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Arginine also serves as a substrate for several important enzymes, including
nitric oxide synthase (NOS). There are three types of NOSs, nNOS, eNOS and
iNOS, all convert argmme to nifric oxide and citruiline. The facial flushes induced -
by NO, for instance, is mediated through nNOS, the neuronal type of NOS. iNOS,
35 the inducible NOS is produced by macrophages and the NO so produced from
arginine during septicacmia causes vasodilation in endotoxic shock. eéNOS, the
endothelial NOS, is produced by endothelial cells in blood vessels. It converts
arginine into NO, which then canses de-aggregation of platelets in the endothelial
surfaces through ¢cGMP mechanism. NO produced from eNOS in the local
40  endothelial lining has a half-life of about 5 seconds and diffusion distance of about
2 microns.
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The productions of these enzymes are controlled by different NOS genes
(NOS1, NOS2, NOS3) encoded in chromosomes 12, 17 & 7, respectively. These
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35 To overcome the problem on the body’s natural homeostatic tendencies,
Tepic et al. in US Patent 6,261,557 described a therapeutic composition and
method for treatment of cancer in which an arginine decomposing enzyme is used
in combination with a protein breakdown inhibitors such as insulin in order to
prevent the muscles of the body from replenishing the depleted arginine.

40 Although insulin can act as a protein breakdown inhibitor, it also has far-
reaching physiological effects on the human body that may cause fatal problems if
blood glucose levels of the patient are not strictly maintained within the narrow
normal range. It is therefore an object to the present invention to find improved
method of treatment and compositions for the treatment of cancer.
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1—d d el‘clmg
g/L K2HPOL andl\? %Q '80 /L tryptone, 7-12 g/L KzHPO4 and 3~6 g/L KH2P04 The
use of a well-defined medium prevents undesirable material from being purified
together with the recombinant protein, making the method safe and efficient for the
35 production of pharmaceutical grade recombinant material.

In yet another preferred embodiment, the human Arginase gens is provided
with an additional coding region that encodes six additional bistidines at the
amino-terminal end thereof, and the purifying step comprises a chelating column
chromatography step. In a further preferred embodiment, the Arginase enzyme is

40  further modified by pegylation to improve stability.

In another aspect of the present invention, there are further provided
pharmaceutical compositions comprising Arginase. In the preferred embodiment,
the Argmase has sufficiently high enzymatic activity and stability to maintain
AAD in a patient for at least 3 days. In the most preferred embodiment, the

45  Arpinase is further modified by pegylation to improve stability and minimise
immunoreactivity.
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stirring gpeegyrogdh %ﬁ%@g@rgmnogmweval ues. Figure 5A shows the history
plot fromthe batch,fer %}‘Jegﬁ re 5B sho he history p %t fromthe
f ed- batch fernmenta i‘%ﬁesnﬁﬁg R ° eéIEn%'HWf’c %E‘Ptﬂ%‘mofn Bl ¥ cal
purification deEmegipEdy %&Bﬁﬂ s sebgifiy é?alﬁéét WoFlgups 40 rBoWE r st 5-ni

H Trap Chel at ithgy r@@lt%ﬂhtﬂﬂﬁﬂ v the hatsh dwmnentatioppEgury AR thgwsatharesilis s and
prot ei n. el ut i obtaimedifrire therfedrbateh BBnewitiims the SDS- PAGE (12 % analysis of 5

| of each @f the f EEPBR sh& @'tk gtein gel
was staine W”hh h&ﬁr chaﬂttenﬁtg é‘” irfify éts%éer&e‘ﬁlf %n&gtﬁ& g protein
bands. Lane Mg x en V& SA Hows the history plot from the batch fermentation.

Flgure 5B shows the hlstory plot from the fed-batch fermentation.

Figures 6A and 6B show the results of biochemical purification of human

30  Arginase at 3 h after heat shock by the first 5-ml HiTrap Chelating column. Figure

6A shows the FPLC running parameters and protein elution profile. Figure 6B

shows the SDS-PAGE (12 %) analysis of 5 ul of each of the fractions 11-31

collecied from the column. The protein gel was stained with coomassie brilliant

blue and destained to show the protein bands. Lane M: low-range molecular

35  weight marker (1 pg per band; Bio-Rad), with MW (Daltons): 97,400; 66,200,
45,000; 31,000; 21,500; 14,400.

Figures 7A and 7B show results of purification of the human Arginase at 3
h after heat shock by the second 5-ml HiTrap Chelating column. Figure 7A shows
the FPLC running parameters and protein elution profile. Figure 7B shows the
40  SDS-PAGE (12 %) analysis of 1 pl of each of the fractions 9-39 collected from the
column, The protein gel was stained with coomassie brilliant blue and destained to
show the protein bands. Lane M: low-range molecular weight marker (1 pg per
band; Bio-Rad), with MW (Daltons): 97,400; 66,200; 45,000; 31,000; 21,500;
14,400,
5



35 weight marker (1 g per band; Bio-Rad), with MV (Daltons): 97,400; 66, 200;
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show t he pr ot ehnfisahebt shdckrtsy b fravg-nA HTrapoCledtatingrcolming HFigurerdeeshdwls g per
band; Bi 0- Rad) FPRCtridy pdlahtiensshd pactedhOstutidibprd8R: Fikurd)8B;shews G0SDEL, 500;
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Lane M: low-range molecular weight marker (1 pg per band; Bio-Rad), with MW
30 (Daltons): 97,400; 66,200; 45,000; 31,000; 21,500; 14,400, Lane “crude” 5 pi of
the crude cell extract before loading the colummn.

Figures 13A and 13B show the resulis of pwification of the human

Arginase at 6 h after heat shock (at a higher cell density of OD 25) by the second

5-ml HiTrap Chelating column. Figure 13A shows FPLC running parameters and

35 protein elution profile. Figure 138 shows the SDS-PAGE (12 %) analysis of 5 ul

of each of the fractions 7-34 collecied from the column. The protein gel was

stained with coomassie brilliant blue and destained to show the protein bands.

Lane M: low-range molecular weight marker (1 pg per band; Bio-Rad), with MW
(Daltons): 97,400; 66,200; 45,000; 31,000; 21,500, 14,400.

40 Figures 14A and 14B show the results of purification of the human
Arginase at 6 h after heat shock (at a higher cell density of OD 25) by the first 1-ml
HiTrap SP FF column. Figure 14A shows FPLC rumning parameters and protein
elution profile. Figure 14B shows the SDS-PAGE (12 %) analysis of 5 ul of each
of the fractions A11-B7 collected from the column. The protein gel was stained

45  with coomassie brilliant blue and destained to show the protein bands. Lane M:

6 ,
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anal ysi s of tH&BHA; &% 5te)ivrbont REG e S al}gl ng the
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Figure 18A is the SDS-PAGE (15%) analysis of the human Arginase
modified with mPEG-CC (MW 5,000). The reactions were performed on ice. Lane
35 1: low-range protein marker; Lane 2: Arginase (5.35 pg) without PEG added
(control); Lane 3: 2 h after reaction with Arginase:PEG mole ratio of 1:50; Lane 4:
empty; Lane 5: 23 h after reaction with Arginase:PEG mole ratio of 1:50; Lane 6: 2
h after reaction with Arginase:PEG mole ratic of 1:20; Lane 7: 5 h after reaction
with Arginase:PEG mole ratio of 1:20; Lane 8 23 h after reaction with
40  Arginase:PEG mole ratio of 1:20,

Figure 18B shows the SDS-PAGE (12%) analysis of the native and the
pegylated Arginase which are highly active and stable. Lane 1: Low-range protein
marker (Bio-rad); Lane 2: Native Arginase (1 pg); Lane 3: Pegylated Arginase (1
ug); Lane 4: Pegylated Arginase after ulira-dialysis (1.5 pg).
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ratio of 1:20. Figure 17A shows the results when reactions were perfor g&l
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30 was not treated with Arginase,

Figures 26A and 26B-show the comparison of average tumour size and
average twmour weight of 2 groups of nude mice which have tumours induced by
implantation with HuH-7 cells. One group was treated with Arginase with dosage
of 500 LU. intraperitoneally while the other control group was not treated with

35  Arginase.

Figure 27 shows the comparison of average turnour size of 2 groups of

nude mice which have tumours induced by implantation with MCF-7 cells. One

. group was treated with Arginase with dosage of 500 LU. intraperitoneally while
the other control group was not ireated with Arginase.

40 Figure 28 and Figure 29 show in vivo arginine and CEA levels respectlvely
of the patient during treatment as described in Example 12.
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30 As used, herein, the term “adequate arginine deprivation” (AAD) refers to
in vivo arginine level at or below 10 pM. The term “disease” refers to any
pathological conditions, including but not limited to liver diseases and cancer.

As used herein, the term “half-life” (1/2-life) refers to the time that would

be required for the concentration of the Arginase in human plasma i vitro, to fall

35 by half In early 2001, three cases of spontaneous fransient remission of
hepatocellular carcinoma (HCC) were observed by one of the inventors of the
present invention. All three patients had spontaneous rupture of HCC with
resulting haemoperitoneum. In one case, the plasma arginine was found to be as

low as 3 uM and arginine level in the ascitic fluid at 7 pM. These patients all had

40  spontaneous remission of their liver tumour with normalization of alpha-
fetoprotein (AFP) after ruptured liver lesions in the absence of any treatment using

any pharmaceutical drugs. One patient had remission of his HCC for over 6
months. In accordance with the present invention, it is believed that such
prolonged remission is caused by arginine depletion due to the spontaneous and

45  sustained release of endogenous Arginase into the peritoneum from the rupture of
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ar gi ni ne d%s[zl etion was causative factor | eading to renissjon of HCC. A
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i nvention to stesivngtion with bighedosessofiapuin i i thadevestons,lip ageordeasewithr om t he
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arginase activity has to be present in sufficiently high amounts in the patient’s
35 system in order to counteract any protein degradation from the muscle. In
accordance with the present invention, the inventors therefore set out to produce an
Arginase enzyme that had sufficiently high enzymatic activities and stability to
maintain “adequate arginine deprivation” (hereinafier referred to as “AAD”) of
below 10 uM in the patient without the need to administrate high dose of insulin.
40  Thus, in addition to augmenting the endogenous Arginase, the highly stable and
active Arginase according to the present invention provides the additional benefit
of allow AAD to be attained without the administration of a protein degradation
inhibitor, which has undesirable side effects on the patient.

Systemic depletion of arginine may cause other undesirable side effect

45 related to nitric oxide deficiency. These include hypertension due to absence of
vasodilator effect of NO on vascular endothelium, platelet aggregation and
thrombocytopenia secondary to lack of NO and depletion of early clotting factors

10
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hepatic rem ssion of |iver cancer suggesting the treatnent effecCts are
system c. Ogﬂ%f"h%ﬂt 15 had sustained conplete rem ssion, both radi ol ogi cal
with CT an Is liver and extrahepatic di sease (celiac adenopathy).
Hi s AFP | evel dropped to normal wthin 3 weeks and sustained for over 4
nont hs. | nt errehited@ tahpetaiiddsiitiof b0 vElldivizivnd ¢ H® fif/ehiab kebophipdl hoRe#ds, hepatic
or extrahepatthgt inTH&iOblide hoBRbLERG Ablanfasls ateAbiShyfRteRfivd Bl haRXtra
hepati c di seag@mbPhige B¥b dE&ﬁééXwﬂPH@rn?a@ﬁl@a@tnEﬁﬂsC/ﬂﬁErﬁpﬁédcﬁ&!ﬁ@@% ne and

sation.
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rem ssi on of BIS’PHH hepatic and extra-hepatic. 25 Although the

transhepatic arterild foﬂabﬁiglﬁaﬁlled)axdnqﬂéy"teﬂm&ov\ﬁe nixke fa0d iBela highlyasealdinct i on
wi th high dosgsl stive Pspinbdt dcobrdiga,thd esdnd Wiihids  Exdn@edodsdadiwe thé th  the
present i myengdr@fuctorTIRYRBbMYinaR §ralnCofl AR 3ubER! 1 PO16N adntdifiag Meed for
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t hat any prot .

erment ?&ﬂl ‘ ee('()i1 Clei &Triat or y
effect fromt | he D11/ r.Lhe trgat nent . Lnef,f ecti ve.
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order to i ﬁp awe, ’ﬂy %g tlm?so?r i‘g stration
of insulin i na‘EPB RS ?PG\/WF’T’?nf TP‘? Bigreasedto Abpye ar gi nase
activity has p@ (rwtigal cleasity); ﬁ[’hggﬁ FW@EWF)?“ reshits A shown; i Hxamplssddent s 35
systemin ord@id 2B. cdrenwadsan ehthet W@Fﬁaféfé’g’ﬂi‘&@lﬁ f§ nshovanin Beemaledi e, In
accordance wi Frd-bateh fermeniation aperationowas thue choser feroprededionadfgsadatedendut t o
produce a0 Apufifirsisescambinan lﬂlmnm'adlawf’fhecﬁemwh ferimgntation yeaascalediap i viti es
and stabili tymmlomhlfmmntmr 'ﬁ'hl@qmnments guduesatschepshiovwan indixampleed(@i naf t er

Lﬁkernfifré?eas." 5%?? 9 élﬁ‘% ;'ﬁﬁ*f%ﬁg%ﬁ%ﬁ g he

endogenous Ar gup% il Et t}ﬂntgj% g to the
present inven fe¥23 R d’r%}im%é fepsiti p T&K

at t ai ned thSER q’f@“&é?ﬁ ma{twm dreihesp Wopld e predpics aﬁ‘%ﬁt’leﬁ%h‘i‘do or,

whi ch has unddeicrbe the purificalien propess gad Elétqfé%‘ﬂﬁ gwasecthaepbiaiedn of

argi ni ne may Ohtre differant fethbateh famertationyame pidicheat gock af &W‘éélffe@mﬁmh c oxi de
deficiency. Tiemtisal denisiipiat 190p amned8iBoindd (Iheastxperimentak datg sheowed thadr ef f ect
of NO on vascualtbougbraticicatsliogks wetecappliet duggrtbe axpomantial growthmbetsoefithepeni a
secondary 300 [IA€KObS intkodactibndeflhesti shochfatearlbyerc bdl tdengjtyf acg.012.8 OD,1 g DEC
2006 WO 2004/pmadtgoauetméﬁtk to tenporary cessation of ceI | division. The
I nvent or recognize vg) that in ni.tr| ArOX' deaé ch utkm ce t he
ani mal s are not hy é mm\;agpressmno ginase after heat s shock Was 8lso
by varying time of harvest after heat shock. Example 4 shows
results from harvesting the cells three hours after heat shock and using a fed-batch
35 fermentation process.

