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ENGINEERED CHIMERIC PEGYLATED ADEAND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority under 35 U.5.C. § 118(e) o U.&. Application
No. 61/954,829, filed on March 18, 2014, which is incorporated by reference in ils entirety.

STATEMENT REGARDING SEQUENCE LISTING

The Seguence Listing associated with this application is provided in texi
format in lieu of a paper copy, and is hereby incorporated by reference into the specification.
The name of the text file containing the Sequence Listing is TDWG_002_02W0_ST25.0d
The text file is about 200 KB, was created on March 11, 2015, and is being submiited

slectronically via EFS-Web.

BACKGROUND

Tachnical Field

The present invention reiaies generally {0 engineered ADI, in particular
recombinant chimeric AD! proteins engineersd 1o reduce antigenicity. Such engineergd

chimeric ADI proteins are useful for treating arginine-dependent diseases such as cancer.

Dascription of the Related Art

Amino acid deprivation therapy can be an effective freatment of some forms
of cancer. To dalg, there is one known dlinical example relevant to this approach which
utilizes asparaginase 1o lower circulating levels of asparagine and inhibit prolein synthesis.
This freatment is particularly effeclive for acuie lymphoblastic lsukemia (Avramis 2005, Viera
Pinheiro 2004). Acute lymphoblastic leukemia cells require the amino acid asparagine for
growth and proliferation. In contrast, most normal human cells are capable of synthesizing
asparagine and are unaffecied by asparagine depletion. Therefore, decreasing serum
asparaging with asparaginase can selectively kill the cancer cells without harming the
normal cells, tissues, and host. An E. colf derived form of asparaginase has been approved
for human use. However, asparaginase is found only in microbes; which makes it highly
immunogenic in humans and also has a short serum half-life following injection {(Avramis
2005). To make asparaginase a more effeclive drug, these drawbacks were minimized by
formulating the E. coli derived asparaginase with polyethylene glycol {(PEG) to reduce the
immunogenicity of this enzyme and the associated allergic reactions. in addition, PEG
greatly prolongs the circulating half-life of asparaginase, which reduces both the frequency

of treatment and the fotal cost of the therapy. PEG formulated asparaginass is approved for
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use and is marketed under the frade name Oncaspar® (Oncaspar® 2011, Avramis 2005,
Viera Pinheiro 2004, Fu 2007, Zeidan 2008).

Argining is ancther non-gssential amino acid for humans and mice {for review
see Rogers 1994). In humans, arginine can be synthesized from citrulling in two steps via
the Krebs {urea) cycle enzymes argininosuccinate synthetase (ASS, L-cilrullineL-aspartate
ligase [AMP-forming], EC 6.3.4.5) and argininosuccinate lyase (ASL, L-argininosuccinate
arginine-lvase, EC 4.3.2.} (Haines 2011, Wu 2000, Morris 2006, Husson 2003, Tapiero
2002, Rogers 1994). ASS catalyzes the conversion of ciirulline and aspartic acid to
argininosuccinate, which is then converted o arginine and fumaric acid by ASL.

ADI-PEG 20 treatment requires multiple doses over a period of time. Afler a
number of treatments, ant-ADI-PEG 20 antibodiss can develop thal may limit its continued
effectiveness. Therefore, there is a need in the art for ADI that is engineered {0 improve and
extend the efficacy of arginine depletion therapy.

References: Oncaspar FDA Label, Revised 7, 2006; downloaded from FDA
website on April &, 2011; Avramis VI, Panosyan EH. 2005, Clin Pharmacokinet 44:367-383;
Fu CH, Sakamoto KM. 2007. Expert Opin Pharmacother 8:1977-1884; Haines RJ, et al.
2011 Int J Bicchem Mol Biol 2:8-23; Husson A, et al. 2003, Eur J Biochem 270:1887-1889;
Morris SM Jr. 2006. Am Jd Clin Nulr 83(Suppl):5985-5128; Viera Pinheiro JP, Boos J. 2004,
Br J Haematol 125: 117-127; Wu G, et al. 2008, Amino Acids 37:183-168; Zeidan A, et al.
2008. Expert Opin Biol Ther 8:111-119; Rogers QR. Special Publication 86, Agriculture
Experiment Station, University of Hlincis, April 4-5, 1884:8-21; Tapiero H, Mathe G,
Couvreur P, Tew KD (2002} {. Arginine. Biomed Pharmacother 56: 435-445; Wheatley DN
{2004} Anticancer Drugs 15(8): 825-833; Feun LG, et al, British Journal of Cancer, 2012,
1086, 1481-1485; Dillon BJ, el ai, Cancer, 2004, 100{4), 828-33.

BRIEF SUMMARY

One aspect of the present invention provides a recombinant chimeric arginine
deiminase {ADD comprising a catalvtic domain of an ADI protein derived from a first
microorganism and an a-helical domain of an ADI protein derived from a second
microgrganism. In one embodiment, the first microorganism is selected from the genera
Mycoplasma, Clostridium, Bacillus, Borrelia, Enterococcus, Streplococcus, Lactobacifius,
and Giardia. In a further embodiment, the first microorganism is selected from the group
consisting of Mycoplasma pneumonia, Mycoplasma hominis, Mycoplasma arginini,
Mycoplasmaea arthritidis, Streptococcus pycgenes, streptococcus pneumonia, Borrelia
burgdorferi, Borrelia afzelii, Giardia intestinalis, Closiridium perfringens, Bacillus

ficheniformis, and Enferococcous fagealis. in yet another embodiment, the first microorganism
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is selected from the group consisting of M. arginini, M. arthrilidis, M. hominis, Mycoplasma
prieumonia, Mycoplasma phocicersbrale, Mycoplasma orale, Mycoplasma galeae,
Mycoplasma phocidae, Mycoplasma columbinum, Mycoplasma lowae, Mycoplasma
crocodyli, Mycoplasma fermentans, Mycoplasma gallinarum, Mycoplasma iners,
Mycoplasma peneirans, Mycoplasma gaflisepticum, Mycoplasma alligatoris, Mycoplasma
mobile, and Mycopfasma capricolum. In one embodiment, the second microorganism
optionaily differs from the first microorganism and is selected from the genera Mycoplasma,
Clostridium, Bacilius, Borrelia, Enterococcus, Streplococceus, Laciobacifius, and Giardia. In
another embodiment, the second microorganism optionally differs from the first
microorganism and is selected from the group consisting of Mycoplasma pneumonia,
Mycoplasma hominis, Mycoplasma arginini, Mycoplasma arthritidis, Streptococeus
pyogenes, sirepfococcus pneumonia, Borrelia burgdorferi, Borrelia afzelii, Giardia
intestinalis, Clostridium perfringens, Baciflus licheniformis, and Enterococous fascalis. In yet
another embodiment, the second microorganism optionaily differs from the first
microorganism and is selected from the group consisting of M. arginini, M. arthritidis, M.
hominis, Mycoplasima pneumonia, Mycoplasma phocicerabrale, Mycoplasma orale,
Mycoplasmea gateae, Mycoplasma phocidas, Mycoplasma columbinum, Mycoplasma lowae,
Mycoplasma crocodyli, Mycoplasma fermenians, Mycoplasma gallinarum, Mycoplasma
iners, Mycoplasma peneirans, Mycoplasma galiisepticum, Mycoplasma alligatoris,
Mycoplasma mobile, and Mycoplasma capricolum.

in one embodiment, the first microorganism is selected from the group
consisting of Mycoplasma gallinarum, Mycoplasma iners, and Mycoplasma cofumbinum and
the second microorganism is selected from the group consisting of Mycoplasma gafliinarum,
Mycoplasma iners, and Mycoplasma cofumbinum, wherein the first and second
microorganism are optionally different microorganisms,

in & further embodiment, the first microorganism is M. arginini and the second
microorganism is M. arthritidis, and In other specific embodiments, the first microorganism is
M. arginini and the second microorganism is M. hominis or the first microorganism is M.
arthritidis and the second microorganism is M. arginini. In certain embodiments, the first
microorganism is M. gateae and the second microorganism is M. arfhrifidis. In certain
embodiments, the first microorganism is M. gateae and the second microorganism is M.
cofumbinum. In some embodiments, the first microorganism is M. galege and the second
microorganism is M. phocicerabrale. In some embodiments, the first microorganism is M.
gateae and the second microorganism is M. phocidas. In particuiar embodiments, the first
microorganism is M. phocicerebrale and the second microorganism is M. arginini. In certain

embodiments, the first microorganism is M. phocicerebrale and the second microorganism is
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M. gateae. In specific embodiments, the first microorganism is M. phocicsrebrale and the
second microorganism is M. phocicerebrale. In certain embodiments, the first microorganism
is M. phocidae and the second microorganism is M. arginini. In some embodiments, the first
microorganism is M. phocidae and the second microorganism is M. arthritidis. In certain
embodiments, the first microorganism is M. phocidae and the second microorganism is M.
cofumbinum. in particular embodiments, the first microorganism is M. phocidae and the
second microorganism is M. galeae. In certain embodiments, the first microorganism is M.
phocidae and the second microorganism is M. phocicerebrale. In some embaodiments, the
first microorganism is M. galiinarum and the second microorganism is M. columbinum. In
cerfain embodiments, the first microorganism is M. galfinarum and the second
microorganism is M. iners. In some embodiments, the first microorganism is M. iners and the
second microorganism is M. cofumbinum. In certain embodiments, the first microorganism is
M. iners and the second microorganism is M. galfinarum.

HHustrative recombinant chimeric AD! molecules comprise, consist, or consist
essentially of the amino acld sequence set forth in any one of SEQ 1D NOs:4-13 or 22-59 or
a variant thereof having at least 80% or 80% sequence identity to any of SEQ 1D NOs:4-13
or 22-58,

in cerfain embodiments of the recombinant chimeric ADI described herein,
the recombinant chimeric ADI has been modified lo remove at least one pegylation sile. In
another embodiment of the recombinant chimeric ADI described hersin, at least one lysine
residue has been modified by an amino acid substitution. In certain embodiments of the
recombinant chimeric AD! described herein, at least 5 lysine residues have been modified by
an amino acid substitution, at least 10 lysine residues have been maodified by an amino acid
substitution, at least 15 lysine residues have been modified by an amino acid substitution, or
at least 20 lysine residues have been maodified by an amino acid substitution. Hiustrative
recombinant chimeric ADI molecules as described hersin comprise the amino acid ssguence
set forth in any one of SEQ 1D NOs:10-13.

in another embodiment of the recombinant chimeric ADI described herein, the
ADl s covalently bonded via a biccompatible linker to polyethylene glycol. In this regard, the
argining deiminase may be covalently bonded o more than one polysthylene glveol
molecule and in cerlain embodiments may be covalently bonded 1o about 1 to about 10
polyethyiene glycol molecules and in one specific embodiment, to 523 PEG molecules. The
PEG molecules covalently bonded to the AD as described herein may be straight chain or
branch chain PEG molecules and may have a {ofal weight average molecular weight of from
about 1,000 to about 40,000 and in one embodiment, from about 10,000 to about 30,000.



10

15

20

25

30

35

WO 2015/143006 PCT/US2015/021189

in cerfain embodiments of the recombinant chimeric ADI described herein,
the biocompatible linker comprises a succiny! group, an amide group, an imide group, a
carbamate group, an ester group, an epoxy group, a carboxyl group, a hydroxyl group, a
carbohydrate, a tyrosine group, a cysieine group, a histidine group, a methylensg group, or
any combinations thereof. In one embodiment, the source of the succinyl group is
succinimidyt succinale.

Other aspecis of the invention provide a polynucleotide encoding the
recombinant chimeric ADI described herein, veciors comprising the polynuclectide and
isolated host cells comprising such vectors.

Suitabie vectors can be chosen or construcied, containing appropriate
requlatory sequences, including promoter sequences, terminator sequencas,
polvadenylation seguences, eénhancer sequences, markar genes and other sequences as
appropriate. Vectors may be plasmids, viral e.g. phags, or phagemid, as appropriate. For
further detlails see, for example, Molecular Cloning: a Laboratory Manual: 2nd edition,
Sambrook et af., 1988, Cold Spring Harbor Laboralory Press. Many known techniques and
protocols for manipulation of nucleic acid, for example in preparation of nuclsic acid
constructs, mutagenesis, sequencing, introduction of BNA Into cells and gene expression,
and analysis of proleins, are described in detail in Current Protocols in Molecular Biclogy,
Second Edition, Ausubsl ef al. eds., John Wiley & Sons, 18982, or subseguent updates
thereto.

As will be understood by those of skill in the art, it may be advantageocus in
some instances 1o produce polypeptide-encoding nuclectide sequences possessing non-
naturaily oceurring codons. For example, codons prefarred by a particular prokaryctic or
eukaryotic host can be selected 1o increase the rate of protein expression or to produce a
recombinant RNA transcript having desirable properiies, such as a half-life which is longer
than that of a transcript generated from the naturally occurring sequence. Such
polynucleotides are commaonly referred 1o as “codon-optimized.” Any of the polynudlectides
described herein may be utilized in a codon-optimized form. In cerlain embodiments, a
polynuclectide can be codon optimized for use in specific bacteria such as E. ¢coli or yeast
such as S cergvisiae (see, e.g., Burgess-Brown ef al., Prolein Expr Purif. 59:84-102, 2008).

