhéﬂfiéluﬁcsf” J.
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Phar macol og;&({?ﬁ) 3\%@;?%%%33&@3 R AP R "“P%”(lﬁl“ééf?é Vé’f“ew%l\é/v%ﬁ/et yiene
Ther apeut i clyebl smawmcﬁédmg (M‘ol‘c?o%;/) Sh]ﬂjléér%th m@g.obif)heca&pmhagwﬁggzﬂrm.
Erwi nia carQtovora, i.t S en observe at P jon reduced its in
U0 act il (OB RER B8 vo L RACH DTS TR0y Sl giofozy St Eint
" NFdi f ihciat [ @mé@ffnﬂl%lﬁze Q%ﬂ)dﬂ@ﬁias@ﬁ:ﬁ@d’n&@lbd@é)s &Fof I0NBAsEW i isBal LAlrOTvA \thHt ats W Vilro
Pol yet hyl ene d.ycol 5000" Bj em str Mosc uppl enent . Series B:
i onedi ol RO Sy aryoxietobng S S5Thrl ok R RR A £  E  a
car ot oyey1a] has orlhy cbeuty ZhifbleMDhp@ygihact fiepaitiohnida Arpsand ARgrhative or
- asparagi nase (oSS thaSRES Shriicily PASERPR (i Arr ! e A Sl B high' S
catalytic activity and significantly improved pharmacological and pharmacokinetic properties, as

25 well as reduced immunogenicity.

BRIEF SUMMARY OF THE INVENTION

[0015] The present invention is directed to a conjugate of a protein having substantial L-
asparagine aminohydrolase activity and polyethylene glycol, wherein the polyethylene glycol has

a molecular weight less than or equal to about 5000 Da, particularly a conjugate where the

30 protein is a L-asparaginase from Erwinia. In one embodiment, the conjugate comprises an L-
asparaginase from Erwinia having at least 80% identity to the amino acid of SEQ ID NO:1 and

polyethylene glycol (PEG), wherein the PEG has a molecular weight less than or equal to about

5000 Da. In one embodiment, the L-asparaginase has at least about 80%, 85%, 90%, 91%, 92%,

93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity to the amino acid of SEQ ID NO:1. In



activity is approxi mtely 50% conpared to the unnodified E. col

L- asparagi nase. [0014] The currently avail abl e L-asparagi nase preparations
do not prwoide/mbiser nati ve or conpl enentary therapi es- pactripped@059599
therapies to treat ALL-that are characterized by high catalytic activity
and significantly inproved pharnmacol ogi'cal and pharmacoki netic properti es,

as well as reduced | mmunggenicity. BRIEF S RY OF THE | NVENT 0
The present SPIH%@H‘N%WSS%%PF@&%%mf)gCﬁafcw%h%@%beutﬁo%D&r489%i% #@i%%%]
azbst anti ﬁl Uaaislpm()ﬁgianaq @fé}eﬂfbb?ﬁdiéﬁl! ﬂhseor@lﬁ-‘gtaie\hiaﬁ ¥n m_drdﬁ&hsﬁqtm ﬁﬁm 6@y €34, |
ereln the t n 0} a e ess t n_or a
o about - 5008 mas ol e iy 4 oSt ot e ThE Ysebcarn s e e S
L- aspar agi nase, HiampEenwhivia94oh,nonecesrvodi, ment 99ther ¢a) ugab@psemy ihsgs an
Lasparagi nase from Erwi nia having at | east 80% identit o the amino acid
of 3EQ | D NGPEZHASHBRSPHOnyPUMEIY 1 6O ( PERSPTheABPUTRE-HAC pprtgigshay an L-
mol ecul ar wek@higink @SFctionabtiafy & dalabdud 1aouto, 2000, Ba.70) 80, oner e obabs MG,
t he L-asparagi nase has_at | east about 80% 85% 90%} 91% 92% 93% 94%
95% 96% 9 @enb%%l throbrasn3raSBisos e Aeti opIueyet He PEH nb Aoty SMbeEretiniRo; 1.
| nsone enbodbifesitsSdepiche pRE@ hasppacil 18&1l tahn Weaicgbiableflevab@riht 18304bok2, 4§00,
Da, 3000 Da,,_ 2500 Da, or 2000 Da. In one enbodi nent, the conjugate has an
invitro act4i8v?6tﬁy3080f’r]a23hf"éré'st 60% 65% 70% 75% 76% 77% 78% 79% 80%
8 ég/’d) ggg}fnqggz; ggfg;q)néé%fdg%%, ﬂ&@&jugﬁ%as&%{m%&@il’_/wv&ai%la_&zg’/halﬂﬁocoﬁﬁeﬂfed 95%
9 9 9 q .Or oasS CO reg to the ar agl nas en not
conj ugat ed % [PRBATAFHSE R ar! C@%g%adﬁ@ﬁ’ﬂiﬁ tlﬁése%ﬁ‘%f@&? nﬁﬁ‘sﬁ’ﬁﬁ"@b\%ﬁ&‘al?aé@i ne
depl eti on adérgwi f ythad pdeeeicainel PHO condbbated Q. asfllagic fr6@.E. £6Yi) a8Rinidhed @r
100 times nore potent than the L-asparggi nase when not conjgugatbe(g to PEG
In anot her EMFGEYHEH PTOPIReI08 -1y ES UL P ) pl 1B niore. SPEFEF ZFPALmERy dies ¢ o
?8 Ug?e'lt ect &bﬁj&gdtﬁ?_@la t.f, Of atddast BAGRSS @(bﬂicbhth@;i&ouﬁllﬁt a d8c 0Pdboull 8. g/1Qr onkZRotbiaur s.
n one enbodl nent, the conj.ugate S onger I.n vivo clLrculatin
hall? 1 To CORpGR a0 hi- ol SdEaT H kel SR A0 OPabh ity abret o PEEE oh s
{s peci fi cF:) Eg mpad@;iﬁemtené bﬁLbQ;, CoRjvigal lehia?straianﬂ gﬁdfel. ;In lah@hdr _hpd&ifne@ﬂ)sd piafcgRgr
l1.e., conj ugat e -aspar agl has rom (o40) adm nl stere t a
equi val ent 6918{‘%?19%1"‘88@@ 0?%. gPst ta@?]rl‘éﬁb‘iuh Rﬁ)a.tag?ﬁeéa‘}%ﬂ}ge&"é‘b%)é’fl‘f {bcooo
enbodi ment , té Bigoue ORPUYRY/E” (BSut 20XWAn® proddin/MOATh 0ad GhiboddBert OthabetjligatShabaur s
at a dose of about 50 nqgkg on @Ugrot ein con,itiegt basi s, a]/[;d a XX 2 of at
| east about AT 8ARGAT A THELFEY Gt CUPRREEEO dhe HBIRTTASHS Y PRGIY FOHUHY: 8i n
convent basirgG. fald Pating embodadsrit ths témidaakb B nifa AUJ thapidat Radt a5QR Gi trhde
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hours at a &O¥E" ?\b‘f P AbIT 2P Y8 d8Cabout 15, 000 | U/ m (about 20- 30

Mg proteiin m ) . Ih BnOdmebodiRad kHFPIEG is thalaovjitl@ateoddas n@dre amino groups (wherein
"amino groups” includes lysine residues and/or the N-terminus) of the L-asparaginase. In a more
specific embodiment, the PEG is covalently linked to the one or more amino groups by an amide

25 bond. In another specific embodiment, the PEG is covalently linked to at least from about 40%
to about 100% of the accessible amino groups (e.g., lysine residues and/or the N-terminus of the
protein) or at least from about 40% to about 90% of total amino groups (e.g., lysine residues
and/or the N-terminus of the protein). In one embodiment, the conjugate has the formula:

Asp-[NH-CO-(CH2)x-CO-NH-PEG]n

30 wherein Asp is the L-asparaginase, NH is one or more of the NH groups of the lysine residues
and/or the N-terminus of the Asp, PEG is a polyethylene glycol moiety, n is a number that
represents at least about 40% to about 100% of the accessible amino groups (e.g., lysine residues
and/or the N-terminus) in the Asp, and x is an integer ranging from about 1 to about 8, more
specifically, from about 2 to about 5. In a specific embodiment, the PEG is monomethoxy-

35 polyethylene glycol (mPEG).
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BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0021] Figure 1: SDS-polyacrylamide gel electrophoresis of purified recombinant Erwinia

25 chrysanthemi L-asparaginase. Purified recombinant Erwinia chrysanthemi L-asparaginase (-
crisantaspase) was analyzed on SDS-PAGE. Protein bands were stained with silver nitrate. Lane

1: Molecular Weight Marker (116, 66.2, 45, 35, 25, 18.4, and 14.4kDa), lane 2: purified

recombinant Erwinia chrysanthemi L-asparaginase (r-crisantaspase).

[0022] Figure 2: SDS-PAGE analysis of mPEG-r-crisantaspase conjugates.
30 [0023] Figure 3: Plasma L-asparagine levels following a single intravenous dose of Erwinase®

(5U/kg, 25U/kg, 125U/kg and 250U/kg body weight).
[0024] Figure 4: Plasma L-asparagine levels following a single intravenous injection of mPEG-

1T-crisantaspase conjugates compared to Erwinase® in mice. The numbers "40%" and "100%"



aspar agi ne synthetase inhibitor. In other enbodinments, the conjugate is
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curves (AUC) é;r esi du nzymatl c activity) calculated from Lasparagi nase

profiles fold %‘Oﬁ‘g?v i"gFe i ntravenous injection of NPEG r-crisantaspase
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nPEG r-Crisankas pap& il il 1n‘251éﬁckg das}d)fﬁQUakl@O%Q!EX}y\l@ddgrtﬁrl)sarﬁﬁp@bl aes 6By, or
2 kDa- 100% pPE r-crlsanta 00% nP r-cris nt aspase
(5U'kg) . and Begaspar G0 CORELOBaR( P e UPRE] K FF e egons e roxba
Admi ni st r at icaynotic agtivagii padnenfolloiag aistngleahtrgveRiue idose(df ORI KIPYOPE@AREF- 2
kDa- 100% nPEG-r-cri sa 5 U k 0% ant aspase (5
U kg), or p&YREeH gﬁ%@i&% Ty P ‘)fmlﬁf’ﬁt@‘} asrlsgs?éo l'?g%i aflig(i\bz‘ﬁm | ar
L- agpaneasne depl@;w& Dv&Fcfite rbletinship OO RB)- 1E@‘@@E@yﬁted%ﬁ&n&f@ﬂ@@&ompared
0
Rel ati onshi p 9 E(D 110(539 P]15 glé‘gedplrzc 1éa%‘;[a56p%sg A%rds o?fhe regcﬁlaleenzym tl%ragtlwty measured in
mice after a single intravenous dose of 2 kDa-100% or 5 kDa-100% mPEG-conjugates. Overall,
when compared at the same dose level, AUCs measured for the 5 kDa-100% mPEG-1-

crisantaspase were higher than those observed for the 2-kDa-100% mPEG-r-crisantaspase. A

25 difference of 31, 37, and 14% was observed at 5, 25, and 50 U/kg doses, respectively.
[0029] Figure 9: Pharmacokinetics of mPEG-r-crisantaspase conjugates vs. pegaspargase

(Oncaspar®) in mice. Figure 9A represents the residual enzymatic activity measured in mice
after a single intravenous dose of 2 kDa-100% mPEG-r-crisantaspase, 5 kDa-100% mPEG-r-
crisantaspase, or pegaspargase (Oncaspar®). Figure 9B represents AUCs of the residual
30 enzymatic activity measured in mice after a single intravenous dose of 2 kDa-100% mPEG-r-
crisantaspase, 5 kDa-100% mPEG-r-crisantaspase, or pegaspargase (Oncaspar®).
[0030] Figure 10: Serum levels of anti-crisantaspase specific antibodies after treatment with
mPEG-r-crisantaspase conjugates or Erwinase®. Antibodies are directed toward crisantaspase.
Data are expressed as means £ SD (N=8).
35  [0031] Figure 11: Serum levels of anti-conjugate specific antibodies after treatment with
mPEG-r-crisantaspase maximally (100%) PEGylated conjugates. Figure 11A: results presented



to 5 kDa-100% PEGyl ated r-crisantaspase. Figure 7A shows the residual
enzymatic activity in plasma follow ng a single intravenous dose of 2
kDa- 100%W8aGy11atssder - cri sant aspase at 5 U kg (1 Ong/ kg orca/Rre@besssoLont ent
basis), 25 Ukg, and 50 U kg. Figure Z%_shows the residual enzymatic
activity in plasma follow ng a single intravenous dose of 5 kDa-100%

PEGyl ated rcrisantaspase at 5 Uk I /kg on a proteip content basis), 25
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AUCs of the residual enzymatic activity nmeasured in mce after a single
i ntravenous dose of 2 kDa-100% or 5 kDa-100% nPEG conj ugates. Overall, when
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nMPEG rcri sant aspase were higher than those observed for the 2-kDa-100%

nMPEG-r-cri santaspase. A difference of 31, 37, and 14% was observed at 5,
25, and?038] U kg deesaspech disguehlemitabe bed by thejigigniéongs topHayiftatdipivateRiggseof
nPEG- 1 - cri sap,aaRa@seidsonj ugates vs. pegaspargase (Oncaspar(r)) in mce.
Figure 9A represents the residual enzymatic activity measured in mce after
a singl e intraveheug doskiosstiviyy: kDa- 100% nPEG r - cri sant aspase, 5 kDa-100%
NMPEG r cri sant aspase, or pegaspargase (Oncaspar(r)). Figure 9B represents
AUCs of the residual PREYWL GndEL vity nmeasured in mce after a single

i ntravenous dose of 2 kDa-100% nPEG rcri sant aspase, 5 kDa-100%

MPEG r-cri sant aspase, or pegaspargase (Oncaspar(r)). [0030] Figure 10 :
Serum | evel s of Taglpiged i Senhatfddeise specific antibodies after treatment with
nPEG-r-cri sant aspase conjugates or Erwi nase(r). Antibodies are directed

toward crisant asgasfeaniPtAudSpitRb&ARAY A% IRARE, fo?‘gxa(n'ﬁﬁé)by hO0Rhtsi sl gur e

11 : Serumlevels of anti -congrp;gate speci fic antibodies after treatnent
wi 1A nPEG r - cr i sdmingspm 9 aprariibedy [rgsppuso Gy inp Ry [Lagspafagionss nepaeeson fillgwing HA:

resul ts present gdas - Me@fintradnd ;A7) : Figure 11B: results presented as the
percentage of animals wth absorbance values > 0.5 in the anti-conjugate

ELI SA. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0032] In one aspect, the
probl emto be sdisghinetpyastsscondvmatthesapyifer napess v daveadevelored pamstityitn 4 Brst-
preparation W t Ko 3-890 udif Yot £, PLRACII Vid Ymoinasd St abl e PEG protein

| i nkage; - Prol olrlllaéc?l%:pn \1}%15% Ka fglli(%e; - S%pgpfalgl??sgantly reduced

i mmunogeni city, as evidenced, for exanple, by the reduction or elimnation
of an aMB3Bbody rd¥pdaneeradas peftbepm solyedaypliroad Imasparaginess snopigases. Mich oithdig

15 have significant cross-reactivity with modified L-asparaginase preparations (Wang, B. et al.
(2003) Leukemia 17, 1583-1588, incorporated herein by reference in its entirety), or which have
considerably reduced in vitro activity (Kuchumova, A.V. et al. (2007) Biochemistry (Moscow)
Supplement Series B: Biomedical Chemistry, 1, 230-232, incorporated herein by reference in its
entirety). This problem is solved according to the present invention by providing a conjugate of

20 Erwinia L-asparaginase with a hydrophilic polymer, more specifically, a polyethylene glycol
with a molecular weight of 5000 Da or less, a method for preparing such a conjugate and the use
of the conjugate.

[0034] Described herein is a PEGylated L-asparaginase from FErwinia with improved
pharmacological properties as compared with the unmodified L-asparaginase protein, as well as

25 compared to the pegaspargase preparation from E. coli. The PEGylated L-asparaginase conjugate
described herein, e.g., Erwinia chrysanthemi L-asparaginase PEGylated with 5000 Da molecular
weight PEG, serves as a therapeutic agent particularly for use in patients who show
hypersensitivity (e.g., an allergic reaction or silent hypersensitivity) to treatment with L-
asparaginase or PEGylated L-asparaginase from E. coli. or unmodified L-asparaginase from

30 Erwinia. The PEGylated L-asparaginase conjugate described herein is also useful as a

therapeutic agent for use in patients who have had a disease relapse, e.g., a relapse of ALL, and



repeated adm nistrations; and - Useful ness as a second-line therapy for

pati ents who have devel oped sensitivity to firstline therapies using, e.g.,
E. co/ z- dwoi2vedhobssaspar agi nases. [0033] This probl em hagcrmatr2ieemssol ved by
known L-asparagi nase conjugates, whichgeither have significant
cross-reactivity with nodified L-asparagi nase preparations (Wang, B. et al.
(2003) Leukem a 17, 1583-1588, i.ncorporated _herein by reference in its
entirety), BFVa PREE IR IRV dBHe dVétrhe{"ﬁ‘P‘é)?er GHT QLA &activi P3P ERIEHUtToV a,
A V. et al. PE2YON [Rispaheamisstriont A Miscow) Suppl enent Series B: Bi onedi cal
Chem stry, 1, 230-232, incorporated herein by reference.in its entirety).
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wei ght PEG Ls®Piasnageiram i ep/cil 8t f9uevalegnipte Scularly for use in patients
who show hypersensitivity (e.g., an allergic reaction or silent

hyper sensi t iDdfintlons0 treat ment wi t h Laspar agi nase or PEGyl at ed
L-asparagi nase fromE. coli. or unnodified L-asparaginase fromErw nia. The
PEGy| atjen36]-- as pana@dssamhewiR rikpigatyedcdest fHehaths hedddicrein &ilbbheSndersbdihccasling

t herapeutic agent for use in patients who have had a di sease rel apse, e.g.,
a rel apse oﬁogﬁf?“@ﬁﬂﬁﬁ?@mggéﬁeﬁ?eviously treated with another form of
aslpar a?i)(mqse, €. Q\s,usd Et;eheih; @s g?amag}cnﬁﬁ@" afealﬁEEa,cmt@gwhh@ﬁ ma?ta@dﬁm'aﬁﬁ téf@m E.
coli. [0035 ., described in detai rein, the cqonjugate of the invention
shows unex plé‘é‘ie]éﬂﬂv Sgléblérrﬁ?%llr‘ ! 11“3?3‘3}? plu aB(l(l)??ﬁ%Yeéﬁ" ¥ eg& ﬁ‘g\fiﬁnti"-tég’&é(‘ﬁ R KL
preépar g0038Ns sucmsasscPpegaspaigass.  "disedse exaaflt &y wpradi bi egalagaspasfagitnase

fromErw nia chrysanthem (crisantaspas has a significantly. |ower,

hal f-1ife tﬁ&?fﬂ?f%‘n%dit“l"fgﬂ‘”(ﬂ?r%ﬁger%{: ?h‘%g’)e‘i FoPh réﬁpoﬁsg‘iq? fr A %ﬂ‘?ﬁ@"%ﬁﬁdl“’rd“
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reference in its.entirety). The PEGyl ated conjugate the inyention has a
half life tﬁﬂ%arﬁgglegcﬁ%i?% l?lh%frfub%@% ‘é‘ﬂnﬂl@%g r%ﬁ’glleVFiss’éla‘f Fo A Eetee h% USEE an
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As us erein, the term "therapeutically effective amount’ refersg to the amount of a

protein (e.g., asparaginase or conjugate thereof), required to produce a desired therapeutic effect.