Example 5 describes a purification of Arginase 6 hours after heat shock at a
cell density of 12.8 OD. Exarple 6 describes the purification of Arginase 6 hours
after heat shock at a higher cell density of 25 OD. Example 7 shows a compatison
of the data to compare the yield of the Arginase under various harvesting and

40  purification conditions. These data show that harvesting cells 6 h after heat shock
at a lower cell density of 12.8 produced a higher Arginase yield of 162 mg/L. The
Arginase was modified to improve stability. Example 8A shows one protocol for
the pegylation of the Arginase using cyanuric chloride (cc) as the cross-linker at an
ratio of 1:140 (Arginase:PEG) mole ratio. Example 8B describes a different

45 pegylat1on protocol in which a much lower proportion of cross-linker is added into
the reaction mixture with the enzyme. Both cc and succinimide of propionic acid
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normal |ife expectance with normal platelet counts. Thus, in accordance with
anot her aspect of the present invention and in patients with -

t hronbocyt openia, no 5 overt haenorrhagic tendency is seen unt1ﬁ %FQt q

count is well %|OM/50 000x109. In patients with thronmbotic tendency,

t her apy ent 7P% $P81ong|ng the prothronmbin tine for up to 2x normal. The
follow ng detail ed exanples teach how to nake and use a highly stable and

active Argi NASPARGRES tEsiRE ok RrdsBHnkére TopLritnOMEIVehliR. shbwathi e dligicds bes, t he
10 construct | @Rcrifed ih ExeMpRIER RSNE SPAIROFASS a E@Qlitéd’ %'Wﬂﬁsa b0

cont ai ni ng t hgr NidaRNakY glslaeéiﬁc Iacﬁaetgeof itndtefyO Xaml es of
fermentation pf 1 GRS O i besl 4 Methbd f& sﬂfn 'a% gr@mtatlon
experi ment$ oégk é gé? i{% n and
fed-batch fer tatro vver’e con uct er rren It was found that

under batch condi tUsing theumethod emﬂbsgcnhmbdbowela highlydtatde m;d eativk dArginaisebe

attai ned. Onlasleereprotiheed! dohdsaufficienty Highiaotietypanchsitabilityito alleve treathanice wi t h
the present ioietients widout digaiflchntdse of bprdteini degradatictinhibiteb by@uddanyOD
(optical densieplehishrhbms of ugfin: BNt afidclt 65sllld Sbea hRickIyOYndved Bxam es 2A
and 2B. A1¢0npafetii® ArgihadeD el‘lﬁ;sf SlcqBAt aiditne TRIrRAESH bf baBRWMD (I Eandwl e 3.

Fed-batch fer S I 0 sol ated
and 20 purlflﬁg e o@{mﬁgaﬁlu mey%agifa gléﬁ} ﬁﬁ?&ﬁéﬂ gﬁ{b%ggﬁ%on was

Eampl e 2C '?ﬁ ortve fy ESplRe 1. maanpiec [P Hilettag, ¢ T
expr 6551 og, of SRS A Bt 1§ i rrrw iy

opti m sat % §EB’@?F ‘nts the heat shock treat rrent was performed at varying
cell densities to 1es t1Beto0 P4 | g ltwa Sen@rB#l détidien Hn Uratke invekt gatingradobarum

Ar gi nase woul gbspshsed Sty BosRpr @5 Argfide Geedt@RE ! tohBe phgselUinvedtioal 1 on
]I?rgcgsts ﬁn? t BQaniples ﬂsﬁl@%'aﬁbﬁ&séﬁéﬁéi%%ﬁaﬂlﬁm%gg &?w éIerelnt

ed- batc er n R b &' 88t 1 i ca
densi 1y aty 600 *‘%‘é R it il At e
all heat s re app e durr ng the exponentia rowth phase of the 30

LLCI OL, int roduct i OH offeriqaces eitedceboxe ae | inomsporeistl| byiarferange herain., The. 8 oD,
produced bet t practiessof the. inGemidint is eremplifiedninxtheniolavipg emmlmtedf EWTQJIWas e after
heat shock waZhekepe ofhd mivemibnky definedisnlgiyt iethe iappended ks sthickf arenn heat
shock. Exanpl @o4vaghimited byekeibdment onstopaofibsExampledie cells three hours after
heat shocl& and using a fed-batch 35 fernentation process. Exanple 5

descri bes 3 purification of Arginase 6 hours after heat shock at a cell
density of 12.8 OD. Exanple 6 descri BEAMPEESurification of Arginase 6 hours

after heat' sh g 7 :M a
conpari son w&%ﬁ %ﬁﬁﬁ@ﬁ@ ﬁ‘gl {F}ﬁ?fs ﬁ)@"i@ﬁ UHd X\ﬁ\\T/ari ous
har vesti ng anaﬂltﬁ)mﬂurl fication conditions. These data show that harvesting
(r:]el Ihs 6AI n af gy h@?gatﬁ?gfgaf@%ﬁﬂdoi‘%gh@ﬁ Argagsilty of 12.8 produced a

i gher Arginase yield o ny e r gi i ed I mprove
st abi | i ty% |asngPequeRGR-Of Jninag AJewatk gﬁr %i‘ﬂee\ﬁg‘@g&%gt t%g?Argl nase
using cyanuri @1(:[11?3% iFgec. (Ml Aead; Rel. @f‘o@%z #i9aed primerh depigngd,thgrefipmy 40

(Ar gi nase: PEGPohiiaaseaabais. regstinmp(PERI Brasapseionped iisglaty geegpne encoding a
human Arginase using the Expand High Fidelity PCR System Kit (Roche), Primers

Argl (5°-CCAAACCATATGAGCGCCAAGTCCAGAACCATA-3") (SEQ ID NO:
35 5) and Arg2 (5’-CCAAACTCTAGAATCACATTTTTTGAATGACATGGACAC-
3*) (SEQ ID NO: 6), respectively, were purchased from Genset Singapore
Biotechnology Pte Ltd. Both primers have the same melting temperature (Tm) of
72 degree C. Primer Argl contains a Ndel restriction enzyme recognition site
(underlined) and primer Arg2 contains a Xbal site (underlined). These two primers
40  (final concentration 300 nM of each) were added to 5 pl of the human liver 5’-
stretch plus cDNA library (Clontech) in a 0.2-ml micro-tube. DNA polymerase
(2.6 units, 0.75 ul), the four deoxyribonucleotides (4 pl of each; final concentration
200 uM of each) and reaction buffer (5 pl) "and dH,0 (17.75 pl) were also added.
PCR was performed using the following conditions: pre-PCR (94 degree C, 5 min),
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45 pegyl ation protocol in which a nmuch | ower proportion of cross-linker is
added into the reaction mxture with the enzynme. Both cc and S‘PQ%E‘E”ZU@@ of
propionic acid 11 9 DEC 20G6 WD 20041000349 (SPA) were tested as
cross-linker. Experinental results show that the method as described in
Exanpl e SWOJUHO3EbA provi ded a pegyl ated Arginase with a Y2-life of 3 days
and a specific activity of approxi mat el y 255 1.U./ng as discussed in

I hi
gﬁgprv)ees;pgggﬁgg; égg %S& , ef@ggagx F9e @@ai %'J oy
U. / ng. USI fﬁf N gs es ?’bs @é&g h@ ?%ams active
Arg| nase has gen ﬁro 5 g gﬂ'F P

D

=

.ﬁﬁé"? tgt} i stability
to allow treXt

Atients without S|gn|f|cant use of a protein

degr adati ®n (whi bIsbmuthCplamd@Byﬂlmepl eni shment of argi nine by the nuscle
woul d be quickly noy 0 system.c Ar as adequgt e

ar gi ni ne depri vat ?ﬁﬁmﬁfp%gﬁ;\gb ch i %EFPY?@VE QE% Wé‘ﬁp#?ﬁﬁ@ hoppedisllyoses of
exogenous| y adfi #ids 4Py Gensyl 9!3n vahi Wassiselpied tremm the Eo e/t BES 0u@ipRgy t he
Argi nase accéutying pBG1iiiebynsing:the WizadRinoMinipreps dlarifieafionrSysleampl e 11
Exanpl e 12 i (Prosegayt fdloving diei mawxfhctutat’s: instrugtiqaat This tplasohid, nwhick rosdly wi t h

Ar gi naselfo faplicates insHippbibnt 1didn Br edtiliv mas psat asdbé vedtarvior the sulidorid@npl e 11.
Exanpl es 13 bbthéArginasd geneani mal studies on rats investigati ng dose

responses and .saf gty .dase f . {.h r gi hase cor h sen
invgntion. %@E&g lilgngﬁn %@Q}E@rpgqﬂlgfmgo d&%}hﬁréﬂ% Eqs &on nude
mce to i nvesty e the responses of tunours |nduced by dlfferent human
cancer cell |inesTHp@ETR Fodcy iphdpareddee tHeOibove #610E01D Wad didatel Skttt i on of
nodi fi ed 1Ar girgidsdtion Abhddn@E184s8d) Okl Carlde Xbab QPforidgd) | 1AC 8T RAétRIne thdaitmt ef er ence

herein. The c@ﬁlgﬁéeﬂQﬁﬁM*Pﬁs-H@Yﬁm 795 6 BV 11 O‘i‘ﬂ\{'ﬂaél,hfnﬂ\qlﬂ'?w ng

non-1imted Exg el§ﬁ°Rﬁer%u§ joh /bf g ﬁfefl'eﬂcﬁﬁn%ﬂﬂxﬁhé’ by the
ggen?gg cl mw f &?8% _ Hoed: % '$'£IE'F|)'GRA?T\I t he
LLC101 (zih % e {bb %s% 8 ) ene
sequence f ﬁ%&g % & ?‘] g T‘ﬁ E&g(&fa ng al
1987, - Proc. IEEJHC f’:%ﬁm c?sangadfwa -gq} eatcﬁg?efrom

Pol ynmer ase c & "‘?E@%F‘? arﬁ% el d) °°§ 1 %“@ncodl ng a
human Ar gi nad V’ﬁglaﬁ‘ S é‘ COYeERd) qng,ﬂp@l SOIRE) .

Primers Argliojpsd bmﬂm m@k@@?ﬂ&@a@%é@q aﬂ@l 35 5)

and Arg2 265’ mmwmﬁm@mm 009V§ @aloymo  6) |
respecti vel y,meteed (Sambabels dd ef planMcisaelan CRininga o Lebomiony e‘l, gependt e Lt d.
Bot h pri ners ddition, Codd Sarivg Hettor Agborstope Prssr New TYork, £989) and plated on
nufrient agar plate containing 100 pug/ml ampicillin. Colonies were screened for a
* plasmid with the appropriate insert by restriction analysis. The plasmid constructed
30 was designated pAB101 (Fig. 1). ORI is the E. coli origin of replication and bla is
the ampicillin resistant marker gene, DNA. sequencing was performed with primers
Argl (SEQ ID NO: 5), Arg2 (SEQ ID NO:6) and Arg6 (5-
CTCTGGCCATGCCAGGGTCCACCC-3") (SEQ ID NO: 7) to confirm the
identity of the gene encoding Arginase (Fig. 2).

35 (d) Construction of the novel recombinant B. subilis prophage strain LLC101

The plasmid pAB101 was extracted and purified from the clone carrying
the pAB101 by using the Wizard Plus Minipreps DNA Purification System
(Promega). In the plasmid pAB101 (Fig. 1), the Arginase gene (arg) was flanked
by the 0.6 kb MunI-Ndel $105 phage DNA fragment (labelled as “$105”) and the

40 cat gene (Fig. 1 and Fig. 3), This plasmid DNA (1 pg) was used to transform
competent B. subtilis 1A304($105MU331) according to the known method
(Anagnostopoulos C. and Spizizen J., 1961, J. Bacteriol. 81, 741-746). The B.
subtilis strain 1A304($105MU331) was obtained from J. Errington (Thornewell, S.
et al., 1993, Gene 133, 47-53). The strain was produced according to the

45  publications by Thornewell, S. et al., 1993, Gene 133, 47-53 and by Baillie, L. W.
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72 degree C. Priner Argl contains a Ndel restriction enzynme recognition site
(underlined) and prinmer Arg2 contains a Xbal site (underlined). These two
prinmers 40 (final concentration 300 nM of each) were added to 5 |, t&h
human liver 5 - stretch plus cDNA library (Clontech) in a 0.2-n 1n‘$([,]rE ?
DNA pol ynmenassossosusih units, 0.75 pl), the four deoxyribonucl eotides. (4 | of
each; final concentratlon 200 pM of each) and reaction buffer (5 pl)-~and
dH20 (17.75 pl) were al so added. PCR was perforned using the follow ng

condi tions: pf.et ACROYFRMEY MiEroBiol. T dierd)163, 4247 v@n@%mormaa@ﬂ 000349
25 PCR cycl esin(#iéir da6feBe Pasmid mmﬁ?sﬂa%rmfea&edlmnh@ 37 ﬁsm%d 1 mn),

post- PCR (72111&?191[6%88& ik sﬂuﬂ) A3 le ankefr 0. 8%
agar ose gel é)Ecr en . F ment
contains tfie ﬁ Q'ro | n'§. 1 113

Pl asmid pSGI 5“=r|v ° 5§, s J.
et al., 1993, & @HPPg cl one
carrying pSGl ég}ﬁiﬁ n} WF"PW&%% System
(Promega) foI ‘PE?@P%S? 'é‘t’rch@m%ﬂme, lipgprplasmighi ch only
10 replic e(ﬁSi“fs a5y thope in iFig. §39§hﬁeﬂlaﬂ§wsmmﬁu§é@lﬂmsd1ﬁh@weﬁtor for
t he subcl W%PQWA #latina. Begiens ¢fdonslegy ae berpded by brakeklyesical pr oduct
into plasni d dbomlogmmmndsmmnepmm‘x’he PCR product prepared using
t he above prot oc tgﬁ&m él['res}éantetﬁg{ ctot? endon Ndel and
Xbal (Prorreg ela %ﬁﬁ orrpose % s i i