Systems for cloning and expression of a protein in a varlety of different host
celis are well known. Suitable host celis include mammalian cells, bacleria, yeast, and
haculovirus systems. Mammalian cell lines available in the art for expression of a
heterologous polypeptide include Chinese hamster ovary (CHO) cells, Hela cells, baby
hamster kidney cells, HEK-293 cells, human fibrosarcoma cell line HT-1080 (seg, e.g.,

Moran, Nat. Biotechnol. 28:1139-40, 2010), NSO mouse melanoma cells and many others,
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Additional examples of useful mammailian host cell lines include monkey kidney CV1 line
iransformed by SV40 (COS-7, ATCC CRL 1651); human embryonic Kidney line (293 or 203
celis sub-~cloned for growth in suspension culture, Graham et al., J. Gen Virol 36:58 (1977));
baby hamster kidney cells (BHK, ATCC CCL 10); mouse sertoli cells (T4, Mather, Biol.
Reprod. 23:243-251 (1880)); monkey kidney celis (CV1 ATCC CCL 70); African green
monkey kidney cells (VERG-76, ATCC CRL-1587); human cervical carcinoma celis (HELA,
ATCC CCL 2); canine kidney cells (IMDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A,
ATCC CRL 1442); human iung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB
8065); mouse mammary umor (MMT 060562, ATCC CCLS1}, TR cells (Mather et af.,
Annais NY. Acad. Sci. 383:44-88 (1982)); MRC 5 ceils; F34 celis; and 3 human hepatoma
fine (Hep G2). Other useful mammalian host cell lines include Chinese hamster ovary (CHO)
cells, including DHFR-CHO cells (Urlaub ef al., PNAS USA 77:4216 (1980)); and myeloma
celi lines such as NSO and Sp2/0. For a review of certain mammalian host cell lines suitable
for polypeptide production, see, e.g., Yazaki and Wu, Methods in Molecular Biology, Vol. 248
(B. K.C Lo, ed., Humana Press, Tolowa, N.J., 2003}, pp. 255-268. Certain preferred
mammalian cell expression systems include CHO and HEK293-cell based expression
systemns. Mammalian expression systems can utilize attached cell lings, for example, in T-
flasks, roller botiles, or cell factories, or suspension cultures, for example, in 1L and 5L
spinners, 5L, 141, 40L, 100L and 200L stir tank bloreaciors, or 20/50L and 100/200L WAVE
bioreactors, among others known in the art.

A common bacterial host is £. cofl. The expression of proteins in prokaryotic
cells such as £. coff is well established in the art. For a review, ses for example Pluckthun,
A, Bio/Technofogy. 9:545-551 (1991}, Expression in eukaryotic cells in culture is aiso
available 1o those skilled in the art as an oplion for recombinant production of polypeplides
{see Ref, Curr. Opinion Biotech. 4:573-576, 1983; and Trill ef al., Curr. Opinjon Biofech.
£:553-560, 1988). In specific embodiments, prolein expression may be controlled by a T7
RNA polymerase {(e.¢., pET vector series). These and related embodiments may utilize the
expression host strain BL21{DES), a ADES lysogen of BL21 that supports T7-mediated
exprassion and is deficient in lon and ompT proteases for improved target protein stability.
Also included arg expression host strains carrying plasmids encoding IRNAs rarely used in
E. coli, such as Rosetta’ (DE3) and Rosetta 2 (DE3) strains. Cell lysis and sample handling
may also be improved using reagents such as Benzonase® nuclease and BugBuster®
Protein Exiraction Reagent. For cell culture, suto-inducing media can improve the efficiency
of many expression systems, inciuding high-throughput expression systems. Media of this
type {(e.g., Overnight Express™ Autoinduction System) graduaily slicit protein expression

through metabolic shift without the addition of artificial inducing agents such as IFTG.

5



10

15

20

25

30

35

WO 2015/143006 PCT/US2015/021189

Particular embodiments employ hexahistidine tags (such as His=Tag® fusions), foliowed by
immobilized metal affinity chromatography (IMAC) purification, or related technigues. In
certain aspsects, however, clinical grade proteins can be isolated from E. colf inclusion
bodies, with or without the use of affinity {ags (see, e.g., Shimp ef al., Protein Expr Purif,
50:88-87, 2008). As a further example, certain embodiments may employ a cold-shock
induced £. coff high-vield production system, because over-expression of proteins in
Escherichia coli al low temperature improves their solubility and slability (ses, e.g., Qing of
al., Nature Biotechnology. 22:877-882, 2004).

in addition, a host cell strain may be chosen for its ability to modulate the
expression of the inserted sequences or {0 process the expressed protein in the desired
fashion. Such modifications of the polypeptide includs, but are not limiled o, post-
fransiational modifications such as acetylation, carboxylation, glycosylation, phosphorylation,
lipidation, and acylation. Post-tfranslational processing, which cleaves a “prepro” form of the
protein may also be used {o facilifate correct insertion, folding and/or function. Different host
celis such as veast, CHO, Hela, MDCK, HEKZ283, and W138, in addition o bacterial cells,
which have or even lack specific cellular machinery and characteristic mechanisms for such
post-translational activities, may be chosen {0 ensure the corrgot modification and
processing of the protein of interest.

For fong-term, high-vield production of recombinant proteins, stable
expression is generally preferred. For example, cell lings that stably express a
polynucledtide of interest may be transformed using expression vectors which may contain
viral origins of replication and/or endogenous expression elements and a selectable marker
gene on the same or on a separate vector. Following the introduction of the vector, cells may
be allowed to grow for about 1-2 days in an enriched media before they are switched o
salective media. The purpose of the selsctable marker is to confer resistance to sslection,
and its presence allows growth and recovery of celis which, successfully express the
introduced sequences. Resistant clones of stably transformed cells may be proliferated
using tissue culiure techniques appropriale to the cell typs. Transient production, such as by
fransient transfection or infection, can also be emploved. Exemplary mammalian expression
systems that are suitable for fransient production include HEK293 and CHO-based systems.

Host celis transformed with a polynuclectide sequence of interest may be
cultured under conditions suitable for the expression and recovery of the protein from cell
culture. Ceriain specific embodiments utilize serum freg cell expression systems. Examples
include HEK293 cells and CHO cells that can grow on serum free medium (see, e.g., Rosser
el ai., Protein Expr. Furdf, 40:237-43, 2005; and U.S. Patent number 6,210,822).
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The protein{s)} produced by a recombinant cell can be purified and
characterized according to a variety of techniguss known in the art. Exemplary systems for
performing protein purification and analyzing protein purity include fast protein liguid
chromatography (FPLC) {(e.g., AKTA and Bio-Rad FPLC systems), high-pressure liquid
chromatography (HPLO) (e.g., Beckman and Walers HPLC). Exemplary chemistries for
purification include ion exchange chromatography {s.g., Q, 8), size exclusion
chromatography, salt gradients, affinity purification {e.g., Ni, Co, FLAG, maltose, glutathione,
protein A/G), gel filiration, reverse-phase, ceramic HyperD® ion exchange chromatography,
and hydrophobic interaction columns (HIC), among others known in the arl. Also included
are analyvtical methods such as SDS-PAGE {e.g., coomassie, silver stain), immunoblot,
Bradford, and ELISA, which may be utilized during any slep of the production or purification
process, typically 1o measure the purity of the protein composition.

Also included are methods of concentrating recombinantly produced proteins,
e.g., chimeric ADI proteins. Examples include ivophilization, which is typically employed
when the solution contains few soluble components other than the protein of interest.
Lyophilization is often performed after HPLC run, and can remove most or all volatile
components from the mixture. Also included are ultratiltration technigues, which typically
smpicy one or more selective permeable membranas (o concentrate a profein solution. The
membraneg allows water and small molecules 1o pass through and retains the protein; the
solution can be forced against the membrang by mechanical pump, gas pressurs, or
centrifugation, among other {echniques.

in certain embodiments, the chimeric ADI proteins have a purity of at least
about 80%, as measured according o routine techniques in the arl. In certain embodiments,
such as diagnostic compositions or certain therapsutic compositions, the chimeric ADI
proteins have a purity of at least about 85%. In specific embaodiments, such as therapeutic or
pharmaceutical compositions, the chimeric AD! proteins have a purity of at least about 87%
or 98% or 89%. in other embodiments, such as when being used as reference or research
reagents, proteins can be of lesser purily, and may have a purity of at least about 50%, 60%,
70%, or 80%. Purily can be measured overall or in relation to selected components, such as
other proteins, e.g., purity on a protgin basis.

in certain embodimenis, the compositions described here are about
substantially endoloxin free, including, for example, about 98% endotoxin free, preferably
about 88% endoloxin free, and more preferably about 89.99% endotoxin free. The presence
of endotoxing can be delected according (o routing techniques in the ar, as described
herein. in specific embodiments, the chimeric ADI proteins are made from a sukaryotic cell

such as g mammalian or human cell in substantially serum free media.
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Ancther aspect of the invention provides a compaosition comprising one or
more of the recombinant chimeric ADI described herein and a physiologically acceptable
carrier. In one embodiment, the composition may further comprise an autophagy modulator.
Autophagy modulators include, but are not limited {o chicroguing, 3-methviadenine,
hydroxychioroguine, bafilomycin A1, 5-amino-4-imidazole carboxamide riboside (AICAR],
ckadaic acid, N6-mercapiopurine riboside, vinblastine, worlmannin, rapamycin, sverniimus,
metformin, perifosine, resveratrol, and tamoxifen. In ancther embodiment, the compositions
comprising the recombinani chimeric AD described herein may further comprise a
chemotherapeutic agent, such as but not limited to docstaxel, carboplatin,
cyclophosphamide, gemcitabine, cisplatin, sorafenib, sunilinib or gverolimus, or
combinations thereof.

Yet ancther aspsect of the present invention provides a method of treating,
ameliorating the symptoms of, or inhibiting the progression of a cancer comprising
administering {0 a patient in need thereof a therapeutically effective amount of a composition
comprising ong or more of the recombinant chimeric ADI described hersin and a
physiologically acceptabie carrier, thereby treating, ameliorating the symptoms of, or
inhibiting the progression of the cancer. in this regard, the cancer can include, but is not
fimited to melanoma, pancreatic cancer, prostale cancer, smail celi lung cancer,
mesothelioma, lymphoceytic leukemia, chronic myesiogenous leukemia, iymphoma, hepatoma,
sarcoma, leukemia, acute myeloid leukemia, relapsed acute myeloid leukemia, breast
cancer, ovarian cancer, colorectal cancer, gastric cancer, glioma, glicblastoma mulliforme,
non-small cell lung cancer (NSCLC), kidney cancer, bladder cancer, uterine cancer,
esophageal cancer, brain cancer, head and neck cancers, cervical cancer, testicular cancer,

and stomach cancer.

BRIEF DESCRIPTION OF THE SEQUENCES
SEQ 1D NO:1 is the amino acid sequence of wild type M. hominis ADL
SEQ 1D NO:2 is the amino acid sequence of wild type M. arginini ADIL
SEQ D NO:3 is the amino acid sequence of wild type M. arfhritidis ADL

SEQ D NO:4 is the amino acid sequence of the DS1 recombinant chimeric

ADI protein.

SEQ 1D NO:5 is the amino acid sequence of the DS2 recombinant chimeric
Al protain.

SEQ 1D NO:6 is the amine acid sequence of the D83 recombinant chimeric
ADI protein.
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SEQ 1D NO:7 is the amino acid sequence of the DS4 recombinant chimeric
ADI protein.

SEQ ID NO:8 is the amino acid sequence of a recombinant chimeric ADI
derived from M. hominis Phoenix (see SEQ 1D NO14; plus lysine substitutions) {catalytic
domain) and M. arginini (o-helical domain).

SEQ 1D NO:S is the amino acid sequence of a recombinant chimeric ADI
derived from M. hominis Phoenix (see SEQ 1D NO:14) (catalylic domain) and M. arthritidis
{(a-helical domain).

SEQ 1D NO:10 is the amine acid sequence of the D&1-1 lysine reduction
mutant of the recombinant chimeric ADI protein (see Table E3).

SEQ 1D NQO:11 is the amino acid sequence of the DS1-2 lysine reduction
mutant of the recombinant chimeric ADI protein {seg Table E3).

SEQ D NO:12 is the amino acid sequence of the DS1-3 lysine reduction
mutant of the recombinant chimeric ADI prolein (see Table E£3).

SEQ 1D NO:13 is the amino acid sequence of the DS1-4 lysine reduction
mutant of the recombinant chimeric ADI protein {see Table E3).