L-Asparaginase Protein

[0040] The protein according to the invention is an enzyme with L-asparagine aminohydrolase
activity, namely an L-asparaginase.

25 [0041] Many L-asparaginase proteins have been identified in the art, isolated by known

methods from microorganisms. (See, e.g., Savitri and Azmi, Indian J. Biotechnol 2 (2003) 184-

194, incorporated herein by reference in its entirety). The most widely used and commercially

available L-asparaginases are derived from E. coli or from Erwinia chrysanthemi, both of which

share 50% or less structural homology. Within the Erwinia species, typically 75-77% sequence

30 identity was reported between Erwinia chrysanthemi and Erwinia carotovora-derived enzymes,

and approximately 90% sequence identity was found between different subspecies of Erwinia

chrysanthemi (Kotzia GA, Labrou E, Journal of Biotechnology (2007) 127:657-669,

incorporated herein by reference in its entirety). Some representative Erwinia L-asparaginases

include, for example, those provided in Table 1:
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t he
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polypeptides that have the defined specific activity also present in other organisms, more

particularly in other microorganisms. Often enzymes with similar activities can be identified by

their grouping to certain families defined as PEFAM or COG. PFAM (protein family database of

alignments and hidden Markov models; http://pfam. sanger.ac.uk/) represents a large collection of

15

protein sequence alignments. Each PFAM makes it possible to visualize multiple alignments, see

protein domains, evaluate distribution among organisms, gain access to other databases, and

visualize known protein structures.

COGs (Clusters of Orthologous Groups of proteins;

htip://www.achinbmnih gov/COG/) are obtained by comparing protein sequences from 43 fully

sequenced genomes representing 30 major phylogenetic lines. Each COG is defined from at least

20
[0045]

three lines, which permits the identification of former conserved domains.

The means of identifying homologous sequences and their percentage homology and/or

identity are well known to those skilled in the art, and include in particular the BLAST programs,

which can be used from the website htip://blast.ncbi.nbun.uh.gov/Blast.cgi with the default

parameters indicated on that website. The sequences obtained can then be exploited (e.g.,

25

aligned)

using,

for

example,

the programs

CLUSTALW



[ 0044] Enzynes can be identified by their specific activities. This
definition thus includes all polypeptides that have the defined specific
activity wbo1pnssment i n other organi sns, nore parti cul acryEp2ovoosdizey

m croorgani sns. Often enzynes with sim{ar activities can be identified by
their grouping to certain famlies defined as PFAM or COG PFAM (protein
fam |y database of alignhments and hi dden Markov nodels; http ://pfam
sangcr. ac. [pgspasiigdoolyglusapgindecliipld ot on of pr®tei n sequent®LIALIN
ali gnnent s. (machi REANMRKE S/l POSSIDInethD wihShaddfads patihdctcp i8diddtddOdmNBENeS ,
see protein donmins, eyaluate distribution ng organi sms, .gajn access to
ot her dat abggeggges-éisglg\#gﬁ: FT2e Kndw ﬁ?@a@f ?qu‘ﬂig\ﬁ%%%é. OSE:&%EGJ(WE% PEPE of
OL t hol ogogs abde Ol Pfetcdhing B¢ RbSalend toefks/ ﬁlVWtM‘éf rn@rgzgq.igfalsirr‘lbﬁdtd&iag@t\fﬁ@@, deastsarf@agi,

obt ai ned by co ri protejn sequences from4 u . sequence enones

r ep?esem i ngna@g%isap@%&p% |T§tjéwaw Ol advaniageorledens Wing GBS 1SBFER Mo ast
three |ines cawbeClct@p@indiitly thgingdent kdguent | Mianéntd MiNEEeneO ISLYdE R0 O5RIrNS.
[ 0045] The neans of iden iféin\%% (rom)l ogous seg ences and their percentage
honol ogy andPgPOEdEntS PVJ dys | S RTBUNPTPRFs 11 G&oac Jig; §oratPopding Bacdp 2notasg
include in pafahiseUTiake folitndBhARls PF AGIANE bidMYyGRe WaNknden Ws Bdsc ki inh@e art,
website httpi//bJasyicbjjl]rajiilgay/ st lcgi wth the defaul araneters
i ndi cated o™ H4¢ (ﬁ%‘ﬁg?‘{’e}or mg qd%nglé@“&ﬂ]fté qedPah MHEW%éReélﬁ?W@eé
(e1g., ali gII@,@?)R/AJﬁiRl?MAML. ﬁiﬁad/ Elpdllﬁ;i Sf)ﬂﬂ% I-ﬂlefr&glllﬁlmﬁCOId SpringI I—)Iarbor, New York). .
CLUSTAL t p: i . aeLLk/ Toal s/ cl ustal w2/ i ndexJitin r MULTAL] N wi t
the defl%?i par aﬁ%ﬁ“e’é&g AeRaR 53‘16& n g gl gt éV.tOLSglF%an@f fhs el

gi ven on GenpRagis l_fethinliﬂgr@l%Eiar@i@mﬁﬂmirtLhﬁﬁﬂagkdsb h@&it'y.nwghwu@ra_tmlagler Aldyeis tged
eterm ne the equival ent nes in, other .organisns, bacterial_ strajin

yeasts, f ung?r, tﬁﬁa‘ﬁ%l }1°1b8§]iﬂa§’,ara§‘cnés.e aehyly %B‘Hfhi“ﬁ & W@O‘ﬁée%@%‘n‘f@ﬁ%@’ﬁ%@y
done using GANMSWHSHE QEMMRIACES.,t ARl WadfonDel. d@bed) M Mathr D}hhibRbKY EffgctOut L-
sequence alignments with genes derived fromother m croorgani sns, and .
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organi sm Thkesetyy.outi ne met hods of nol ecul ar biology are well known to

t hose illed in_the art, and are described, r.exanple, in Sanbrook et

al . (13@97*/[1 ECUEIAP@QP@EW@OWEKB’%%WW A’g? mﬁf’fﬁggcfﬁe e3P Yl r bor
Lab., Col d $p¢itn@stH86180% Helo¥P bkilentiOO#IGThe bRE®EEhmpRisE Heebquskdelof 8BQIID t he

Cbst ant i al N> Lo oo e ate Aet G e ag Dt y0ob Reclle o Sodlp 19

used for thesdeveymmmat 9896 Bho, Lor a9pRArRgioNas &r addntityi With 8GR6tEiInNGmpdsisg MRt hod

descri bed by Mashb i hburn, L., and Wiston, J . (1963

"Tunor | nhi %F‘luS‘?%? °§$€8@15%@ng§(§§? g‘%ﬁ’ﬁ%f‘)ﬂo‘ﬁ?:ochem Bi ophys Res Coﬁmun )12,

50, i ncaYRDPRIEH. ATEGETIAGEANSIET@TTEYKAGASBMTIBIAYPEVKKLANVKGE
QFSNMASENMTGDVVLKLSQRVNELLARDDVDGVVITHGTDTVEESAYFLHLTV
KSDKPVVFVAAMRPATAISADGPMNLLEAVRVAGDKQSRGRGVMVVLNDRIGSA

25 RYITKTNASTLDTFKANEEGYLGVIIGNRIYYQNRIDKLHTTRSVFDVRGLTSLPKV

DILYGYQDDPEYLYDAAIQHGVKGIVYAGMGAGSVSVRGIAGMRKAMEKGVVVI
RSTRTGNGIVPPDEELPGLVSDSLNPAHARILLMLALTRTSDPKVIQEYFHTY (SEQ
ID NO:1)

" 1Ly

30  [0048] The term “comprising the sequence of SEQ ID NO:1” means that the amino-acid
sequence of the protein may not be strictly limited to SEQ ID NO:1 but may contain additional
amino-acids.

[0049] In a particular embodiment, the protein is the L-asparaginase of Erwinia chrysanthemi
having the sequence of SEQ ID NO:1. In another embodiment, the L-asparaginase is from

35 Erwinia chrysanthemi NCPPB 1066 (Genbank Accession No. CAA32884, incorporated herein
by reference in its entirety), either with or without signal peptides and/or leader sequences.

[0050] Fragments of the protein of SEQ ID NO:1 are also comprised within the definition of the

protein used in the conjugate of the invention. The term “a fragment of SEQ ID NO:1” means



[0047] In a particul ar enbodi nent of the conjugate of the invention, the

L- aspar agi nase protein has at | east about 80% honol ogy or identity with the
protei n cwopnigiodsyet he sequence of SEQ I D NO 1, nore specifEpe@bloyosas | east

about 85% 86% 87% 88% 89% 90% 91% 92% 93% 94% 95% 96% 97% 98%
99% or 100% honol ogy or identity with %he protein conprising the sequence

of SEQID NQ 1. SEQ ID 11 is as follqws: ) ) .
ADKLPNI VI L ATEGHICACSRA T EYRACAL ST HTTREvRRINidghen SEQ 1D NOT but sill

QF SNVASENMT a3 (¢h K SQRYINE td oA DV 6idh  dribI A {d YIRS AYFLHL TV

KSDKPVWEVAAMRPATAI SAl ML L EAVRVA QSRGRGVIWVLNDRI e .

RYI TKTI{&'asﬂ_ DTFKAI{EE@VD%W‘VWP J WWWB@R&%@@WWSW“% insertion,

DI L YGYQDDPEME ¥ rQdEK i o YA VR h AGMRKANEIEMMMg its enzymatic activity. For
RSTRTGNG VPPDEEI_IPGLVSDSLNPAHARI LLI\/LAA,TRTSDPKVI CEYFHTY é&Eﬁ I D NQ é) nJ:,0048]
The>t er m " c GNPRAISiSHY IHUHED Sbofifeiuiao-ard Secptey Meiien byaghemieph C P Na AR aci d
sequence of atidehdpdedsaionaffeRy thd Glinchiéhab prop&iidsyof laipfdtéig e dotnRQShUXitYRdnt ntiytbemay
cont ai n addi t}é&)gal agi no-aci.ds. o[f0049‘]lﬁ I.n a particular enbodi ment, the
protein is tREcCasexshengsT Wit onsrof the fpIaing gPUSant heni havi ng t he sequence
of SEQ I D NO le IShafRBEREE, n6APOEH JFRRAtHtly hbiar lesidsRanagbaase, #is, Giyom Erwi ni a
chrysant hemi NCPPB 1066 (Genbank Accession No. CAA32884, i ncor porated
herein by ref es emgRy, indeditdly Bitdeli @siues Midtiharanitics h AGK, AshtdieUsmsi gnal

pepti des and/ or | eader sequences. [0050] Fragnents of the protein of SEQ ID

NO1g are al so €omplat, $e6tiWiy dhafded REIGET HY, WkQMyof the protein used in the
conjugate of the invention. The term"a fragnent of SEQ I D NO 1" neanst hat

the sequence 0f thARcRBHNAERbL-PSaMBYdicDCMEdecd, B8 SvaAntyRo-acid than SEQ I D NG
but still enough am no-acids to confer L-am nohydrolase activity. [0051] It

is well known &n AR afntatit Rataud: PRl Ypepfpl de can be nodified by

supsti tujti on, | nserti on, del gati on and/ or addi jti on of one or nore

ani no- 3g9s5dp Whi | et Ahifed Ghak tr&uR NE WABRGIEHAGS YT bie nEQEVEX RBREAY residue for
substitution of one am no-acid at a given position by a chemcally

equi val ent &RYTATARCH 2 BafatHadd AR et DiRent BertveBrAr et BpEHe (B gnghera
prasein is GRINBysiHIShibintie] @R De BRcEEodRbdubesl fiasiRXIGNR0BEent\Wrddaktn one of
the followi ng groups: A Small aliphatic, non-polar or slightly polar

resi dud8033laia; Sdp povifipns whege thy gminpgridy arcnmgdifipds @nd, thenaymhey of egligppasidsand

their am degupjecfSP mddfRatidd i thSahinoBRIEequides lafd Y& ! prtetiRfig shitc@STiuUgSIIcd
H's, Arg, Lys Large aliphatic, non-polar residues : Mt, Leu, He, Val, Cys
artisan is able to recognize the modifications that can be introduced without affecting the activity

of the protein. For example, modifications in the N- or C-terminal portion of a protein may be
20 expected not to alter the activity of a protein under certain circumstances. With respect to
asparaginases, in particular, much characterization has been done, particularly with respect to the
sequences, structures, and the residues forming the active catalytic site. This provides guidance
with respect to residues that can be modified without affecting the activity of the enzyme. All
known L-asparaginases from bacterial sources have common structural features. All are
25 homotetramers with four active sites between the N- and C-terminal domains of two adjacent
monomers (Aghaipour et al., Biochemistry 40 (2001) 5655-5664, incorporated herein by
reference in its entirety). All have a high degree of similarity in their tertiary and quaternary
structures (Papageorgiou et al., FEBS J. 275 (2008) 4306-4316, incorporated herein by reference
in its entirety). The sequences of the catalytic sites of L-asparaginases are highly conserved
30 between Erwinia chrysanthemi, Erwinia carotovora, and E. coli L-asparaginase 11 (Papageorgiou
et al., FEBS J. 275 (2008) 4306-4316). The active site flexible loop contains amino acid
residues 14-33, and structural analysis show that Thrl5, Thr95, Ser62, Glu63, Asp96, and
Alal20 contact the ligand (Papageorgiou ef al., FEBS J. 275 (2008) 4306-4316). Aghaipour et

al. have conducted a detailed analysis of the four active sites of Erwinia chrysanthemi L-



Large aromatic residues: Phe, Tyr, Trp. [0052] Thus, changes that result in
the substitution of one negatively charged residue for another (such as
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ami no-aci d SHFEHEY Y Eansneptsh feéﬂwltmwfaﬂ SRS Ofile QRIS BAMRIPES S i
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have a hi gh refegh®an af ciréty). aach ¥f ihe alﬁdi’elcfted zﬁ‘ﬁ&lésﬁﬁ Yerdif And@LpRtRId B ¥ ference in
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of L-aspar aglspaaa:gﬁﬁsea,r@e hif ghil1yin @RNsEEMRIOdRShNe SowED \WhaRt &iragllhéry§ﬁﬂ]ldﬂ 8&juence
Erw ni a carotovor.a, 4@€d ﬁl col.i L- asgara_lnase 1 (Papageorgiou et al, FEBS
J. 275 (2008YosHERisAlg il refpdningqzyp fl exible | oop contains anino acid
resi dues 14-33, and structural anaIyS|s show that Thrl5, Thr95, Ser62,

G u63, Asp9®olyandts Arals2th theMoapigatche | i gand (Papageorgiou et al, FEBSJ. 275
(2008) 4306-4316). Aghai pour et al have conducted a detail ed anal ysis of

t hesf oygosarti ve Folyagrsodre BeMbted &omhmy%a@ﬁ)hanﬁonuaﬁpafa@@isemse Yyn@taBichi 39
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[0056] The quality of such polymers is characterized by the polydispersity index (PDI). The

25 PDI reflects the distribution of molecular weights in a given polymer sample and is calculated
from the weight average molecular weight divided by the number average molecular weight. It
indicates the distribution of individual molecular weights in a batch of polymers. The PDI has a
value always greater than 1, but as the polymer chains approach the ideal Gauss distribution (=
monodispersity), the PDI approaches 1.

30  [0057] The polyethylene glycol has advantageously a molecular weight comprised within the
range of about 500 Da to about 9,000 Da. More specifically, the polyethylene glycol (e.g,
mPEG) has a molecular weight selected from the group consisting of polyethylene glycols of
2000 Da, 2500 Da, 3000 Da, 3500 Da, 4000 Da, 4500 Da, and 5000 Da. In a particular
embodiment, the polyethylene glycol (e.g., mPEG) has a molecular weight of 5000 Da.



reference in its entirety). Each of the above-cited articles is herein
i ncorporated by reference in its entirety. In view of the extensive
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the art could deternmine how to nmake fragments and/or sequence substitutions
while still retaining enzyme activity. Polyners for use in the Conjugate
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al kyl er{%ﬂ ki des, F&T gibscayeit vatniyp g@ﬁ@egaogfeﬁr tq rﬂe@)ns Wl%&ﬁ]parr@&rﬂ%mwmﬁ%lase

gl ycol (PEG)actQﬁty B polpmENRMy POt Mbmwlfu&ﬁbnaﬂlfﬁﬁgﬁ)prdf&aw{aactkwawamma t he
art and conprises |1 near and branched pol yners. npl es of sone pol yners,

parti cul ar | PRGN BFROBFOVE BREFRIS flﬁém%‘llqndwhﬁ‘gtedé%we@f)d NnEepg %Coﬁlé‘%? n

i ncer por at edhehﬁetﬁ&lfd%fr@ﬂﬁﬁg ¢(ﬁhb‘1ﬂ11&g S0t of poliShyiade. g1 NO (PEc}WRh BibZnoddoRat .
No. 4, 179 337, US Pat. 252, 714; US Pat. Appl. Publ .. 2003/ 0114647,
US Pat. AEPApPEIaEOE 2 refsrp iR, forzs tinaped Sufgﬁlamp@?o‘i@lfmly lijpthe PEG to the

W02004/ 083258as pdiBGRRE. The ﬁh@lhdrteﬂlb@dlmgﬁcme DOlsyarRtiSasd & fFJhﬁEﬁ&zhz@rs?&% Byret he
pol ydi spersity. |%%/ (PDI PDI refiects_the distribution of molecul ar
wei ghts in aPgifi EGYZVW%&W%"@ aMgmee Pl Be rprrsinec wemghtinaler age

mol ecul ar Wek@Bicedif sEJED Ny: 1t he oisriiRddinave ilRIeE R nemdaihovyep diftihyldnt glycol
pcates the distribution of individual nolecular weights in a batch of

pol9ners THEPED has a val ue al ways greater than 1, but as the pol yner

chai ns [e@p[ oach trhend demldinteat) $ife FcEbK bdwtdnQne é}cﬁydﬂ@/ﬁ&g lgBREIr5l Lyakparigmﬁlsé?@l
approaches 1. pohﬂethylene gl ycol

[ 0057] dvantageously uIar
wei ght conprpﬁfé@’ale i Pm?;ﬂf%{f HioGe I pomprticuln smppiipgnts, fhipH gal ado fﬂag%u
speci fi cal | yolutibierap@k yed-on o6t Db ¥&odbo(tS. @, THRES pfwe&rea plmlaﬁfé WhrdEs m@ht

sel ected fromthe group cansisting of oI yet hyl en )§col of 2000 2500
Da, 3000 Da, 04830 94 2bHH00: Pa: aa‘édeluba abgHy’ 500’ B 11> &0phh t%éﬁa?“ or

enhedi ment, sthemplatrtiBy EERRYiEY, G L(a@aﬁtgmammbmmz@a gpekieg; whord spaeinghly of
5000 Da. Method for Preparing the Conj [ 0058] .For subsequent coupllng
of the pol yr?é’?’l”f“oc}wsﬁfl Fis 2 QT SPSE ?fg‘éigﬁ Ad- %lsﬁ’?rﬁ%iﬁ%fﬁh"%@%sé“ @FlSW“FVe the
pol ymer WDI@EQIQQWDQIHS an activated functionality that preferably reacts
with anino groups in the protein. In one aspect, the invention is directed

to a mibU98h of ndkrthgmarce SRCyigHe of tlh@p%@ﬂ%ﬁa i AP g Bt AonEEHons

amount of poekietdytoan®s eldubeht 26 REGhL Whirb s@ifeamButtw@h abas P akBdoi@dand/ALa
buf ered soluélon forf%ﬁtlne peri od sufflchent to covalently Ilnk t he PEG

Phe L- aspat dBiShABEIICYY FCWEFR ifbeH at *BHiBeH! nEbEe ™he FOr £3PMH GRS s
from Erwi ni @oﬁdéﬁt%tﬁﬁaszfﬂaﬁﬁ)s, 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20

mg/mL. In a particular embodiment, the PEGylation of L-asparaginase at these protein
concentrations is of Erwinia species, more specifically Erwinia chrysanthemi, and more
specifically, the L-asparaginase comprising the sequence of SEQ ID NO:1.