M MyC12i 150 (e I °e%1§° ik t¢ gqutamigechio Ietlon
of the treat e %%Fﬁeéﬁ qwe;?t‘?tﬁr%se andnnaly ead strepksd antosm agatl (0. 8%

el ect r ophbt esP]§t° cortpining erythromycimk®) pg/ onwghmmm@eﬂld notrgrowe gel by
using the Q awicatinggiat itwas aeythromyrint sesdiiven@n)). THS chlopampttesicy] resistenp| asmi d
pSGL113 was t béaryhromycin sehsitivaraonyewsy thot isolatedend aamed aaif€10h Inhiee sanme
way. After cooipbmbswme off thie tewdat contructédeprogiage i strin, Mithd Wi-pthwasycaubj ect ed
to agarose getesisgfinédgemd @einC)piaar @plased Bindhe ABbifader g@ﬁe@&g) by dhibke Si ze of
about 3. 52(kb wessoveCH¢RTBA précess éfRndgoud FicmbiNAtidd. AREWY kY RfnINakDEd by
using T4 DNA lgl gquhefrﬁg%éﬁ? (ﬂxbéilel‘lths m}l’f?é agERRL cajg%:"?% %la&’ ‘Bhe25

mxture was u @[gol gm{srﬁ tm 1 g%
calcium neth e Jes Bn s1te o'\{e %r
Manual , secon d@ h S(M?ﬁg or or M [ eS5e W ork
1989) and,pl af.e ?’F{f?oir? gﬁﬁg’ lin.
Col oni es fere ggy%lgﬂ%cgbliﬁgpny c{% cgeily
restriction ammummemnsam@rmmmmeﬂmws desi gnat ed pABlOl (Fig.
1). ORI is theg_E. oI I onandblals the ampicillin
resi stant mar &ef == ' SorreeeWith priners Argl (SEQ
ID NO 5), Arg2 (S'E& @sh@zlﬁ') LL@D@I @ﬁ'ﬁﬁ 16 5namtamed on a Nutrieni Agar (beef
extract 1 g/L, peptone 10 g/L, NaCl 5 g/L and agar 20 g/L) plate, supplemented
30 with 5 mg/L of chloramphenicol. To prepare the inmoculum for baich and fed-
batch fermentation, a few colonies of the aforementioned strain were transferred
from a freshly prepared Nutrient Agar plate into two 1-L flasks, each containing 80
mL of fermeniation medium containing glucose 5 g/L, tryptone 10 g/L, yeast
extract 3 g/L, sodium citrate 1 g/L, KH,POs 1.5 g/, KoHPO4 1.5 g/L., and
35 (NH4)28043 g/L. The bacterial cell culture was cultivated at 37 °C and pH 7.0 on
an orbital shaker rotating at 250 r.p.m. The cultivation was terminated when
ODgopum reached 5.5-6.0 at about 9-11 h growth time. Then the 160-mL culture
broth. was introduced into the 2-L fermentor containing 1440-mlL fermentation
medium (glucose 5 g/L, tryptone 10 g/L, yeast extract 3 g/L, sodium citrate 1 g/L,
40 KH;PO, 1.5 g/L, K;HPO, 1.5 g/L, and (NH,),SO;4 3 /L). The baich fermentation
was carried out at a temperature of 37 °€. The pH was controlled at 7.0 by adding
sodium hydroxide and hydrochloric acid. The dissolved oxygen concentration was
controlled at 20% air saturation with the adjustment of stirring speed. Heat shock
was performed at 3.25 h when the culture density (ODggonm) was about 3.9. During
45  theheat shock, the temperature of the fermentor was increased from 37 degree C to
50 degree C and then cooled immediately to 37 degree C. The complete heating
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CTCTGGCCATGCCAGGGTCCACCC-3') (SEQID NO 7) to confirmthe identity of the
gene encoding Arginase (Fig. 2). 35 (d) Construction of the n v@ ng}gg
reconbi nant B. subtilis prophage strain LLC 101 The plasmd BA Ml
extracted and purified fromthe clone carrying the pABl O by using the

W zard Pl u@oﬁp‘ﬁfoﬁ‘?“égps DNA Purification System (Promega). In the plasnid
pABI Ol (Fig. 1), the Arginase gene (arg) was flanked by the 0.6 kb

Munl - Ndel $10f1dr&aaﬁﬁg$%tta mreagﬂ aﬁgbﬁ%mc ehcmdalhgﬁmﬁ&&at gene

(Fig. 1 and t Bl E’%‘ e Of %ggmdcorrpetent
B. btil kN afion t I
¢ and ISp: )i #ggg%&& s c 38 |a'l%tl.gr rhgit o %‘ '"Pa{‘i >1opout 03

b r: T1is
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l'ines represepA, ThefeedihPRBaio @ARATA 200 AKSMcdsk TS gi®IgB0,888D), 50 §/L
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shaded arrows I e | | | @b sl ation.
Regi ons. of hoc&iﬁ‘o‘ﬁbﬂ% ﬁ%tdi’ c%@f&é@s&é%%i%iﬁxﬁ | ﬁ:&&fgg ik td ¥ gous
reconbi nation %;-%; da%( y é] eﬁﬂ' jﬂ@{:&ta (a
col oni es vverelg?p LNe b tqr% ‘r{% % gﬁ( HE I'l’s on an
agar pl atE contat r@ﬁ &ﬁ ﬁlc g 81_ I es were
sel ected fand plgf @1%\8,;6 Dggﬂefﬁ i gv TEP% pro i[]{acf rﬁ%r hromyci n
(20 g/ M) and¥on S t was
eryt hronycin ghugeseradd §: V§°’H"F"Gﬂ )‘;Eg tg? aﬁggmsmouli
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resi st anc@s gehewhearth@ulmdmm é(éléadoﬂbllwﬁmbefm@l 1o andybh8. Dawigy thg/heat doubl e
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Munl - Ndel  4) dégrepRaapd thitcdolaigmemdiatélp tie BT ddgas C. The svinpletaihdatiog ead gene
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of the st rongﬂ?&f&ﬂﬁhﬁﬁbﬁlqﬁw@heapﬁmef hedesHdk. YThé tinédodssd iofghen, J.,
1995, Gene 154errkeflion ioMMaNEARE . Fre st SlyEb o fShis 164 Bhrch BirbrBntation

showing the changes of parameters such as temperature, stirring speed, pH and

dissolved oxygen values is indicated in Fig, 5B.
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35 Example 2C: Fed-batch fermentation in a 100-liter fermentor

The Fed-batch fermentation was scaled up in a 100-L fermentor. The
fermentation was carried out at 37 degree C, pH 7.0, dissolved oxygen 20% air
saturation. A 10% inoculum was.used. Initially, the growth medium was identical
to that used in the batch fermentation described in Example 2A. The feeding

40 medinm contained 300 g/L glucose, 3.75 g/L MgSO.#7H;0, 75 g/L. tryptone,
11.25 g/L K;HPO, and 5.625 g/l KH,PO;. The medium feedmg rate was
controlled with a pH-stat control strategy similar to that used in the fed-batch
fermentation described in Example 2B. Heat shock was performed at about 7.5 h
when the culture density (ODggonm) Was between 11.5 and 12.5. During the heat

45  shock, the temperature of the fermentor was increased from 37 degree C to 50
degree C, maintained at 50 degree C for 7 s and then cooled immediately to 37

15




Exanpl e 2A: Batch fernmentation in a 2-liter fernmentor The B. subtilis LLC101
strain is nmaintained on a Nutrient Agar (beef extract 1 g/L, Eﬁﬁggge q;lag
g/L, NaCl 5 g/L and agar 20 g/L) plate, supplenmented 30 with: %

chl or anph repare the innoculumfor batch and fed batch

ferrren[rgt ﬁgﬁg&é"’?"g\ﬁ (F:)ol 8ni es of the aforenmentioned strain were transferred
froma freshly prepared Nutrient Agar plate into two 1-L flasks, each

cont ai ni ngddifee @1 Thé chmpleenhaiting andreskling cyclaticoknabeyt glSu.ogRlISwerel, trypt one
10 g/ L, yehatestedxior degaration/ dnd matiicdtionr bf Asgitast «1/2 h d6d2P@affer hegh( L, K2HPO4
1.5 g/L, astbeBS ThélbbyetéaMioBedéttain PhubsdCictivé Bhm&e Alrgifiabetibiaf awEnicul ti vat ed
at 37 C angr filtbagt &oﬁmztﬁg aaabm g ﬁwthdﬁhﬁéﬂtﬂﬁm%etﬁﬁﬂ af 21k 4 4The

cul tivagiop, &%‘mﬁﬂﬂ © AshGA BhiR harvetink Cb1R14 RRAME 9- 11 h
growth ti ”ﬁeat cé&g e? b& viBaGhih HE% mgrce L9 Gfafl iyt e 2-L

f er ment or d?ﬂ% 4401k ment atlon rredlu ucose g? trypt one
10 g/L, yeast extrac 3 g/'L, SOdI umcitrate 1 g/L, 40 KH2P04 1.5 g/L K2HPO4
1.5 g/ L, aRXAMPEE2SGn :IJ@MBARIB(H\TbaOiEh BATEHt aANIh FEB-BATCHed out at a
t enper at ur FERMBNTATIONe pH was control | ed at 7 0 by adding sodium

cont rol e jﬁ% s ?"’e i fip ac'%%{éhe % £l BBUR BEREMR Shecd e
P k8

shock was *f&f RS J was
T’?’i&hﬁl?s"r?tﬁ’é”ﬂe%’(m

| tore. Al
about 3.9.° ﬂ’%f’ﬁ‘ﬁi“&{ Rpd "r‘i’éﬂtYer ment or was
i ncreased from 37 degree Cto 50 diaplek C and then cooled imedi ately to 37
degree C. The conplete heating 14 9 DEC 2006 WO 2004/ 000349 and cool i ng
cycl e took about 0.5 h. The OD of | t Bsiclc Bdringriatie:e alc hadddaitB BefibéhiMlon apout
6.4 at 3. $The & Slihd it ofiREMocke| TS Wergoharvestled Tor sepagafion anfl
purificatlmx%mﬁ@)mdat 6 ha[rer hegy ShockK. | The af or_%'rgntlcme s5train
produced 4§ ¥ g'&%l& By mase rITan d'ITUIgUL —of =t gt 36 MO 5 OF tte—5

fernmentati iF al: . A t reat K——T1e —re—ctotr of—t-he
ferrrentatlu..glm“"‘f"’Pi’dg'f’Y:1 sl s T‘z‘t"?-etei, ot —oi—t Hit—bateh

f er mentlati on shovm ng the changes of pararreters such as terrperature

stirring s n (ﬂtm pi g. 5A

Exanpl e 28%@%{1&’ e’fgg.?ggw ﬁ%‘iﬁﬁ) s3ci_f zﬁo A Fed bat ch
fermentati %Warrl ed ou degre |sso ved oxygen
20% ai r sat on. The inocul ati on procedure was si m I ar to that of the
bat ch fer nent at Fedibatels farmbmtatiominBlalifet feriduntorl wastpeafiolyed asieseribedidtn  nedi um

vas i deot i Gxkmple 28) ahe kel densityt dfehd fidHatchesultert wis monitasd ai d®dr 600 Exanpl e
2A. The f eaghigtervRGind TheRitipatanre oPHE chlnkre Bisedas S0°C fér HealshvaSays.yH20, 50 g/ L

15 trypt on@our-afedthb fidentatifd s@fted JhéP tHd/ OD SR Autuid foabRAi 108 {s8edi ng rate
was contrq:ll Qs 0 T ggtsb pHstat control strategy. In this strategy, the
ed

f eedi ng rate was t o conpensate the pH increase caused by gl ucose
depl eti on. ThlsTl‘}@ﬁQl eilture {479 e wollepbed: ot 3ot afterheatshock avapmenirifiged gl ucose

concent2bat iabA,08@ epro fer20 puin 4t ¢dalegree | Gip padigbthe pells SEhe wet weightt efrthent at i on
tinme. |f pldels Was113.4 gnlThe tulfwe duprgnatandiligner was discarded and the cell pellet
was stored at —80 degree C. The cells are stable at this temperature for a few days.
To extract intracellular proteins, the cell pellet was resuspended in 140 ml
solubilization buffer [50 mM Tris-HCl (pH 7.4), 0.1 M NaCl, 5 mM MnSOy,
30 lysozyme (75 pg/ml)]. After incubation at 30 degree C for 15 min, the mixture was
sonicated for eight times, each time lasted for 10 s (the total time was 80 s), at 2
.min intervals using the Soniprep 150 Apparatus (MSE). About 500 units of
deoxyribonuclease I (Sigma D 4527) was added and the mixture was incubated at
37 degree C for 10 min to digest the chromosomal DNA. After cenfrifugation at
35 10,000 rpm for 20 min at 4 degree C, the supernatant, containing the crude protein
extract, was assayed for the presence of the Arginase activity and analyzed by
SDS-PAGE (Laemmli, 1970, Nature, 227, 680-685).