SEQ 1D NO:14 is the amino acid sequence of the ADI Phoenix seguence.
This ADI sequence is identical 1o M hominis AD! except for K112E and P2108 substitutions.

SEQ D NO:15 is the amino acid sequence of M. alfigatoris ADL

SEQ D NO:16 is the amino acid seguence of M. colombinum ADL

SEQ D NO:17 is the amino acid sequence of M. gallinarum ADI.

SEQ D NO:18 is the amino acid sequence of M. galea ADIL

SEQ 1D NO:19 is the amino acid sequence of M. iners ADL

SEQ 1D NO:20 is the amino acid sequence of M. phocicerabrale ADL

SEQ 1D NO:21 is the amino acid sequence of M. phocidae ADL

SEQ 1D NOs:22-59 are the amino acid sequences of chimeric ADI proteins.

DETAILED DESCRIPTION

The present invention relates generally to chimeric ADI proteins, e.g.,
enginesred to have reduced antigenicity as compared with corresponding wild type ADI
molecules. The present invention also relates to methods of reating cancer and cther
disorders with chimeric ADI, and in particular chimeric ADI-PEG 20.

Normai cells do not require argining for growth, since they can synthesize
arginine from citrulling in a two-step process catalyzed by ASS and ASL. In contrast, certain
cancers do not express ASS. Certain cancers do not express ASL, and other cancers may

have diminished expression of, or may not express ASS and/or ASL. Therefore, these
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cancers are auxolrophic for arginine. This metabolic difference may be capitalized upon to
develop a safe and effective therapy to Ireat these forms of cancer. ADI catalvzes the
conversion of arginine to citrulline via the argining dihydrolase pathway, and may thus be
used to eliminate arginine.

The practice of the present invention will employ, uniess indicated specifically
to the contrary, conventional methods of virclogy, immunoclogy, microbiclogy, molecular
biology and recombinant DNA technigues within the skill of the art, many of which are
described below for the purpose of illustration. Such technigues are explained fully in the
fiterature. Ses, 8.g., Current Profocols in Prolein Science, Current Protocols in Molecular
Biology or Current Profocols in immunology, John Wiley & Sons, New York, N.Y.(2008};
Ausubel et al., Short Protocols in Molecuiar Biology, 3™ ed., Wiley & Sons, 1995; Sambrook
and Russell, Molecular Cloning: A Laboratory Manual (3rd Edition, 2001); Maniatis ef al.
Molecular Cloning: & Laboratory Manual (1882); DNA Cloning: A Practical Approach, vol. 1 &
HA{D. Glover, ed.); Oligonuciectide Synthesis (N. Galt, ed., 1884); Nucleic Acid Hybridization
(B. Hames & 5. Higgins, eds., 1985); Transcription and Transigtion (B. Hames & S. Higgins,
eds., 1984}, Animal Cell Culture (R. Freshney, ad., 1986); Perbal, A Practical Guide 1o
Molecuiar Cloning (1884 and other like references.

As used in this specification and the appended claims, the singular forms "a,”
“an” and "the” include piural references unless the content clearly dictates olherwise.

Throughout this specification, unless the context reguires otherwise, the word
"comprise”, or variations such as "comprises” or "comprising”, will be understood {0 imply
the inclusion of 3 stated element or inleger or group of elements or integers bui not the
exclusion of any other element or integer or group of elements or infegers.

By “about” is meant a quantity, level, vaiue, number, frequency, percentage,
dimension, size, amount, weight or length that varies by as much as 30, 25, 20, 15, 10, 9, &,
7.86,5, 4,3, 2 or 1% 1o a reference quantity, level, value, number, frequency, percentags,
dimension, size, amount, weight or iength.

By “statistically significant,” it is meant that the result was unlikely to have
occurred by chance. Statistical significance can be determined by any method known in the
art. Commonly used measures of significance include the p-value, which is the frequency or
probability with which the observed event would occur, if the null hypothesis were true. If the
obtained p-value is smaller than the significance lgvel, then the null hypothesis is rejected. In
simple cases, the significance level is defined at a p-valug of 0.05 or less.

Each embodiment in this specification is 1o be applied mufatis mutandis to

svery other embodiment uniess expressly staled otherwise.
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Standard techniques may be used for recombinant DNA, dligonuclectide
synthesis, and tissue cullure and transformation {e.g., eleciroporation, lipofection).
Enzymatic reactions and purification technigues may be performed according to
manufacturer's specifications or as commonly accomplished in the art or as described
herein. These and related lechnigues and procedures may be generaily performed
according o conventional methods well known in the art and as described in varicus general
and more specific references that are cited and discussed throughout the present
specification.  Unless specific definitions are provided, the nomenclature utilized in
connection with, and the laboratory procedures and technigues of, molecular biclogy,
analytical chemistry, synthetic organic chemistry, and medicinal and pharmaceutical
chemisiry described herein are those well-known and commonly used in the arl. Standard
technigues may be used for recombinant technology, molecular biological, microbiological,
chemical synthesss, chemical analyses, pharmaceutical preparation, formulation, and
delivery, and treatment of patients.

"Patient” refers to an animal, in cerlain embodiments a mammal, andina
specific embodiment, a human.

"Biccompatible” refers to materials or compounds which arg generally not
injurious to biological functions and which will not result in any degree of unacceptable
toxicity, including allergenic and disease stales.

The term “reference sequence” refers generally 10 a nucleic acid coding
sequence, or aming acld sequence, to which ancther sequence is bsing compared. All
polypeptide and polynudiectide seqguences described herein are included as references
sequences, including those described by name and those described in the Tables and the
Sequence Lisling.

Throughout the present disclosure, the following abbreviations may be used:
PEG, polvethylene giveol, AD, argining deiminase; 58, succinimidyl succinate; SSA,
succinimidyl succinimide; SPA, succinimidyl propionate; NHS, N-hydroxy-succinimide; ASS1
or ASS, argininosuccinaie synthetase; ASL, argininosuccinaie lyase.

in certain embodiments, the chimeric ADI enzymes as described herein are
compared to the benchmark ADI-PEG 20 molscule derived from M. hominis. As used herain,
*ADI-PEG 207 refers o the ADE molscuie known in the art and described for example in
US6183738; US6035462; Ascierto PA, of gf. (2005) Pegylated arginine deiminase treatment
of patients with metastatic melanoma: resulis from phase | and Hi studies. Jd Clin Oncol
23{30). 7660~ 7688; {zzo F, et al. (2004} Pegvlated argining deiminase treatment of patients
with unresectable hepatoceliular carcinoma: results from phase Vil studies. J Clin Oncol
22{10% 1815-1822; Holisherg FW, af al. (2002}, Poly{ethviens glycol) (PEG) conjugated
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arginine deiminase: effects of PEG formulations on its pharmacological properties. J Contral
Release 80(1- 3): 258-271; Kelly ef al., (2012) Brilish Journal of Cancer 108, 324 - 332.
As would be recognizad by the skilled artisan, this molecule is a pegylated (PEG 20,000)
AD enzyme derived from M. hominiz, and has two substitutions (K112E; P2108) relative to
the wild type M. hominis ADI enzyme.

The terms "polypeptide,” "protein” and "peptide” and "enzyme” are used
interchangeably and mean a polymer of amino acids not limited to any particular length. The
terms do not exclude modifications such as myristoylation, suifation, glycosylation,
phosphorylation and addition or deletion of signal sequences. The terms "polypeptide” or
"protein” or "enzyme” mean ong or more chains of amino acids, wherein each chain
comprises amino acids covalently linked by peptide bonds, and wherein said polypeplids or
protein can comprise a plurality of chains non-covalently and/or covalently linked together by
peptide bonds, having the sequence of native proteins, that is, proteins produced by
naturaily-occurring and specifically non-recombinant cells, or genetically-enginesred or
recombinant cells, and comprise molecules having the amino acid sequence of the native
protein, or molecules having deletions from, additions to, and/or substitutions of ong or more
amine acids of the native ssquence. The terms "polypeptide™ and "protein” specifically
encompass the chimeric AD enzymes of the present disclosure, or sequences that have
deletions from, additions to, and/or substitutions of one or more amine acid of the chimeric
AD! enzymes. In certain embodiments, the polypeptide is a “recombinant” polypeptide,
produced by recombinant cell that comprises one or more recombinant DNA molecules,
which are typically made of heterologous polynucieotide sequences or combinations of
polynuclectide sequences that would not otherwise be found in the cell.

The term "isolated prolein® referred to herein means that a subject protein (1)
is free of ai least some other profging with which it would typically be found in nature, (2} is
essentially free of other proteins from the same source, e.g., from the same species, (3) is
exprassad by a cell from a different species, (4) has been separated from at least about 50
percent of polynuclectides, lipids, carbohydrates, or other materials with which it s
associated in nature, (&) is not associated (by covalent or noncovalent interaction) with
portions of a protein with which the "isolated protein® is associated in nature, (8) is operably
associated {(by covalent or noncovalent interaction) with a polypeptide with which it is not
associated in nature, or {7} does not ocour in nature. Such an isolatad protein can be
encoded by genomic DNA, cDNA, mRNA or other RNA, of may be of synthetic origin, or any
combination thereof. In certain embodiments, the isolated protein is substantially free from
proteins or polypeptides or other contaminants that are found in its natural environment that

would interfere with ils use (therapeutic, diagnostic, prophylactic, research or olherwise).
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In the present invention, a chimeric Al or a polynudeotide encoding a
chimeric ADI may be derived, cloned or produced from any source, including, for example,
microorganisms, recombinant biotechnology or any combination thereof. For example,
argining deiminase may be cloned from microorganisms of the genera Mycoplasma,
Clostridium, Bacillus, Borrelia, Enterococcus, Streplococcus, Lactobaciius, Giardia. In
certain embodiments, arginine deiminase is cloned from Mycoplasma pneumoniae,
Mycoplasma hominis, Mycoplasma arginini, Mycoplasma arthritidis, Mycoplasma
phocicerebrale, Mycoplasma orale, Mycoplasma gateas, Mycoplasma phocidaeg,
Mycoplasmea columbinum, Mycoplasma iowae, Mycoplasma crocodyl, Mycoplasma
fermentans, Mycoplasma penetrans, Mycoplasma galliseplicum, Mycoplasma gallinarum,
Mycoplasma iners, Mycoplasma alligatoris, Mycoplasma mobile, and Mycoplasma
capricolum, Stepfococcus pyogenes, Stepfococcus pneumoniae, Borrelia burgdorfer,
Borrelia afzelii, Giardia infestinalis, Clostridium perfringens, Bacillus licheniformis,
Enterococcus faecalis, Laclobacilfus sake, or any combination thereof. The amino acid

sequences of certain of these arginine deiminases is provided in Table A1 helow.

Table Al. Exemplary ADI seguences for cloning of chimeric ADI

Scurce Sequence SEQ ID
NO:

M. hominis ‘&VF“S FYJT%”VSEIC“* ﬂV"

C“TRVLL~V
'ASVGNCVT %F RRETLEARE
EPK “VKTD’fYD”"H&L IEGEDVEIY! GVSERTDLDTIT
ARNIKANKEVEFKRIVAINVPKWINLMHLDTWLTMLDKNKEFLY SPIAL
DVFKEWDYDLVNGGAEFQPQ LN LINKEPVLIPIGGAGA
TEMEIARETNEDGINYLAIK SLv;giERR“ AALKAAGITVLPRPEH
GNQLSLEMGNARCHMSMPLERKDVKN

<

M. arginini ﬂoJTUg/FVkT]\ EIGELESVLVHEFPGREIDYITPARLDELLESAL 2
RKEH ELKANDINVVELIDLVAETYDLASOQEARKDRKLIE
VVVRNEFLEAKKTSRELVEIMMAGITK
FTRDPFASVGNGVTIHYMRYKVRORET REVES
JU,V?T\\RJT‘VVG‘ RTDLOTVTL

b LYSPTA
LLOSIINKKEVLIPIAGEG
ERTNAALBEAAGIKVLPE

M, arthritidis

o]
I}
! da

W

*b«]odbe**wkkaq JK&LrolvijLdJiLAhdlkiGS
dlelivdpmpnlyftrdpfasvgngvtibhymrykvrgretifsrivia
nhpklvntpwyydpaaeglitieggdviivondtilvvgvsertdlgbitl
faknikankesefkrivainvpkwinlmhlidtwitmickdkflyspia
ndv f<_JO\dl n”ﬂdapqﬁVﬁ"g pleOleglngKpt ipiagag
i ”')glVigyathK naaleaagitvips

M. aliigatoris E RISPTRLERLLESAILEPDTAT i5
KAIQLPELVAQTYDOQVDOKIRDEF I DOWLOEAK

DVIYD JBKTV/ LuBSQ/FT STREKMVRIMMAGIDKKEINIDLDRDL
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SVONGICLANMKYQOTREKRETIFAQE YNK
YETTPHWEDRFDHGE IEGGDVEVYTEDTLVIGISERTTKEAVLNTAKE
ANTDSKFEEIVAINVEPMPNLMHLDTWITMVDHDKEL
Krwi SKETEKMVELEESLSNMLEATIGKKPILIFPIA
IETRFDGTNY