25  [0061] At elevated protein concentration of more than 2 mg/mL the PEGylation reaction
proceeds rapidly, within less than 2 hours. Furthermore, a molar excess of polymer over amino
groups in L-asparaginase of less than about 20:1 is applied. For example, the molar excess is less
than about 20:1, 19:1, 18:1, 17:1, 16:1, 15:1, 14:1, 13:1, 12:1, 11:1, 10:1, 9:1, 8:1, 7.5:1, 7:1,
6.5:1, 6:1, 5.5:1, 5:1,4.5:1, 4:1, 3.5:1, 3:1, 2.5:1, 2:1, 1.5:1, or 1:1. In a specific embodiment the

30 molar excess is less than about 10:1 and in a more specific embodiment, the molar excess is less
than about 8:1. In a particular embodiment, the L-asparaginase is from Erwinia species, more
specifically Erwinia chrysanthemi, and more specifically, the L-asparaginase comprising the
sequence of SEQ ID NO:1.

[0062] The number of PEG moieties which can be coupled to the protein will be subject to the

35 number of free amino groups and, even more so, to which amino groups are accessible for a

PEGylation reaction. In a particular embodiment, the degree of PEGylation (i.e., the number of



specifically Erwinia chrysanthem , and nore specifically, the

L- aspar agi nase conprising the sequence of SEQ ID NO 1. In one enbodi nent,

t he PEG iwormnansgshoxy- poly et hyl ene glycol (nPEG. [ 00P@j/BrPr010/089599

enbodi ment, the reaction between the ppg yet hyl ene gl ycol and L-asparagi nase
is perfornmed in a buffered solution. In sone particul ar enbodi nents, the pH
val ue of the bhuffer sol lljti on ranges berhvveen about 7.0 and abé)gt 9. 0.

The
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a particular di pent, 1 he L-asparaginase fromErwi ni a _speci.es, nore
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IF_)-E asIoar agi na%s.qug[ﬂariesihm drld@r &Eﬂ@&?ﬁﬁin@% oBEKQ btdNY! is lalsd RAGRL i_aunérhgrmr e,
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enbodi nent , A;heeRPEGY| @9dopnpoBad - asppiragd ke af lchesee pi aisebdlirety). In one
concentrati ons i.s of Erwinia sgeci es, jore speci fi cal lé Erwinia .
chrysant hemi®M°g H‘e%%l’g%é‘%‘il?qe &P eOHPladH e of pIG HPINA FOLPS V#B?i“sﬁ“ﬂ@“ $HES
seqoence of i%ffde! BsiNO. rdsicdi[cOObdjor Ahe el-vaingd Pf AhLINaspRNGRIRE. I atd AN p&fic@mr e

than 2 nmg/nL th PE%I tion ion.proceeds rapidly, wthin |less than 2
nours. Furt FEPHGRET: fe e oldggodeiog WK Arnes L omRY b HoRr! obfi%h
L- aspar agi nassl @facdcesislc bin@d @hipklie. 20lydind fesididlan@dr thEN-teiXiaiig)| £g., A6t TOH,ar
excess is less n, aboyut - %9:]0 8 1, 17%,]0:](%1'1, 4.1, %"g'l,
12111 1, T30 002 Bbe 3% oo ik Sy b et pe s e G o
3.5:1, 3:1, 93%rli00%; In alpifik, enodikicikt, athdt 805 peses, f50%, esvhoslivnesnt,, viws, Tab,ar
excess is | §%{yn?) ;%80: and in a nore e%i erﬁr%)d' N mol ar
oxdses is 1805 b dnadl 8 P Sl palei B s cibodF et s Tie e S, &
L- aspar agi naseio3 tie il hihio iréups REE ] BSine MRId8esSAor tHeaakdrminkk)Wrdit@upled to a
chrysanthem__ _and nore specifically, the L-aspayaginasg, conprising t
sequence of @@Pﬁwapgﬁﬁégﬁgﬁboﬂmgﬂb%t 4&@69!%1 Zgzt/f”e@%ﬁf‘é’h“%énﬂ%é
coupl ed to uh®, pswl 9%, 3004, 1519 53ubFB6 L5400 Bhe seunben, 58%,f3eL 6a95 80606206PS
and, even norge V\@i cg m S are acgess llgjtg for (PE%/I i,on
reaction. |®°% Bgo,{“t %sgym Po- ﬁ%“oégu%e%{%uﬁl{%%é"g?gy sz% SC%/I7§I/W’ 2%”’(' &, 7 he
nuaber of PEGImDREL] €8/, cs3uplseth, 8RR 795 BSRS 390, Hive, 126830y, aginase) 9395,
w thin a range E ?}3 i, 10%t o apout 1%%% of free and/or accessihle am no
oroups (e o b o 8ol fobuithesss R g TEdhe- ovs “Hou BO% TS0t
or 100% . 100fa Gy laatdoaplc@to ALEESISIIAY.C ailkFHRifigle@bpdiment, 40-55% or 100% of the
accessible amino groups (e.g., lysine residues and/or the N-terminus) are coupled to a PEG
moiety. In some embodiments, the PEG moicties are coupled to the L-asparaginase by a
25 covalent linkage. In a particular embodiment, the L-asparaginase is from Erwinia species, more
specifically Erwinia chrysanthemi, and more specifically, the L-asparaginase comprising the
sequence of SEQ ID NO:1.
[0063] In one embodiment, the conjugate of the invention can be represented by the formula
Asp-[NH-CO-(CH2)x-CO-NH-PEG]n
30 wherein Asp is a L-asparaginase protein, NH is the NH group of a lysine residue and/or the N-
terminus of the protein chain, PEG is a polyethylene glycol moiety and n is a number of at least
40% to about 100% of the accessible amino groups (e.g., lysine residues and/or the N-terminus)
in the protein, all being defined above and below in the examples, x is an integer ranging from 1
to 8(e.g.,1,2,3,4,5,6,7,8), preferably 2 to 5 (e.g., 2, 3, 4, 5). In a particular embodiment, the
35 L-asparaginase is from Erwinia species, more specifically Erwinia chrysanthemi, and more

specifically, the L-asparaginase comprising the sequence of SEQ ID NO:1.
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residues and/or the N-termnus) in the protein, all being defl ned above and
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4, 5, 6, 7, 8), dnehgiabhydididstap EQ N0, 3, 4, 5). In a particular
enbodl rrent, t he

— the polyethylene glycol has a molecular weight of about 5000 Da,

20 — the protein and polyethylene glycol moieties are covalently linked to the protein by amide

bonds, and

— about 40% to about 45 %, and in particular about 43% of the accessible amino groups
(e.g., lysine residues and/or the N-terminus), or about 36% of the total amino groups (e.g.,

lysine residues and/or the N-terminus) are linked to a polyethylene glycol moiety.

25 ©)
— the protein has at least 90% homology with the L-asparaginase from Erwinia

chrysanthemi as disclosed in SEQ ID NO:1

— the polyethylene glycol has a molecular weight of about 2000 Da,
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sequence wb 26HQsdcNO 1. [ 0064] O her nethods of PEGy| at ipom/Hpba@b/osen be used
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Pat. No. 4,179,337, U S. Pat. No 5, 76 ,897, U.S. Pat. Appl. Publ. No. US
2002/0065397A1 and U, S. Pat. : No. US 2009/ 0054590A1, each of
which is hereim tbwaﬁewéﬂo%‘deweq@e%h@%ﬁ%ﬂqs A9 Goxalemlyilingedyto ﬂ[eam@;c}p byamider j ¢
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am de bonds, andesdugh#idor thsdvAenmingy) @redpkekie ol e FobtipsY{ e. g., 1ysi ne
resi dues and/or the N-terni nus) or about 80-90% in particular, about 84%
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i nked to a pol yet hyl ene gl ycol € ¥1 (B) - the protein has at |east 90%
hormol ogy with THE IPY‘%{EIBaP%?gPhé?ét f996>m EnQiogY anéhr%aPn%Sﬁ@ﬁgm%fg fpracfoved in

SEQ ID NO 1 - the,pelhsl By iekRedh Dms:1a nol ecul ar wei ght of about 5000
Da, - the protein and pol yethyl ene glycol noieties are covalently linked to

the protein by am de bonds, and - about 40%to about 45 9% and in
particul ar abouthumgsedplennslyen! basamplpeiasviciedt YrbupsU{ePy. . 1ysine residues

and/or the N-term nus), or about 36% of the total am no groups {e.g.,

I ygpne resi dues {gnghoRI dal1Boilkth@EAE dES) m&ites latdUs@ledt9 1AL YRR B aBtidécOl
nmoiety. (C - the %not ein has at least 90% honol ogy with the L-asparagi nase

fromErw nia chrﬁ?g tfeni as disclosed in SEQ ID NGO 1 - the polyethyl ene
gl ycol has a nol ecul ar wei ght of about 2000 Da,- the protein and

pol yet hyl ene glyeek 510i &t iRs: Qe mAvRpEMRELY: dbbtikesd, b HehRcdEiBt &inhdb¥odgyl de
bonds, and - about 100% of the accessible am no groups (e (1:1 one or nore
| ysi ne residues (8 Gd ysme fggislues and/or the N-terminus) or about 47% of the total amino groups (e.g.,

lysine residues and/or the N-terminus) are linked to a polyethylene glycol moiety.

15 L-Asparaginase-PEG Conjugates

[0066] Conjugates of the invention have certain advantageous and unexpected propertics
compared to unmodified L-asparaginases, particularly compared to unmodified Erwinia L-
asparaginases, more particularly compared to unmodified L-asparaginase from Erwinia
chrysanthemi, and more particularly compared to unmodified L-asparaginase having the

20 sequence of SEQ ID NO:1.

[0067] In some embodiments, the conjugate of the invention reduces plasma L-asparagine levels
for a time period of at least about 12, 24, 48, 72, 96, or 120 hours when administered at a dose of
5 U/kg body weight (bw) or 10 pg/kg (protein content basis). In other embodiments, the
conjugate of the invention reduces plasma L-asparagine levels to undetectable levels for a time

25 period of at least about 12, 24, 48, 72, 96, 120, or 144 hours when administered at a dose of 25
U/kg bw or 50 pg/kg (protein content basis). In other embodiments, the conjugate of the
invention reduces plasma L-asparagine levels for a time period of at least about 12, 24, 48, 72,
96, 120, 144, 168, 192, 216, or 240 hours when administered at a dose of 50 U/kg bw or 100
ng/kg (protein content basis). In another embodiment, the conjugate of the invention reduces
30 plasma L-asparagine levels to undetectable levels for a time period of at least about 12, 24, 48,
72, 96, 120, 144, 168, 192, 216, or 240 hours when administered at a dose ranging from about
10,000 to about 15,000 TU/m* (about 20-30 mg protein/m®). In a particular embodiment, the



N-term nus) or about 80-90% in particular, about 84% of total am no groups
(e.g., lysine residues and/or the Ntermnus) are linked to a pol yethyl ene
gl ycol nowetzy11/qoB¥ss- the protein has at |east 90% honol egy/Brdib/osdres

L- aspar agi nase from Erwi ni a chrysanthem as disclosed in SEQID NO1 - the
pol yet hyl ene glycol has a nol ecul ar weight of about 2000 Da, - the protein

and pol yet hyl ene glycol, nojeties. are covalently linked to the otei n by
am de bonds COYHHC ‘éH’BﬂieSSBO}‘&%ﬁg&B&t R of " aHA™ FRECiSar ﬂOE%ISQFCIQ%B&tE%ﬁ/o“of

the accessi bh@saien HAabPs shRifiGally, hhéslﬂ@afagﬁlhééL@&pﬁﬂdé @e dep@ndd HESED NDS)
or about 47% of ihe total am anﬁngr ou

51 ne_resj dues d/or. the
N-t er mi nus) HEL 1 AKREFPET £081RER IS eﬁ@l@%w F@S @Aslasfgb.hﬁva% ApEG
Conj ugat e; [Q0&G]r Gelhiugasse shaafor bl to%@?ttﬂOg@ I[_iaa\lﬁa(hﬁﬁé pdrfbuﬂ?dﬂ\éﬁllﬂb(ﬁ@leﬁluﬁ ?nd
une pecte ro I‘tle conpar e OtO unmaadl 11 e aspar l.nases pal‘tl uLarly
con'gar ed toqﬁﬁtﬁ%awf‘ioéawébwtn%oﬁ oL el ABEREIOURD fegp'g(fl?? Feags ebﬁisaﬁ ed
to unnodi f i edmimaSParEGynase from Ervm n| a chrysanthem, and nore

articu |y compared to unnodified spar agi nase. hav t he sequence of
gEQ I DI *\%rﬂ 1 [33%?1}6 qpodigrat. BEFP%%? P“ts‘ﬁg“ %ﬁ}@@ Oltlﬁ%wrﬁwfrﬂ%%n

r2 zduzgs ?;aﬂrgﬂé-toLab@ﬁtpﬁﬁ qgﬂrtﬂﬁlah\?l\/(\?ﬁd)lﬁ 6;5;”21 @eélﬁmcgﬂﬁfflo(ﬂdb&lft 480 ftd gt SﬁbOMgg,lz

[0) en adm.nl stere se 0O

wei ght (bw) Paticylar! @%@5%}} Sifd @JRERYR ARGy gf 2 OW ﬁ%ﬁb%hgagf ng‘@ '%/'t he
conpugat e ofabéiesionvenipaRd foedieC esrdp@ae bnrAGPRIIAUIAFrdg@Meed. S 1D a specific
undetectable leyels for a tine.period of at |east about 12, 24, 48 72, 96,
120, or 144 eﬁ%&(y?e%gﬁ oBlEHs ity thgpe Ayrongrigy Sampyises gn "}éaa%%}s}‘aﬁ? Blﬁ’aylwg
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conpri ses Phkfec(fRally EriiRa@h-Rashdg, and more specifically, the L-asparaginase comprising the
sequence of SEQ ID NO:1, with PEGylation of approximately 100% accessible amino groups
(e.g., lysine residues and/or the N-terminus) with 5000 Da mPEG.
[0070] In one embodiment, the conjugate comprises a ratio of mol PEG/mol monomer of about
5.0 to about 9.0, particularly about 7.0; a specific activity of about 450 to about 550 U/mg,
25 particularly about 501 U/mg; and a relative activity of about 80 to about 90%, particularly about
87% compared to the corresponding unmodified L-asparaginase. In a specific embodiment, the
conjugate with these properties comprises an L-asparaginase from Erwinia species, more
specifically Erwinia chrysanthemi, and more specifically, the L-asparaginase comprising the
sequence of SEQ ID NO:1, with PEGylation of approximately 40-55% accessible amino groups
30 (e.g., lysine residues and/or the N-terminus) with 10,000 Da mPEG.
[0071] In one embodiment, the conjugate comprises a ratio of mol PEG/mol monomer of about
11.0 to about 17.0, particularly about 14.1; a specific activity of about 450 to about 550 U/mg,
particularly about 541 U/mg; and a relative activity of about 80 to about 90%, particularly about
87% compared to the corresponding unmodified L-asparaginase. In a specific embodiment, the
35 conjugate with these properties comprises an L-asparaginase from Erwinia species, more

specifically Erwinia chrysanthemi, and more specifically, the L-asparaginase comprising the
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Erwinia species, more specifically Erwinia chrysanthemi, and more specifically, the L-
asparaginase comprising the sequence of SEQ ID NO:1. In a particular embodiment, the
25 conjugate comprises PEG (e.g., mPEG) having a molecular weight of less than or equal to about
5000 Da. In a more particular embodiment, at least about 40% to about 100% of accessible
amino groups (e.g., lysine residues and/or the N-terminus) are PEGylated.
[0075] In one aspect the conjugate of the invention has a pharmacokinetic profile according to

the following parameters:

Parameter Definition
Anax Maximal residual enzyme activity
tamax Time to A after test item exposure
dAmax Maximal duration of A..x or A above zero
30 The half-life time of the residual enzyme activity in plasma is derived from the following
formula:
Mean:

-In2 x t
B2 = In(e, / ¢o)
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enbodi nment, the conj prises PEG (e.g., nPEG having a nol ecul ar
wei ght of |é%e§e%%a#°§%%§38§}?‘gﬁo about 5000 Da. In a nore particul ar

enodi nent, at | eqst abhous UAOabeutaboulr; 100% of accessi bl e am no groups

(e.g., lysine residues and/or the N-term nus) are PEGylated. [0075] In one
aspect the conj ugﬂétwe' %Pu‘tﬂ’éo Wégqhi’on has a pharmacoki netic profile
accordi ng to the d,Ql:| HoutTD HRBRBSERLEY B, spddifaiiglabout R3®S h(dB8YOierd, @m Bsihtdoal

enzyme activity In?m?ol %%%4'bﬁ);deri ved fromthe foll ow ng
AUC: about 500 to about 35000; and
25 ti2: about 30h to about 120 h.

[0078] In one embodiment, the conjugate of the invention results in a similar level of L-
asparagine depletion over a period of time (e.g., 24, 48, or 72 hours) after a single dose compared
to an equivalent quantity of protein of pegaspargase. In a specific embodiment, the conjugate
comprises an L-asparaginase from Erwinia species, more specifically Erwinia chrysanthemi, and

30 more specifically, the L-asparaginase comprising the sequence of SEQ ID NO:1. In a particular
embodiment, the conjugate comprises PEG (e.g., mPEG) having a molecular weight of less than
or equal to about 5000 Da. In a more particular embodiment, at least about 40% to about 100%
of accessible amino groups (e.g., lysine residues and/or the N-terminus) are PEGylated, more
particularly about 40-55% or 100%.

35 [0079] In one embodiment, the conjugate of the invention has a longer t;, than pegaspargase

administered at an equivalent protein dose. In an a specific embodiment, the conjugate has a t,,
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simlar level of Las ine depletion over a period of tine (e.qg., 24, 48
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aspara |nase f ia species, nore fically Erw nia
r1§ san'? hem etelalﬁaed lgy met OX“ pnown in the art,’ for examp?é) EHSA or sur%élce plasmon resonance
(SPR-Biacore) assays (Zalewska-Szewczyk et al., Clin. Exp. Med. (2009) 9:113-116; Avramis et
al., Anticancer Research 29 (2009) 299-302, each of which is incorporated herein by reference in

its entirety). Conjugates of the invention may have any combination of these properties.