A 5-ml HiTrap Chelating column (Pharmacia) was equilibrated with 0.1 M
NiCl, in dH;0, for 5 column volumes. The crude protein extract (140 ml) was
40 loaded onto the column. Elution was performed with a linear gradient (0-100%) at
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20 was introduced into the fernentor. Immediately after the addition of

gl ucose, the pH value would decrease below 7.1 rapidly. After Egp@'@ﬁtlm&e
10 mn, vvhen the glucose added was conpl etely consuned by the bacteri al
cells, gng \é@h&g woul d increase to a value greater than 7.1, indicating
t hat anoth o 1 feedi ng nediumwas due to be added into the ferment or.
Heat shock was perforned at 5-6 25 h when the culture density (0D600,,0 was
between 12. 0 afidwl@tcOof Huilimiig foh @5 tehinn whanés uidee the falmaiig tenditfons:he
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L A s o
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about 7.5 h culture density (0OD600i,,,,) was between 11.5 and
12.5. During the heed-baAdh fhaekationlie atBliwecteahsnid wis fdiPrhel MEdisaibedas

i ncr eased 20r omPxanipld @0TIREcell chifur® 0550361y EiRcted at®h Biiainesbhadk iQMens @as C for 7
s and then CO%:Q&%L,JMSIOBO r £dir Q0 fofin atliRietRe DR pellt the M. ABO4OREAR IF degr ee
C. The conpl etye RBSwvaIT 2 THe 2Rk d&ﬁelﬁétﬁ-ﬂtﬁqﬁcﬁ%s aReatledand the cePtlict waer e
harvested for shepadtakoan m%waﬂefstaﬁﬁtdt@ﬂs mpRifird 36 Fw dapd. Fo@xtfach af ter
heat shock. TRRcaful QeREhd ‘ﬂ{he&llsﬁeﬂa:' WasREQSHASMA RCIHOUA SHNBRTadObyiREe I N an
anount  ofysat %Eﬁﬁrmﬁbﬁ@i(piﬂ F) 04Nk N4, STENPRISb, 9 s&ﬁﬁegﬁmt)pwf@p medi um

at 2 h and 4 5 &,dcRSPSS HdKE) of fordbih, (EALSB 5 tRhRVEaE At
y %ff ¢ Ormﬁ 85ka0 gﬁ Sas e ﬁﬁ%ﬂé@oﬂl foeld than

[ @=

harvesting cel
harvesting cel

n.u.t ﬁon]Qfé 18,
COUPARI SON GF , \d% ot Og fyike ¥ .mﬁ:l; AT S epar s
the resul tyy 9. 006 ’i%raidr&lﬂraw W&%ﬁﬂ&am
dem)nstrat es t?&ﬂt& ﬁ EJF R Ar sg he batch
operation in terik agﬁ -zPi%’ éﬁxﬁh, m&&& 237 0654C4ssy | 1 é/“%

A 5-ml HlTrap Chelaung column (Pharmacia) was equilibrated with 0.1 M

NiCl; in dH;Q, for 5 column volumes. The crude protein extract (140 ml) was loaded

35 . onto the column. Elution was performed with a linear gradient (0-100%) at a flow rate
of 5 ml/min for 15 column volumes under the following conditions; Buffer A = start
buffer [0.02 M sodium phosphate buffer (pH 7.4), 0.5 M NaCi]; Buffer B = start buffer
containing 0.5 M imidazole. The elution profile is shown in Fig. 8A. and the protein

gel is shown in Fig. 8B. Fractions 1324 were pooled (24 ml) and diluted ten times

40  with start buffer [0.02 M sodium phosphate buffer (pH 7.4), 0.5 M NaCl]. This was
loaded onto a second S-ml HiTrap Chelatmg column (Pharmacia), repeating the same
procedure as above. The elution profile is shown in Fig. 9A and the protein gel is
shown in Fig. 9B. Fractions 12-24 containing Arginase were pooled (26 ml) and salt

was removed using a 50-ml HiPrep 26/10 desalting column (Pharmacia) with the

45  following conditions: flow rate = 10 ml/min, buffer = 10 mM Tris-HC! (pH 7.4) and
length of elution = 1.5 column volume. The protein concentration was measured by the
method of Bradford (Bradford, M. M., 1976, Anal. Biochem., 72, 248-254). A total of
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Tabl e 1 Batch Fernentation Fed-batch Fernentation The OD at the start of
heat shock 3.9 12.8 Maxi mum OD reached 6.0 26.8 Argi nase Yi el d g_g’iglgéﬁ%%é
Argi nase Productivity m-h 2.5 13.5 15 EXAMPLE 4: PURI FI CATI ON E
AT 3 H AFTER HEAT ~SHOCK AFTER FED- BATCH FERMENTATI ON AT LOW CELL DENSITY
Fed- bat ch P& on in a 2-1iter fermentor was performed as described in
20 Exanmple 2B. The cell density of the fed-batch culture was m)nltored at 30

or 60 mn "'li%] 0@99 vBa% ‘ﬁ%n%t%fo S’enc 161 e"ic?g it C for

heat shock at el 5 OD of the
culture reach see ure (470 m)
col l ected at EXANEILErG hEHRIEIﬁA’RIOHsOEeARGIN@@&'H A']25 51 AEFTEER) HBAYf or 20
mn at 4 degrmOCKATpﬁeHI@HEREEIG!LIENSWY Wet wei ght of the cells vvas 15.1

The culture su er.nat an I| s dis and the cel.l .pe
gtored at 5E80 de &Fﬁ ?a efeg?@%’f git?ﬁogst;\?ﬁj ?‘%&h’&ﬁr a few
days. To ext?bé??f e’F 38%‘? f'te&th amed elé %ﬁ%{ pended in
140 M sol ub‘ilanl #900kpd) TS &Iq e% °1i Eif)e tepperafpeagEthe 5 mv
MSO4i 30 | ystapeRio r (y8s %mqwas ﬁméﬂ fogzeeh &t 10 A0 deetw Heanddher ga9iedis i n,
the mxture vmme%ﬁwdat dflegrse G Fetcopplase heatingland ooeling syalel tookrabew s (t he

total tink)wa@Sd0 &) porten of therpeil clﬂtuee (#0sm]) swasgharwestedo firpeparaticmoandp par at us
(MBE). About mOification of Afginage@k¢rh dfen hedtesheek. The SimpreovdsetsDiicteviakealldded and
the mxture weswitninthistfenhentatioR 7s pletjedin Fg.f It The historytpiotctif gieis fedtbatch
chronosonal  Disnentétionr stievihg ithe ghirigen ofitpatiimetéds GOth rap rtehaperafits, retimringt 4
degree C, t hes;fébtl}@![—ha’iid&ﬁésolv@@Bkﬁgeﬁlvﬁmeilbmcﬁéa%ﬁeinﬂ?ﬁ tigin extr act was

assayed f t he pr sen activit and a z DS- PAGE
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El uti on was peiefedraied0 digree & Thereclls a stehile at thisptempeggure for 4w dayg THEC 2006

VD 2004100034 xtzact |intacelluler ofrowins) /the neallopell® wols umsuspshdede sn u28rmt he

f ol | owi ng28onebitbilingion Wuffef §50 M TlimHC] KpH f74), 0L B2 MAGpdimM MnShhat e
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shown extract, was assayed for the presence of the Arginase activity and analyzed by
SDS-PAGE (Laemmli, 1970, Nature, 227, 680-685).

A 5-ml HiTrap Chelating column (Pharmacia) was equilibrated with 0.1 M

30 NiCl; in dH,O, for 5 column volumes. The crude protein extract (280 ml) was
loaded onto the column. Elution was performed with a linear gradient (0-100%) at

a flow rate of 5 ml/min for 15 column volumes under the following conditions:
Buffer A = start buffer [0.02 M sodium phosphate buffer (pH 7.4), 0.5 M NaClJ;
Buffer B = start buffer containing 0.5 M imidazole. The elution profile is shown in

35  Fig. 12A and the protein gel is shown in Fig. 12B. Fractions 17-31 were pooled (30
ml) and diluted ten times with start buffer [0.02 M sodium phosphate buffer (pH

7.4), 0.5 M NaCl]. This was loaded onto a second 5-ml HiTrap Chelatmg column
(Pharmac:la), repeating the same procedure as above. The elution profile is shown

in Fig. 13A and the protein gel is shown in Fig. 13B. Fractions 10-20 containing

40  Arginase were pooled (22 ml) and salt was removed using a 50-ml HiPrep 26/10
desalting column (Pharmacia) with the following conditions: flow rate = 10
mY/min, buffer = 10 mM Tris-HCl (pH 7.4) and length of elution = 1.5 column
volume. The sample was then loaded onto a 1-ml HiTrap SP FF column
(Pharmacia). Elution was performed with the following conditions: flow rate = 1

45 ml/min, Buffer A = 10 mM Tris-HCl (pH 7.4), Buffer B = 10 mM Tris-HCI (pH
: 7.4) containing 1 M NaCl, linear gradient (0-100%), length of elution = 30 column
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in Fig. 7A and the protein gel is shown in Fig. 7B. Fractions 12-30
containing Arginase were pooled (38 m) and salt was renoved us‘i]rngﬁCS@Qi}ﬁil
H Prep 26/ 10 10 desalting colum (Pharmacia) with the follow ng conditions:
flowrate = 10 m/mn, buffer = 10 MM Tris-HCl (pH 7.4) and | ength of

el ution = WO2O819933 ol ume. The protein concentration was measured by the
nmet hod of Bradford (Bradford, M M, 1976, Anal. Biochem, 72, 248-254). A
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shown in Fig.| I8 sHecket OB 13- 24 were peoled (24 nl) andf.§liluted|ten tines
40 with staart buffer [0.02 M sodi um phosphate buffer (pH 7.4), 0.5 MNad].
This was | oaded onto a second 5-m Hi Trap Chel ating colu Phar maci a) ,
repeati ng t he EXAMPLI §4s AREPABATHIN OF aﬂﬁmﬂe&q @&Q‘T in Fig.
9A and the prdCSANURIC CHLOREMA (CE) ACTIVABED-VECEH LYETHBHJZWE ng

Ar gi nase V\ere(ﬁbﬂC&L(ZG m) and salt was renoved using a 50-ml Hi Prep
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1.5 col u g¢ %! thod of
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methoxypolyethylene glycol (mPEG—CC) (MW—SOOO Sigma) was added to
Arginase at mole ratio 1: 140 (Arginase:PEG). A magnetic stirring bar was used to
30  stir the mixture until all of the polyethylene glycol (PEG) was dissolved.

When all of the PEG was dissolved, pH of the PEG-Arginase mixture was
adjusted to 9.0 with 0.1 N NaOH, pH was further maintained at 9.0 for the next 30
minutes with further additions of NaOH. Pegylation was stopped by adjusting pH
back to 7.2 with addition of 0.1 N HCL

35 The pegylated Arginase was dialyzed against 2-3 liters of PBS buffer
solution, pH 7.4, at 4°C, with the use of a Hemoflow F40S capillary dialyzer .
(Fresenius Medical Care, Germany) to remove excess PEG. After dialysis,
pegylated Arginase was recovered and the final concentration was readjusted.
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WO 2004/ 000349 85.73 ng of Arginase was purified from650 m cell culture.
The yield of purified Arginase was estimated to be 132 ny/| cel.‘A O%E ens or
3.57 ng/g wet cell weight. EXAMPLE 6: PURI FI CATI ON OF ARG NASE % H AFTER
HEAT SHOCK AT A HI GHER CELL DENSITY 5 In this particul ar fed-batch

f er ment at i R 20489382 ocess was similar to the above exanple except that the
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with ali near;‘,‘?;f%r?%gg n} E‘H’ Omc F'g % f:ol um
vol unes u 202 M
sodi um ph Dulesp SOEUCS‘ WIN&”@F‘ %Eémql%}:a s of {3500r fer
contai ning 0 éﬂmw pEismsd mrﬁ@o Blges: éﬁﬂﬁrﬁﬁ ptags, alfipd ke PR 3fsa .edle and
the protein gahtojthe dyzppsc splytiog. littio By lite, aed grxed) for 3¢ migr genfyomeige (80  ni )
and dil uted t @mevehhiss pik gatting ent of thefreeommended ravugs o B Or8. pHihesiithar daleff er (pH
7.4), 0.5 M Nl PEGTwas added tb dbis edlution @nd, fethen moixed genthy for H5-2hél Jhieng

col um ( Plar maixtvag was thee dialyrgd tiwinst dHp0 by chagpingewills JHBO akleast3dine¢siati on
profile is showdegreenCrasing dRfysiansletmtvang wdthecut-ofevalus of bolow 16000, Both 3B.
Fractions 10- 28PEG+SPA adigPHG-CY Gietasifo wRiups phlghiads ndtheNHennidus af thewas

renmoved usi ng rrofafir i¥thddiRroTProdfilcdfon.desal ting col um (Pharmacia) with the

following conditions; flowrate =
g When Ar; gmase was modcl)ﬁed on ice or at room temperature with mPEG-

35 SPA (MW 5,000) using an Arginase:PEG mole ratio of 1:50, most of the enzyme
molecules were modified after 1 h of reaction (Fig. 16). The sample appeared the
same even after 23 h of reaction. Arginase molecules were attached with different
numbers of PEG molecules and generated molecules of various molecular weights.
As expected, when a lower mole ratio of 1:20 was used for the pegylation reaction,

40  a higher proportion of Arginase was found in the non-pegylated form (Fig. 17).
However, for both of the mole ratios of Arginase:PEG used, longer reaction time
and the use of room temperature instead of ice did not seem to affect the extent of
pegylation. With mPEG-SPA (MW 5,000), a mole ratio of 1:50 and 1 h of reaction,
the Arginase retained as much as 72-76% of its original enzymatic activity (see

45  Table 3 below), which is higher than that reported for the bovine Arginase (65%;
Savoca, K. V. et al., 1979, Biochimica et Biophysica Acta 578, 47-53).
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m/{mn, buffer = 10 MM Tris-HCO (pH 7.4) and length of elution = 1. %Haurm
vol unme. The sanple was then | oaded onto a 1-ml H Trap SP FF c lrl!tg”rﬂEC
(Pharmacia). Blution was perforned with the follow ng conditio flowrate
=1 45 rﬂ/‘gbgmm&ﬁr A=10 MM Tris-HO (pH 7.4), Buffer B = 10 nM Tri s- HC1
(pH 7.4) Pod o ng 1 MNad, linear gradient (0-100%, length of elution =
30 colum 18 DEC '/)nn WO 2004/ 000349 vol unes.. The elution profile is
shown in Fig. 14A When Ahgingse atae modiftdd dndcswitlvmBBG-CE QM W18,B00)Rusigtanons
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gradient. The elution profl I'S sﬁown In Fi 5A and the protein gel is
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CYANURI C sty RgE mSE D% Ar gi nase
was di ssof ed° gation "P’ﬁ?s‘tﬁ‘ﬁ %Poe%mm.f@fni*o(m?tﬁ flegrge & tessupprgatpnt,
concent r at i on°¥yaBing the,enuie profein extrct, Yk agiayek oty presencs 9t theafrgigse out  at

60C for 10 i ACHVER anqﬂ&’f{ab’@da‘?ﬁsr%%*@ﬁ (L%eﬁﬁ‘ﬂt-é?r%Na 8256/68068enzy e was

allowed to bring tpaglkrid® pRMM RERAT Eltl Gnl) bwik GHBRA" sd @Vigdd @R art i vat ed
et hoxyol Y BideSe oGl Gl D-5 BAME i yas B bS8 456l A 1 nase
at mol e rgi ongA shroR @idlAaFcdilth (PHAREEH)CEufion iab hérfihnRa willtitkaed
. gradient (0-100%) at a flow rate of 5 ml/min under the following conditions:
Buffer A = start buffer [0.02 M sodium phosphate buffer (pH 7.4), 0.5 M NaCl];
Buffer B = start buffer containing 0.5 M imidazole. Fractions containing pure
Arginase were pooled and buffer exchanged at 35 ml/min at 4 degree C with PBS
30  buffer, pH 7.4 using the Pellicon XL device (polyether-sulphone membrane cut-off
= 8§ kDa) and the lab-scale tangential flow filtration system (Millipore). The
protein concentration was measured by the method of Bradford (Bradford, M. M.,
1976, Anal, Biochem., 72, 248-254). A total of 788 mg of Arginase was purified
from 8.4 L cell culture. The yield of purified Arginase was estimated to be 94 mg/1
35 cell culture. The measured specific activity was as high as 518 LU./mg,.