GMGSARCMSEMPLVREDIK

M. coclombinum MEKINVYSEIGELKEVLVHTPGDEIRRISPSRLDELLESATILEFNEAL 16
KEHRGELKILODRGIKVIQLSDLVARTY TYHATORKEREAF IEKWLDEA
EPALT LRARKVESYVLSKEGTPVAMVRTMMAGVSRKQELNVESETELY

VDPMENLYETRDEPFASAGNGI SLNNMKYVTRKRETIFAEFIFATHEDY
KTTFHWEDRLDEGNIEGGDVE IYNKDTLVIGVSERTNKEAILTIAKKT
KNNKEAKFRKIVAINVPRPMPNLMHLDTWLTMVDKDKELY S PNMLSVLE
VWEIDLSKEIEMVETNRPLADVLES I IGVKEVLIPIAGKGATOLDIDT
ETHFDGTNYLTIAPGVVVGYSRNIKTEAATRAAGVTVLEFEGNCLELG
MGSARCMSMPLVREDVE

9]
~J

M. gailinarum MSKIRVYSEIGNLKKVLVHTPGDEIRRISPERLEELLESAVLEPNAAT i
EEHKREVEKLLEDRGIQAIQLSDLVAETYVKYATAEQKAAFIEEYLDEA
LOAENRERAKKYILSLEMOPVEMIRTMMAGLSKYELNVESNIELT
TDPMPNLYPFTRDPEFASAGNGLSLNNMEKYVVRKRET IFAEFIFATHRPEY
KETPRWFDRLDHGS LEGGDVEVYNKDTLVIGVSERTNKE "TAKHT
QDNRKEAEPKKIVAINVPPMPNLMHLDTWLTMVDKNKEIYSPNMLEVLK
INEIDLAKPIEMVESNKSLTEVLESIIGEKPILIPIAGEGASQLDIDT
ETHEDGTNYLTIAFGVVVEY SRNEKTEKALEAAGITVLSFEGNQLSLG

MGSARCMEMPLVREDVE

M. gatea MEVEDSKENGIHVYSEIGELESVLVEEPGRETIDYITPARLDELLESAT i8
LESHDARKEEKLEVSELKANDINVVELTDILVTETYDLASQEAKDNLIE
EFLEDSERPVLTEELKSVVRTY LKS IKSTRELTIOMMMAGTTKYDLGIEA
DHELIVDPMPNLYFTRDPEFASVGNGVT IHYMRYKVRORETLESREVES
NEPKLVNTPWYYDPSLEKLSTEGGDVE LIYNNNTLVVGVSERTDLETVTL
LAKNIVANKECEFKRIVAINVPKWINLMHLDTWLTMLDKDEFLYSPTA
NDVERKEWDYDLVNGGEEPQPVENGLFLEGLLESTINKKPILIPTAGEG
ASCIDIERETHFDGTNY LALRPGVVIGY SRNEKTNAALEAAGIKVLPE
HGNQLSLGMGNARCMSMPLIRKDVEKW

£y

MEKINVYSEIGVLKEVLVHTPGDEIRRIAPSRLDELLESATILEFSAAL i
QEHRKSEFLKILODRGIKTIQLSDLVARTYRKAYASEASKEAPIEKY LDEA
TEPVLSKDMRARKVENY ILSMOGEPVKMYRTMMAGVEKQELNVESEVELTL
VDOPMPNLYETRDPFASAGNGISLNNMKYVVRKRETIFAEFIPSIHPEY
KKTEPRWEDRLDNGS TEGGDVE IYNKDTLVIGVSERTNEEALIITIAKET
ODNKEAQFRKIVAINVPRPMPNLMHLDTWLTMVDKNKELYS PNMLSVLE
VWEIDLSKPIEMVETNRPLABVLES I IGEKPILIPIAGKDATOLDIDT
ETHFPDGTNYLTIAPGVVVGYSRNVRETEAALRAAGVIVLEFEGNQLSLG

MGSARCMS!

e
4]
)

=

P

i, MSVEPDSKENGIHVYSEIGELETVIVREPCREIDYITPARLDELLESAT 20
vhocicerabrals LESHDARKEHOSEFVKQLEDNGINVVELTDLVAETEFDLASKEEQEKLIE
EFLEDSERPVLSEAHKTAVRKEFLTSRESTREMVEEMMAGITRKYDLGIEA
DEELIVDEMPNLYFTRDEFASVGNGVT THYMRYEVRORETLESREVES
NHPRKLVKTEPWYYDRPAMKMS LTEGGDVE IYNNDTLVVGVSERTDLETITL
LARKNIKANKEVEFKRIVAINVPEWTNIMALDTWLTMLDKDKELYSPIA
NDVEEEWDYDLVNGGAEPQOPRKENGLPLEGLLOS I INKEPVLIPIAGNN
ASHIDIERETHEFDGTNYLATKPGVVIGYARNEKTNAALAAAGIKVLEE
HGNQLSLGMGNARCMSMPLSREDVEW

M. phocidase MEVEDSKENGIHVYSEIGELQTIVILVEREPGRETIEYITPARLDELLESAT 21
LESHDARKEEQEFVAELKKNNINVVELTDLVSETYDMVSKEKQEKLTE
EFLEDSERPVLSEEHKGLVRKFLKSLKSSKELTIOQYMMAGTI TKEDLNIEA

HELIVDPMPNLYFTRDE SVGNGVTTHYMRYKVROQRETLESRELFA
NHPKIMNTPLYYNPDMKLS TEGGDVEVYNNE JGVSERTDLDTITL
KNIKANKEREFKRIVAINVPKWINLMHLDTWLTMIDKDKEFLYSPIA
NDVEKEFWDYDLVNGGDEFOPRKVNGLFLEKLLESTIINKKPILIPTAGTS
ASNIDVERETHFDGTNY LALARPGVVIGY SRNVKTNEALEAAGIKVLPE

KGNOLS LGMGNARCMSMEPLSRKDVEW
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Thus, in some sembodiments, the ADI used in a chimeric ADI may comprise
the amino acid sequence from Table A1 {any one of SEQ 1D NOs: 1-3 or 15-21), or a variant
therect having AD! activity {e.g., able 1o metabolize arginine into citrulline and ammonia) or a
fragment thereof having ADI activily, or engineered chimeras thereof having ADI activity.

The sequences of exemplary chimeric ADI are provided in Table A2 below.

Table AZ2. Chimeric ADI

&
sl
e

[<2]

Name Sequence

—

)
=
L

i

MSVFDSKERKGIEVYSEIGELESVLV
DARKEHKQFVARLKANDINVVELVDI

VLSDEHRATY "LOSQKSTRSL
YETRDPFASVGNGVITTHYMRYRKVRORE REVESNHPRKLINTPRYYDESL
KLSIEGGDVEIYNNDTLVVGVSERTDLOTVTLLAKNIVANKESEFERIVAIN
VPKV‘PLW% UIWL‘MJJKDIELVSUlH VEKEWDY DLVNGGAEPQPVENG
FRETHFDGTNYLAIRPGVVIGY

N L/L/\M‘N“

I8
(o1

IVYSE ——CE_:EOVJT WHE

?LKANL[NVV”LJ;LVZ

TTV)LASQA KP L "FLEJ
SVESENELIVDPMED
iPKLI 'VDLVLK

'“F %VNRVKVRQKETLES%E
Sl IYNNDTLVVGEVSERTDL RIVAINYV
UKNWNJ PLD"WJTWLDF“&ﬂ"YSF*AND FRFWDV“TVNQG“EP“D”ENGL
HEDGTNYLAIRPGVVIGYS

CMSEMPLSREDVEW

lwy]
921
N

1q F“\MLK‘TP“YQ?TGE“ETVLV
DARKEHKEFVAELEKRGINVVELIDLVAETY DLASCEAKDK FLEDSEPR

CHEVVVRNEFLEKARKKTSRELVEIMMAGITKY DLGIEADRELIVLEMPNL
YETRODPFASVGNGVTIHYMRYKVRORETLESREVE SNHPKLVNTPWYYDPAR
GLTIEGGDVEIYNNDTLVVGVSERTDLOTITLLAKNIKANKE
VPKWTNLMHLDTWLTNLDKMKE]YSP[AN)VFKFWDYDL”WGCJA“QPVDNC
-TLKSTIGKKDTLIP'ACAGACQIDI?RETEF“FTbYLAVAPUI”I’\
AAGITVLPEFRGNQLS IGNARCH

CLLESATLESH | 6

DS3

2]
&

=
)}-J:f
He
L
<
>f
Z

~

MSVFDSKEKGIEVYSEIGELETVLV
DARKEHEEFVAELEKRGINVVELTDLVAR T\uTA \AHFﬂFTIaTTL?ET
VLTEANREAVRAFLLSKPTHEMVEFMMSGIT LGVESENEL VJLNDWL\
‘TRDDEA%VG\UWT ]YNRVKVRQDFTIPSRPVFSFIPV*”U““”YV“QA}G
LTIEGGDVEFIYNNDTLVVGVSERTDLOTITLLARN IKANKESEFRKRIVAINY
’“’“NuMhLDiquWLDK\K:;f\P FANDVER LVhﬁuDAP PVDNGL
PLEDLLESTIICGKKPTLIPIACAGASQIDIERETHEDGTNYLAVARGIVIGYA
RNEKTHNAALEAAGITVLPE RuYQLSLGMGNAQCMSMPLSRKDVKW

’QVFDSKFVuTnVYSTTFELES IVHEPCRETF 'TTPARLDELLFSATLESHDAR | 22
HE TYDOVDOKIKDEFIDOWLOEAKPVILNDQL
MMAGIDEEE DRDLVVDPMPNLYETRDE
VESNHPKLINTEPWYYDPSLELSTEGGDV
IVAINVPEWTI T

FAbVCRQEJLTYMRY‘\f"
FIYNNDTLVV
WTTW

GTWVLALR?GVVI””D
SREKDVEW

*“I‘E%HDﬁR 23
SVEVLS LLH
PN V‘TR)PE

KLSIEBEGGDV F Iy
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RTDLOTVTILIARKNIVANKESEFKRIVAINVPEWTNLMHLDTWL
IANDVEKE “LYJL”NGGAE)QDVENQALLLGLLQb'lQREPVu_
ETERETHEDGTNYLAIRPGVVIGY SRNEKTNAALEAAGIKVLEFH
IGNARCMEMPLSREKDVEKRW

NNDTLVVGVSE

i FDQKFKJThVYQmTFELEb JLVHEPGREIDYITPARLDELLFSATLESHDAR | 24
KEnKQTVAFLLAWD NVVELSDLVAETY TYHBATOQKEREAFIEKWLDEAEFALTKD
LPAA\K;YWLdKEb¢PVWW ?TMMAA KOELNVESETELVVDEMPNLYEFTRDPE
’J”SNFPKL’NT“WK”D?S“KLSIEGGDVF

jLPLEC*UOSIT

]
2 GVVIGYSRRMKTNPAMEAﬁb¢KVML

VovFDQ FKUTHV)QhTLET SVLVHEPGREIDYITPARLDELLEFSATLESHEDAR | 25
CEH JELTDIVTETYDLASQEAKDNLIEE EFVLTEEL
<ngQMMiAG TKYDLGIEAD IVDPMPNLYETRDPFAS

S

C2DS5 VRORETLESREVESNHPKLINTPS S EGGDVFIY
S TDLOTVTILLAKNIVANKESEFKRIV? ALDIWLT

LY SPIANDVEKEWDYDLVNGGAERPOPVENGLRPLEG] IINKEFVLI
PIAGEG IEIERETHEDGTNYLATL RPCVVT@\QAWFKTWMALunAaTVVLFTH
GNQLSLGhb VARCMSMPLSREDVENW

VFDSKFEGTIEVYSEIGELESY TVHEPGREID”=. ARLDELLFSATILESHDAR | 2
J:\'A’\TD T.\T‘TWELTDL

on

NNDT uVVGVg?QTDLQTV“TT“RNTVAN&FQHFKRTV“TN TPKWTNLMHT
LJ‘DPTMVOPTﬂ\ﬁ JFKEWDYDLVNGGA ] I
M HET LA¢RPb]fICYS?WFVTWnAT MAGTB TPFH

{DVEW

LQOLSLGML-

MSVEDSKFRGI
REHKQFVAELKAD
KGLVR

QKLH*JfMiAG ?hHLQDLLAQ

RYKVRORETLESREVESNHPKLINTPWY

ERTDLOTVTLLAKNIVANE FamFFPTV.