Methods of Treatment and Use of the Conjugate

20  [0082] The conjugates of the invention can be used in the treatment of a disease treatable by
depletion of asparagine. For example, the conjugate is useful in the treatment or the manufacture
of a medicament for use in the treatment of acute lymphoblastic leukemia (ALL) in both adults
and children, as well as other conditions where asparagine depletion is expected to have a useful
effect. Such conditions include, but are not limited to the following: malignancies, or cancers,

25 including but not limited to hematalogic malignancies, non-Hodgkin’s lymphoma, NK
lymphoma, pancreatic cancer, Hodgkin’s disease, acute myelocytic leukemia, acute
myelomonocytic leukemia, chronic lymphocytic leukemia, lymphosarcoma, reticulosarcoma,
and melanosarcoma. Representative non-malignant hematologic diseases which respond to
asparagine depletion include immune system-mediated blood diseases, e.g., infectious diseases

30 such as those caused by HIV infection (i.e., AIDS). Non-hematologic diseases associated with
asparagine dependence include autoimmune diseases, for example rheumatoid arthritis, SLE,
autoimmune, collagen vascular diseases, AIDS, etc. Other autoimmune diseases include osteo-
arthritis, Issac's syndrome, psoriasis, insulin dependent diabetes mellitus, multiple sclerosis,
sclerosing panencephalitis, systemic lupus erythematosus, rheumatic fever, inflammatory bowel

35 disease (e.g., ulcerative colitis and Crohn's disease), primary billiary cirrhosis, chronic active
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more specifically, the L-asparaginase comprising the sequence of SEQ ID NO:1. In a more
25 specific embodiment, the conjugate further comprises PEG (e.g., mPEG) having a molecular
weight of less than or equal to about 5000 Da, more specifically about 5000 Da. In an even more
specific embodiment, at least about 40% to about 100% of accessible amino groups (e.g., lysine
residues and/or the N-terminus) are PEGylated, more particularly about 40-55% or 100%.
[0084] In another aspect, the invention is directed to a method for treating acute lymphoblastic
30 leukemia comprising administering to a patient in need of the treatment a therapeutically
effective amount of a conjugate of the invention. In a specific embodiment, treatment will be
administered at a dose ranging from about 1500 TU/m” to about 15,000 TU/m’, typically about
10,000 to about 15,000 TU/m” (about 20-30 mg protein/m®), at a schedule ranging from about
twice a week to about once a month, typically once per week or once every other week, as a
35 single agent (e.g., monotherapy) or as part of a combination of chemotherapy drugs, including,

but not limited to glucocorticoids, corticosteroids, anticancer compounds or other agents,
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25 12,000 TU/m’, 13,000 TU/m’, 14,000 TU/m’, 15,000 TU/m’, 16,000 TU/m’, 17,000 TU/m’, 18,000
IU/m?%, 19,000 TU/m?, or 20,000 IU/mZ). In another specific embodiment, the conjugate is
administered at a dose that depletes L-asparagine to undetectable levels using methods and
apparatus known in the art for a period of about 3 days to about 10 days (e.g., 3,4, 5,6, 7,8, 9,
or 10 days) for a single dose. In another embodiment, the method comprises administering a

30 conjugate of the invention that elicits a lower immunogenic response in a patient compared to an
unconjugated L-asparaginase. In another embodiment, the method comprises administering a
conjugate of the invention that has a longer in vivo circulating half-life after a single dose
compared to the unconjugated L-asparaginase. In one embodiment, the method comprises
administering a conjugate that has a longer t;,, than pegaspargase administered at an equivalent

35 protein dose. In an a specific embodiment, the method comprises administering a conjugate that

has a t;, of at least about 50, 52, 54, 56, 58, 59, 60, 61, 62, 63, 64, or 65 hours at a dose of about
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si mul taneous W t nds art of mul.ti - ent he rapy
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specifically, the ragi nase conprising t eof ID NO 1. In
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preparations, in particular those who were prev1ously treated with £. coli- derlved asparaginases.

25 [0087] In some embodiments, the uses and methods of treatment of the invention comprise
administering an L-asparaginase conjugate having properties or combinations of properties
described herein above (e.g., in the section entitled “L-asparaginase PEG conjugates”) or herein

below.

Compositions, Formulations, and Routes of Administration

30  [0088] The invention also includes a pharmaceutical composition comprising a conjugate of the
invention. In a specific embodiment the pharmaceutical composition is contained in a vial as a
lyophilized powder to be reconstituted with a solvent, such as currently available native L-
asparaginases, whatever the bacterial source used for its production (Kidrolase®, Elspar®,
Erwinase®...). In another embodiment, the pharmaceutical composition is a “ready to use *

35 solution, such as pegaspargase (Oncaspar®) enabling, further to an appropriate handling, an



11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 UKkg) or an
equi val ent anount thereof (e.g., on a protein content basis). In a nore
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2,000 U nQ,ad@}%eﬂqnugw,gh’zf;goo@tﬁam}lwgns?@denquww,ﬂ%%@%ﬁ% Balyshrpntrazceye-

| U n2, 8, 00Qechtkibur (ic®), QdQutadbdi® rould, 000 | U/ n2, 11,000 | U n2, 12,000 | U ne,
13, 000 ng, 14,000 |UnR, 15,000 U pR, 16,000Q.1U n2, 17,6000 |U n2

18, 000 [w/f’hﬂ, 19,@6@‘%@ ,theoFIV%{OB’OWc%ﬁﬁﬁompoﬁlﬁo%n%’fﬂi’é‘?m% [FapPgyics of the
Enbodi nment, iﬁdaﬁticﬁloméjgugafﬂaerg%aselﬁdmc?i@&sa_[&ﬂ czaltbeﬁa(ﬂﬁﬁd aelghlad a@@twneﬁﬁig standard

-asparagi ne to undetectabl e | evel s usi ng net and apparatu nown, i n
thedart for t%LﬂE?qso%FCB‘?lq%G%ﬂ“l°§n‘§%ﬂ9§5 sgeEBomRY %)f%a%({}@ %eaﬁlg%.ten sPhapmacgiticy] 7
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at ose of about, 10 [ rotein content basis)._ In another specific
enrﬁgdi ment, PRHE? %&%ﬁ%ﬁ ﬁ@e@“&&?ﬁ%@%" b PRYENE Grff Uy SYEmen St Pl‘ﬁ(glgl"élc%lyz
of at | east cob@UUsctQIttraticbauphy220] fopbitses diich@le dOS&inE ARgmBIgng peim @radifitate
10,000 to about 15,000 LU n2 (abqut 20-30 rotein/m2) . ln one ..
ermbodi nent , “iaﬂsém’r‘fﬁscaﬁoa&%ﬁﬁp?% eaélgaﬂlﬁ{eﬁ?l%gc eggﬁlhg‘tya t&oﬁf‘tﬁ?{j‘é‘% Qdpfpiyeripg s highere oy
AUC t hat i s caficchtedishs abdutdngd, The phadfacdutitdllfesc@tbRt Qlt dfhanspegaspangase at
an equivalent protein gose. In.aﬂot her,, enbodi mrent, the method conprises
adni ni st er i RS 2R UG dRost e &t 4P8HCRifat has a greater AUC val ue
af per eulmingl e desemmodipedthetPtabResali Gonje geill @dditiorn i sagi Raiese dofitading
particul ar

T e okl oo e A A L™ 2,
L- aspar agi Nasehab&0F6rat] B@atd@fonee URmnea caiifosi) pilubdsdifonhtd, &ycRattyilsulfmite,
erbodimont | L1, So01 AL COBY! S5, 25 (5,00, 10 e, AR ceil
enbodi ment , hadrotig@st acal) daleiAfNe, tsolfiteqidid, pRIPhBE adidcasinkl RidALMO agid OtPR
{629' . Lysi r;gid,r ?ascl‘u((::I ua%lsd, a’[gr?a{ri?:r ac%ctljeml;itoglj’c mécri]c'ﬂS?nethanesulfonic acid, ethanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid, cyclohexylsulfamic acid, fumaric acid, and quinic
acid.
[0093] Pharmaceutically acceptable salts also include basic addition salts such as those
containing benzathine, chloroprocaine, choline, dicthanolamine, ethylenediamine, meglumine,
30 procaine, aluminum, calcium, lithium, magnesium, potassium, sodium, ammonium, alkylamine,
and zinc, when acidic functional groups, such as carboxylic acid or phenol are present. For
example, see Remington's Pharmaceutical Sciences, supra. Such salts can be prepared using the
appropriate corresponding bases.
[0094] Pharmaceutically acceptable carriers and/or excipients can also be incorporated into a

35 pharmaceutical composition according to the invention to facilitate administration of the

particular asparaginase. Examples of carriers suitable for use in the practice of the invention
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conpri si ng aed| EgasampRf [FdpRiliza &k 05F (he. Enjugate phar R aidhécdal 1€ ampgsifici on)
can be admi ni tﬁred %o a. atLeqﬁHusinﬁ.standagg t echnji ques.. T%@pB%%ue and
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t he roE&g’)n)f ent ?teﬁlﬁr%é‘%%fﬁ{ﬂ%? B &fso ke a%gmgﬁsm byt aé‘ﬁ‘&?ﬁ?@%s‘%il franggerigg)
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o act - For DERSmSIEY S e ihe QO Ot SHACR R B hers f CREEE 1 (61 RS TG
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conposi tions according to thF %nventlon C e o
detergents may be used to facilitate permeation. Transmucosal administration, for example, may

be through nasal sprays, inhalers (for pulmonary delivery), rectal suppositories, or vaginal
25 suppositories. For topical administration, compounds can be formulated into ointments, salves,
gels, or creams, as is well known in the art.

[0098] The amounts of the conjugate to be delivered will depend on many factors, for example,
the 1Cso, ECsq, the biological half-life of the compound, the age, size, weight, and physical
condition of the patient, and the disease or disorder to be treated. The importance of these and

30 other factors to be considered are well known to those of ordinary skill in the art. Generally, the
amount of the conjugate to be administered will range from about 10 International Units per
square meter of the surface area of the patient's body (IU/m’) to 50,000 TU/m’, with a dosage
range of about 1,000 TU/m’ to about 15,000 TU/m’ being preferred, and a range of about 6,000
[U/m’to about 15,000 TU/m* being more preferred, and a range of about 10,000 to about 15,000

35 TU/m’ (about 20-30 mg protein/m’) being particularly preferred to treat a malignant hematologic

disease, e.g., leukemia. Typically, these dosages are administered via intramuscular or



formul ated as pharnmaceutically acceptable salts and conpl exes thereof.

Phar maceutically acceptable salts are non-toxic salts present in the
amount s amo 200mosss6r at i ons at whi ch they are admi ni st er edT/EPb@opsspar at i on
of such salts can facilitate pharnaceu%;cal use by altering the physical
characteristics of the conpound without preventing it fromexerting its

hysi ol ogi cal effect. Useful .alterat i n physi cal roperties jnclu
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fieahig 3 fi Sosko!
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salts such as thpse con ni n enzat hi or opr oca

di et hanol ani®h& fpﬁy%ﬁé@ ,m?f‘S@F“’&ﬁlﬂ?feem%thBFﬁ e‘easa%&m /?ﬁo Raitd0 i
lithium na@maainu@oupp@@gsysmwesﬁmeﬁ 4hlor BTDRIIALS) ak PEGaRicae, and zinc, when
acidic functional groups, such as carboxylic acid or phenol are present.

For exanpl e, see Rem ngton's Pharnmaceutical Sciences, supra. Such salts can
be prepared using the appropriate CERQﬁ%ﬂ@pding bases. [0094]
Pharmaceutically acceptable carriers /or excipients can al so be
incorporated into a pharnmaceutical conposition according to the invention
to facilitate admbxasmpleti:oRreparaienprRecaunbimayfarisaitaspase Exanpl es of
carriers suitable for use in the practice of the inventioninclude cal cium

I .
Canbonitig, o L RLAGEANE g R U SIS L B PR
oils, pol yetchiyflwezﬂ@mgL;asmalr@lnaaﬁrmmph;(sls@te(ﬁ@nedm hqremam’baiﬂsatmltaepasdb wemrsE. coli
E%W%”ﬂHWWﬁWQ%?Wﬁﬁ@Mh Gl U5 ALR" LB solutions

of water for 1njec &4l The ‘solqiti on - an
Pharnaceutl@aMNgunﬂbgwmvmdsmaum@mdmmgmmmmtwém@nmwnﬁu@mtEanmbe%admﬁh%GHEred
by differ entufiflghR WAChNILDgREN! THYGRAHG: Jiihe aReh | LADGRE SHASHERISRUS
i ntramuscul ar top|ca transder na ransmucosa m ni st i on.
Fo20syst eni cecanhhinaiigtmaihdde and [egd transdvicidrser fatmadracgogding to the three following steps:

1) a bacterial strain (NM1100) expressing a defective lambda phage which supplies functions

that protect and recombine electroporated linear DNA substrate in the bacterial cell was

transformed with a linear plasmid (kanamycin cassette) containing the kanamycin gene flanked

by an FLP recognition target sequence (FRT). Recombination occurs to replace the ansB gene

25 by the kanamycin cassette in the bacterial genome, resulting in a AdansB strain; 2) phage

transduction was used to integrate the integrated kanamycin cassette region from the AdansB

NM1100 strain to the ansB locus in BL21 strain. This results in an £. coli BL21 strain with a

deleted ansB gene and resistant to kanamycin; 3) this strain was transformed with a FLP-helper

plasmid to remove the kanamycin gene by homologous recombination at the FRT sequence. The

30 genome of the final strain (BL21 AdansB strain) was sequenced, confirming full deletion of the
endogenous ansB gene.

[0101] The E. coli-optimized DNA sequence encoding for the mature Erwinia chrysanthemi L-

asparaginase fused with the ENX signal peptide from Bacillus subtilis was inserted into an

expression vector. This vector allows expression of recombinant Erwinia chrysanthemi L-



preferred. For oral adm nistration, for exanple, the conmpounds can be
formul ated into conventional oral dosage forns such as capsules, tablets,
and |i quiniopoepmsssi ons such as syrups, elixirs, and comrceEPeab®shs9s Ops.
[ 0096] Alternatively, injection (par enter al adm nistration) may be used,
e.g., intranuscul ar, intravenous, intraperitoneal, and subcutaneous
injection. For injection, phar eutical conposjtion re formnul ated
liquid sol utffReFe! aﬁr‘@ﬁ?rt%eo‘roytr?lrﬁgw Té?%@?femepm(%%%&z ﬁﬁa@lmﬁéwgm@?/f i
sol utions, UCkhiaGIs@pyrasEe (BTGP cbiafek r&ist@tdibikammydih. Ri nger' s sol ution.

I n additiqnp, the mpounds may be formyl ated in solid form and redi $Ssq| ved
or susd@ﬂiﬁbd irmé%%él"éﬁﬁ Piino asitgmyfQaed o tgliﬁmf?sé{"n g3 1PF Jaer 9By glﬁf
tge conj uqatg@rec@ed tbepﬂﬂllcmiu?eﬂthe f-arisanta%e@iB‘yif@edeifmﬁ@iua&eg‘ennteiﬁeﬁ@qER%aﬂ)agi s
adm_ni stered intrapuscularly.. In another specific enpodiment, the conjugate
i s adni ni st &9Hm nﬁ%ﬂ}’éﬁ%ﬁgl‘&f.the[ W1 s tl8hiat Zé&ﬁ”ﬁ\? TPt soesinA Brosstipe
accorrgl [ Shledlalgysttahdﬂ?éi@ﬁja&aﬂnogb‘hizhﬂi(ﬁlnﬁldﬁfnﬁm| sofiRaN fhospifte E]L[fﬁ:ﬂfpméCﬁﬁH EDTA
transdermal admi njstration, penetrants_approprjate to the rrier to be
permeat ed arBUiEeH hesfeingfhoi 4es alﬁf.lﬁ%u@hceﬁmaﬂ%f@cea%@a@aa f?é}?&m%;‘/n
the art, and.4spelanden. 2@t fikxasmkeps. f Olic tct@RNSAAE BSRhicachsPhBémiat-bParaginhdee
salts, and fusidic acid derivatives. |In addit'hon, deterI%ents may_be used to
facilitate PEPMEHRUEH ¥13h8 TERIGR%KI O LAMTHISaPAY Pith Concar2BYRNfIce, Bisll: B

t hnough nasahecofefitYiSoelectid ot Sof (the ErPlatdTemaayhdal Lvgpddginak@Cl.2d) permits the
suppositories, i For to dm ni stration,

l

r vaginal s ositories. i |
conpounds cé??oﬁlglnf‘%reﬁmn%ﬁt%&&{?’ 9 cBiiqh: Srelnge resing é’g{%-ﬁ sgthe greompigafenzyme | o
vv_e: : Iénovvndims tchguidd ]'Eon i@@@S]s% I(Blﬁmﬂ.fwitilﬂﬁ %X@Engerﬁéé%ﬁd’icjég&ﬂ%%ypaﬁpelb@d ldﬂihi saﬁlr ed
Wi epend on. nany. ctors, for exa , the ] )t i o] ogi
hal f-1ife of'qdat E‘o‘?‘}ﬁ%ﬁﬁd,ﬁrf‘%@n%\ﬁoé‘}m n&z@‘? Y%BFIBW’E“? AR PN PB@F‘Pc?QJIi‘Fdf?"t"fegn of
the patient solafiéh Wixencdi fRFHSE 00 Cald SMARbIuA (Bfiokh ERALRD chrbigtokRPR) i BGEerof
thgse and ot her factors to conﬁi dered are .Welté%.kno to those of .
or

nary ski‘t Mt self gadigpt - %E%s%? |TRCTIQIR SOURBIRE BT % HE IR at B RENEE
adm ni st er edvevd pbolédRge cdnceiiald Wetord Grdtdih Sepaadtion vl Sugoides 2p@fe Sigd atcdusivat er
of the surfaﬁe area of th .Batient'% b.od%: (gIU/mZ) to, 50,000 | U n2, vm't@ a
dosage rangé romatogranhy 35 Beyshingysip- + FactioBu e I&%?%é“f’@PW@“b@?ﬁ@“p‘?’?F dppled,
ang a range cﬁlﬁceﬁm&ﬂtb aﬁtoﬂlg)ﬁl(t)elrdd/ agaigg 1abowt %oggmogl&spudg%fﬁegﬁg Ta¢ Burty &F eer /ed,
and a range o0 out 10, to about 15, AU m ou - rotejn/m
) being par tﬁ“&‘tﬁa’%‘ml@/C}W@flIZ?’FZeIda%PSTaE%SﬁtPT%?a%‘P‘} ﬁ?‘?aﬁg(faﬂu?fé 8?%8’&6%0&%5&18
e. 80, | eukerh@RPHMICHIdIWas at Reﬁ@O%Oﬁalgaﬁ?giigofaﬁﬂgeﬁbrﬁﬁiﬁirﬁénz\ygﬁ wa@wélﬁ})msgul ar
orintraveno Injection .at a L.nter 0 out t1 nes we to UI
onco. por ok paneRE aRlLt NS e pBRE el et e kS ARG 1 he
course of t hegapy Th&lpctifitla&Rity Of ihe hutiRaiag@mbangl Dvilii ey amitkmi EgipaRpBHastRY
be enpl Oyed’wagsaro(agé %66“[}%%(1 8}{6 Elrrlllte ota érfzgefnqg Ia(g[g/itg fllgl gelﬁ(r:lle Qs' the amount of enzyme that

liberates 1pumol of ammonia from L-asparagine per minute at 37°C.