Pegylated Arginase with high specific activity was prepared in PBS
buffer. The purified Arginase (specific activity = 518 LU./mg) was in PBS buffer
before carrying out pegylation. The mPEG-SPA, MW 5,000 (5.82 g) was added
into 555 ml of the purified Arginase (813.64 mg, 1.466 mg/ml) solution slowly in a

40  1.L beaker and then stirred for 2 h 40 min at room temperature (mole ratio of
Arginase : mPEG-SPA = 1 : 50). The mixture was then dialyzed extensively by
ultra-dialysis against 15 L of PBS buffer using the F50(S) capillary dialyser
(Fresenius Medical Care) to remove all the unincorporated PEG. The mPEG-SPA

-uses amino groups of lysines and the N-terminus of the protein as the site of

45 modification. The measured specific activity of the pegylated Arginase is as high
as 592 LU./mg. The results from SDS-PAGE analysis of the native and the
pegylated Arginase are shown in Fig, 18B. The pegylated Arginase was shown to
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30 stir the mxture until all of the polyethylene glycol (PEG was

di ssol ved. When all of the PEG was dissol ved, pH of the PEGArgig%s‘Srgimgre
was adjusted to 9.0 with 0.1 N NaCH, pH was further maintained g for
the next 30 mnutes with further additions of NaOH Pegyl ati on was st opped
by adj ustin(g @H ck to 7.2 with addition of 0.1 N HO . 35 The pegyl at ed

Ar gi nase WAL 284800996 q against 2-3 liters of PBS buffer solution, pH 7.4, at
4C, with the use of a Henofl ow F40S capillary dialyzer (Fresenius Mdical
Car e, GCer nmanyhe highlyestable irxemssoPBEginAE taetivithi aldy piotgin coacpplratiar) wiregi nase was
recover ed andstébé if PBSIbutfensieniveahl fon atVRastrieaedis ut @com tenperSuiEWheaB6 WO
2004/ 000349 Therepap¥ ldaged CAIOPBS R ffens I ghsl, éicistshibluiir a8 1€s26 mdntst er i nto
a sterilized wﬂ%ﬁﬂédﬂﬁseﬁ{%em&a&l@@?d at 4C. The "A-life of this enzynme in
a human patient was tested to be about 6 hours (see Fig. 21). EXAMPLE 811:
PREPARATI N OF ARG NASE EXPRESSED IN B. 5 SUBTILIS AND USI NG El THER CC OR
SPA AT A LOAER PEG RATI O Pegyl ation was first devel oped by Davis,

Abuchowski and col | eagues (Davis, F. F. et al., 1978, Enzynme Eng. 4,
169-173) in the 1970s. In contrast to nodifying the fornulation of a drug,
chem cal attachnment of poly(ethylene glycol) PEG noieties to therapeutic
proteins (a process known as "pegylation') represents 10 a new approach that
may enhance inportant drug properties (Harris, J. M et al., 2001, din.
Phar macoki net. 40, 539-551). In 1979, Savoca et al. attached ,
met hoxypol yet hyl ene gl ycol (nmPEG of 5,000 Daltons covalently to bovine
liver Arginase using 2,4,6-trichloro-s-triazine (cyanuric chloride) as the
coupling agent (Savoca, K. V. et al., 1979, Biochimca et 15 Bi ophysics
Acts. 578, 47-53). The conjugate (PEG Arginase) only retained 65%of its
original enzymatic activity. They reported that the blood-circulating life
of PEG Arginase in mce was extended over that of bovine Arginase. The

hal f-1ife of 1injected bovine Arginase was |less than 1 h, whereas that of
the PEG enzynme was 12 h. Their data al so indicated that bovi ne Argi nase
nodi fied by PEG was 20 rendered both non-i munogeni ¢ and non-anti geni c when
tested in mce. Reconbi nant human Argi nase (1.068 ng) was dissolved in 125
mM borate buffer solution (pH 8.3) on ice or at roomtenperature. Activated
nMPEG  succi ni mide of nPEG propionic acid (nmPEG SPA; MWV 5, 000; Shearwat er
Cor poration) or nPEG activated with cyanuric chloride (nPEG CC, MN 5, 000; 25
Sigma), was added into the solution at Arginase: PEG nole ratios of 1:50 or
1:20. This was perforned in two stages. At the first stage, half of the PEG
was added into the Arginase solution little by little and m xed for 30 mn
gently on ice to prevent the pH getting out of the recomended range of
8.0-8.5. The other half of the PEG was added to this solution and further

m xed gently for 0.5-23 h. The 30 mi xture was then dialyzed agai nst dH20 by
changing with dH20 at |least 3 tines at
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4 degree C using dialysis menbrane with cut-off value of bel ow 10,000. Both

nMPEG SPA and nPEG CC use am no groups of
protein as the site of nodification.
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portions, each contained 597.5 m . Each portion was then | oaded onto a
130-nml Ni - 25 NTA superflow (Q agen) colum (Pharmacia). Eluti qng\ﬁsﬁ 2006
performed with a linear gradient (0-100% at a flowrate of 5 ml/m n under
the foll ow ng) conditions: Buffer A = start buffer [0.02 M sodium phosphate
buf fer (pM%24§00034#%5 M NaCl]; Buffer B = start buffer containing 0.5

I m dazol e. Fractions containing pure Arginase were pooled and buffer
exchanged at 35 m/mn at 4 degree C with PBS 30 buffer, pH 7.4 using the
Pel i con XL device (polyether-sul phone nmenbrane cut-off = 8 kDa) and the

| ab- scal e t aBFSMPEE PAHWALIFE: BEITFRMINATIONMIN| VPGP cOF TARGINARR:| n
concent r at i o PBRANEIFROM BEXAMBLE®8ANod of Bradford (Bradford M M,
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mn at rddm toam:ésﬂ%m tiore0, (10pB@, 6Camimmtesf At éuchitingesmtervalPie@ethindwas s’toppe&O) The
M xture was bhaskish ahtyFBOuExA@IbHI seBlple 18Ya ndib b B¢ SorAdiAing 004k L of PBS
buffer using m%em Qfoﬁl:etibadéid Is@pled wote/aRén ard eﬂhﬁﬁmt(ﬁﬂb (mp@) to
renove al | t 'i@%ﬂn%@ts‘iaeﬁ tJttep Efo d
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Ar gi nase ar e shovvtvambanhgs oflfdgylaldicA gy wetredrédpagedassdosodiseddh Bnample 21
9DEC2Q6 WO 20 dinipOthé Stitdesh Th6 | fitstsbatddl &F pdghlated ABgindseAvay prepeediofithvi ty and
protein concengngédFEG éle faticSéo1 lene%&ﬂatﬁdtafoa begyldved Mheihae vads | east 3
weeks -at r oomprémraaeiith UARina¥¥IPRG ﬁtow aﬁoa&f &7@6%@6}:@&&@%&@5&‘1%& at 1

C!

mg/m, itygls c%hﬁﬁbﬁusfeﬂrfo {th 25 wieli H&chalotgé‘é%?pté gappeci f ic
activity. 5 %%?ﬁ% 2004/ 000349 01U e % ;1 no s
wo Ny W At tlme zero, 50 mg of the first batch of pegylated Argmase was mfused

After 12 hours, another 50 mg of the first batch of pegylated Arginase was infused.
The third Arginase infusion was done at hour 24 during Wlnch another 50 mg of
the first batch of pegylated Arginase was used.

.25 From hour 26 to hour 72, continuous infusion of the first batch of pegylated
Arginase (100 mg/day) was carried out instead of intermittent infusion (50
‘mg/dosage). From hour 72 to hour 144, continuous infusion of the second batch of
pegylated Arginase was carried out at a rate of 100 mg/day. Continuous Arginase
infusion was stopped at hour 144, and the measurement of the half-life started from

30  this point. The results of the halflife determination are shown in Fig. 22. Time
zero in Fig. 22 is equivalent to hour 144 in Fig. 21.

The results suggested that the half-life of the activity of the Arginase could

be divided into two phases. The first half-life of the pegylated enzyme was about 6

hours. It ook aboiit 6 hours to reduce the relative activity from 100% to 50% (see

35  Fig, 22). However, the second half-life was about 21 days. It ook about 21 days to

reduce the relative activity from 50% to 25%. This dual half-life effects might be

dus to a number of factors including the use of higher amount of mPEG-CC in the
pegylation and the specific infusion protocol used.

EXAMPLE 9B: %-LIFE DETERMINATION OF PEGYLATED ARGINASE
40 IN VITRO USING THE METHOD IN HUMAN BLOOD PLASMA

Purified Arginase (1 mg) was dissolved in 1 ml of 125 mM borate buffer
solution (pH 8.3) on ice, Activated PEG (mPEG-SPA, MW 5,000) (7.14 mg) was
added into the protein solution slowly at a mole ratio of Arginase: PEG =1 : 50.

' The mixture was stirred on ice for 2.5 h, following the method as described in
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FROM EXAMPL e pegyl ated Arginase was injected into a patient. A 3 nil
bl ood sanple in EDTA was taken from patient on a daily basis. The tube was
pre-cooled to 4Con 5 nelting ice to prevent ex-vivo enzynatic reaction.
The bl ood was g.he leiqﬁmdi ately spun down at 14000 rpmfor 2 mnutes to
renove red bl ood tells. 1.5 nl supernatant (plasma) was pipetted out and
transferred to a nPegdaipéAdginiset(Blfes nl) Theconpéretion vi$ migieh wanaddedige at 37C
for 30 m nut egmméh phisman(¢ Wil ah® the ﬁi@bﬁﬂc@ﬂraﬂbﬁ%f@@@ﬂdted%@:ﬁw)ﬁwaﬁﬁ in
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20, PO 2% Al EGihabirEbd el He) m;uﬁ o SAS&.ap n% ng out
300 | reactlo e}m cﬁl te‘sﬂﬁ Eilﬂ%

trichl oroacetl fh%l f en n ? b%,r Broxidha e; 14000

r for 10 m ) 0.45 pm
e nall @% GO e Vﬁél‘"ilYﬂ 0&3@%[‘; a1§3&‘é wth
am no acid an ¥ Ve qu;rveq} © The results are shown in Fig. 21.

10 EXAMPLE 10: CHARACTERIZATION OF B. SUBTILIS-EXPRESSED
HUMAN ARGINASE AND PEGYLATED, ISOLATED AND PURIFIED
RECOMBINANT HUMAN ARGINASE

(a) Measurement of purity of Arginage by SDS-PAGE and Jumi-ima

Purified E. coli-expressed Arginase obtained from methods described by

15 Tkemoto et al. (Ikemoto et al., 1990, Biochem. J. 270, 697-703) was compared to
purified B. subtilis-expressed recombinant human Arginase obtained from methods
described in the present invention (Fig. 19A and 19B). Analysis of densities of

total protem bands shown in Fig. 19A with the Lumianalyst 32 program of Lumi-
imager™ (Roche Molecular Biochemicals) indicated that the process developed in

20  the present invention produced an Arginase that is to more than 99.9% pure (Fig.
19B). However, an Arginase that is between 80-100% pure may also serve as the
active ingredient to prepare a pharmaceutical composition. In the preferred
embodiment, recombinant Arginase of 80-100% purity is used. In the more
preferred embodiment, the recombinant Arginase according to the present

- 25 invention is 90-100% pure using SDS-PAGE followed by lumi-imaging.

(b) Measurement of specific activity by coupled reactions

The rate of the release of urea from L-arginine by Arginase was monitored

in a system containing urease, L-glutamate dehydrogenase and NADPH (QOzer, N.,

1985, Biochem. Med. 33, 367-371). To prepare the master mix, 0.605 g Tris,

30 0.0731 g a-ketoglutarate and 0.4355 g arginine were dissolved in 40 ml dHO. The

pH was adjusted to 8.5 with 1 M HCI and then 0.067 g urease was added to the

mixture. The pH was further adjusted to 8.3 with HCI before 0.0335 g glutamate

dehydrogenase and 0.0125 g NADPH were added. The final volume was adjusted

to 50 ml with dH,0 to form the master mix. The master mix (1 ml) was pipeited

35  into a quartz cuvette, For measuring Arginase activity, 1-5 pg Arginase was added

and the decrease in absorbance at 340 nm (Aa40) was followed for 1-3 min at 30

degree C. One LU. of Arginase was defined as the amount of enzyme that released

1 pmol of urea for 1 min under the given conditions, The specific activity of the

purified recombinant human, Arginase of the present invention was calculated to be

40 518 LU./mg of protein, which was significantly higher than the reported values for

purified human erythrocyte Arginase (204 LU./mg of protein; Ikemoto et al., 1989,

Amn. Clin. Biochem, 26, 547-553) and the E. coli-expressed isolated and purified

recombinant human Arginase (389 LU./mg of protein; Ikemoto et al, 1990,
Biochem. J. 270, 697-703).
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Two batches of pegyl ated Argi nase were prepared as described in Exanple 8A
during the studies. The first batch of pegyl ated Argi nase was prep’ag@@[}mpgg}ﬁ
Argi nase: PEG nol e ratio of 1:140. The second batch of pegyl ated Argi nase was
prepared with Arqginase: PEG nole ratio of 1:70. The pegyl ati on protocol and
20 condi ti r?%?g‘g@m:f Br preparing the two batches were identical (see Exanple
8A). At tine zero, 50 ng of the first batch of pegylated Arginase was

i nfused. After 12 hours, another 50 ng of the first batch of pegyl at ed

Argi nase was i nf usggy f
dUI’gI ng whi ch Sﬁ? br%gg bl!é bQﬂl"‘?@aﬂtPQE:
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of the acti vileySurctargbcharactesizationof thenative Asginasedy clocirespropl&M8es. The fir st

hal f-1ifepf thepg&ylgat%nﬁm Wk 6 hours
the. 2238&; G é%%@%g‘d o duce t he
relative act | VI &8\%;? %Pgﬂh t)e due
2 e SRR S e
DETERM NAH %E’al BlBF quﬁi@ 717@ daEedBOMN  HUVAN
BLOOD PLASMA ﬂ’ﬁrele’?“é?ﬂ rAsiksequene ol \A-extlis-taggpd dympp ArgmpseoFig 2B)mv bor at e
buf fer sol utmp ua@mbe 98%; NEMHWE@S@M@@W apini80%0) (7. 14

nmgy) was addeBCIM Hﬁeﬁ@ﬂmféz’w @ﬁmﬂméﬁﬂ@w@ﬂta‘m@spﬁmeé ratio of Arginase:

PEG = 1 : 8. he

nmet hod as, es é%! 0 X 3B

Pegyl at ed”Ar g 3 oncentratlon of 1 ng/mM was added i nto
human pl asma (1 n1$tudwd hyh@lfﬁltrmionmhrmmographyum oHibeglyl @ikshpardgk gerbe was
0.24 ng/m . filetioh xolue @harnokicis) de thei prowin?ébnabnteptioh ofiabowtZh® megmt it ubes (65
| m xture 5 | RBS&alfet iRanceeilat wdight ottt Ad698 Arpiabdeal adfoahd ®Hs abbul 78 |
portion of thgDa@h&that of tHeqivepRetd ApReRd@idpaicdif BiaaplseT) was itRat 6ede

Argi nase agti ¥DhYAs i@ Shdlbdulardiph BPMIndMerd AbdifasdPs abdue 3¢&DPh, the ravaRs

det erm ned tos%eﬁednﬁwmgﬁtﬁtey Ay ékistd &s a difRKiPR9Ybuferdays to reduce the
relative activ from100%to 50% This is determned by using the curve

in Fig. 20. 162 RdieTERI ZATI ON OF B. SUBTI LI S- EXPRESSED
Circular dichroism (CD) was used to analyze the secondary structures of

the purified Arginases in a JASCO model J810 CD spectrometer. At equal protein

30  concentrations in 10 mM potassium phosphate buffer (pH 7.4), the CD spectrum of

the native Arginase was found to be very similar to that of the pegylated Arginase

(prepared in Example 8C) when scanned from 195 nm to 240 nm, indicating that

the native form and the pegylated form of Arginase have nearly identical

secondary structures.