FIANDVEKE WFV‘H VNGGAEPOPVEN ;

5@L“7°QW‘1 SRETHEDGTNYLATIRPGVVIE :YSRWL&I.
L :[ ARCMSMPLSREKDVENW

nnLLAAELYVLEEH

KEVLVHTPGDEIRRISPSRLDELLFSATILEPNEATIKEHKGEL | 28

K;LQD&ILY lq DELVAQTYDOVDOKIKD WLOEAKPVLNDOLKKLVENY

LLKSQEEE b‘"‘K‘KlV“’RHW” IDEEEINIDI DLVVD ‘VIE\LN ‘TR )l’ thC NG

s ISLNN Y ¥ {WE IYNKDT
C4DS81

LVIGY TLTTAKKTFRNQFAKFFRTVATNVP?MPVTM%HFTWTLMVDK
DRELY SPNMLSVLEVWEIDLSKETEMVETNKPLADVLESTIGVKPV LI PIAGKGA
TQLPIDIE TIAPGVVVGYSR TEAALRAAGVIVLSEFEGNQLSLG
MGSARCMED

VIVHTPGDEIRRISEFSRLDELLES
VLVARETYDLASQEAKDKLIEEERTL

MEKINVY E
KILODKGIRKVIO

LEAKKTSRELVE IAGITEYDLGIEADHELIVDPMPNLYFET R)kbﬂkhQRuLSL
NT ‘YVTRFP“TTFAﬁ FATHPDYKTTPHWEDRLDEGNIEGGDVEIYNEDTILVI

c
N
J
N
Ny

GVSERTNKEATLT IAKKIKNNKEAKFPEKIVAINVEPMPNLMHLDTWLTMVDEDKE
SENMLSVIEVWEIDLSKETEMVY LADVLESIIGVKEVLIPIAGKGATQOL
DIDIETHFDGTNY LT IAPGVVVGYSRNIKTEAALRAAGVTIVLSFEGNQLSLGMGS

LREVLVHTPGDEIRRISPSRLDELLESATLEPNEATKEHKGEL
KX LQDh:LYVlquJLL”LTiDLASYLthhLLZE LDDSVPVLEDE VEVERE
LOEQKSTRSLVEYMIAGITKHADLEIESDLELIVDPMPNLYFTRDPFASAGNGISL
NNMKYVTREKRETIFAERF IFATHEDYKTTPHWEDRLDEGNTEGGDVEIYNKDTLVI
GVSERTNKEATILT] IKNNKEAKFRKIVAINVPPMENLMHLDTWLTMVDKDKE
LYSPNMLSVLEVH SKETEMVETNKPLADVLESTIGVKEVLIPIAGRKGATQL
FDGTNYLTIAPGVVVGY SRNIKTEAALRAAGVTVE NQLSLGMGS

DID]
ARCMSMPLVREDVK

(o}
[en)
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INVYSEIGELKEVLVHTPGDEIRRISPSRLDELLEFSAILEPNEAIKERKGEL | 31
QDKGIKVIO LVTETYDLAC“EAKDNLIEEFLEDQVD”LTEELKQ”V T
LESTKSTRELTIOMMMAGITEY

. 'LKNNKEA" P S
D'%LDVL NELJ#bK‘lh%$ PNKPLADVLESIIGVEPVLIFPIAGKGATQL
b;ulh FDETNYLTIAPGVVVGYSRNIKTEAATRAAGVTVLEFEGNOLSLEMGS

ARCMSM

MSKINVYSE LVHTPGDEIRRISPSRLDELLEFSATLEPNEAIKEHKGEL | 32
VLVAETEFDLASKEEQERKLIEEFLEDSEPVLSEA \WREFE
FPMMAGLTKYDLGIEADHELIVDPMPNLY FTRDPFASAGNGI ST
CADSE ,T?I\R ETIFARFIFATHPDYKTTPHWEDRLD VIEGGDVEIYNKDTLVI
IVSLR INKEAILTIAKKIKNNKEAKE [\KLv_alk\'TPPE\”‘»’JNLLVH-ILJI‘.A«L’l‘lv“”j {BDKF
LYSPNMLEVLEVW LSKRETEMVE! DVLEST! 'KD'”]'_I")"'A(;I\”’TQL
DIETHFDGTNYLTIAPGVVVGY SRNIKTEAALRAAGVTVLSFEGNOLSLGMGS

MPLVR K
NVYSELIG 33

CILODKGIRVIQ "'"—)T‘/QETYDL‘ 7Q,FF“ QFKT TFEL .T
LKSLKS ;/FLT ‘Y'\ KHDLNT PHELIVDPM
NNMEKYVTE FATHPDYK! ’TL‘ Wi

GVEERTNE $ i ;
LYSPNMLSVLKVWEIDLSKEIEMVETNKEL 7‘uk LESTIIGVKRPVL A Kuhl‘

F—)S?p\\]TJOFE '((\L JRKE
YF GNGISL

CADST

DIDIETHFDGTNYLTIAPGVVVGYSRNIRKTEAALRAAGVTVL LSLGMGS
ARC LVREDVK

LEPNEATIKEEKGFL | 34
,J,JAJ PALSAENRERAKK
”“NLVTTRDP“%SZ\u \TFT

(\LL TDTT‘(THFDGT\ T T"T\PGVVV Y QQ"I KT‘—“\/\Lt\AZ\LNT"LoFE'“"\TﬁLS" GM

GSARCMSMELVREDVK

VITETPL?ﬁTRPTo?omJuJ.L SATLEPNEATKEHK 35
LVAETYKH _ K ATPVLESKDMRAKS
LIRDP ASAGNGI
C4DS9 '
Vi QJ‘E L\KuhlJJLAKKl&A\ g NLMELDTW ”DKD
KFLYSPNMLSVLKVWELDLEKE EVVFTVKLLAD IGVKPVLIPLAGKGAT
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Hence, in some embaodiments, the chimeric AD! comprises, consists, or
consists essentially of an illustrative chimeric sequence from Table A2 (SEQ 1D NOs:4-13 or

22-58), or a variant or fragment thereof having AD! activity.
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Certain embodiments include variants of the reference ADI polypeptide
sequences described herein, whether described by names or by reference {0 a sequence
identifier {8.q., Tables A1-A2). A “variant” sequence, as the term is used herein, refers o a
polypeptide or polynucieotide sequence that differs from a reference seguence disciosed
herein by one or more substitutions, delstions {e.g., truncations), additions, and/or insertions.
Certain variants thus include fragments of a reference sequence described herein. Variant
polypeptides are biologically active, that is, they conlinue [0 possess the enzymatic or
binding activity of a reference polypeptide. Such variants may result from, for example,
gensgtic polymorphism and/or from human manipulation.

in many instances, a bidlogically active variant will contain one or more
conservative substitutions. A “conservative substitution” is one in which an amino acid is
substituted for another amino acid that has similar properties, such that one skilled in the art
of peptide chemistry would expect the secondary structure and hydropathic nature of the
polypeptide o be substantially unchanged. As described above, modifications may be made
in the slructure of the polynuclectides and polypeptides of the present invention and shill
obtain a funclional molecule that encodes a variant or derivatlive polypeptide with desirable
characteristics. When it is desired o alter the amino acid ssguence of a polypeptide to
create an equivalent, or gven an improved, variant or portion of a polypeptide of the
invention, one skilled in the art will typically change one or more of the codons of the
encoding DNA seguence.

For example, certain amino acids may be substituted for other amino acids in
a protein structure without appreciable loss of interactive binding capacity with struclures
such as, for example, antigen-binding regions of antibodies or binding sites on subsirate
molecules. Since it is the interactive capacity and nature of a protein that defines that
proteiny's biclogical funclional activity, cerfain amino acid sequence substitutions can be
made in a protein sequencs, and, of course, its underlying DNA coding sequencs, and
nevertheless obtain a protein with like properties. tis thus contemplaied that various
changes may be made in the peptide sequences of the disclosed compositions, or
corresponding DNA sequences which encode said peplides without appreciable loss of their
utility.

in making such changes, the hydropathic index of amino acids may be
considered. The importance of the hydropathic amine acid index in conferring interactive
biologic function on a protein is genegrally understood in the art (Kyie & Doolittle, 1982,
incorporated herein by reference). It is accepled that the relative hydropathic character of the
amino acid contributes {o the secondary structure of the resultant protein, which in turn

defines the interaction of the protein with other molaecules, for example, enzymes,
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substirates, receplors, DNA, antibodies, antigens, and the iike. Each amino acid has been
assigned a hydropathic index on the basis of its hydrophobicity and charge characleristics
(Kyte & Doolittle, 1982). These values are! isoleucine (+4.5); valine (+4.2); leucing (+3.8);
phenylalanineg (+2.8); cysteine {(+2.5); methionine (+1.9); alanine (+1.8); glycine {(-0.4);
threonine (-0.7); serine {(-0.8); tryplophan (-0.8); tyrosine (~1.3); proline {~1.8); histidine (-
3.2); glutamals (-3.5); glutamine (—-3.5); aspartate (-3.5); asparagine (-3.5); lysine {-3.9);
and arginine {(-4.5). It is known in the art that certain amino acids may be substituted by
other amino acids having a similar hydropathic index or score and still result in a protein with
similar biclogical activity, f.e., still obtain a biclogical functionally sguivalent protein. In
making such changes, the substitution of amino acids whose hydropathic indices are within
+2 is preferred, those within +1 are particularly preferred, and those within +0.8 are even
more particularly preferred.

It is also undersiood in the art that the substitution of like amino acids can be
made effectively on the basis of hydrophilicity. U.S. Patent 4,554,101 (specifically
incorporated herein by reference in its entirely), states that the greates! local average
hydrophilicity of a prolein, as governed by the hydrophilicity of ils adjacent amino acids,
correlates with a biological properly of the protein. As detailed in U, S, Patent 4,554,101, the
following hydrophilicity values have been assigned to amino acid residues: argining (+3.0);
fysine {(+3.0); aspariate (+3.0 + 1}; giutamate (+3.0 + 1); serine (+0.3); asparagine (+0.2);
giutamine (+0.2); glycine {(}; threonine {-0.4); proline (0.5 = 1}; alanine (-0.5); histidine {-
0.8); cysteine (-1.0}; methionine (-1.3); valine {(~1.5}); leucing (~1.8); isoleucine (1.8}
tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). It is undersiood that an amino acid
can be substituted for ancther having a similar hydrophilicity value and still obiain a
biologically eguivalent, and in particuiar, an immunologically equivalent protsin. in such
changes, the substitution of amino acids whose hydrophilicity values are within £2 is
preferrad, those within +1 are particularly preferred, and those within +0.5 are even more
particularly preferred,

As outlined above, amino acid substitutions are generally therefore based on
the relative similarity of the amino acid side-chain substituents, for example, their
hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary substitutions that lake
various of the foreqoing characteristics into consideration are well known 1o those of skili in
the art and include: arginine and lysine; glutamats and aspariate; serine and threoning;
glutamine and asparagine; and valing, leucine and isoleucine.

Amino acid substitutions may further be made on the basis of similarity in
polarity, charge, solubility, hydrophobicity, hydrophilicity and/for the amphipathic nature of the

residuss. For example, negatively charged amino acids include aspartic acid and glutamic
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acid; positively charged amino acids include lysine and arginine; and amino acids with
uncharged polar head groups having similar hydrophilicity values include leucine, isoleucine
and valine; glycine and alaning; asparagine and glutaming; and sering, threoning,
phenylalanineg and tyrosine. Other groups of amingo acids that may represent conservative
changes include: (1) ala, pro, giy, glu, asp, gin, asn, ser, thr; (2) cys, ser, tyr, thr; (3) val, ile,
leu, met, ala, phe; (4} lys, arg, his; and (5) phe, tyr, trp, his.

Avariant may also, or alterngtively, contain non-consearvative changes. In g
preferred embodiment, variant polypeptides differ from a native or reference sequence by
substitution, delstion or addition of fewer than about 10, 8, 8, 7, 8, 5, 4, 3, 2 amino acids, or
sven 1 amino acid. Variants may also {or alternatively) be modified by, for example, the
deletion or addition of amino acids that have minimal influence on the immunogenicity,
secondary structure, enzymatic aclivity, and/or hydropathic nature of the polypeplide.

I certain embodiments, a polypeptide sequence is about, at least about, or
up to about 5, 8,7, 8, 8, 10, 11, 12, 13, 14, 1§, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 486, 47, 48, 49, 80, 55,
60, 85, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 1580, 160, 170, 180, 180, 200, 210,
220, 230, 240, 250, 260, 270, 280, 280, 300, 310, 320, 330, 340, 350, 360, 370, 380, 380,
400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 5§30, 540, 850, 560, 570,
580, 590, 600, 810, 620, 630, 640, 850, 660, 670, 680, 680, 700. 700, 710, 720, 730, 740,
750, 760, 770, 780, 790, 800, 800, 810, 820, 830, 840, 850, 860, 870, 830, 8§30, 900, 80Q,
810, 920, 830, 840, 950, 860, 870, 980, 880, 1000 or more contiguous amino acids in length,
including all integers in between, and which may comprise all or a portion of a reference
sequence (see, €.4., Sequence Listing).

in other specific embodiments, a polypeplide sequence consists of about or
no more than about 5, 6,7, 8, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38, 38, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 85, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 180, 200,
210, 220, 230, 240, 250, 260, 3270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380,
390, 400, 410, 420, 430, 440, 4580, 480, 470, 480, 480, 500, 510, 520, 530, 540, 550, 560,
570, 580, 580, 600, 610, 820, 830, 640, 650, 660, 670, 680, 680, 700, 710, 720, 730, 740,
780, 760, 770, 780, 790, 800. 800, 810, 820, 830, 840G, 850, 8860, 870, 880, 880, 800, 900,
910, 820, 930, 940, 950, 960, 970, 980, 880, 1000 or mors conliguous amino acids,
including all integers in between, and which may comprise all or a portion of a reference
seguence (see, e.g., Sequence Listing).