25 Example 2: Preparation of 10 kDa mPEG-L-Asparaginase Conjugates

[0103] A solution of L-asparaginase from Erwinia chrysanthemi was stirred in a 100 mM
sodium phosphate buffer at pH 8.0, at a protein concentration between 2.5 and 4 mg/mL, in the
presence of 150 mg/mL or 36 mg/mL 10 kDa mPEG-NHS, for 2 hours at 22°C. The resulting
crude 10 kDa mPEG-L-asparaginase was purified by size exclusion chromatography using a

30 Superdex 200 pg column on an Akta purifier UPC 100 system. Protein-containing fractions
were pooled and concentrated to result in a protein concentration between 2 and 8 mg/mL. Two
10 kDa mPEG-L-asparaginase conjugates were prepared in this way, differing in their degree of
PEGylation as determined by TNBS assay with unmodified L-asparaginase as a reference, one

corresponding to full PEGylation (100% of accessible amino groups (e.g., lysine residues and/or



[0099] In particular enbodi nents, the conjugate and/or pharnaceuti cal
conposition or fornulation to be adm ni stered as descri bed herein conprises
L- aspar agvoasa/dosssen Erwi ni a speci es, nore specifically BCWBEPR@0/059599
chrysanthem , and nore specifically, the L-asparagi nase conprising the
sequence of SEQID NO 1. In a particular enbodi nent, the conjugate
conprises L-asparagi nase from Erwi.ni a species, nore specifically Erw nia
chrysant heni® -ﬁﬁnﬁw%e%@é Pring §pygated weﬂtspmrtagﬁﬁa@&% B‘ln@r/f’ of iog! prEo
sequence of oRfoRk (& Nehide rdsidud fndfok itGUN-adrmaipgdiherestbnd bREcEREjoudiag @ partial

conprises PE ..., MPEG havjng a nol ecular weight of |less than or equal
to about 506’§G il 9923 &b‘?ﬂ@%ﬁ%g&wa e enotT KRS doF ey TaBBlE FVs o
about 100% ohvaem RecsgibRUDSENd 8rolps (d o/ Slykife FSRIUEUST/0AREY Witeriti@is - L SIITPRGE)
are_PEGyl ated. Exappl es Exanple 1. Pre araéioqﬁof Reconbi nant Cri sant aspase
[0180] The rBUBTHPhERtOOBYBHEY PaiPOWR fiFiRU s éd 1S TratHiifSatdniHeacs AR &g 0
reconbi nant ckeivially 8ol SRR baiARhd bon@sitd hd dbtBasie [MnQlddicd radas@spagf erred to
herein as "r-crisantaspase”) was an E. coli BL21 strain with a del eted ansB
gene (the gene encoding the endogenous E. coli type Il Lasparaginase) to
avoi d pot e”tEﬁém?@é‘BafPﬂé@hm[brpbf 5heDa @ﬁPE@—ﬂLaAfsPEfa’giﬁa@ conysaqthem
Lasparagi nase with this enzyne. The deletion of the ansB gene Telies on
honol ogous reconbi nati on nmet hods.  and phage transduction performed accordi ng
to the f¥ike f ol IovplAEprselebespampingschie drivatie stpeiriepmes odyckelpt d84imy a
defective | aphaa pRBP9Se WhirG it PHARY, 1288 pfdie LRBsratifabr PuRHACin ANd kLeQNdH ne

el ectroporated linear DNA substrate in the bacterial cell was transforned
wi A a | i nedf! prradlnPilikagah ke BRESAH R forcobuas #1244 t Hie Ratingpeida Sgbie
flanked by afpHd-Pa E[ﬁa%ggﬂagetmrbuhﬁ&gﬁl sifee&uws@cr(raﬁﬁgraﬁ%@a‘glars%a@& DG S
to replace the ansB gene by the kanamycin cassette 1 n the bacterial genone,
resul ting i §OMMBAIsE SkRaHlicrYPOHAY YN SaIRie-rorRiNaS fastys tord prodyrade
the int egr ateggbekMaATy Sdstit GASHEkih@oh@8irRidn bERR L Nehdlens B NM X154 k- 110
the ansB locus in BL21 strain. This results in an E. coli BL21 strain with
a del et ed afSBrGERE WAYSHESIEE AFRPICE Ik Aialtpeidiicray it Hicy dsgreg phPikylation as
trapsfor med jWetnhin@ S5LRRBREARS Wikl @Vficl ©-&SnYRsd 8 KRRasy Qﬁerbog‘@f{b_@n(ﬁﬂg to

honol ogous reconbi nati on at 't he FRT sequence. The genone of the final

strain (BL2full BRSBatian 4947y ofcscssiblyrseegroursdags A gesiduey ander deiNsergiuyhe

endogenous 3BsB Gf0Lated Q&{%&ﬂonzmg 16 PECBAAioR Rl 9107 8l 1IN iR g Uehn e (&%ﬁ&ﬁ&hﬁg

for the mature Erw nia chrysant hem Lasparagi nase fused with the 0S|fgnal

pepti de frodfsBRE MR the Merrims\atie porelst enerorRiPanding ExiiFEs SR B8 ofThi s

vector all ow&aleaiﬂﬁ@gﬁdﬁpﬁ (&, 1y§iROMRIdIaNEndFr Whd NaeiGiifins$ AP b3 LhasPatagbrase
y

under the control o brid T5/1 ac pronoter induced g t he addition of
| SgBr opyl b-amino groups (e.g., lysine residues and/or the N-terminus)). SDS-PAGE analysis of the

conjugates is shown in Figure 2. The resulting conjugates appeared as an essentially

homogeneous band and contained no detectable unmodified r-crisantaspase.

Example 4: Preparation of 2 kDa mPEG-L-Asparaginase Conjugates

[0105] A solution of L-asparaginase from Erwinia chrysanthemi was stirred in a 100 mM

25 sodium phosphate buffer pH 8.0 at a protein concentration of 4 mg/mL in the presence of
150 mg/mL or 22.5 mg/mL 2 kDa mPEG-NHS for 2 hours at 22°C. The resulting crude 2 kDa
mPEG-L-asparaginase was purified by size exclusion chromatography using a Superdex 200 pg

column on an Akta purifier UPC 100 system. Protein containing fractions were pooled and

concentrated to result in a protein concentration between 2 and 8§ mg/mL. Two 2 kDa mPEG-L-

30 asparaginase conjugates were prepared in this way, differing in their degree of PEGylation as
determined by TNBS assay with unmodified L-asparaginase as reference, one corresponding to

maximum PEGylation (100% of accessible amino groups (e.g., lysine residues and/or the N-

terminus) being conjugated corresponding to PEGylation of 86% of total amino groups (e.g.,



D 1-t hi ogal act opyranosi de (I PTG and confers resistance to kanamycin.
[0102] BL21 LansB strain was transformed with this expression vector. The
t ransf or 0 208ldossseer e used for production of the r-cri pemErspassosby feed
bat ch gl ucose fernentation in Rei senbe 8. medi um The induction of the cell
was done 16h at 23C with | PTG as i nducer. After cell harvest and |lysis by
honpbgeni zation in odi um hos hat e buff pH6 5n1\/| EDTA fe t he
protein sol mrtsrreﬁ/vi@s andpr e S apgin e by G PRSnCYROAdAE tw%@%gPE‘f’mt}oamd
Ey 0. 45nm an4i7o0 .02 2660 irhinb rg@s%p@mg 81 epme rEfi@uck aﬁwaibmafamiterﬁmah)nmaa&hf gsansthem

aspar agi nase was next purified usin nce of c an
concentrat i &f© V@%?Pm%rgf‘g’ﬂ (g1 Idng iy qeélap@gq tﬁ? EI&SW“BE‘{SB g% ‘“2’153 Sﬁe"
Erwi nia chr ysasdiigdics lis diepar agrigas €. ( The 3PsuRRE Nohfmedtiieagpesodrai Aankscaitdlyme
to ’gldsorb to cation xcha e resins at lﬁHG' q‘l{'};tm t he reconbi nant enzyne

s capture Oﬁlﬁge&ewgw*’g AR dSF e BYRKEIRIS BHPBMEEDgr aphy) and

eluted with salt gradient in Buffer A Fracti ons contai ning the reconbi nant
enzyne were pooleéd The p Ied soI ;E next purifjed on Capto MMC
col um (cation %Bg}dﬁ 1r HSrR@sDAS ORI ugates gradi ent .
The eluted fractions cont a| n| ng Erwi nia chrysanthem L-asparagi nase were

pool ed |g1¥d) Concerﬂisﬁ&r?%né@@faﬁ%{n%hﬁﬁélﬁs%'a@tl\%@/pﬁfeﬁéﬂ 8hj 1B JREHELH BOBRPcRnge
excl usi on chromat ogr\%g y as Eol i shing stép. Fractions contai ning

r econbi nant c&HuRj¢PeRas\gsteEMBerbPelessertien of apwania et isdibaried omeb-aanymcive by

100mM sodi urRAQEPhaty butit @y, s of IREMPWSIhEN e (& dfWih@ontst W Diagparagine
chrésant hem L-aspar agl nase preparation was eval uated by SDS- PAGE (Figure

nd RP- HPLE S8 M Ra lulatboraéf-‘a@tf 0 pbS- 0T ingyPagd for 0 g1in ehdy °F e dBRI2AET Was

enzyme vas \gphdd schdlivioNot mmwN&mw&g&h NAbL@IhnbCoMRis sENENWasafidabibbd ¥ WS
measured at 3 C usi ng Nessler's reagent. The specific act|V|ty of the

purified reddhBmndhe APy Maacueaakimma slibratiqg ﬁwa&ah‘aw% roaunemwon
Ung. One uRjifadfs (S0ZNNE TRE tsilista¥e dufinfBEdNedaiis 2 tRBwanount of enzyne that
i berates | mmol of anmonia from L-asparagi ne per mnute at 37C. Exanple 2
. Preparation of 10 kDa nPEG L- Asparagi nase Conjugates [0103] A solution
of L-asparagi nasggfjom EI’V\AA t ¥ S8 e t fosl00 MM sodi um
phosphat e buffer 3:" %H 8. rEl’C]Vl/t;h%rot ein coﬁl\ggﬁtar%gﬁ%n&yh%/\eesn 2.5 and 4
ng/nmL, in the presence of 150 ng/m. or 36 ng/ 10 kDa nPEG NHS, for 2
hours at| 22C. The Samsplé i ng cr ude |10 WDPRBEG L|-Spepificagtivity ¢ Rehsacpivityfi ed
by size |excl u5| on chr omat ography thagngmﬁuaefr*dex 2@y collum en an |Akta

puri fier=4pPc system ontafipg—fract-onspwere—pooteg—and
concentraﬁ\déﬂjai@yﬁ sliﬁrtlsafﬂiars%f‘s%%gel n congeO tratilon betdien 2land g/ 1]
Two 10 kD& kREGPEGaspinangsmas é0@%6rj ugat 51 wer e |prepab4ld in this $ay,

di fferinNg kPa HPEG-68FB8pRE 40% 6.5 501 81
5 kDa mPEG-r-crisantaspase 100% 15.1 483 78
2 kDa mPEG-r-crisantaspase 40% 8.5 524 84
2 kDa mPEG-r-crisantaspase 100% 15.5 515 &3
r-crisantaspase - 622 100
15 * the numbers "40%" and "100%" indicate an approximate degree of PEGylation of respectively

40-55% and 100% of accessible amino groups (see Examples 2-4, supra).
** the ratio mol PEG / mol monomer was extrapolated from data using TNBS assay, that makes
the assumption that all amino groups from the protein (e.g., lysine residues and the N-terminus)
are accessible.

20  [0107] Residual activity of mPEG-r-crisantaspase conjugates ranged between 483 and 543
Units/mg.  This corresponds to 78-87% of L-asparagine aminohydrolase activity of the

unmodified enzyme.



PEGyl ati on as determ ned by TNBS assay with unnodified L-asparagi nase as a
reference, one corresponding to full PEGylation (100% of accessible am no
groups (ewg.2n1llopsssae resi dues and/orthe N-term nus) resiPduaPr2010i089599

conj ugat ed corresponding to PEGylation;pf 78%of total am no groups (e.g.,
| ysi ne resi dues and/or the N—tern1nus)§ t he second one corresponding to
parti al ation (39% of total_ am no 8{oups lysine residues and/or
the N-ter rr%f@g)p lg16: abotisPaERe-ReetBg difdecte Hn@iw@éd(@ngamasp@sme

resi dues and/or the N-termnus)) . SDS-PACGE analysis of the conjugates is
shown iifiok] 9Ur e Zrne TimfSihihROpEARI HORBNARRRPER! AllcTna i BIB0H -Abbis
honngeneous band and contai'ned no detectable unnodified r-crisantaspase.
Exanpl e 3 : (Pmepacanpdentofmslek DaharPERIVE: Agpanadirnage s njcgatcesllyoyghpleA
sol uti on of chsaapagagu%gasglﬁa@marﬁmah%mayaggmé%) YRS £ififils b oFouh OO

MM sodi um phosphat e teln concentration
mg/ AL, in th@ewp@@én@elbfmmmn 9@5 6. 85, QQSSU#gy/m_b%Emaasn@EG Nr;e- drOGﬁranﬂ

hours at 22G ¢thexf esul tahmﬁqmg@d&ée kIR i REG ks %f%acroﬂ&!téhaﬁ&nvgﬁﬁtapﬁﬁﬁsf anad by

si ze exclusion ¢hromat dgrap usi ng a Superdex 200 pg colum on an
purifier UP@m@ﬂ@d§y§b@W%bPﬂbﬂ@+wm@@ﬁmalnlng fracti ons were pool ed and

concentiggyopd 10 RIMh Limidd RidRERES e FRGHGIH Rx@ﬁq'aqficéeﬁﬂ@ﬁ%n?o RA0d ABaijut R

Two 5 kDa nPEG—Lasparaglnase conjugates were prepared in this way,
differing i WWalves)r Biefy.edassfa b ateicodepepdcipieaderyningtbenobyreqinBgionskiay agnoh

unipdi fied Lzashanaghaass %readeﬁ@u%de\{?‘iﬁrephef?ﬁﬁotﬁfBEfaﬁa"tP Rk b) ¥blopre.

PEGyl ati on (100% of accessible amno groups (e.g., |ysine residues and/ or
the N-tl&HM nus) Bei ahgweomFlﬁyact édthe oy a@s%wﬂign@osmwm@@w afficimnt f dgugngfl-

total amno allfaftdhe léx%lsgm’ by Sfbf‘(ﬁmﬁ?%" %ﬁ&sﬁ&%or OL 5’eth<!:\|'2t5@ r[fﬂ(é" H§s)e) inddcB® a
second one corréspondi ng arti l'at 1 on 6% of total” am no groups

(e.qg. IyS|ﬁémpb@M@M@yn@ﬁﬁﬁﬁﬁﬂ%he N-ternlnus) or about 43% of accessible
ani no gonyps (€. his, r’s%ﬁ'1lﬂf§tr£t€ssth9&l§§caﬁﬂq{t£iron§ mzrwaMﬁ'mamﬁeﬁQﬁsﬁa%

anal ysis o he conjugates is shown in Figure 2. The resulting onjugates
appéared as whé@s@rwu apdpinistsrrd gerie 8 (isnch anvsclsrnd peigAYl alissEansrp pafents spEBIng

unnodi fi ed rﬁoﬁ{m@%aaqﬁgﬁdosé&@smlg m4frequ5’1{t%@agletféa%ngand%m!ﬁ%ogemcny
nMPEG- L- Aspar agi nase Conj ugat es [01 sol ution of L-asparaginase from

Erw ni a chrysanthenl was stirred in a 100 nNIsodlun1phosphate buffer pH 8.0

t f : 2.5
o/ ﬁtp;@ﬁ% 2y Eéé@‘ %; B OehIe ﬁ BT FoaSpat % N
TPEG L as RISHIgy & CRISARFISRABS GIONGAISS1 ng

Superdex 200 pg colum on an Akta purifier UPC 100 system Protein

cont ai neng) f ract Imespm&oaﬁahﬁ'& aad pﬁaﬂﬁamrreﬁ& ofiRs I 88 W tdifffled REFGICRI-N
concentration between 2 and 8 EG Laspar agi nase

corfugat es WEFEAIREDSBEEAICH R :%teﬂalyed & BPQ?%E}YWS t(HepynegeagpsEnip flemales),
PEGyl ati on &harles River Germany. The six conjugates tested differed in the molecular size of the PEG (2,

5 or 10 kDa) and in the degree of PEGylation (maximal vs. partial PEGylation). Unmodified
crisantaspase (Erwinase®) was used as a reference. Briefly, 4 animals per group received a
single i.v. injection of 5 Units/kg bw conjugate vs. 250 Units’kg bw Erwinase®. At -1 h pre-
25 dose and at 6 h, 24 h, 48 h, 96 h and 192 h after injection, plasma samples were collected from
the orbital sinus of each animal and analyzed for plasma levels of L-asparagine and residual

enzyme activity, respectively.
[0113] Plasma amino acid levels were determined with a PICO-TAG Amino Acid Analysis Kit
(Waters). Briefly, plasma samples were deproteinised by methanol precipitation. Free amino
30 acids in the supernatant were derivatised with phenylisothiocyanate and quantified by RP-HPLC.
[0114] Enzyme activity in plasma was determined by a chromogenic assay. L-aspartic B-
hydroxamate (AHA) was used as substrate. The enzymes hydrolyzed AHA to L-Asp and

hydroxylamine, which was determined at 710 nm after condensation with 8-hydroxyquinoline



determ ned by TNBS assay with unnodified L-asparagi nase as reference, one
correspondi ng to maxi num PEGyl ati on (100% of accessi ble am no groups (e.g.,
| ysi ne r ewsDdueg03ssd/ or t he Nt erm nus) being conj ugat ed eOTEPIQOOSHSHY t O
PEGyl ati on of 86% of total am no group ,l'ysine residues and/or the
N-termnus)); the second one correspon |ng to partial PEGyl ation (47% of

total am no ou SiL ne |du s and/or t erm nus about
55% of acced t‘B’Fg t@ﬁﬁ%gid@?’%%p@l{a@ Bigchemisisy F@% 2@5?335\%&60@% ated herein
N-t er m nus) by rS$REnRACKH a@fighysi s of the conjugates is shown in Figure 2. The
resul ti conj ugat e red as an essenti al | onmygen and and
cont ai rﬂ@ﬁsho det gétszﬁ‘t“g %ﬁlﬁbfa.#t@dC@J%ﬁtegaﬁ%&é&Q&t 5%@%%%“@“ &é&"‘ﬁ%ﬁey of
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(0] -aspar ne i a 0 m bor at e u er p | n I nCu te
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reagent. Absofjpamse of this solution was neasured at 450 nm The activity
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sul f at é ﬁé r ef er St Incigqaing fhe 517 of ﬁ’tﬁ E&ﬁﬂ?ﬁ’ﬁf“\ﬁ!\@t? ‘gﬁrﬁ%t“éspﬁse A ARPaTaBl e 2

: ﬁxoﬂ vity ebaitled m%llg@ﬂ)ba;ﬁm&ﬁy af jugainas athe. Huwbet,%ufbﬁmfgly,alﬂgte iInQO%'
i ndi cate an approxi mat e de e P ation of respect]j 4 55A)

100% of _acc ALY ﬂ&rﬁﬁ%wﬁdﬁﬁsﬁ% g@&%@éﬁﬂrf@? Ee pote &at%§ ﬁ'ﬂm? Agiop ﬁtﬁ ol
PEG / nol nmeogi@ite, Wos e Xdstuidfdoih at @drehycoRmeiiadompbi®il Mg thtNBRD A aSRhally PEGyRKeS
t he assunption that all amno groups fromthe protein (e.g., lysine

resi dues and°UHE'N-t er mi nus) are accessible. [0107] Resi dual acti vi ty of
MPEG r {eri7pant as [Fag@ndfio mbmt@@t\@s cb@dimdwbemmpmagi&’ne@mdo&4ﬁs ShkviwinSih Figurel Rl S

cor.responds to_ 78- ra n drol ase activ th

uniodi fied SRR %96{0 Elg%te e’ﬁ’ib %fé?shé%gt?ﬂé‘tttnﬁé@ﬁ?@@tf %? ]{:ﬂWf’Bgiqused
Oclrri sant asgas»ere{Bg%g%]id 'Rhﬂi mﬂtgnmq@wﬂmmﬂmaﬂ)l Ve P;Et} Eﬂl()% as@hdlly FE(Sylated)
etermned in ids (i ne,.conpet ent emal es

Ger many. Er P HEAEE T tP!%:'Xg‘ rkﬂ%ﬁt‘ aéFMPtS 49 AT Wiy %Pé?f&%dg‘r"r : 0ER

(L- asparaglmaiamﬂerlved frontErmjnia chrysant hen) . Brlefly, 2 ani mal s per
group le i.v ecti.on o 5, 25,.125, Units/ k
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further improve the in vivo enzymatic activity of the conjugate, it even resulted in a decrease

when compared to the 5 kDa maximally PEGylated conjugate. Also, notably, when r-

crisantaspase was N-terminally monoPEGylated with high molecular weight (i.e., 40 kDa)

25 mPEG, there was no significant impact on the in vitro stability of the enzyme toward proteolysis

(data not shown).