35 () Determination of pI point

Using a Bio-Rad Model 111 mini IEF cell, the isoeleciric point (pl) of the
native Arginase (prepared in Example 8C) was found to be 9.0, which is consistent
with the published value of 9.1 in literature (Christopher and Wayne, 1996, Comp.
Biochem, Physiol. 114B, 107-132).

40  (g) Functional characterization and determination of kinetic properties

Using the method reported by Ikemoto et al. (1990, Biochem. J. 270, 657-
703) for measuring Arginase activities, the native Arginase gave a K of 1.9 £ 0.7
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HUVAN ARG NASE AND PEGYLATED, | SOLATED AND PURI FI ED RECOVBI NANT HUMVAN

ARG NASE (a) Measurenent of purity of Ar ng ase by SDS-PAGE and} Buipi €izi6i ng
Purified E. coli-expressed Argi nase obtained from net hods described by 15

| keroto et at. (lkenpto et al., 1990, Biochem L 270, 697-703) was conpared
to puri Y@ ePO0003 4t i | | 5- expressed reconbi nant human Argi nase obtai ned from
nmet hods described in the present invention (Fig. 19A and 19B). Anal ysis of

densities of total protei n bands shovvn in Fig 19A with the Lum anal yst 32

pr ogr am of II@ PRVALL f:g'lé Q)CQW? g.al catfed t hat

t he process 1 n n3 %rogd e i” Lnase t hat
IS tg nore t an é alt?e “% t}v v g%mgﬁ i s between
80- 100% pur | %P i@g%gg E)

phar mace ti ?rﬁ%v f’iétr]r L aloggapd a ﬁant

Ar gi nase “of 03% %egifﬁi ya;esrqgggad tg fehipye mﬁxﬂn‘%r”é’*‘m dor SepPaiiveent, the

r econbi nant 2ffase according to the present 25 invention is 90- 100% pure

m

2081 Q8 pnadeds 8 ‘i tof 81'3‘

L- ar gi ni ne ﬁ %‘I %I je’%%g ak n
L- gl ut anﬁ)te 1& gﬁamﬁ% ab&fé?{’%g 2+ ph Srui nlﬁ

367- 371 5T J5peg

a- ket ogl) uta %‘i grenfeqBw ?% §§%P’i?§ﬂ“‘i‘r’r’iaf % The pH
was adj usteci’e%1a SG‘W’J@FF 1 MHO and then 0.067 g urease was added to the
m xture. The pH vigige fiuictio®l pRepersdseef ARgidasd Wefbie d dRef Pegyifidadsl o

gl utamat e dgmuey, QEEICEEicARs et thbZoval bmiieﬁ%f%ﬂimlsp Roletlé 1oV O! une, was
adj ust edy5 t A%qgﬂg@ rwesq{gi Q)ﬁeﬁzlefs%mm% master m x. The master mx (1 m)

was pipetted Iinto a quartz cuvette. For neasuring Arginase activity, 1-5

pg Argi nase BXAMBLE d11anﬂREMmTeé§t0Tﬂ%om OSENQKSLX340) was
fol | owed forADl\ﬂN]ESH‘FdiEBBRQ’l@(ﬁ% C. One |.U. of Arginase was defined as

ot ons. o 28 s 1eg§%vé ﬁﬁﬂdaﬁ ﬂii;,? flrcatmiTol AiGEndt he 01 ven
’t|°

d
Al 'né'sc’”s Ebas,iz% tﬁ 1y fotip bR, R
orotein elions e ke 8 oLV § %fri’a 2y 809 B e ATCGBEY, o
purified human erYitilrstgnyt(BlexlaenﬂespnéWralte Dxinmgted feading) erertakdnleyomyt o et al .

1989, Ann. 13 ininuiéd foe hdisur ater corinhebbshientofi Atdigask infasibh tiexHoads edtill sol at ed
and purlfledstamecmmaﬁamnhemmmmmﬁ@eea&ﬁg hysxéﬂanirrg of protein; lkemoto et
al ., 1990, Bioc 7. 270 697-703).. 25 19 DEC 2006, %2004/000%49 Wth
PEG- SPA My e, ooﬁiﬂ migptesficfory wsainfim% Pgraedscaion oyithy qipheperaminectl o - ¢ he
pegyl at e riaseadr Rydspeogtisons 109, @s iys to bagaven befare spely firsh mf@F‘PZWifat ic
activity (se ginasRer at thoylisoretion of faaenting physiden.f i ¢ activity of the

pegyl ated human Apgidagiene \Rgimeeis infistdBver 30 hidhtdsPEferctfid: MYen09)

pegyl ated huﬁﬁﬁbe@‘%@eﬂl@%ﬁr 5941 8 S84 This may be continued if anti-tumour activity
is observed.

30 EXAMPLE 12: EXAMPLE OF TREATMENT PROTOCOL USING
EXOGENQUSLY ADMINISTERED ARGINASE

A 54-year old Chinese lady with metastatic rectal carcinoma with extensive
pulmonary metastases that failed all standard treatments was treated with pegylated
recombinant Arginase in early August 2001. Her main symptoms were cough, poor

35 appetite and constipation. Her cancer marker CEA was 1100 U/ml. Informed
consent for treatment with pegylated recombinant Arginase was obtained prior to
treatment.

TREATMENT METHODOLOGY

850 mg of lyophilised recombinant Arginase I was administered. The drug
40  was reconstituted in PBS and pegylated. The pegylated enzyme was found to be of
full activity.

RESULTS

using. EQSBSA&GE ifﬂ? %ﬁaiemgﬁ%- i%%olgggi %brfgmragaw osfs%@qﬁﬁév c

D)
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68% of its original enzymatic activity (Table 3), simlar to that of the
pegyl ated bovine Arginase (Savoca, K. V. et al., 1979, Biochimca et

Bi ophysi ca Acta 578, 47-53,). (c) Structural characterization of;f@ﬁBErﬁapmﬂ\ge
Argi nase by electrospray LC/MS 10 The B. subtilis-expressed and purified
reconbi nan{ygdusiBshoe60i nase, according to the am no aid sequence shown in
Fig. 2B, contains 329 amno acid residues at a theoretical nolecular weight
of 35,647.7 Da. Sinmultaneous HPLC/ W and nmass spectral analysis of the
native Arginase provided a nol ecul ar weight of 35,634 Da. The observed

nol ecul ar wei ght fResulih@rengiowdein/Fighfta X8 wad 200¥ird 08 IBhowd IsaisFaiag wel |

Wi th Ehg th?%@lﬁ@%of@@%H'&%%'%?H&Mffgx?’@,cﬁ% éﬁs@%ﬂﬁgg verl §i Ft_;nzgt gg)
expect ed am i E%gn r gi nase I g. :
The purity m@oﬁ%hﬂg&?ﬂé&%ﬁ@%@%g@s HPLCII?‘\JN ase o% ‘M5 and 100% by LC/ MBS
based on HPLA)Wnlkerchemptberapy thisiteatmagnt resitied inmormeaspoongwpsrestivg efficisart ur al
char act er izathanlosss t he native Argmase and the pegyl ated Arginas 20 by Rol
filtration chyamato ﬂb! LLtgati r opmt .in a
H Load 16/ GOhQUﬁier d‘%ﬁegée]% q]:l g%ﬁt%ugﬁg%a{nh%ﬁ %%%géé%g%%ﬁ 1_ e protein
concent r at i onf 5H5HY ‘fm% g PSR Mepd of jda PRPRERNt of the
native Argi nat88sshRrovislsng 0 78 kDa and that of the pegyl ated

Argi nase (prepaNedndjor Siieefeds &fd theamtialitdlerfistBihd trdebRent AdtH bty sagecul ar

wei ght of 1Umnﬁ)§§§5dh@vmjgiﬁa§ﬂbtlh§dﬁ~_@éﬂﬂﬂdu§@oﬁ%eﬁthe results suggested that
the native Ar%dnase exists as_a dinmer in PBS buffer. (g_e) Secondary
structural st&Bed @P?@m{‘éﬂ a@#é@ﬂl@?&lﬁ"ﬂ(lm}“‘(%nhsféﬁwt S%W‘ié’bieﬁ'@dsecondary
structures of afterfeaigrant. /it CIAA groppinesby 1% anhsemingere! wpenzap disseset r gnet er .
At equal protedehesBBrenncentrations in 10 mM pot assi um phosphate buffer (pH

7.4), the CD . evf»@bi ' Nghy t imlar to
t hat of ti’u p%@%ggggﬁﬁgﬁmis (é&%@ﬁ?ﬁgﬁ%ﬁ g&)ﬂ ?r#gfc%ﬁ?ed from
195 nmto 240 | catrng ﬁat the native formand the pegyl ated form of
Ar gi nase have near Inythisdexampleafour gemps diras @wo e eanhegrou né maldeddeond nat i on
of VI point Ufsnle)awiBteogiventl dibabel dff] $arivusi athdaint< off | Argiraee iobeededc fioinc poi nt
(pl') of the &ainple 88r@i sk Hipsdfamipieh werekitanp fionBikirweis viiasiod dag tbe 9. 0,
whi ch is conspéebRintrapdritdheblnigjeptidt bEthe dedoaibittan® huBarl Argindse! @&y2l W ay
(Christopher gnfend¥epe2 dd96, Conp. Biochem Physiol. 114B, 107-132). 40
(g) Functional characterizatjon and determ nation of kinetic properties
Usi ng the nethod rApshewn i Figueeds wndsfectable wguune legelowpe gehigved ancpll 697-
703) for neasewoupyand ppaared o dosp depsadent wethn3iG e givige wabyeafipnore oK. of
1.9:1: 0.7 26of aigh® depla@ion) WitholdPdAHIF90 flJ. administered 3u shaymiomipgeandyi n 1.
mM'1l, a kcet afiotler0500 DUSadmifistengstinathe caftetnaony fthere . vgas10 441ayigeriod WithiThe Km
val ue of £Hie punpletecniginat idepdetiongWithssingladosead i 0@ bUbsdministered, there was

6-day arginine depletion. By doubling this dose to 3000 LU., the duration of

complete arginine depletion did not appear to be prolonged to any further extent.

Therefore, 1500 L.U. of pegylated Arginase administered intraperitoneally
appears to be the optimal dose for arginine depletion with undetectable arginine
30 level for 6 days.

EXAMPLE 14: COMPARISON OF CHANGES IN LEVEL OF
COMPONENTS IN BLOOD BETWEEN NORMAL RATS AND RATS
- 'WITH ZERO ARGININE LEVEL INDUCED BY ARGINASE FROM DAY 1
TO DAY 5 '

35 Intracardiac arterial blood samples were taken from a group of 5 rats on day
0 before administering Arginase. The day O samples served as the untreated
control. The level of total protein, albumin, globulin, SGOT/AST, SGPT/ALT,
haemoglobin, fibrinogen A.P.T.T./second, prothrombin/second, number of white
blood cells (WBC) and platelets were measured by Pathlab Medical Laboratory

40  Ltd, 2 Floor Henan Building, 90-92 Jaffe Road, Wanchai, Hong Kong. The rats
then were injected with single dose of 1500 LU. of Arginase intraperitoneally. Zero
arginine level were achieved in all rats. From day 1 to day 5, one rat was sacrificed
on each day and intracardiac arterial blood sample was taken and measured by
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simlar to the published value (2.6 mV) of the human |iver Arginase in
literature (Carvajal, N et al., 1999). Moreover, about 1 rrMof %ﬁg o086
and a tenperature 5 of 30-50 degree C are requi red to achieve rra

activity 3_9(;2(\9#@ n tive Arginase. The pegyl ated Argi nase gave a Km of 2.9+
0.3 mMM an 336f 360 nol urea mine M 1. The K. val ue of the pegyl at ed
Arginase is simlar to that of the native Argi nase, suggesting that the
binding affinity towards arginine is retained 10 after pegylation. Moreover,

about 1 M\AofPaML%ﬁMé&Tb%lLéooEﬁ a&ﬂtashd%t ﬁpﬂﬁgﬁoteﬂﬁ%ﬁfmrgl o of 10

are required '%EE'IBH pegy The
functi onal pr%‘%ert | eﬁs:eagty rgi nase %ﬂro\éata d after pegylation are sinilar,

whi ch i ndi catEeSAMELE t15e 'EHEaII&SPQNSEc[ﬂil’QN ARGINENESPERELELEIONe¥Nt o 15
Ar gi nase inprmpeBTﬂmqmnwmemnmm EXAI\/PLE 11 TREATMENT PROTOCOL