In still other specific embodiments, a polypeptide sequence is about 10-10006,
10-800, 10-800, 10-700, 10-600, 10-500, 10-400, 10-300, 10-200, 10-100, 10-50, 10-40, 10-
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30, 10-20, 20-1000, 20-800, 20-800, 20-700, 20-800, 20-500, 20-400, 20-300, 20-200, 20-
100, 20-50, 20-40, 20-30, 50-1000, 50-000, 50-800, 50-700, 50-600, 50-500, 50-400, 50-
300, 50-200, 50-100, 100-1000, 100-000, 100-800, 100-700, 100-600, 100-500, 100-400,
100-300, 100-200, 200-1000, 200-800, 200-800, 200-700, 200-600, 200-500, 200-400, or
200-300 contiguous amino acids, including all ranges in between, and comprises all or a
portion of a reference sequence. In certain embodiments, the C-erminal or N-terminal region
of any reference polypeptide may be truncated by about 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 15, 20,
25, 30, 35, 40, 45, 50, 60, 70, 80, 80, 100, 110, 120, 130, 140, 1580, 160, 170, 180, 190, 200,
250, 300, 350, 400, 450, 500, 580, 600, 850, 700, 750, or 800 or more aming acids, or by
about 10-50, 20-850, §0-100, 100-150, 150-200, 200-250, 250-300, 300-350, 350-400, 400-
450, 450-500, B00-550, 550-600, 600-650, 650-700, 700-750, 750-800 or morg amino acids,
including all integers and rangss in between {a.g., 101, 102, 103, 104, 105}, so long as the
truncated polypeptide retains the binding properties and/or activity of the reference
polypeptide. Typically, the biclogically-aclive fragment has no less than about 1%, about 5%,
about 10%, about 25%, or about 50% of an activity of the biclogically-active reference
polypeptide from which it is derived.

in general, variants will display at least about 30%, 40%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 91%, 82%, 83%, 94%, 95%, 56%, 97%, 88%, 88%
similarity or sequence identity or seguence homology o a reference polypeplide sequence.
Moreover, seguences differing from the native or parent sequences by the addition {e.g., C-
terminal addition, N-terminal addition, both), deletion, truncation, insertion, or substitution
{e.g., conservative substifution) of about 1, 2, 3, 4, 5, 6,7, 8, &, 10, 11, 12, 13, 14, 15, 1§,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 amino acids
(including all integers and ranges in between) but which refain the properties or activities of a
parent or reference polypeptide sequence arg contemplated.

In some embodiments, variant polypeptides differ from reference sequence
by at least ons butl by less than 50, 40, 30, 20, 15, 10, 8§, 6, 5, 4, 3 or 2 amino acid
residue(s). In other embodiments, variant polypeptides differ from a reference sequence by
at least 1% but less than 20%, 15%, 10% or 5% of the residues. (If this comparison requires
alignment, the sequences should be aligned for maximum similarity. "Looped” out
sequences from deletions or insertions, or mismalches, are considered differences.)

Calculations of seguence similarity or sequence identily belween seguences
(the terms are used inferchangeably herein) are performed as follows. To determine the
percent identity of two amino acid sequences, or of two nudielc acid sequences, the

sequences are aligned for optimal comparison purposes {6.q., gaps can be infroduced in
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one or both of a first and a second amino acid or nucleic acid sequence for oplimal
alignment and non-homologous sequencas can be disregarded for comparison purposes). In
certain embodiments, the length of a reference sequence aligned for comparison purposas
is at least 30%, preferably at least 40%, more preferably at least 80%, 60%, and even more
preferably at least 70%, 80%, 90%, 100% of the length of the reference sequence. The
armino acld residues or nuclectides at coresponding amino acid positions or nuclectide
posilions are then compared. When a position in the first sequence is occupied by the same
amine acid residue or nucleotide as the corresponding position in the second sequence,
then the molacules are identical at that position,

The percent identity between the two sequences is a function of the number
of identical positions shared by the sequences, {aking into account the number of gaps, and
the length of each gap, which need {0 be infroduced for optimal alignment of the two
sequences.

The comparison of sequences and determination of percent identity between
Wwo sequences can be accomplished using a mathematical algorithm. In a preferred
embodiment, the percent identily between two amino acid seguences is determined using
the Needleman and Wunsch, {J. Mol Biol 48: 444-453, 1870} algorithm which has been
incorporated into the GAP program in the GCG software package, using sither a Blossum 62
malrix or a PAMZ50 malrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight
of 1, 2, 3, 4, 5, or 8. In yet ancther preferred embodiment, the percent identily between two
nucieotide sequences is determined using the GAPR program in the GCG software packags,
using a NWSgapdna CMP malrix and a gap weight of 40, 50, 80, 70, or 80 and a length
weight of 1, 2, 3, 4, 5, or 6. A particularly preferred set of parameters {and the one that
should be used unless ctherwise specified) are a Blossum 62 scoring matrix with a gap
penaity of 12, a gap extend penally of 4, and a frameshift gap penalty of 5.

The percent identity between two aming acid or nuclectide sequences can be
determined using the algorithm of E. Mevers and W. Miller (Cabios. 4:11-17, 1988) which
has been incorporated into the ALIGN program {version 2.0), using a PAM120 weight
residue table, a gap length penally of 12 and a gap penaity of 4.

The nucleic acid and protein sequences describad herein can be used as &
‘query sequence” to perform a search against public databases to, for example, identify
other family mambers or related sequences. Such searches can be performed using the
NBLAST and XBLAST programs (version 2.0} of Altschul, ef al., (1890, J. Mol. Biol, 215:
403-10). BLAST nuclectide searches can be performed with the NBLAST program, score =
100, wordlength = 12 to oblain nuclectide sequences homologous to nucleic acid molecules

of the invention. BLAST protein searches can be performed with the XBLAST program,
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score = 50, wordlength = 3 to obtain amine acid seguences homologous 1o protein
molecules of the invention. To oblain gapped alignments for comparison purposes, Gapped
BLAST can be utilized as described in Alischul ef al., (Nucleic Acids Res. 25: 3389-3402,
1997}, When utilizing BLAST and Gapped BLAST programs, the defaull parametsrs of the
respective programs {e.g., XBLAST and NBLAST) can be usad.

in one embodiment, as noled above, polynudiectides and/or polypeptides can
be avalualed using a BLAST alignment tool. A local alignment consists simply of a pair of
seqguence segmenis, ong from sach of the sequences being compared. A maodification of
smith-Waterman or Sellers algorithms will find all segment pairs whose scores cannot be
improved by extension or trimming, cailed high-scoring segment pairs (HSPs). The resuils of
the BLAST alignments include siatistical measures (o indicate the likelihood that the BLAST
score can be expected from chance alone.

The raw score, 8, is calculated from the number of gaps and substitutions
associated with each aligned sequence wherein higher similarity scores indicate a more
significant alignment. Substitution scores are given by a look-up table (see PAM, BLOSUM).

Gap scores are typically calculated as the sum of G, the gap opening peanally
and L, the gap extension penalty. For a gap of length n, the gap cost would be G+ln. The
choice of gap costs, G and L is empirical, but it is customary (o choose a high value for G
(10-15), e.g., 11, and alow valuefor L {(1-2) s.g., 1.

The bit score, 8, is derived from the raw alignment score S in which the
statistical properties of the scoring system used have been taken info account. Bit scores are
normalized with respect to the scoring system, therefore they can be used (o compare
alignment scores from different searches. The terms "bil score” and "similarity score” are
used inlerchangeably. The bil score gives an indication of how good the alignment ig; the
higher the score, the betler the alignment,

The E-Value, or expected value, describes the likelihood that a segusnce with
a similar score will occur in the database by chance. it is a prediction of the number of
different glignments with scores equivalent to or better than S that are expected o ocour in a
database search by chance. The smaller the E-Value, the morg significant the alignment.

7 means that a sequence with a similar

For example, an alignment having an E value of &
score is very unlikely {0 occur simply by chance. Additionalily, the expecied score for aligning
a random pair of amino acids is required {0 be negalive, otherwise long alignments would
tend 1o have high score independently of whether the segmenis aligned were related.
Additionally, the BLAST algorithm uses an appropriale substitution matrb nuclectide or
amine acid and for gapped alignments uses gap creation and exiension penallies. For

example, BLAST alignment and comparison of polypeptide sequences are typically done
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using the BLOSUME2 malrix, a gap existence penalty of 11 and a gap extension penaity of
1.

in ong embodiment, sequence similarity scores are rgported from BLAST
analyses done using the BLOSUMSE2 matrix, a gap sxistence penalty of 11 and a gap
extension penaity of 1.

in a particular embodiment, sequence identity/similarity scores provided
herein refer to the value obtained using GAF Version 10 (GCG, Accelrys, San Diego, Calif.)
using the following parameters: % identity and % similarity for a nucleotide seguence using
GAP Weight of 50 and Length Weight of 3, and the nwsgapdna.cmp scoring matrix; %
identity and % similarity for an amino acid sequence using GAP Weight of 8 and Length
Weight of 2, and the BLOSUMGZ scoring malrix (Henikoff and Henikoff, PNAS USA.
89:108915-10919, 1892). GAP uses the algorithm of Needleman and Wunsch (J Mol Biol,
48:443-453, 1970} to find the alignment of two complete seguencss that maximizes the
number of maichaes and minimizes the number of gaps.

in one particular embaodiment, the variant polypeptide comprises an amino
acid sequence that can be optimally aligned with a refarence polypeptide seguences {seg,
e.g., Seguence Listing) {0 generate a BLAST bif scores or sequence similarity scores of at
least about §0, 60, 70, 80, 90, 100, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200,
210, 220, 230, 240, 250, 260, 270, 280, 280, 300, 310, 320, 330, 340, 350, 360, 370, 380,
390, 400, 410, 420, 430, 440, 4580, 460, 470, 480, 450, 500, 510, 520, 530, 540, 550, 560,
570, 580, 580, 600, 610, 820, 830, 640, 650, 660, 670, 680, 680, 700, 710, 720, 730, 740,
780, 760, 770, 780, 790, 800, 810, 820, 830, 840, 850, 880, 8§70, 880, 890, 800, 910, 920,
830, 940, 950, €80, 970, 980, 980, 1000, or more, including all integers and ranges in
between, wherein the BLAST alignment used the BLOSUMS2 matrix, a gap exislence
penalty of 11, and a gap exignsion penalty of 1.

As noted above, a reference polypeptide may be altered in various ways
including amino acid substitutions, deletions, truncations, additions, and insertions. Methods
for such manipuiations are generally known in the art. For example, amino acid sequence
variants of a reference polypeptide can be prepared by mutations in the DNA. Methods for
mutagenssis and nucleotide sequence alterations are well known in the art. See, for
example, Kunkel (PNAS USA. 82: 488-492, 1985); Kunkel ef ai., (Methods in Enzymol. 154;
367-382, 19873, U.S. Pat. No. 4,873,182, Watson, J. D. et af., ("Molecular Biclogy of the
Gene,” Fourth Edition, Benjamin/Cummings, Menlo Park, Calif,, 1987} and the references
cited therein, Guidancs as 1o appropriale aming acid substitutions that do not affect

biclogical activity of the protein of interest may be found in the model of Dayhoff ef &/,
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(1978) Allas of Protein Sequence and Structure (Natl. Biomed. Res. Found., Washington,
D.C.).

Methods for screening gene products of combinatorial Hbraries made by such
modifications, and for screening cDNA libraries for gene products having a selected property
are known in the art. Such methods are adaptabie for rapid screening of the gene libraries
generated by combinatorial mulagenesis of reference polypeptides. As one example,
recursive ensambie mutagenssis (REM), a technigue which snhances the frequency of
functional mutants in the libraries, can be used in combination with the screening assays (o
identify polypeptide variants (Arkin and Yourvan, PNAS USA 89: 7811-7815, 1892; Delgrave
et al., Protein Engineering. 6: 327-331, 19983).