Example 8: Dose-Ranging Effects of Two mPEG-r-Crisantaspase
Conjugates on Plasma L-Asparagine

[0119] The pharmacodynamic profile of 2 mPEG-r-crisantaspase conjugates compared to

30 pegaspargase (Oncaspar®) was determined in B6D2F1-Hybrids (immune competent, females),
Charles River Germany. The conjugates tested were the 2 kDa maximally (100%) PEGylated r-

crisantaspase and the 5 kDa maximally (100%) PEGylated r-crisantaspase at 3 doses. Briefly, 8

animals per group received a single i.v. injection of 5, 25 or 50 Units’kg bw of the r-

crisantaspase conjugates, corresponding to 10, 50 or 100 pg protein/kg. As a comparative arm,

35 Oncaspar® was tested at 1 Unit/kg, corresponding to 10 pg protein/kg. At -1 h pre-dose and at



(Waters). Briefly, plasm sanples were deproteinised by nethanol
precipitation. Free am no acids in the supernatant were derivatised with
phenyl i sovbi2ocymBssbe and quantified by RP-HPLC. [0110] AReTaiPovwo/059594-i gur e
3, the 5 and 25 U kg doses were not ej%'pient in depl eting Lasparagine

| evels in mce followng iv admnistration. Only the 250 U kg dose i nduced

a conpl ete pl.etion over 4 rs. [01 This r It illustrates the
clinical |imt4eiodhé §f498é1r %%8 Prgbéik }%O,h’i%lle.dﬁ%gia?qe i th"?‘éiLﬂ%? @gw{np%wﬁ
needs to befc?nhaeaiﬁ@]grﬁfrﬁcil Hpusta@d anawzezﬁﬁ)r ﬁla%@elkﬁelﬁﬂlp?bﬁﬁgihe.i njections in
pati ent ufferin romALL, and at high.dqgses r i i.n frequent. .
al | er gil@lzﬁbact io S@ﬁamf%?ﬁﬂdaéﬁiw Wer@%ﬁm@ aﬁégéﬁé %ar%«&ﬂﬁfi@@wmtng
E]t f ect ?rg(éel?haf&[’@l Brifg @qﬂ@@hgoaﬁ@em&ﬂe\def[mlegﬁueh %vinﬁwﬁ&nr}gé@éﬁdm NFigt a%tﬂoon
0 | X r- | sant aspase .ugat es, . ne ar mamcodynam c_an
pha?macoki néflﬁ%maﬁeoﬁup?fa@awe@ %ﬁaglé?dewh @9@@59%‘)% #e M@YH@S Ry BdtidL was
ggt er m[mﬂgdr]h i n BEDAE Hoschiylafell dffedid m:jmge?rg&gmgbﬁ@tasnﬁﬁ Q%}lbzﬁ@rlle 1ehay zlreShdenViﬁr
rmany. €e.Sl X _conj ugat es_.t est ered 1n the nole Sl ze of the
PEG (2, 5 of'&¥F fDAY Sﬁ%ﬁﬂ nrFigyes %%@?(L@B’ol*"th:%@]ﬂgétﬁ 8ﬁre(111€3’i3i %Fle\l}gl? depffting|
PEfGyI ation) gir@ngfmgindsgﬁagiﬁa lsra)m}aszn@e] oowwhﬁgﬁ@géthl)dep\@ﬁ?ﬂw@dma@yea_over 3,6 f
rererence. r.e Y, ni nal s er roup. receive a Ssi.n e |l.Vv. | ec pn (0]
5 Units/kg Mebkfﬁg@t@yw ths 5 ’@ﬁﬁt@ RO R SR ﬁ%f%’(l?’ﬁq-‘./- Apr ﬂwfﬂ b#@%se
an:iloat Gdh% c&ﬁu@?‘e, 4o8alg¢p1&|ﬁnh{aaa@e&];9&om %fﬁo%dh(?lh@@gi tﬁ@ﬁ[leJSQJSdﬂi&d f ssmfl@h@s%s,\/\ere
co ecte romt. ornit s nus O eac ni ny ahal yz or as
| evel s of L-faseif&rfﬁzji Ry béﬁocomélg?taﬁ}a%tedeﬁf;w% a@ﬁoﬁ?&/9°SPsef§%%d§$W%a°9&d[%ﬁs]
il als ma arTiK_n(SoaifaHdOb ngﬂdgsBon}/\EF)lﬁ)téiﬁTc&{téﬂt nads, Wiidh 8 PYE&D1IMGnRahtNsT A6tell when
nal ysi s 1t i e

Wat ers) . , _pl asma sanpl es were _deproteini sed b
met hanol pr &€ B‘?“f(gtt‘i’ dther lfrVé@bi./FmLf?Bpaé"t%“&ée E’FFP?%"“ﬁupél?d%gc{’ a#ﬁ% \W@?ge%m asc®
(IJEIer ivatised c%ésbg@b&flyﬂpir(ﬁ@hhﬂ?gY@ﬂg}/kg aand wu@mhir:]a‘spaw d@M_edBB’ndﬁBb&oxi[LrﬁﬁbM{b _
n e actl vl t N asnma wa term ne a ronogenl c assay. -aspartlc
b- %ﬁydr oxand! J%k&l—ﬁ&?‘”%@ﬁ%‘&i%@- s‘%}ﬁ'érf r6% g%(’w‘i'ﬁﬁat dhe §15‘i’i§}1&Pd’|6flﬁeﬁHu¥(ﬂﬁPtt 0
L- Asp and hydimixydfepratee (10Wp/ieh ohameda 2kDh-nens adnjuch?, M &Dhan0% ebgesnsadri on

wi th 8-hydraq ui nol i neand oxi dation to jndooxi ne Anal yti cal Bi ochem stry
309 (2002): PT%GTFS‘&F@BF&B? géf‘sli’?éargérier{;eglfr“‘?ne‘?Vérr@H’é% inits entirety).

[0115] As shown in Figure 4, the, conjugates adm nistered at 5U kg showed
250U Ky X005 0st PR RGO KIPEEF IOI6S PRy EATaRE pot CRYBRSRIRE CPBE Dy at
| east 50 tines. Al conjugates exhibited simlar potency, depleting plasna
| evel s (pf22}-- as parﬁgiﬁmﬂa@@kﬁ%ﬁg?y&ne SX GG -{-HsakthlBase doRRpAOONALC ABbMIRICn
whi_ch showed | gnger duration of action (96h = 4 days as conpared to 48h = 2
da;?@ for ot ROP2FT-Hybrids (immune competent, females), Charles River Germany. The conjugates tested
were the 2 kDa maximally (100%) PEGylated r-crisantaspase and the 5 kDa maximally (100%)
fully PEGylated r-crisantaspase at 3 doses. Unmodified crisantaspase (Erwinase®) at 250 U/kg
and Oncaspar® at 1 U/kg were also tested as controls. Briefly, 8 animals per group received a
single iv. injection of 5, 25 or 50 Units/’kg bw of each mPEG-r-crisantaspase conjugate
25 compared to Erwinase® and Oncaspar®. At -1 h pre-dose and at 90 min, 6 h, 24 h, 48 h, 72 h,
96 h, 120 h, 144 h, 192 h and 240 h post-dose plasma samples were collected from orbital sinus
and analyzed for plasma levels of residual enzyme activity.
[0123] Enzyme activity in plasma was determined by a chromogenic assay. L-aspartic B-
hydroxamate (AHA) was used as substrate. The enzymes hydrolyzed AHA to L-Asp and
30 hydroxylamine, which was determined at 710 nm after condensation with 8-hydroxyquinoline
and oxidation to indooxine. (4ralytical Biochemistry 309 (2002): 117-126).
[0124] For the calculation of the half-life time, exponential best-fit lines of the respective
residual plasma activities were derived using the MS-excel function tool. Negative activity

values were excluded from the calculation.



conjugates). [0116] Thus, increasing the size of the PEG conjugated to the
r-crisantaspase from2 kDa to 5 kDa resulted in an inproved potency and

dur ati on wO 2acivdossse However, surprisingly, increasing treTsirz@0059sdhe PEG

to 10 kDa did not further inprove the pptency and duration of action of the
conjugate, it even resulted in a decrease when conpared to the 5 kDa

maxi mal |/ —PEG/ at e coni aat e [01171 Enzvnetic activity was consistent
| —=LH-at-e coh ate— i =1—E=Erzarpy-c—acti\H-HyYy Was—GoRst-Sten

W th L-2 L dBﬂ‘L’é"?an As shown in Figure 5 the 5 kDa-100% conjlugate
exhi bi t @dntxhe | ar geNeximaaesidusd brggmp agivily | onger hal f-life. Lower AUCs were
observed¢w t h PEG ABe.(pAL L bitdrls: W Rted) vs. PEG 100% (maxinal I'y

PEGy| at ¢dp)y—conjugates for the 2 kDa and 5 kba candidates—andnodirfferience
WaS]obsp éﬁ’iﬁﬂ fjnr g'r Maxllﬁla q%atwgﬂﬁﬁﬁﬁ?&%bﬁvﬁﬁr@] Consistent with the

L- aspar agi ne depl etion data, increasing the nolecular size of the PEG
conj uge{?lgél t o t hdhe halilida fitng <3 4% rpidesh Pzxms 24ty ik Dipsma stAre deriviedh fiom 8Kger
circul ati ng fhasRar @&hﬁﬁsﬁsi%:tthé/ MY excEOWRVEBSn 1SUHT i b NGLetivieN B! &9 iHehe
size of the PEGto 10 kDa did not further inprove the in vivo enzymatic
activity of cKPEeRBhPgatlEes'it even resulted in a decrease when conpared to
the 5 kDa maxdqel | y PEGyl ated conjugate. Al so, notably, when rcrisantaspase
was _N-term nally nonoPEGy| at ed wihb xhi gh nol ecul ar wei ght (i.e., 40 kDa)
nPE&, there was no si gni fi dant hpRaciyon the in vitro stability of the
enzynme toward proteolysis (data ﬁ@f so?mwn). Exanpl e 8 : Dose- Rangi ng
Effects of Two nPEG-r-Cri sant aspase Conjugates on Pl asma L-Asparagi ne
[0119] The pH&ictedodyhafli e Beitims pgit 3« infeesidugnlasgn pelépy sbthe HRF dgiat wd

conpar ed t 0 pPRAIASRBLIPRSBa LENEGRASNRY €dzmhing@s determ ned in B6D2F1 - Hybri ds
(i mmune conpetent, females), Charles River Germany. The conj ugat es tested
@a

wer e t H&128] kDa rrEboF N Fasy UpdeD by prey e Wi reaHtss pase disaatine Verskaa!
maxpmel 1y ( PAdWacdrbioné adi e SufmhbRN IPRBRS S aRd 4, 3cHASAR Fighdsetd y, 8 animal s
per group received a single i.v. injection of 5, 25 or 50 Units/kg bw of
the rcrisantaspase conjugates, corresponding to 10, 50 or 100 ng

protein/ *F%ble“@: B pwﬁn@a;daki&ﬁ@ssaﬁagiﬁ 188 s dtRRIne vith 250UNII 156
correspondi i to 10@9 rat el n At -1 e-do® an c@i% ,.6 h, 24
h, 48 b, 79 rvggareCy Ik by Peaspasiase (OPCApaRRE &2 Kl MG sampi os
were col | ect e@risaBASPALS 1 A0 Y6 ConpIZates dasldyabelisona pnawme aGaND of

L- asparagi ne. [0120] Plasma amno acid levels were determned with a

Pl CO- TA(
depr ot ei
Amax 83.9 U/L 6 U/L 14 U/L 153 U/L 208 U/L
tAmax 6 h 90 min 90 min 6 h 6 h
dAmax 18h 46.5 h 70.5h 2385h 2385h
above zero | from6h-24h | 90min-—48h 90 min—72 h 90 min—240h | 90 min—240h
AUC 1205 222 627 12446 28349
(mean)
tin 6h 28 h 31h 55h 85h

Table 4: Primary pharmacokinetics of a single treatment with 250 U/kg bw of
15 Erwinase®, 1 U/kg bw Pegaspargase (Oncaspar®), or 5 kDa mPEG-r-
crisantaspase 100% conjugates (residual plasma enzyme activity)

83.9 UL 6U 18 U/L 188 U/L 226 U/L




acids in the supernatant were derivatised with phenylisothiocyanate and
quantified by RP-HPLC. [0121] The dose-rel ated effects of the conjugates on
pl asma L-wepariagssse | evel s are shown in Figure 6. As shoemEPpoibiogusves 6A
and 6B, both conjugates were highly efficient in depleting circulating

L- asparagi ne. For the 2 kDa 100% conjugate, total depletion was observed
over 3, 6-—and at least 10 rl'\\/c at the EII 25U and 50U/ kg doses

oo oIty SOy

r espect | veltynx Fol t hebb kDa 100%@5#1] udat e9,01111®t al depl6é1t| on |was 48thser ved
over 3, 10@99 10 dayg it the 5Wk 535U and &Q4Lkg [doses. sk espectizygly. For
bot h_cohjygates, § ashesh sdhe |59 2 -and 900dhka olasies) hasbesh Gapnesponded to

10, 50 ard—1006 IIMI r\g O1—a—Pf etetn—content—bast S5 eh—s—arvery—towahount
of protei nAlen (onpélz% t 0 |ot het?Zavai l|abl &/*- aspar adPF@se prep 1ati onk.
| ndeed, | 28Me¥Pkg | Er wi nase(r) corresponds to approximately 520 ng/kg, ahd 1
U kg Oncaspas(r) |correaponds apprsoxi matlel y 38;q 10 |mg/ ke ki pr ot ei ni1ebmt eng
basis). Figure 6C shows that the adm nistration of an equi val ent quant

ty
of proteizn (10 m:ﬂhkghta@Bo@mahpﬁcﬁlmn?ofk@ﬁsanaa@&{e GioRKGAY Broldnae halfkfarhch00%
conjugate or Oncaspar(r). resulted in a simlar L-asparagine depletion over

72 hrs. Exaﬁﬁm@argdwupwaﬁhﬁa%}éﬁfﬁwse o & 1 fesg-dependepd MG ables P autht dipise

Conj ugat es [MZ%lebﬁlls)haﬁdﬁ% r&?zttlﬂ{‘e sﬁﬁq@ﬁbde@e\féf Amﬁﬁ%eﬁsxﬁ&il fSr’MﬁE @%D@S@O%
conj ugates was determ ned in conpet ent

Charl es Ri veyraughayn thPPFeObé‘c‘i'ﬁ‘def@b‘th%% %@é@%& %P@tqshé\ Gifgrepce gh2} Wﬁfaﬁﬁ/yand
(1089 PEGyliadieskrt c@rrsis&ami eo%a@ﬁefamfttﬁbes ﬁnwaomzsmﬁgalté Wit (h%—@o% afdbd Wikg

PEGy| at ed r-cri sant aspas odi fi ed crlsantas as

( Erwi nase(r )dyseatfesysﬁwelméslgarﬁa?) o%f‘a%b]a?(l?% ?nﬂiga@/alsg ARRFEF e{P é@vetaelglegéah%{g
controls. Bnifeeﬁahlyon&s% itk 1B 15 wREY te@EOM Bhd BHBIMQLE SofRB @nientvbasik, s @RdvOm Of
5, 25 or 50 Units/ w of each nPEG-r-crisant aspase conjr%h?ate corrpared to
Erwi nase(r) AV Spdpq d§rived; pharmpacpkingtic Raanstesn shogin Bo 6Ll supari¢f 48
h, 72 h, 96 pharmhéfkiltic bAAIR. fol 82 hvang cgﬁg%akbs%@smg%ﬁg Rinds MR sRARIRE Wer e

oI | ect ed from orbital sinus and anal yze | asma | evel s of resi dual
en£9me act i WRASINRE1 B3NoERZ (Pnave ct ilqpgtry halhlifs) lasl%na\ﬂ/a@dd’é‘t SRRl dbpnp§rynia

chronmogeni ¢ c%%hem't—d@ﬁ/@@-ﬂ—ﬂtsﬁar@gmﬂyQEI@s)éﬁﬁ@ﬁﬁ) ( A e, WR R nbS ExhIfASe SHRRE halke.
The enzynes hydroly roxyl am ne, which was determ ned

to d
at 710 nm af ?géqaﬂwﬁ%rbﬁgeétcre(%nfowl’ﬁﬁ.‘/@teﬁy% Wi‘y GIRBIEIAY DRESPREgAal FaRpated to
i ndooxi ne. (pAGHaH £elsalhspadae MHSwEer, 3Rx(c2RAK) andldKadidbusiy, Ohe PECyREedt he

calculation of the half-life tine exponentlal best-fit lines of the
respective cEENEREFC bip 3dopgerdetfilifs PRRRCEIBAESer | ved usi ng the MS-excel

funsti qm2gpol . NegslkisyBel@e tsuinkdzey @hah‘@ﬁcdkﬁiéﬁ‘c axgIhthaedo dyhani lh@ gathered from
cal cul ation. [ 0125] The half-life tine of the residual enz ynme activit

pl asma wer e SENSFA GEGTRFEitgdinedhesg drsqdbaddr fanplessi %bef%%e*hwgnéﬂ%w MK%PF' on
tool and the k@spRes kvt RDA-20®F cbf)@gates were highly potent in increasing potency and

duration of action of crisantaspase, as shown by the marked differences observed compared to