USI NG EXO@ENCIJSL ?%'j; e,ﬁ I\M&S?Eﬂﬁg gvas a ggf“i‘eﬁ%%’l are t aken

daily throughout tA

conpl ete bl o% &%‘Eﬁ 01 ’%ducﬁ

functions ar VP mé%‘t' Pna%%rre essary
Vital signs (5|§ WegdlateArginasg gbtging ﬂﬁ@m@ﬂ%@r rseahﬁdqgewq en every
15 mi nutes f o¥ bﬁ@@ﬁ%ﬂ?@rm&?mﬁ@@hﬁlﬁﬁn any Arginase sisaiment & emive peichour | y
until stlébl eontrple Thefrapantedimicetweerd obgeread) ange overy two deysdbr thg swowdiafi an. 20
m nut es bef orthe goligh mmouwr inrsitu biycligitad caliipetineasirements td deeyphise bmeonirsize 10 25 ny
iv and hydroamlﬁbhismabulﬁ&ﬂan@rdingtaﬂnelfmgﬂazen bef ore each fresh infusion of

Ar gi nase or he S tLo treatr n. h .sr ol Ar gi nase
is infused O\Ezféunrl nge @F@ a%ﬁlp ?t&vev? rggr er%?ﬁgéae%a&?a for at

| east 8 weeks® Fl;s may be conti nued i f antr-turmur activity . is observed.
30 EXAVPLE 1ZThefnéfdviet & ﬁeﬁﬁEﬂt’EWﬁi\EacEW aldblrdordddeaCddidyBladis ADM NI STERED
ARA NASE A 54-year, ol.d Chr ese i‘ia 13% r}.metastatrc S}mP carci no.ma vmth
extensive pul ﬁ} M *tie%t?tn%% ?r'{ltg‘f’ :?F%@M

treated with ¢ Bﬂwaﬁéggﬁﬁ A Psn é'aerin@'ﬁ“r‘ N/ QTONR; fre Her mai n
synpt ons wereP the sEperizagat o%mlﬁ’etn feBolyar ker

CEA was 1100 oW W rir?e&:m 86rr1§§wrhﬂerhqmemtr?éwﬂwﬂwe@é o drgigase
r econbi nadft Aragrsnm‘efm@lwtbﬁ%@ prior to treatment. TREATMENT METHODOLOGY

850 ng of 'y "RESPONS N )&@fcf 'ﬁﬁPLE‘i'Ioiﬁh?Ndrug - 40
was reconstrt ate enzynme was und to be
of full actrvrty

In this example, a solid tumour of human hepatoma (PLC/PRF/5) was
implanted subcutancously into the back of ten BALB/c nude mice to induce
25  growth of tumour. Five randomly picked mice were administered intraperitoneally
once a week with 500 LU. pegylated Arginase obtained from the method described
in example 8C while the other five mice were given 200 pl phosphate buffer saline
(PBS) intraperitoneally to serve as the control. The implanted mice were observed
once every two days for the growth of the solid tumour in situ by digital calliper
30 measurements to determine tumour size and mass.

Tumour size is measured as described in example 15 while tumour mass is
calculated according to the formula:

Tumour mass (mg) = length x width? /2 (assuming a specific gravity of 1.0 g/om?)

(where length is the longest perpendicular diameter and width is the shortest
35  perpendicular diameter)

As shown in Figure 254, the rate of increase in size of the tumour per day

was approximately 6.5 mm/day in the control group and the rate of increase in size

of tumour in the group treated with pegylated Arginase is approximately 5.3

mm/day for the first 39 days of the experiment. As shown in Figure 25B, the rate

40  of increase in mass of the tumour per day was approximately 1.8 times higher in
the control group than that of the treated group.
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WD 2004/ 000349 Results are shown in Figures 28 and 29. Figure 28 shows

sati sfactory depletion of arginine between 1-5 Mfor 5 days (als M g
21). Figure 29 shows a decrease of CEA levels from 1100 to 800 |294 KE16
1) Unlike %}g%ﬁ%{ (f03$py th| s treatnment resulted in no marrow suppressive
effects or P39%0s5s. It can deplete arginine in a controlled manner,
keepi ng the arginine Ievels within the therapeutic range (1-8 M for the
desired period of 5 days, which in vitro data suggest provide opti nal
tunour Kill . EXAMPLEG7OTHE RESPUNSE VPON ARGINING DEPLETTONIN dIdH.L

treat ment w7 FUMOVRSBEARING NUDERNACE Which may not be directly due to
treatment. 4) BOtlg,ﬂ%I oche cal _.and radl Iogl cal |rrp vepent of the di sease
was observed aft rﬂSOI d hwes Emdatsdhg up of
upper zone dﬁ‘@@&é@m‘ﬂﬂ igieethe Beckagl teE)@J%BE E@e prgeyto/dndurey gpwih SEPLETI ON
| N LABORATORunows Kiversndpmiy piekpdages miere adminisicaee indtappigioneajiyounse @of rat s
(two in eachwegkowph 3¥0d.Uapegyiatell Arginast abtdin) fremahgimehodidesgbed f vari ous
amount s of Aegimpks8C eiftilei the dttier five ndsawpleezida 200 wlaphddphdts beferssalid es were
drawn from t {KBS) peaweekviairBseritchedity todservecds Aliccdntol. AR ihdptinedl micBjweed | on. of
the reconbi ngtixervid 6BEE el MASEays dathe pidivill 8F the201i@ turhH\@in BHE bY dibidRYS. As

shown i nidri QbulBped eattEIBEME fordet @mleGiMbitSideONe s Bs Aebibodas ekdinpltd  9r oups
and appear edj ghdogs. dose dependent with 500 I.U. giving only after one day

of arginine depletion. Wth 1000 |.U. (500 |I.U. admnistered in the norning
and anot her 500 As@ovaumﬁmr@a%dhmtmeremmﬁm@mhemmeura:ewd@wam day

period with aproomptelt 6.0amyi/diynia chnpiob graup. andithe: ratie raf] imcngasseinodize 600 LU.

adni ni st er ediumdze irethageoupGraited witlgpegytateddbypinese BrappRxidatalyl 5.6 gmMday dose to
3000 LU. 15t héordie dirstolB dhys ob il experimegi. snshodepiveFigure d6B, et ragpplar to be
prol onged t oimRfedsd inrrhde fof b t@itlour Jdratagfwais ap %rbﬁﬁiatélylﬂﬁzt BiepBighteihabe Ar gi nase
adm ni st eredcd,,ﬂfon pmaﬁﬂmlotme@aﬁa%f@ to be the opt| mal dose for arginine

depl etion with undetectabl e ar% nin | evel for de%g EXAVPLE 14:
COVPARI SON OF ésF FG%B@L mlﬁh‘@ ENMEERVAL RATS
AND RATS W THCMAYBREARNIG NHBE MIGH)CED BY ARG NASE FROM DAY | - TO DAY 5

ggy' ngr gg%@{)?' vaaInt @i édauﬂh@%%tlﬁl%%rﬁa%iﬂ \éﬁfﬁcgt LAKRRe %@P‘lﬂ \gisoﬁchlﬂite@ reat S on
unt r eat ed C@ulﬁ Tlgg'ix% Qﬂ%ﬂéﬁk{{ of W%r? e U&%mﬁf o ]&tﬁw ﬁoy SGOT | AST,
Eﬁ?% éﬁﬂ mr RS

S s %ﬁﬂfigfﬂ«%w% ML
Medi ca! 5 bo " S . I %%
}/\érdf:hg:c,A?gi ks i e stffa “PH t&g%@gﬁgﬁ CHFF ST eﬁéﬁ gg)f 1500

det em:une tumour S1ze as escn ed in Example 15.

As shown in Figure 27, the tumour inoculated in the mice treated with
pegylated Arginase disappeared within 20 days of the experiment

30 It must be noted that as used herein and in the appended claims, the
singular forms “a,” “and,” and “the” include plural references unless the context
clearly dictates othermse. Thus, for example, reference to “a pharmaceutical
preparation” includes mixtures of different preparations and reference to “the
‘method of treatment™ includes reference to equivalent steps and methods known to

35 those skilled in the art, and so forth.

Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art
to which this invention belongs. Although any methods and materials simnilar or
equivalent to those described herein can be used in the practice or testing of the

40  invention, the preferred methods and materials are now described. All publications
mentioned herein are incorporated herein by reference to describe and disclose
specific information for which the reference was cited in cormection with. The
invention having been fully described, modifications within its scope wiil be
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argi ni ne | evel
sacrificed

Results show that all

were achieved in all
on each day and intracardiac arteri al
measured by 28 X19 DEC 2006 WD 2004/ 000349 Pat hLab Medi cal
proteins were within the nornmal

rats.

Fromday 1 to day 5,

one rat was

V@S%t ory. DECE

ranges as cited by

bl ood sanpl e

Pat hLab MY¥¥? 24#09%3430r at ory. EXAMPLE 15: THE RESPONSE UPON ARG NI NE DEPLETI ON
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adm ni st ered
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sf:riﬁriﬁ? e
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eo % C}R](?BSCI’I bed in exarrpl e 8C
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i mpl anted i ds wed & tHesforn & aodolid, £ ¥6lution| Wl efh@lkionl ardispetsid awhibelf a t he
solid tunsur ligdsdihd, m@metlﬁkawﬂ?drelﬁ&idrb@ﬁm HRamEBABAltEins BndletBEloNtet UMOUT

size which 'rﬁocﬁﬁédcqhhﬁaﬁaﬁdargiﬁﬁ&rﬂifiﬁb of%ggiﬂ%mﬂliﬁ%ﬁoé'iseaéﬁm

average of twR-DELRERHA hMﬁfe ﬂ%ﬁe&%ﬁ éﬁ »rld The
nunber of mg&t&ﬁaﬁ B VAR i eﬁt@qﬂe{ ﬁ basi.s.
As shown in Qc% ta {s d aﬁ? M;leper day in
11 contr & XLma e a |ncr ase. . n.group
treated wth ?f g) nment .

mce in the ¢ %%)r ?c bfaflﬂli'sn ‘Wb‘z%&ﬁ tr eat ed
with pegyl at € “H":g gng co F“-%é esesax LE 16:
THE RESPONSE ‘@P‘@\I ?QC&"HV‘F\I oo ?I Opg °1'PE5B“PI#$'§3'S?LM9J &RIRGRUDE M CE

In this exanp? WlARRT I gR m&%ﬁ“ﬁ@%ﬁ%ﬁ@@ﬂt@ﬂw yifeghgpon; np| ant ed
subcut aneb"hslt}aetafﬁebpnon%ﬁssﬁ'a@ﬂéﬁ@ﬂoﬁ@waﬂALB/c nude mice to |nduce 25 growt h of
tumour. Five rand bl B e &nfd Lo £fdagl Y once a
‘g’)e(:ﬁp}"‘et 2053/h @;%z In?tae F QD88 G0 Bl éé‘:h%x?ﬁ l e %Ll ?ﬁ,}[ |elr3ed in
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situ by d gﬁ% I""f,’%’léj %géb@ }f‘ﬂ"é"mt aﬂ a;rf W&E‘B nd mass
Tunour si ze i @f@‘ﬁw W{ﬁ?%mf" Eﬁ'a S is

cal cul ated ac tﬁ“dm!%‘e‘t‘ tasraﬁftwd el traglt h2 /.2
(assuming a siheeby pE M@@@W Eﬁ@m@ Téﬁ?bfﬁﬂﬁo etcpged Bngest

per pendi cul ar WQWP@m%wWWﬂ@IPW@OMﬂF@ﬁ 35 per pendi cul ar di aneter)

As shown b4 Fi gur’elg , foihflafidns 191061%161] 1?16!311 k65 1 itiper day
was_appr oXt gl b RoT AEthelilh hbedeiRad kP SotAliffuc, et ease
in size example, calcium carbonate, calcium phosphate, kaohn, or the like. They may also

be in the form of soft gelatin capsules wherein the active ingredients are mixed with

water or an oil medium, for example, peanut oil, liquid paraffin, or olive oil.

30 The pharmaceutical formulations may also be in the form of a sterile
injectable solution or suspension. This suspension may be formulated according to
kinown methods using suitable dispersing or wetting agents and suspending agens.
The sterile injectable preparation may also be a sterile injectable solution or
suspension in a non-toxic parenterally-acceptable diluent or solvent, for example, asa
solution in 1,4-butanediol. Sterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose amy bland fixed oil may be
employed including synthetic mono- or diglycerides, fatty acids (including oleic
acid), naturally occurring vegetable oils like sesame oil, coconut oil, peanut oil,
cottonseed oil, or synthetic fatty vehicles, like ethyl oleate, or the like. Buffers,
dextrose solutions preservatives, antioxidants, and the like, can be incorporated or
used as solute to dissolve the soluble enzyme as required.