Native ADI may be found in microorganisms and is immunogenic and rapidly
cleared from circulation in a patient. These problems may be overcome by enginesgring ADI
to reduce its antigenicity, such as by engineering chimeric ADI molecules. In one
embodiment, chimeric ADI are constructed by combining different domains {e.g. catalytic
domain and g-helical domains) from different ADI proteins using standard molecular
biological, or protein synthesis techniques. In one embodiment, the catalyviic domain from M.
arginind or M. arthritidis is combined with the o-helical domain of M. hominis. In another
embodiment, the catalytic domain of M. arginin/ is combined with the o-helical domain of M.
arthritidis. In a further embodiment, the catalytic domain of M, arthrilidis is combined with
the o-helical domain of M. arginini. As would be recognized by the skilled person, other
combinations of catalvtic and a-helical domains can be constructed from ADI proteins
derived from other species, such as from Mycoplasma pneumoniae, Steplococcus
pyogenes, Steptococcus pneumoniae, Borrelia burgdorferi, Borrelia afzelli, Glardia
intestinalis, Clostrdium perfringens, Bacillus licheniformis, Enlerococous fascalis, and
Lactobacillus sake.

Antigenicity problems may also be overcome by modifving chimeric ADL
Thus, the present disclosure provides chimeric ADI modified by a modifying agent, including,
but not limited to macromolecule polymaers, proteins, peptides, polvsaccharides, or other
compounds. Arginine deiminaseg or chimeras thereof as described herein and the maodifying
agent may be linked by sither covalent bonds or non-covalent interaction io form a stable
conjugate or a stable composition (o achieve a desired effect. In cerlain embodiments, the
modified chimeric ADI retains the biclogical activity of an unmodified chimeric ADl and has a
tonger half-life in vivo and lower antigenicity than the unmodified, chimeric ADL In certain
embodiments, the modified chimeric AD! retains at least 20%, 25%, 30%, 35%, 40%., 45%,
50%, 55%, 60%, 85%, 70%, 75%, 80%, 85%, B0%, 95%, 96%, 97%, 98%, 89% or more of

the biological aclivity of unmeodified chimeric ADL
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in one embodiment, a modifying agent can be a polymer or a protein or a
fragment thereof that is biocompatible and can increase the half-life of chimeric ADIE in blood.
The modifying agent can be gither chemically coupled o chimeric ADI or where applicable,
linked i¢ the chimeric ADI via fusion protsin expression.

Macromolecule polymers may include a non-peplide macromolecule polymer,
which in cerlain embodiments, may have iis own bicactivity. Suitable polymers include, but
are not limited o, polyenol compounds, polyether compounds, polyvinvipyrrolidone, poly
amino acids, copolymer of divinyl sther and maleic anhvydride, N-{(2-hydroxypropyl)-
methacrylamide, polysaccharideg, polvoxyethvlated polyol, heparin or its fragment, poly-alkyl-
sthylene glycol and is derivatives, copolymers of poly-alkyl-ethylene glycol and its
derivatives, poly{vinyl ethyl ether}, a,P-Poly[{2-hydroxyethyl)-Dl-aspartamide],
polycarboxylates, poly oxyethyleng-oxymethvienes, polvacryloyl morpholines, copolymer of
amino compounds and oxyolefin, poly hyaluronic acld, polyoxiranes, copolymer ¢of
ethanedicic acid and malonic acid, poly {1,3-dioxolane), ethylene and malsic hydrazide
copolymer, poly sialic acid, cyclodextrin, etc. In certain embodiments, the polymer is
polyathylene glvcol.

The polyenol compounds as used herein include, but are not limited to,
polyethylene glycol (including monomethoxy polyethylene glvedl, monchydroxy! polyethylene
givcol), polyvinyl alcohol, polyailyt alcohol, polvbutenol and the like, and their derivatives,
such as lipids.

The polyether compounds include, but are not imited o poly alkvlens glycdl
(HO((CH2),0)H), polypropylens ghycol, polyoxyrehylene (HO{{CH, L0 H), polyvinyt alcohol
({CHCHOH),).

Poly amino acids include, but are nol limited to, polymers of one type of
amine acid or copolymers of two or more types of amino acids, for example, polyalanine or
polvlysine, or block co-polymers thergof.

Polysaccharides include but are not timited to, glucosan and its derivatives,
for example dextran sulfale, celivlose and its derivatives (including methyl celiviose and
carboxymethyl celiviose), starch and its derivatives, polysucrose, elc.

I one specific embodiment of the present invention, chimeric ADH is modified
by coupling with proleins or peplides, wherein one or more proteins o peptides are directly
or indirectly linked fo chimeric ADL The proteins can either be naturally existing proteing or
their fragments, including but not iimited to naturally existing human serum profeins or their
fragments, such as thyroxine-binding protein, transthyretin, at-acid glycoprotein, transferrin,
fibrinogen, immunoglobulin, Ig Fe regions, albumin, and fragments thereof. By “fragment’ is

meant any portion of a protein that is smaller than the whole protein bul which retains the
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desired function of the protein. Engineered chimeric ADI may be directly or indirectly linked
io a protein via a covalent bond. Direct linking means that one amino acid of chimeric ADl s
directly linked to one amino acid of the modifving protein, via a peplide bond or a disulfide
bridge. Indirect linking refers 1o the linkages between a chimeric ADI and a maodifying
protein, via originally existing chemical groups there belween or specific chemical groups
added through biclogical or chemical means, or the combination of the above-mentioned
finkages.

in one particular embodiment, chimeric ADI is modified by covalent
attachment with PEG. Chimeric ADI covalently modified with PEG {with or without 3 linker)
may be hereinafler referred {0 as chimeric "ADI-PEG.” When compared to unmodified
chimeric ADI, chimeric ADI-PEG retaing most of ils enzymatic activity, is far less antigenic,
has a greatly extended circulating haif-life, and is much more efficacious in the treatment of
tumors.

"Polyethylene glveol” or "PEG” refers to mixiures of condensation polymers of
ethylene oxide and water, in a branched or siraight chain, represenied by the general
formula H{OCH,CH,InOH, wherein n is at least 4. "Polyethviene glyeol” or "PEG" is used in
combination with a numeric suffix {o indicate the approximate weight average molecular
weight thereof. For example, PEGS,000 refers to PEG having a {otal weight average
molecular weight of about 5,000; PEG12,000 refers to PEG having g iotal weight average
molecular weight of about 12,000; and PEG20,000 refers {0 PEG having a tolal weight
average molecular weight of about 20,000.

in one embodiment of the present invention, the PEG has a total weight
average molecular weight of about 1,000 to about 50,000; in one embodiment from about
3,000 to about 40,000, and in another embodiment from about 5,000 to about 30,000; in
certain embodiments from about 8,000 to about 30,000; in other embodiments from about
11,000 to about 30,000; in additional embodiments, from about 12,000 to about 28,000, in
still other embodiments, from about 16,000 to about 24,000; and in other embodiments,
about 18,000 o about 22,000; in ancther embodiment, from 18,000 (o about 21,000, and in
one embodiment, the PEG has a total weight average molecular weight of about 20,000,
Generally, PEG with a molscular weight of 30,000 or more is difficul! to dissclve, and vields
of the formulated product may be reduced. The PEG may be a branched or straight chain.
Generally, increasing the molecular weight of the PEG decreases the antigenicily of the ADI
or chimeric ADL The PEG having a molecular weight described in this embodiment may be
used in conjunction with chimeric ADI, and, optionally, a biccompatible linker, {0 treat cancer,
including, for exampie, acule myeiold leukemia, such as relapsed acule myslold lsukemia,

breast cancer, ovarian cancer, colorecial cancer, gastric cancer, glioma, glioblastoma
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multiforme, non-small cell lung cancer (NSCLC), Kidney cancer, bladder cancer, ulerine
cancer, esophageal cancer, brain cancer, head and neck cancers, cervical cancer, teslicular
cancer, stomach cancer and esophageal cancer,

in ancther embaodiment of the present invention, the PEG has a tolal weight
average molecular weight of about 1,000 to about 58,000; in certain embodiments about
3,600 to about 30,000, in other embodiments from about 3,000 to about 20,000; in one
embodiment from about 4,000 to about 12,000; in still other embodiments from about 4,000
to about 10,000; in additional embodiments from about 4,000 to about 8,000; stili further
embodiments from about 4,000 to about 8,000; and about 5,000 in another embodiment.
The PEG may be a branched or straight chain, and in cerlaln embodiments is a siraight
chain. The PEG having a molecular weight described in this embodiment may be used in
conjunction with chimeric ADI, and optionally, a biocompatible linker, {0 treat graft versus
host disease (GVHD) or cancer.

While chimeric ADI-PEG s the illustralive modified chimeric ADI described
herein, as would be recognized by the skilled person chimeric ADI may be modifisd with
other polymers or appropriate molecules for the desired effect, in pariicular reducing
antigenicity and increasing serum half-life.

Chimeric ADI may be covalently bonded {o a modifying agent, such as PEG,
with or without a linker, although a preferred embodiment utilizes a linker.

The linker used {0 covalently attach chimeric ADI to a modifying agent, e.g.
PEG, may be any biccompatible linker. As discussed above, “Biocompatible” indicates that
the compound or group is non-toxic and may be utilized in vifro or in vivo without causing
injury, sickness, diseass, or death. A modifying agent, such as PEG, ¢an be bonded to the
finker, for example, via an ether bond, a thiol bond, or an amide bond. The linker group
includes, for example, a succinyt group, an amide group, an imide group, a carbamate
group, an ester group, an epoxy group, a carboxyl group, a hydroxy! group, a carbohydrats,
a tyrosine group, a cysteine group, a histidine group, a methylene group, and combinations
thereof. In one embodiment, the source of the biocompatible linker is succinimidyl succinate
(S8). Other suitable sources of linker may include an oxycarbonylimidazole group (including,
for gxample, carbonylimidazole (CD1Y), a nitro phenyl group (including, for exampls,
nitrophenyl carbonate (NCP) or trichloropheny! carbonate (TCF)), a trysylale group, an
aldehyde group, an isocyanate group, a vinyisulfona group, or a primary amine. in another
embodiment, the linker is derived from 88, SPA, SCM, or NHS; in ceriain embodiments, 85,
SPA, or NHS are used, and in other embodiments, 58 or SPA are used. Thus, in cerfain
embodiments, potential linkers can be formed from methoxy-PEG succinimidyl

succinate{85), methoxy-PEG succinimidyl glutarale(SG), methoxy-FEG succinimidyl
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carbonate (5C), methoxy-PEG succinimidyi carboxymethyl ester (SCM), methoxy-FEG2 N-
hydroxy succinimide (NHS), methoxy-PEG succinimidyl butanocate (SBA), methoxy-PEG
succinimidyl propionate (SPA), methoxy-PEG succinimidyl glutaramide, and methoxy-PEG
succinimidyl succinimide.

Alternatively, chimeric AD! may be coupled directly 10 a modifying agent, such
as PEG {i.e., without a linker} through an amino group, a sulthydryl group, a hydroxyl group
or g carboxyl group.

Chimeric ADI may be covalently bonded to PEG, via a biccompatible linker,
using methods known in the art, as described, for exampls, by Park et al, Anticancer Res.,
1:373-376 {1981); and Zaplipsky and Lee, Polyethylene Gilycol Chemistry: Biolechnical and
Biomedical Applications, J. M. Harris, ed., Plenum Prass, NY, Chapler 21 (1882}, the
disclosures of which are hereby incorporated by reference herein in their entirsty.

The attachment of PEG to chimeric AD! increases the circulating half-life of
chimeric ADL Generally, PEG is attached {0 a primary amine of chimeric ADI. Selection of
the attachment sile of PEG, or other modifying agent, on the chimeric ADI is determined by
the role of each of the sitgs within the active domain of the protein, as wouid be known to the
skilled arfisan. PEG may be attached 10 the primary amines of chimeric ADI withouwt
substantial loss of enzymatic activity. For example, ADI dloned from Mycoplasmea arginini,
Myeoplasma arthritidis and Mycoplasma hominis has a number of lysine residues that may
be modified by this procedure. In other words, ong or more or all of the lysines are possible
points at which AD! and chimeric forms of ADI as described hersin can be attached to PEG
via a biccompatible linker, such as S5, BPA, 3CM, 8SA and/or NHS. PEG may also be
attached to other siles on ADI and chimeric forms of ADI as described herein, as would be
apparent {o one skilled in the art in view of the present disclosurs.