Erwinase®; 2) the 5 kDa-100% conjugate was longer-acting than both the 2 kDa-100%
20 conjugate and Oncaspar®, as shown by a longer half-life observed at all doses tested. In view of
the surprisingly inferior results obtained with the 10 kDa-100% conjugate, these data suggest that
the benefit of PEGylation increases with the size of the PEG moiety anchored to the
crisantaspase up to 5 kDa. The higher molecular weight PEG did not add further benefit, and, at
least in the case of 10 kDa, might be even be detrimental. This is unexpected and contrary to
25 results that were seen e.g., when Holtsberg et al. conjugated varying molecular weights of PEG
to arginine deaminase, another amino acid degrading enzyme isolated from a microbial source.
In those studies pharmacokinetic and pharmacodynamic function of the arginine deaminase
enzyme increased as the size of the PEG attachment increased from a molecular weight of 5000
Da to 20,000 Da (Holtsberg, F.W., Journal of Controlled Release 80 (2002), 259-271), ,

30 incorporated herein by reference in its entirety).



exponential best-fit lines: Mean: -1n2 x t tlI/2 =1In(ct / C0) wheret i/2
is the half-life, t is the tinme point, ct is the residual plasm activity
at the tiwoepoimsssand Co the residual plasnma activity atrcrhr2begsssn ng.
[0126] The areas under the curve (AUQ jyere cal cul at ed usi ng Si gmaPl ot
Versionl|. Pharmacokinetic data are surrmarl zed in Tables 3 and 4, bel ow,
and Figures 7-9. Table 3: Primary pharmacoki netics of a single treat ment
with 250 U kg bw of Erw nase(r), 1 J&@leb@v Pegaspar gase (Oncaspar(r)), or 2
kDa nPEG-rcri sant aspase 100% conj ugat es (reS| dual pl asma enzyne activity)

Tabl e @———Primary E[, it g%ge[ b0 AM06vST T B k. %Z 2Tt vmq(l%aKg bw

of Erwinase(r), 1 (| aspar fe (Oncaspar

nPEG- r|cri sant aspase 100% conj ugat resi dL al a “enzyme activity)[0127]
The dcl—t—&%—h—@-\Al—t—h-a-t—-pE%’-l—af | O nﬁl’l$a n, igantl V- pr olo gs

hal f - I|iDese WW&KSr armar ed®@0 unmodffiled a9 sdnt %Qna:@, 50nd i nl%" [~ 50
dose- ddsadEfke) nanner (24bl es 3 %and| 4. 2Fi gures 7- D) . 2Addilti dnal | y3 when
conpar d&i,@h) t he sane dose | eviel 31 AUCs fAeasured®fof the 5 |kD& 100%lwef e

hi gher| Divatioh leese obserwved for 2he 2- kbBa- 100%8-¢on) ugakes.| A3di|fa&rence of
21% I i%sia é,ﬁa/owere consi stlently found in favor|of the|5 kDa; 100%
conj Uc%feﬁlen%h ag.yes , 25 and 50 U/kg doses, respectl vel y (Fi gur g 8). [The 5
kDa- 100% conjugdate at SO appeared to ttave a tonger matftife tiam Orca par(r)
| tsel T ghon test gflagfhidie SeTh A0RSIAN tRIORL HeGhhuRQRIER 1RASISed A SRAYN 1 N
Figure 9 and in the derived pharnacoki neti ¢ paraneters shown in Table 4.
The superi ofkDpHaPraeditiisét 1t upraseittabds impunedsaictty vitrefile, € ompigy adrebagk ewhen
surpri sing, er
nal £ 1o o, Lo AERTAM AT i Mo 1 Rl

L- agpar agi ndge @%ﬁlpgedrmlaép@wygma}se Aeeodigs. | bln@@rreﬂ@aqtfﬂw 19 &Dad 00°d chaivgate is

logi cal 'y beghy BredHedrios bERALEAHES @Al ods ASRREABINAREMe 5 kDa-100%
(pegaspargase) “conpared to PEGyl ated r-crisantaspase. However, unexpect edly
and advant agedugsitais parieul@yéfersldel rcri sant aspase has a longer half-life
than pegaspargase. [0128] Table 5, below, summarizes pharnmacokinetic and
phar macodynam c data gathered from several experiments, including those
described in Exanpl es 7-9 hExeinple Rovimmuniogieniciyy both the 2 kDa-100% and
the 5 kDa- 100% conj ugates were highly potent in increasing potency and

[0130] Immunogenicity of mPEG-r-crisantaspase conjugates was determined in B6D2F1-

10 Hybrids (immune competent, females), Charles River Germany. Animals were treated twice a
week in weeks 1, 2, 3, 4, an 8 by i.v. injection of 250 U/kg bw for Erwinase® and 5 U/kg bw for
all r-crisantaspase conjugates. Serum samples were collected at -1h pre-dose and after 1w, 2w,
4w, 6w and 8w from the orbital sinus. Anti-crisantaspase or anti-mPEG-r-crisantaspase antibody
levels in serum were determined by ELISA. The results are summarized in Figures 10 and 11.

15 [0131] High titers of anti-crisantaspase antibodies were observed for Erwinase® starting at
week 2 and were maintained for the whole study period. In contrast, no significant antibody
levels were observed for r-crisantaspase conjugates (Figure10).

[0132] As shown in Figure 11, the production of anti-conjugate antibodies remained of low
intensity and frequency for the 2 kDa and 5 kDa mPEG-r-crisantaspase conjugates, and increased

20 with higher values and frequency for the 10 kDa mPEG-r-crisantaspase conjugates. No clear
difference was noted between the fully and partially PEGylated conjugates (not shown).

[0133] Thus, these data demonstrated that the PEGylation strategy that was selected reduced the
immunogenicity of the conjugates compared to the unmodified L-asparaginase, markedly
decreasing the anti-crisantaspase antibody response. However, anti-conjugate antibodies were

25 detected, especially with the 10 kDa conjugates, and with a lower intensity with the 2 kDa and 5

kDa conjugates.



duration of action of crisantaspase, as shown by the marked differences
observed conpared to Erwi nase(r); 2) the 5 kDa-100% conj ugate was

| onger - acwongitdeasscbot h the 2 kDa- 100% conj ugat e and Oneaspee(m)ps958s shown
by a longer half-life observed at all_gpses tested. In view of the
surprisingly inferior results obtained wth the 10 kDa- 100% conj ugat e,

t hese data suggest that .the benefit of PEGylatiaon ipcreases with the size
of the PRE i ot y" HBHEY W 't BPRATE DI O e g&8e TEHYEEOS SRISECICTHR TRPENES

mol ecul ar wehghiacdRietidlipth it podaely fabd tdoRfiod @R attidn, ofRdisadthspa@aSihile eddmgCcase
of 10 kDa, night be even be detrjnental. ng(g is.uneﬁﬂect ed and gontrary to
resul ts that™NEPECREEN VEY COMRRHENOHEE EBTIHCE PO, WEh] RgePedaRtaryitrg of

(rjml ec 3! ar V\thgiﬁtiﬁqr&fsilngﬁiﬁc}iﬂt?e ﬁfeg('bﬂ"th@ﬁolﬁg@fﬂisé@ﬂﬁd mwinl PEG-ﬁa:ﬂi;dms@gé €bnjugate
egradi ng enzyne isolated froma robial source. In those studies

phar macoki néfig SHHYY ghaf ﬁate%%am”% Py ARt GRS R REs g1 UA T e HGQAH nikEReT
enzyne i ncreas@gin@shet ie & e peG fohm BRGratd achimbat inpielgRsaty hkdfration of

nol ecul ar wei ght of 5000 Da té) 20, 000 Da QHOItsbereg, F.W, Journa{n of
Control | ed REfWade8dl (DgopEC-FEGasRPRse conjugelp M3d it BYHER &R Y Pef éPance
[ R its enti megtRg _-r-a@blhd t%p&eL&iﬁgite,L@sﬁéﬂuiﬁﬂll%wﬁ gsolggtgmasﬂ_lgmdeigd@ttaé l10 h@laow,

t he i nmunogeni city.data showed that the - o exhi bited. an

unaccept abl énﬁEr"rIﬁ{]?YW@‘@?ﬁPE%et ORGP | EXhibethadno NERCERIBAT KRHBRSSEESHS | RigFICn g™
adnoni st er i ngedpb@eCrofnat! Midwlod pitakhedésaltkith &h& padtéiay,. gi c to E. col i

L- asparagi nase or have devel oped anti_-L-asparaginase antibodies. In this
respect, the 10 kDa-100% conjugate is really not suitable. The 2 kDa-100%
and the 5 kDa-100% are preferable, and the 5 kDa-100% conj ugate is
particularly preferable. Exanple 10: Imrunogenicity [0130] I mrunogenicity
of mMPE@134ri santVdlspaseodmnygatl esplwasond eff erenpraedt inmenBED2RL- beely lescdled in

(i mmune conpetent.,. fenal es. arles. River. Cerqany. Ani S re,treated

L ce o violoh yaibpE TRy SEhusy Gl Lol SEUTBR L R IR BELET, o,
Er Wbnase(r) tlandndny Wdiigiodsl nicglificatidns rvasitd bapbabpaseéhaoniepryige omSke unmestarpl es
wer e col | ethglgce&E GrJtarllnelarhgr_eqP%ell r%‘f%genggstcﬁrd }Ile\rN' Z\évherzelbvyi ingow oar‘aﬂgd é%efirregﬁn c he
orbital sinds. AnfT-crisant aspase or ShTT PR PYER 89 aspase an b dy

| evel s in serumwere determ ned by ELISA. The results are sunmmari zed in
Figures 10 and 11. [0131] High titers of anti-crisantaspase anti bodies were
observed for Erwi nase(r) starting at week 2 and were maintained for the
whol e study period. In contrast, no significant antibody |evels were
observed for r-crisantaspase conjugates (Figurel O. [0132] As shown in
Figure 11, the production of anti-conjugate antibodi es remained of |ow
intensity and frequency for the 2 kDa and 5 kDa nPEG r-cri sant aspase

conj ugates, and increased



wi th hi gher values and frequency for the 10 kDa nPEG r-cri sant aspase
conjugates. No clear difference was noted between the fully and partially
PEGy| at edwoanjumadses (not shown). [0133] Thus, these dareTdermwssssed ed t hat
the PEGyl ation strategy that was sel ected reduced the immunogenicity of the
conjugates conpared to the unnodi fied L-asparagi nase, markedly decreasing
the anti-crisantaspase anti body response. However, anti-conjugate

ant i bodi es specially with the 10 kDa conjugates, and with a
| ower inteng?ﬁnggkﬁ%bﬁgDénga and 5 kDa conjugates.[0134] In conclusion,

it appears that, up to 5 kDa, PEGyl ation sugceeded .in |nprqyjn .

phar madoki nét FRUBFErORBTSBE AL kG RAT E BGF TREEE BhIY o PLh A ase,
whi | e r educiaminol atidsTEFEENIDE NOyl adgnlyetnieas gicdl o0PEG)e wheraindhd PG hipr omeletylarwi t h
a potency and. at i on of tion . easing with the size of the pol yner
used, the 5“ﬁﬁ§y%ﬁé nﬁ¥8992%ﬁ%g§82@gﬁ%onjugate being slightly nore potent
that the 2 kDa nPEG r-crisantaspase conjugate. However, further increasing
t he5si 2e of Thheol&Btd o dOmkDavhkin @dl L-espataginherhas rpleast @0poitlenicy toathel amino
duration Ofa%%%%ﬁ@ IﬁﬁK}Ee 10 kDa nPEG r-crisant aspase conjugate was | ess
potent in vivo 5% € '5 kDa nPEG r-crisantaspase conjugate, despite
simlar in vitro potencies. In addition, the 10 kDa nPEG r-cri sant aspase
conj ugdt es &hhicbijtgtt efnclaimalc cdpteabiaal Lavnargyessi ok ay lepyt 9PVl identintouthe xpaot ed
result in vi jshed results with other proteins. [0135] Wile
enbodinentsa§§g9§% ?ﬁgg??ons of the present invention have been descri bed
in sonme detail by way of illustration and exanple, it would be apparent to
those df skillh comugateeof ghaim fl hathereramyrd hehdibardgimed is pdsdiidal toath¢ amimoweid o SB@ 1D
posgi bl e wi thayt departing fromthe inventive concepts contained herein.

Al'l references cited herein are hereby incorporated in their entirety. WHAT
IS CLAIMED IS: | . A conjugate conprising an L-asparagi nase from Erw ni a
havi ng Jat | d&somBadeiof amt dftclpimol -¢.rveheea saesl REG bps gfmebrgar el of akaygS000 Da.

pol yet hyl ene gl ycol (PEG, wherein the PEG has a nol ecul ar wei ght | ess than
or equgl to Tqip@&iﬁugﬁgqg a%f Faimd ELQ, FRAEHGAd PEQThaCh AbReutar WA 6f BssSRinthbout

L- asparagi nase has at |east 90% identity to the amno acid of SEQ ID NOI.

3. The conj d§¥tBa.of claim 1, wherein said L-asparagi nase has at |east 99%
identity to the amino acid of SEQID NGO I|. 4. The conjugate of claiml1,

wher ei 7 sai dhbeagRRifcaFaRasldifs |- deRhdi&irkaid PEGMEs AMoREUIAGH G0 bf IBEGhdnAbDER! 1.
5. The conjggate of any of clains 1-4, wherein said PEG has a nol ecul ar

meﬂéht of aWB8¥tP%000 Da. 6. The conjugate of any of clainms 1-4, wherein
said PEG has a nol ecul ar wei ght of |ess than about
8. The conjugate of any of claims 1-4, wherein said PEG has a molecular weight of less than about
3000 Da.
9. The conjugate of any of claims 1-4, wherein said PEG has a molecular weight of less than about
2500 Da.
20 10. The conjugate of any one of claims 1-9, wherein said conjugate has an in vitro activity of at least

60% as compared to the L-asparaginase when not conjugated to PEG.

11. The conjugate of claim 10, wherein said conjugate has an in vitro activity of at least 70% as

compared to the L-asparaginase when not conjugated to PEG.

12. The conjugate of claim 11, wherein said conjugate has an in vitro activity of at least 78% as
25 compared to the L-asparaginase when not conjugated to PEG.
13. The conjugate of claim 10, wherein said conjugate has an in vitro activity of at least 80% as

compared to the L-asparaginase when not conjugated to PEG.



5000 Da. 7. The conjugate of any of clains 1-4, wherein said PEG has a

nol ecul ar wei ght of | ess than about 4000 Da. 8. The conjugate of any of
clai ns 1-wo 20hi@nssse sai d PEG has a nol ecul ar wei ght of Ilpesspedh@nsabout 3000
Da. 9. The conjugate of any of clains 4, wherein said PEG has a nol ecul ar
wei ght of less than about 2500 Da. 10. The conj ugate of any one of clains

rein said conjugate has an in vitro activity of at % as
corrpawg to Tthﬁé"lﬂu%?éﬁ’pgalu “g@tnnla?s ?’ﬁﬁ@rﬁaﬁo‘t‘m&‘éﬁf 3@%1%81 60 PR |° at #Pﬁé% 70 as
conj ugat e ofco@pabdio B, L-dpekgihdte Sabdng osjjuaatie PBS. an in vitro activity of
at | east 70% as conpared to the L-asparagi nase when not conjugated to PEG

12. Th conj ate of c 1 wher ei n sai d ate has.an_.in vitro

2ot i vi 5 of Y Spiudte ekt TG SRR LREe Peakbdoutr AGSL Rheh b o
conj ugat ed tcOmpréd to M L-d3peragion wgat ot 0bnjedatidd BOG. wher ei n sai d conj ugat e
has an in vitro activity of at |east 80% as corrpared to the L-asparaginase

jugat.ed tqQ PEG 1 The n ate f claim 10, wherein i.d
conp ugaPe” habe St apS S S 1 R i cophuts Bt ShisRahEPg dfieton
L- as par agi nastévitwlaekasnaiouCcfnjnkg aiiceclpdtent Bthe 1 Sasparignasowhengat eonpigated ai FEGLO,
wher ein sai d conjugate has an in vitro activity of at | east 90% as conpared
to the -aspara when not .con d.to.PEG. ugat e of any
one of 01 ai ne fng]. ?eva_t; an orrlle %ftaclldmcl(ljﬁjguwa%rem |§|ald conﬁu%ae der;fe% Bsﬂlagapqaratgme
activity at lévensd aralbgertcte levaiés anlpase4Pphdvent t han t he L-asparagi nase when
not conjugated to PEG 17. The conjugate of any one of clains 1-16, wherein
sai d c j ug t r t l.evel
For at Teast " 36onBt A spB oS E TIE PAOR L Xl P PR S B BT
sailﬂ COI’lj ugatvelscﬂte:pimtdssctqthlabvmfcuaabgﬁa%@unﬁe IeveI s to an undetectabl e | evel
for at least 96 hours. 19. The conjugate of any one of clainms 1-18, wherein
sai d cqgj uggl, rQ rRlabheV 21 € WHEM AL NG ALd hdslaf16hoEO fe i he
L- aspar ggl nasgc{sf\lﬁ%ﬁ%ndot R}g%ﬂuga‘te ’WPE%H%Z&TEQI'}JH%%OSJ ugnagtg e%?f §n§/ olr%l
clains 1-19 halﬁh&rcemnars@tocthq:bngpa@ameseH@tlsn notlcomugatedXy PEGhan pegaspar gase at
an equivalent protein dose. 21. The conjugate of claim 20, wherein said
conj ugahe Nage dofidOfor ahy | HES SROULLRE DRKGS (31 Anfloae Al .ARA 1%
pr ot ei n/ kg. e 01{)&%3 cgnj uyat e of claim?20, vvﬁersel n ggllgd conj uga%ge ?:)%13 a Xy2
of at | east pa%mﬂrgaet)atﬁee%vaéﬁm Broginsdesdf

15 21. The conjugate of claim 20, wherein said conjugate has a t;,, of at least about 58 hours at a dose of

about 50 ng protein/kg.

22. The conjugate of claim 20, wherein said conjugate has a t;,, of at least about 60 hours at a dose of

about 50 ng protein/kg.

23. The conjugate of claim 20, wherein said conjugate has a t;,, of at least about 63 hours at a dose of
20 about 50 ug protein/kg.
24, The conjugate of claim 20, wherein said conjugate has a t;,, of at least about 65 hours at a dose of

about 50 ng protein/kg.