The pharmaceutical formulations may also be an adjunct treatment together
with other chemotherapeutic agents.
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of tumour in the group treated with pegyl ated Arginase is approximtely 5.3

nmm day for the first 39 days of the experinent. As shown in Fig %?% e
rate 40 of increase in mass of the tunour per day was approxi ma’t@aél 82Q

times higher in the control group than that of the treated group. 29 119
DEC 2006 W@2UPP%8D0349 EXAMPLE 17: THE RESPONSE UPON ARG NI NE DEPLETI ON | N
HuH 7 TUMOUR- BEARI NG NUDE M CE In this exanple, a solid tunmour of human
hepat oma (HuH-7) was inplanted subcutaneously into the back of ten BALB/c
nude mce to i nduGiet@rcing, @ argibadeilidd Ubs arfiniao adiddediicnce ssedtialiyaRe Wer e

adm ni st er ed shiié bR B dehi@iiRe showPIMCTEQ@ IVARK Whédhs TR the séquaRgyd at1esht Ar gi nase
obt ai ned f r orgYNRICARIAN @S HRE SHPRERD D N AGMY e ABmasd Rekity | ve mi ce

ygrgeglvgensﬂa aly &hewquégﬁmw S BBa) &aﬁg&eﬁ&% x?gﬁfat& oneal | y
days Tor Phe gﬁ%ﬁﬁx e iﬁr Eﬁgjfof@asamﬁuﬁl ﬁ% cﬁéf iver

measur enent s er m

oﬁ
| es 15
a Provded ar B e eg ‘%ﬂ ntor
nd ie Azp;rgmsee °9*"’ Baglﬂ eﬁna E’ﬁw Moy wyf’ﬁﬁieﬁié

in size of “SF % eﬁP@‘lnﬁﬁ
appr oxi mat% %ﬁ-ﬂt ?ncfg‘ 10, Noy ehég@é 'f“ﬁﬂﬂl As
shown in Fi guﬁh“émiéhefetlﬁ@’ P&taélﬁﬁt 4@%6}0@&2}’ WithsSHQ.o$EQHD NonJuSomer day was

appr oxi mat el ynammalanasginpsegnet b 10% hemolegyiwith SEQ BINothan t hat of t he
treated group. EXAMPLE 18: THE RESPONSE UPON ARG NI NE DEPLETI ON I N MCF- 7
TUMOUR BEARI NG NUDE M CE 20 In this exanple, a human breast cancer cell line
(MCF-7) was inocul ated subcutaneously into the right flank of four BALB/c
nude mce to induce growmth of tunour. Three randomy picked mce were

adm nistered intraperitoneally once a week wth 500 |I.U. pegyl ated Argi nase
obt ai ned fromthe nethod described in Exanple 8C while the | ast one nouse
were not given any arginine treatnent to 25 serve as the control. The

i npl anted m ce were observed once every two days for the gromh of the
solid tumour in situ by digital calliper -neasurenents to determ ne tunour
size as described in Exanple 15. As shown in Figure 27, the tunour
inoculated in the mce treated with pegylated Argi nase di sappeared within
20 days of the experinment 30 It nust be noted that as used herein and in the
appended clains, the singular forns "a," "and," and "the" include plural
references unless the context <clearly dictates otherw se. Thus, for

exanpl e, reference to "a pharmaceutical preparation” includes m xtures of
different preparations and reference to "the nethod of treatnent” includes
reference to equivalent steps and nethods known to 35 those skilled in the
art, and so forth.
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Unl ess defined otherw se, all technical and scientific terns used herein
have the sane neani ng as comonly understood by one of ordlnarynaaiﬁ1[}2gmpe
art to which this invention belongs. Al though any nethods and t Ea
simlar or qﬁlvalent to those described herein can be used in the practice
or testingvﬁ? HE0H3 invention, the preferred nethods and nmaterials are now
described. Al publications nentioned herein are incorporated herein by
reference to describe and disclose specific information for which the
reference was ggi 01238 tion with. The invention having been fully
described, nodifications wthin its scope will be 30 (19 DEC 2046 WD

2004/ 000349 a ho of ordinary skill in the art. AII such
nodlflcatlons%ﬁigﬁaﬁ' ﬁﬁ hig)sco e of . the invention, Fornul ons, of the
phar maceutl c alSEELHHYE: ?l‘gé% Be. I8; @é‘@rﬁ@q‘im"e EQIP 8gx2) B%d%@m& aeid the form
of a solid} a solution, anS@H@m¥1§ QIRNP3Persion, a nicelle, a 5 |iposone,
and the |ike, SREENR: dhexHistag MHFFHE Ul ati on cont ai ns one or nore of the
nodi fi ed hunarSEél@N@sé: F RCCAS AL CATATEA GEGORAAESEAGAAUEATAS (Ags acti ve
ingredients, in a mxture Wth an organic or inorganic carrier or excipient
suitable for SB{ ) NO: 6 5’peCAMACRITARANATCACAINTT T TTHA ADGACATGAACACSNt s may
be the ardignase, for examgg)e, with the usual non-toxic, pharmaceutically

accept abl e cargEEIs>NRT: §20TereGCHATHRIC RE6GTERSUCESS’ (Aupppsi tori es,
sol utions, emygk) AYNO: %L&pe(ﬁglﬁa;c lﬁm&oa&e/seqﬁaﬁe (simm)m* $)adldamtigs use in

nanufacturlngagmﬁg Gieaks NG sem solid, liquidform In
addi tion aUX|I|ary stabi | T zi ng, hlckenlng and colorlng agents and perfunes

may be wused. The active ingredients of one or nore argi nase are included in
the pharmaceutical formulation in an amount sufficient to produce the
desired effect upon 15 the target process, condition or disease.

Phar maceutical fornul ations containing the active ingredients contenpl ated
herein may be in a formsuitable for oral use, for exanple, as tablets,
troches, | ozenges, aqueous or oily suspensions, dispersible powders or
granul es, emul sions, hard or soft capsul.es, or syrups or elixirs.
Formul ati ons intended for oral use may be 20 prepared according to any

met hod known in the art for the nmanufacture of pharnaceutical fornulations.
The tablets may be uncoated or they may be coated by known techniques to.
del ay disintegration and absorption in the gastrointestinal tract, thereby
provi di ng sustained action over a |onger period. They may al so be coated to
formosnotic therapeutic tablets for controlled release. 25 ' |In sone cases,
formul ations for oral use may be in the formof hard gelatin capsules
wherein the active ingredients are mxed with an inert solid diluent, for
exanpl e, cal cium carbonate, cal ci um phosphate, kaolin, or the |ike. They may
also be in the formof soft gelatin capsules wherein the active ingredients
are mxed with water or an oil nedium for exanple, peanut oil, liquid
paraffin, or olive oil. 30 The pharmaceutical fornulations may al so be in
the formof a sterile injectable solution or suspension. This suspension
may be formul ated according to
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known net hods using suitable dispersing or wetting agents and suspendi ng
agents. The sterile injectable preparation may al so be a steri I,'% IEEﬁCg | e
solution or suspension in a non-toxic parenterally-acceptable di LY

solvent, for exanple, as a 35 solution in 1,4-butanediol. Sterile, fixed
oils are conventionally enployed as a solvent or suspending nedium For
this purpeﬁgggfgy bl and fixed oil may be enployed including synthetic nono-
or diglycerides, fatty acids (including oleic acid), naturally occurring
veget abl e, oi ] s. | sesane oil., coconut oil. eanut Qqil. ottonseed oil, or
synt het i c!'f 4t ’§°]\9§ﬁ regoRpmaY bunag AWBASE LBrvine BPo ot 000%0t £ or s 40
dextrose sol utions preservatives, antioxidants, and the |like, can be

i ncor por a%-e(':rlﬂ‘ﬁrmcot‘}g’é‘%ﬁnég‘u%ll areanasg [ gpecsding do elgim ddiayiesr sesifiseac¥ity equir ed.
The pharnmaceutical fornulations nmay al so be an adjunct treatnent together

wi th ot her eoheisasndb@pblumige agents. 31 99 DEC 246 WD 2004/ 000349 In the
clains, an arginase that has an am no acid sequence substantially the sane
as t he sefudheecsindimnt huSkRatdindse | abcordiag o thah 2thwigerspeniie dedviag | east
30% identical to that shown in SEQ ID No. 9 or that using the Arginase
activity as$8po aseidesgrmbed herein, there is no significant difference in
the enzymatic 5 activity between the enzyne of SEQ ID No. 9 and the one that
i s substant ik ¥com i'ﬁhn'nagmnlﬁ'ear ih¥sehl Skt @igSto? Wn@véfjg%gﬁgrl f‘ﬂ%e of

purification, and the additional nethionin& group provi t e’ am no

one sk 11 ed PPERBS A Bofifit HEF Rl 20 ab T P babbhtiy Sridshe Lsea

and therefore a Z'suﬁita tially simlar" arginase does not need to have 10
any honol ogyPRoFmat 3|\5%|¥|F1HHHH sequence of SEQ ID No. 3. In sone bacteri al
strains there may be at | east 40% honol ogy with SEQ SEQ | D No. 9. Sonme
manmal i and-afyl isaleted resprphnand ymensresrpse hataerdimeoiq gare |, lowvimpe nwitpe€ 2006 WO
2004/ 000349 SEQUENCE LISTING SEQID NO 1 (Fig. 2A) SEQID NO 2 & 3 (Fig.
2B: nucl eot iatileasg&flience (SEQ ID NO 2); and anino acid 5 sequence (SEQID -
NO 3)) SEQ ID NO 4: 6xHis tag MHH HHH SEQ ID NO 5:

5' - CCAAACEATIAE GAIOBLARG TREAGAAREAIR I’ ald¥irding Llo SHQm DI NGheBsin said

5' - CCAAACTCTAGAATCACATTTTTTGAATGACATGGACAC-3' 10 (Arg 2) SEQ ID NO 7:

5' - CTCTGCCCA] S &5AGR1: o3 (Arg 6) SEQID NO 8 & 9: (Figure 2C

nucl eoti de sequence ( ID NGO 8); and amno acid sequence (SEQ I11) NG 9))

7. The recombinant human arginase I according to any one of claims 1 to 6, wherein
said pegylation results from covalently attaching at least one polyethylene glycol
(PEG) moiety to said arginase using a coupling agent.

8. The recombinant human arginase [ according to claim 7, wherein at least one end
of said arginase I is further coupled to a poly-histidine peptide.

9. A method of producing recombinant protein comprising:

(a) cloning a gene encoding said protein;

(b) constructing a recombinant Bacillus subtilis strain for expression
of said protein;

(c) fermenting said recombinant Bacillus subtilis cells using
fed-batch fermentation;

(d) heat-shocking said recombinant Bacillus subtilis cells to stimulate

expression of said recombinant protein; and
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33 19 DEC MG CLAIM5 1. An isolated reconbi nant human argi nase | having a
purity of 80-100% 2. The reconbi nant human argi nase | according t,{) m%%
having a specific activity of at least 250 I.U./ng. 3. The reconb %

human argi nase | according to claim2 having a specific activity of 500 to
600 I.U./ng. 4. The reconbi nant human argi nase | according to any one of
claims 1 to 3, conprising.a nodi icatikglgasréhat results.in an in yvitro plasm

half-life of at |eas{® RE nidt e FGeosn  brgtel %an%otfnﬁtgﬁg}’%c fiftant

human argi nase | according to claim1, having a purity of at |east 90% 6.
The reconbi nant fHERERUGRgi nase | according to claim4, wherein said
modi fication is pegylation. 7. The reconbi nant human argi nase | according to
any one of 18 thmetgo@ ecerding &y dpim 9 sdieteipeaid Bacilpnsuybedislis s pfopbagecoval ent | y
attaching at |east one polyethylene glycol (PEG noiety to said arginase
usi ng a coupl Thegmethed tccodding heeclaiac B mtieredm saidh prodein ds lgima@sarginaseckcor di ng t o
claim7, wherein at |east one end of said arginase | is further coupled to
a pol y- hi stip diiemppl e rdifg td\clabh 9ashepéin R4id Ferehdding SRPIDpEEsHnedBing N
conprising: (a) cloning a gene encoding said protern; (b) constructing a

n

reconbi nant BaGeldis Hehhd! icéns‘%s}t{n?h@ssfeﬁﬁall% BE ESHLD &g akbePri &gm: (C)

fermenting sald reconbi hant Baci s subtrlis cells fed- batth

fermentation; g?%??ﬁztﬁ %}3%{%{33@%’@%; }f’%%ﬁg%ﬁgpﬁ?‘?ﬁ%ﬁl %IZ @gz%l is cells to

stinulate exp Gf “sal nan C 2006 (e)

purifying i d reconbi nan rotein fromthe product, of said fernmentation,

0 The edfioh REEBRGTGAL ORISR HBPLTRE 2 dSHeied | Tt | Tes o
prophage. 11. The nethod according to claim9 wherein said protein is human
ar gi nase | . 1@glnﬂf‘e1rﬁét%@ﬁﬁ§’c@5r39'rl%@% ad@rxgdninga \ipherraaqeutically aecenighlei ng st ep
is perfornmed using a feeding nmediumconsisting essentially of 180-320 g/L
gl ucose, 2-4 gitier. \pSO4. 7H20, 45-80 g/L tryptone, 7-12 g/L K2HPO4 and 3-6

g/ L KH2PO4. 13. A pharmaceutical conposition conprising an isol ated

r econbi nanti4hlinaphardiagewtiak com@bsition Wi dlainofl 3 8@hdredsfd uneth bigigase 1
pharmaceutically acceptable carrier. 14. The pharmaceuti cal conposition of

clai m 13 wher ginihrigé folHFaRoRFIhIRAS §n An inGRIFP bia3Ra HARYift b atlban1d@pul ting in
an in vitro plasma half-life of at |east 1 day.
15. The pharmaceutical composition of claim 14 wherein said human arginase I
comprises modification resulting in an in vitro plasma half-life of at least 3 days.
16. The pharmaceutical composition according to any one of claim 13 to 15 wherein
said human arginase I has a specific enzyme activity of at least 250 L.U./mg.

17. The pharmaceutical composition of claim 16 wherein said human arginase I has a
specific enzyme activity of 500 to 600 1.U./mg.

18. The pharmaceutical composition according to any one of claims 16 tol7, wherein
said modification is pegylation.

19. An isolated recombinant human arginase at a purity of 80 - 100% for use as a
medicament, said arginase modified to retain an in vifro plasma half-life of at least

3 days

20. The human arginase according to claim 19 wherein said modification is

pegylation.

21. The human arginase according to claim 20 wherein at least one end of said
arginase is further coupled to a poly-histidine peptide.
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15. The pharmaceutical conposition of claim 14 wherein said human argi nase |
conprises nodification resulting in an in vitro plasma half-1i fe"1o$ Degltg Iegest
3 days. 16. The pharnaceutical conposition according to any one of claim13
to 15 wherein said human arginase | has a specific enzyne activity of at
| east 250 LU./ng. 17. The pharmaceutical conposition of claim16 wherein

sai d_humamoamge Rasen hrgi@Se dccoPdBE td drfy RRZYTRIMAADIWY DY YwiRteiR94dt 0 600 I. U./ ng.
18. The pharnmaceuti cal .conposi.ti on according to_ any one of clains 16 to 17,
wherein  sai BCHSEIERIS £odtse it thsdeppimant ghhuman malignadgiest ed r econbi nant human
arginase at a purity of 80 - 100% for use as a nedicanent, said arginase
nodi fi ed t28. Tat humararginmasy atcondipg esarey dieldf claithd 9ab 2atwHeedds baid Buthays 20. The
human ar gi nase;. i . i rein said nodification is

pegyl ati on. %}1@%@{%&?ﬁcglﬁéeg%%%erjog%a‘gg%%}?ﬁg to claim20 wherein at |east
one end of said arginase is further coupled to a poly-histidine peptide. 35
| 9 DEC 20058 The humhe atginese aenogding seclaior 37 whegin sudagimeseisdiumgingi m 19 to 21
wherein said isegnent is for use in the treatnent of human malignancies.
23. The human "argi nase according to any one of claim19 to 21 wherein said
human mal i gnancies gre |iver tumour or breast capcer. 24. The human

ar gi nase wapﬁ@@%@h&m@g@w@ﬁ@q eg}i’%g’ﬁ% wedicamedAr ar gi nase 1.
25. Use of madithieatofiimih Bakddaasies, seid Huhnmedibise aiotdifedfo effegedi canent for

Feduct fon of "THERHHORE PBGRORE A GPRITRGE ULt PRI T SAHELOE ow 10M 1 o
at |east 3 days3 ds
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