25. The conjugate of claim 20, wherein said conjugate has a t;, of at least about 34 hours at a dose of

about 10 pg protein/kg.

25  26. The conjugate of claim 20, wherein said conjugate has a t;,, of at least about 36 hours at a dose of

about 10 pg protein/kg.

27. The conjugate of claim 20, wherein said conjugate has a t;,, of at least about 38 hours at a dose of

about 10 pg protein/kg.



about 50 ng protein/kg. 23. The conjugate of claim20, wherein said
conjugate has a Xy2 of at |east about 63 hours at a dose of about 50 ng
prot ei n/ kyo 2874/0038%6 conj ugat e of claim 20, wherein sai drcormP@asIshas a Xy2
of at |east about 65 hours at a dose ojm about 50 ng protein/kg. 25. The
conjugate of claim 20, wherein said conjugate has a Xy2 of at |east about
34 hour dose of protein/kg. 26._ The c te of claim
20, whdPein ™ afﬂlﬂtgam%alg 5%&3@%@9@ C%Juafe%éaéltzoamtﬁt a@%dtﬁgﬁ?lgs 4t2 dstdse
of about 10 abght o Qf plofikigs. 27. The conjugate of claim 20, wherein said

conj ugate has a Xy2 of at |east about 38 hours at a dose of about 10 ny

0Ot DD, 45 10 TRt Sl BT, R S SN, SOTLIRE € B8

conj ugate ofthcanysparagingt whk@hdrsonjugi®d tvvPeGei N sai d conjugate has a greater
AUC corrpar ed to the L-asparagi nase when not conj ugated to PEG 30. The

conj e of . clai.m 29, wherein said. con

onst aBour E piBet g aiEe S ihaR MR RE it A ToAR A Bhurig
dose. 31. Thecacothatpaheaphscanyn @ueabht pedteinmesel- 30 wher ein the PEGis
covalently linked to one or nore am no of said L- asparagi nase 32. The
conj ug%tle OThglcg‘rllu aeldf a\rl\lhohe 0 %11@1?1% G I Tei C%V%’lE% 15 C Vaen y edQOSrafl or nq(r)]re or
nore am no group s]gb A (b e conjugate o airm 3" %132,
wherein the at%E(équald:b\aapawgtﬂage.l [ nked to at | east from about 40%to about
100% of the accessible am no groups. 34. The conjugate of claim 31, wherein
t he PEG,is e fr % 4, 9

toral adino of ougmedel SEER, MRk HEREL SO ACEAR AP il
f ordful a: As;grc{um—bma(n@wbomdco NH- PEG] n wherein Asp is the L- aspar agi nase,
NH is one or nore of the NH groups of the |ysine residues and/or the
Nt er MAuS ke LRy ARPor JffE 4150 32PRhAGHNL 686 0L KERIRIEN Yo afeds? r8mMERET

t hat represen%s&gt e(ast 4009 A)tro aglout 100% of1 t%g cess?bcf %t gﬁfno groups
(e.qg., |ysif€%teshbaptt¥) asidhorcceshible Rminergmupsis) i n the Asp, and x is an
integer ranging from1l to 8. 36. The conjugate of claim 35, wherein x is an

I ntegenyr angjihggoﬁjlﬁé%@ & cia@m%-l, wherein the PEG is covalently linked to at least from about 40% to

about 90% of total amino groups.
15 35 The conjugate of one of claims 1 to 34 having the formula:

Asp-[NH-CO-(CH2)x-CO-NH-PEG]n
wherein Asp is the L-asparaginase, NH is one or more of the NH groups of the lysine residues
and/or the N-terminus in the Asp, PEG is a polyethylene glycol moiety, n is a number that

represents at least 40% to about 100% of the accessible amino groups (e.g., lysine residues

20 and/or the N-terminus) in the Asp, and x is an integer ranging from 1 to 8.
36. The conjugate of claim 35, wherein x is an integer ranging from 2 to 5.
37. The conjugate of claim 35, wherein n is a number that represents at least about 40% of the

accessible amino groups in the Asp.

38. The conjugate of claim 37, wherein n is a number that represents about 100% of the accessible
25 amino groups in the Asp.
39. The conjugate of any one of claims 1-38, wherein said PEG is monomethoxy-polyethylene

glycol.



37. The conjugate of claim 35, wherein n is a nunber that represents at

| east about 40% of the accessible am no groups in the Asp. 38. The

conj ugat ewof2ocil/@Bs®s 37, wherein n is a nunber that reprevemrr2abosds9d00% of
the accessible amno groups in the Asp,; 39. The conjugate of any one of
clainms 1-38, wherein said PEGis rmnorre hoxy- poI yet hyl ene glycol.40. A

met hod Ki t he conj ugate of any one of sai d et hod.
conpri § ngn?b %Wfln%f Kl f’o%‘fga?a%/% arp(E@n‘?/\nO #8u fitid gpetlog gomprising

L- aspar agi nas@binfhgan lamf)ahe o€ 6hi SPEG tit@An b@burd of gamemeamgdlageuﬁ hibaffesd sdl@ion
coval ently I|nk sai d lgto said L- ﬁjfgﬁra 41. The nethod of claim
40, wher ei n "9 HNRFPEFEECEH OV YR am% bFO & trid GhrBREREN about 7.0 and
about 9.0. 42. The nethod of claim4l, wherein said buffered solution has a
pH val ue. of Theuseen obdgitht40/wheraini daid boffdre Bomtiodt Bas a PiEvalRtdT6etwedn baxi 70 4,
wherein the ITDId@t of said L-asparaginase is a protein concentration of

bet neen abodPO® "nmg/ nL and about 25 ng/nL. 44. The nmethod of claim43,
wherein the anount of said L-asparaginase is a protein concentration of

bet weer2abouthe thethgd ot claimdt 1atbertin 20d bgffartd sofifion Adhe pietdhed bétwednadboutd3; and
wherein the r{glé t of said L-asparaginase is a protein concentration of

bet ween abodt® /nmL and about 15 mg/nL. 46. The nethod of clai m 40,
wherein the anount of said PEGis a nolar excess of polymnmer over am no

gr oups 43n sdihd nicthad paelagi 40awheraih theaguithd aid bawardddiasclis a $i0teil tumcengttiodbofof
claim46, wherein.th t I is a nolar excess of polyner over
anm no groupsbetlwr?ensaboateq_ }ﬁg“r%lgl n%lgggo J%i(é'éss t han about 10:1. 48. The nethod
of claim 46, wherein the anount of said PEGis a nolar excess of polyner
ovéf aritno g"ﬂlg upthoil nf daindt 3L whegpatiegimvastef ofid Lesgridirase iaboutci8cdhcen@tiondfe

met hod of a I sai d PEG i s nononet hoxy- pol yet hyl ene
gl ycol . ri%:m%@n gﬂﬁg@geaatg?%(g?gé%%@%ase treatabl e by L-asparagi ne

depl eti on in a patient, said nmethod conprising adm nistering to said

pati enttSan dhf ewthiod ef edmmuddt whirein ithe apwnipted atié Lappagagynasmie a pfotah ednagntrati@ef 571,
The nmethod g { %q{i[sease treatabl e by L-asparagi ne

depl etion i sgt%%%@%gmaqn 'aﬂou%ﬁ]fﬁ claim51, wherein said cancer is
selected fromthe rou consi sting of Acute Lynphobl astic Leukem a (ALL),
non- Hodgki n'1de imethol oring laimni0 yyhapein e, anzpyat gaqa,@r]g;r}j@ fisca molar excess of polymer over

15 amino groups in said L-asparaginase of less than about 20:1.

47. The method of claim 46, wherein the amount of said PEG is a molar excess of polymer over

amino groups in said L-asparaginase of less than about 10:1.

48. The method of claim 46, wherein the amount of said PEG is a molar excess of polymer over

amino groups in said L-asparaginase of less than about 8:1.
20 49. The method of any of claims 40-48, wherein said PEG is monomethoxy-polyethylene glycol.

50. A method of treating a disease treatable by L-asparagine depletion in a patient, said method

comprising administering to said patient an effective amount of the conjugate of any one of

claims 1-39.
51. The method of claim 50, wherein said disease treatable by L-asparagine depletion is a cancer.
25 52, The method of claim 51, wherein said cancer is selected from the group consisting of Acute

Lymphoblastic Leukemia (ALL), non-Hodgkin's lymphoma, NK lymphoma, and pancreatic

cancer.

53. The method of claim 52, wherein said cancer is ALL.



cancer. 53. The nethod of claim52, wherein said cancer is ALL.54. The

nmet hod of claim53, wherein said conjugate is adm nistered at an anount of
about 5 Wbgotimoadseut 25 U/ kg. 55. The nethod of clai m »ér/ERenesFIsai d
conjugate is administered at an amount,of about 25U kg. 56. The method of
any one of clainms 53-55, mhereln said conjugate is admnistered in a dose
t hat de l ete undet ectable | evels for a periaqd of about 3
days to 1aboue f@%ag 391 3, PRS0 e I RB et bR aBI S\ @i n
sai d conjugab@ng5nggs a Iomer i mrunogeni ¢ response in said patient
conpared to t he unconjugated L- aspar agi nase. 58. The nethod of any one of

Sart iRy ofme PREOEH R ERE I8 a2 BR et Mol B e S s

59. The nethod of any one of clains 53-58, wherein said conjugate has a
gr eat ers6 AUC Tha lmeghodfoff efiy encsifrgiiias 86SE vaergasssticdniughtads aditioigjeteddin @ dose that

par agi nase. . The. neth f any one of. cl ai.ns - 59, in said
conuga e | o (PUPBERE T HORSORRLS B sRriod kBl T Breody O Bhe- of
clainms 50-59, wherein said conjugate is admnistered intranuscularly. 62.
The mnetSfiod dthe amcyhodmé aof ood aﬁ d&'m§(536ﬂi whd‘leineshid comjughte diq'itslgdb@eri igimunogenic
admi ni st er edesocr)]ncsgl sad V\’[eent co aredI eu 0 ate L asp\é One Of claims 50-61,
wherei n sai d° 80N ard s &dmnist er H:PW$ "64. The net hod of
any one of clalns 50 61, mhereln sai d conjugate IS adnlnlstered | ess than
once péB.weémcneﬂwdﬁﬁannnmhédbmﬁfﬁﬁy whaciofsaid lcanjngted(s 6 dgngave vev wirsditthg

' [ f claim®65,
wnor e sai doEa 65 ShACaRS TR SLRRNcorGore{PEYTERIA Ch v Syt net ase

i nhibitor. 67. The met hod of any one of clainms 50 to 66, wherein said
paﬂpen59hasThadwﬁwépéWWUms0ﬁ99€$§éﬁ§{whwmmyndGnmmmﬁhwt@@ﬁmmhégﬁaMagﬂﬁage or
PEGy| at ed f JLgr T ne of clainms 50 to 66,
wherein saigﬁ%gfﬁgﬁﬁ mﬁ@ﬁtgz gﬁ%P%Ségﬁ %?gn5|t|V|ty to an Erwinia

L- aspar agi nase. 69. The net hod of cIa|n167 or 68, wherein said

hyper séfsi t Wk mpthod oEaly oae el i -5hevhgictpideenagais s adminftead)intrayprously.
reaction, anaphylactic shock, and silent hypersensitivity.70. The nethod of
any ong;of eﬂh@hﬁﬁmégfatng oﬁcgofdl‘ﬁ%% 50, kiR @ldi BRh e aliadlisRrdiisRaRSoulflyapse.
71. The method of claim 70, wherein said dlsease rel apse occurs after
treatment with an E. coli Lasparagi hase or Gyl ated formthereof. 72. A
phar maéut i d&f H@%‘%B%%%OB?\O%%WBW Phybewa S&@ﬁp@@%?ﬁeels q‘mlaﬁgfreér?@ced?rer WEA s
1-39. 73. The conjugate of any of clainms 1-39 for use in therapy.

15 63. The method of any one of claims 50-61, wherein said conjugate is administered twice per week.
64. The method of any one of claims 50-61, wherein said conjugate is administered less than once
per week.
65. The method of any one of claims 50-64, wherein said conjugate is administered as monotherapy.
66. The method of claim 65, wherein said conjugate is not administered with an asparagine
20 synthetase inhibitor.
67. The method of any one of claims 50 to 66, wherein said patient has had a previous

hypersensitivity to an E. coli L-asparaginase or PEGylated form thereof.

68. The method of any one of claims 50 to 66, wherein said patient has had a previous

hypersensitivity to an Erwinia L-asparaginase.

25 69. The method of claim 67 or 68, wherein said hypersensitivity is selected from the group

consisting of allergic reaction, anaphylactic shock, and silent hypersensitivity.



74. The conjugate of claim73 for its use in treating a disease treatable
by L-asparagine depletion. 75. The conjugate of claim74, wherein said

di sease iwocano®ssse /6. The conjugate of claim 75, whereipoTagRR@loosssoer is
ALL. 77. The conjugate of claim76, whgfein said conjugate elicits a |ower
I mrunogeni c response in a patient conpared to the unconjugated

L- aspar glna e. he con any qne . of clains 73-77, wherein said
medi carfént i emsﬂwii Pgaé%?ﬁwi’ hjia?m%l?os@a@e s 1?*1“81?%?%\}??8 AREa 5P pr evi ous
hypersensitivity to an E. coli L-asparagi nase or PEGyl ated formthereof.

79. ThalconjTugaicehodfof alajm omeviefeical discast3relagse ovbi@s eftdd teaitinteich aamedl; 1i-s
for treatnent of.diseﬁﬁé &F gﬁﬁiﬂle t who has had a previous

hyper sensi t iXAAFE BAERY oA d8Par agi nase. 80. The conjugate of claim
78 or 79, wherein said hypersensitivity is selected fromthe group

consi stieng of platheegicel compaditicdrromaiapgit adifugete shaglone afcaisk Il 89t
hypersensitivity. 81. The conjugate of any one of clains 73 to 80, wherein
sai i ca i.s for. tr dlse se in a patient who has had a
d|sgagggrelQESemU§%E($ﬁ%/§gﬁnﬁg%g&ﬁHP% arm’B1, wherein said di sease

rel apse occurs after treatnment with an E coli Lasparagi nase or PEGyIl ated
f or m t Wér eofThe 8@jugatervé tlaimd7 ofor ity wain ngytivg diisessteatable &y dbispardgynel deplsipar agi ne
depletion in a patient, said nethod conprising selecting a patient in need
of a trgat . previous hypersensitivity to
an E col|HQ%%g%i@%%?%g%%?%pwm n%%?&%@%ogﬁg? ereof , and/or wherein said
patient has had a previous hypersensitivity to an EFMAnIa Laspar agi nase,
and/ or 78ai d Thacomygateled slatm e, ahacwead sacel igpse; and admini stering to said
patient an effective anount of the conjugate of any one of clains 1-39.84.
The nmethod afhe ch h%ﬂeBQf’ clMRET6e e Al s%d@éﬁﬁéﬁ@ @l%!lt% IaVib o 1hﬁ1u%§éeﬁﬁt1@§ii)ofl§eqmat he
group consisting o | ergi c reaction, anaphylactic shock, and sil

hyp8r sensi t iPgliqnjcongmred e HaqoRiveatest L-8IParagings; wher ei n sai d dlsease relapse
occurs after treatment with an E. coli Lasparagi nase or PEGylated form

t her eof;g. 86.Thd kenjiBiNFUnP bnOsre1fhs 63-07, RS o BicaRBl B8} tRAin@n0bSBRASR
treatabl e by L-asparagi ne depletion is a_cancer, particul ar]y selected from

the group cdhaPefshyhehasdadrereiem Ili‘éill?ﬂrség%"i“étyl_t%akgnf‘él -aAreyegingsrr BEGyleted

| ynphoma, N wi@bBsma, and pancreatic cancer. 87. The nethod of one of

cl ai s 83 to 86, wherein said conjugate is adm nistered at an anount of
about to about 25 Uk preferably at ggmﬁynunt of about 25U/ kg. 88.

The mechod gt SIS P BRI RS 118 ST BB EION! 8 G Trga §gliseake
adnbni st er edn i patRntd@%ehat Ralta previous hypersensitivity to an Erwinia L-asparaginase.

80. The conjugate of claim 78 or 79, wherein said hypersensitivity is selected from the group

consisting of allergic reaction, anaphylactic shock, and silent hypersensitivity.

81. The conjugate of any one of claims 73 to 80, wherein said medicament is for treatment of disease

in a patient who has had a disease relapse.

20 82. The conjugate of claim 81, wherein said disease relapse occurs after treatment with an £, coli L-

asparaginase or PEGylated form thereof.

83. A method of treating a disease treatable by L-asparagine depletion in a patient, said
method comprising selecting a patient in need of a treatment, wherein said patient has
had a previous hypersensitivity to an E. coli L-asparaginase or PEGylated form thereof,

25 and/or wherein said patient has had a previous hypersensitivity to an Erwinia L-
asparaginase, and/or said patient has had a disease relapse, and administering to said

patient an effective amount of the conjugate of any one of claims 1-39.



depl etes L-asparagine to undetectable levels for a period of about 3 days
to about 10 days. 89. The nethod of any one of clains 83 to 88, wherein
sai d conjwgaba/dosssadm ni stered i ntravenously or intranmuecuieerdigiossd® The
met hod of any one of clainms 83 to 89, ywherein said conjugate is
adm ni stered once per week. 91. The nethod of any one of clains 83 to 89,

wherein said conjugate I s adm ni stered tw ce. per week. 92. The net hod of
any onétof dihgimreho8 st £laingd’, wieieta! %Yé’FrdeIt%W}%&a*F@CtF% framtHhe, gropme Fouisings

than once pelerpRedctich3anaphBacietiiver 208 sikAyhypBserdiivie). ai ms 83 to 92, wherein
said conjugate is adm nistered as nonotherapy. 94. The nethod of claim 93,

mherel sal con ate i s adm tered, with an aspar agi ne
i nhi bi t dfhe meJthog 1i’cla{m 8? where?n sa?c{ glsease relapse occurs ai?erereatm nt w1thSXnn£" co zzis—e

asparaginase or PEGylated form thereof.

5 86 The method of one of claims 83 to 85, wherein said disease treatable by L-asparagine depletion
is a cancer, particularly selected from the group consisting of Acute Lymphoblastic Leukemia

(ALL), non-Hodgkin's lymphoma, NK lymphoma, and pancreatic cancer.

87. The method of one of claims 83 to 86, wherein said conjugate is administered at an amount of

about 5 U/kg to about 25 U/kg, preferably at an amount of about 25U/kg.

10 88. The method of any one of claims 83 to 87, wherein said conjugate is administered in a dose that

depletes L-asparagine to undetectable levels for a period of about 3 days to about 10 days.

89. The method of any one of claims 83 to 88, wherein said conjugate is administered intravenously

or intramuscularly.

90. The method of any one of claims 83 to 89, wherein said conjugate is administered once per
15 week.
91. The method of any one of claims 83 to 89, wherein said conjugate is administered twice per
week.
92. The method of any one of claims 83 to 89, wherein said conjugate is administered less than once
per week.
20 93. The method of any one of claims 83 to 92, wherein said conjugate is administered as
monotherapy.
94. The method of claim 93, wherein said conjugate is not administered with an asparagine

synthetase inhibitor.