From 1 1o about 30 PEG molecules may be covalently bonded to chimeric
ADL In certain embodiments, chimeric AD! is modified with ong PEG moleculs. In other
embodiments, chimeric AD! is modified with more than one PEG molecule. Inone
embodiment, chimeric ADI is modified with about 1 to about 10 PEG molecules, in one
embodiment from about 2 o about 8 PEG molecules and in another embodiment, from
about @ to about 12 PEG molecules. In another embodiment, the chimeric AD is modified
with 1,2, 3,4, 5,6,7, 8,58, 10, 11, or 12 PEG molecules. In one spacific embodiment,
chimeric ADI is modified with 4.5 - 5.5 PEG molecules per ADLL In another embodiment,
chimeric ADI is modified with 5 £ 1.5 PEG molecules.

in another embodiment, about 15% to about 70% of the primary amino
groups in chimeric ADI are modified with PEG, in one embodiment about 20% to about 85%,

about 258% to aboul 80%, or in certain embodiments aboul 30% to about 55%, or 45% o
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about 50%, and in other embodiments about 20% or 30% or 40% or 50% of the primary
amino groups in arginine deiminase arg modified with PEG. As would be undersiood by the
skilled artisan, the range of primary amino groups depends upon how many lysines are
successiully removed. In certain embodiments, all of the lysines may be removed and the N-
terminus of the molecule is PEGylated. When PEG is covalently bonded (o the end terminus
of chimeric ADI, it may be desirable o have only 1 PEG molecule utilized. increasing the
number of PEG units on chimeric ADI increases the circulating half-life of the enzyme.
However, increasing the number of PEG units on chimeric ADI decreases the specific
activity of the enzyme. Thus, a balance needs {0 be achieved between the two, as would be
apparent 1o one skilled in the arl in view of the present disclosure.

in the present invention, a common feature of biocompatible linker is that they
attach to a primary amine of arginine deiminase via a succinyl group. Once coupled with
chimeric ADI, S5-PEG has an ester linkage next to the PEG, which may render this site
sensifive 1o serum esterase, which may release PEG from chimeric ADI in the body. SPA-
FPEG and PEG2-NHS do not have an ester linkage, s0 they are not sensitive to serum
asterase.

In cartain embodiments, a biocompatible linker is used in the present
invention. PEG which is altached to the protein may be either a straight chain, as with 85-
PEG, SPA-PEG and SC-PEG, or a branched chain of PEG may be used, as with PEG2-
NHS,

I certain embodiments, the chimeric ADI of the present disclosure may be
modified as described in US Patent No. 6,635,462, In particular, modifications of one or
more of the naturally occurring amino acid residues of AD and chimeric molecules of ADIL, in
particular derived from Myeoplasma hominis, M. arthritidis and M. arginini, can provide for an
enzyme thatl is more easily renatured and formulated thereby improving existing techniques
for the manufacture of chimeric AD! and therapeutic compositions comprising the sams. In
one embodiment, the chimeric AD! of the present disclosure is modified to remove one or
more lysine residues (&.g., the lysine can be substituled with another amino acid or
analogues thereof, or a non-natural amino acid). In particular, in one embodiment, the
chimeric AD! is modified to be free of the lysing at position 112, 374, 405 or 408 ¢f SEQ 1D
NO:1 (M. hominis AD1), or a combination of one or more of these positions. In a further
embodiment, the chimeric AD! is modified 1o be free of one or more lysines, for example, 1,
2,3,4,5/6,7,8, 9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, or more lysine residues,
should they be present, can be substituted with another amino acid or analogues thereof, or
a nonnatural amino acid. In one embodiment, a chimeric AD! has 5 lysines substituted, for
sxample, al position 7, 88, 137, 200, and 380 of SEQ 1D NQO: 4. In another embodiment, a
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chimeric ADI has 10 lysines substifuted, for example, at positions 7, 9, 58, 88, 115, 116, 137,
178, 208, and 380 of SEQ 1D NO: 4. In yet another embodiment, a chimeric ADI has 15
lysines substituted, for example, at positions 7, 8, 59, 66, 88, 81, 83, 115, 118, 137, 141,
178, 209, 279, and at position 380 of SEQ 1D NO: 4. In ons embodiment, a chimeric AD
comprises 21 lysines substiluted, for example, at positions 7, 8, 58, 55, 66, 88, 81, 83, 96,
115, 116, 137, 141, 178, 209, 254, 279, 325, 326, 380, and 408 of SEQ (D NOC: 4.
Hustrative chimeric ADI molecules having lysing substitutions are set forth in SEQ 1D NOs:
10-13.

In certain embodiments, pegylation sites associated with ADI located at or
adjacent 1o the catalytic region of the enzyme are modified. For purposes of the present
invention, the phrase "pegylation site” may be defined as any site or position of ADl or a
chimeric ADI that may be covalently modified with polyethylene glycol, A "pegyiation site”
can be considered located at or adjacent {0 the catalytic region of the enzyme where
pegylation of the site resulls in a significant reduction in catalylic activity of the enzyme. The
pegylation of such sites has traditionally resulted in the inaclivation of the enzyme. For
example, AD from Mycoplasma hominis has a lysine at the 112 position which can be
considered to be at or adjacent the catalytic region of the snzyme. The attachment of PEG
to this lysine at the 112 position can inactivate the enzyme. In addition, ADI from
Mycoplasma hominis has a cysteine at the 397 position which can be considered to be at or
adjacent the catalytic region of the enzyme. The amino acid substitutions for cysieine at the
397 position can inactivate the enzyme. In particular, substituting alanine, histiding, arginine,
serineg, lysine or tyrosine for cysteine at the 397 position can result in a loss of all deteclable
enzyme aclivity. ADI from Mycoplasma hominis also has three lysines located near this
conserved cysieing, in parlicular Lys374, Lysd405 and Lysd408. The altachment of PEG 1o
Lys374, Lys405, Lys4Q8 or combinations thereof can inactivate the enzyme.

it is to be understood that AD{ derived from other organisms may also have
pegylation sites corresponding e 112 position of ADE from Mycoplasma hominis. For
example, ADI from Stepiococeus pyrogenes has lyvsine at the 104 position, ADI from
Mycoplasma pneumonias has lysing at the 106 position, and ADI from Giardia infestinalis
has lysine at the 114 position. in addition, AD! from some organisms may have lysines
corresponding to the same general location as the 112 position of ADI from Mycoplasma
hominis. The location of lysine in AD! from such organisms are known {0 the skilled person
and are described in US Patent No. 6,635,462.

Thus, in one embodiment, the present invention provides for certain aming
acid subsiitutions in the polypeplide chain of ADL These amine acid substitutions provide for

modified ADI that loses less activity when modified by a modifying agent, e.g., upon
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pegylation. By eliminaling pegylation sites, or other known modification sites, at or adjacent
io the calalviic region of enzyme, optimal modification, e.q., pegylation, can be achieved
without the loss of activity.

it is to be understood that other embodiments of the invention are based on
the understanding that cerlain structural characleristics of arginine deiminase may prevent or
interfere with the proper and rapid renaturation when produced via recombinant technology.
In particular, these structural characteristics hinder or prevent the enzyme from assuming an
active conformation during recombinant production. For purposes of the present invention,
the phrase "aclive conformation” may be defined as a thres-dimensional structure that
allows for enzymatic activity by unmuodified or modified arginine deiminase or chimeric
argining deiminase. The active conformation may, in particular, be nscessary for catalyzing
the conversion of argining into citrulline. The phrase "structural characleristic® may be
defined as any trait, guality or property ¢of the polypeptide chain resulting from a particular
amino acid or combination of amino acids. For instance, arginine deiminase may contain an
arnino acid that resulis in 3 bend or Kink in the normal peptide chain and thus hinders the
enzyme from assuming an active conformation during renaturation of the enzyme. In
particular, arginine deiminase from Mycoplasma hominis has a proline at the 216 position
that may resuil in a bend or Kink in the peplide chain, making it more difficult to renature the
enzyme during recombinant production. it is o be understood that arginine deiminase
derived Trom other organisms may also have sites corresponding to the 210 position of
argining deiminase from Mycoplasma hominis.

The present invention thus again provides for certain amino acid substitutions
in the polypeplide chain of wild type arginine deiminases and chimeric arginine deiminases
derived therefrom. Such amino acld substitutions can eliminate the problematic structural
characteristics in the peptide chain of arginine deiminase. Such amino acid substitutions
provide for improved renaturation of the maodified arginine deiminase. These amino acid
substitutions make possible rapid renaturing of maodified chimeric arginine deiminases using
reduced amounts of buffer. These amino acid substitutions may also provide for increased
vields of renatured modified chimeric arginineg deiminase. in one embodiment of the
invention, the modified chimeric argining deiminase has an amino acid substitution at P210
or the equivalent residue. As mentioned above, arginine deiminase derived from
Mycoplasma hominis has the amino acid proline located at the 210 position. While not
fimiting the present invention, it is presently believed that the presence of the amino acid
profine at position 210 resulls in a bend or kink in the normal polypeptide chain that
increases the difficully of renaluring (i.e., refolding) arginine deiminase. Substitutions for

profing al position 210 make possible the rapid renaturation of modified arginine deiminase
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and chimeras derived therefrom using reduced amounts of buffer. Substitutions for proline at
position 210 may also provide for increased yields of renatured modified chimeric arginine
deiminase. In one embodiment, the proling at position 210 is substituted with serine. is to
be undersicod that in accordance with this aspect of the invention, other substitutions at
position 210 may be made. Examples of other substitutions include FPro210 to Th210,

FPro2 10 to Arg210, Fro210 to Asn210, Fro210 to Gin210 or Pro210 to MetZ210. By eliminaling
those structural characteristics associated with the amino acid of position 210 of the wild-
type argining deiminase and chimeras derived therefrom, proper refolding of the enzyme can
be achieved.

The methods of the present invention can involve either in vitro or in vive
applications. In the case of in vifro applicalions, including cell culiure applications, the
compounds described hersin can be addad to the ¢slis in cultures and then incubated. The
compeounds of the present invention may also be used to facilitats the production of
monocional and/or polyclonal antibodies, using antibody production technigues well known
in the art. The monocional and/or polyclonal antibodies can then be used in a wide variely of
diagnostic applications, as would be apparent {0 ong skilled in the arl.

The in vive means of adminisiration of the compounds of the present
invention will vary depending upon the intended application. Administration of the chimeric
ADI compositions described herein, in pure form or in an appropriate pharmaceutical
compaosition, can be carried out via any of the accepted modes of administration of agents
for serving similar utilities. The pharmaceutical compositions can be prepared by combining
chimeric ADI, e.g., chimeric ADI-PEG, chimeric ADI-PEG 20, with an appropriate
physiologically acceptable carrier, diluent or excipient, and may be formulated into
preparations in solid, semi-solid, liguid or gaseous forms, such as tablels, capsules,
powders, granulgs, ointments, solutions, suppositories, injections, inhalants, gels,
microspheres, and aerosols. in addition, other pharmacesutically active ingredients (including
other anti-cancer agents as described elsewhere herein) andfor suitable excipientis such as
salls, buffers and stabilizers may, but need not, be present within the composition.
Administration may be achieved by a variety of different routes, including oral, parenteral,
nasal, intravenous, intradermal, subcutaneocus or topical. Modes of administration depend
upon the nature of the condition to be treated or prevented. Thus, chimeric ADI-FEG, 8.g.,
chimeric ADI-PEG 20, may be adminisiered orally, intranasally, intraperitoneally,
parenterally, infravenously, intralymphatically, infratumorly, inframuscularly, interstitiaily,
intra-arterially, subcutaneously, intraccularly, intrasynovial, transepithelial, and
transdermally. An amount that, following administration, reduces, inhibits, prevenis or

delays the progression and/or melastasis of a cancer is considered sffective. In certain
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embodiment, the chimeric ADI compaositions herein increase median survival time of patients
by a stalistically significant amount. In one embodiment, the chimeric ADI treatmenis
described herein increase median survival time of a patient by 4 weeks, 5 weeks, 6 weeks, 7
weeks, 8 weeks, 9 weeks, 10 weeks, 15 weeks, 20 weeks, 25 weeks, 30 weeks, 40 weeks,
or fonger. In cerlain embodiments, chimeric AD! treatments increase meadian survival time of
a patient by 1 vear, 2 years, 3 vears, or longer. in one embodiment, the chimeric AD!
treatments described herein increase progression-fres survival by 2 weeks, 3 weeks, 4
weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 8 weeks, 10 weeks or longer. In certain
embodiments, the chimeric ADI treatments described herein increase progression-freg
survival by 1 year, 2 vears, 3 vears, or longer.

in certain embodiments, the amount adminisiered is sufficient to result in
fumor regression, as indicated by a statistically significant decregase in the amount of viable
tumor, for example, at least a 50% decrease in tumor mass, or by altered (e.g., decreased
with sialistical significance) scan dimensions. in cerfain embodiments, the amount
administersd is sufficient to result in stable disease. In other embodiments, the amount
adminisiered is sufficient to result in clinically relevant reduction in symptoms of a particular
disease indication known {o the skilled clinician.

in certain embodiments the amount administered is sufficient to inhibit NO
synthesis, inhibit angiogenesis, and or is sufficient {0 induce apoptosis in tumor caells or any
combination thereof. NO synthesis, angiogenesis and apoptosis may be measured using
methods known in the an, see, e.g., Current Profocols in Immunoiogy or Current Protocols in
Molecutar Biology, John Wiley & Sons, New York, N.Y.{Z2009 and updates therelo); Ausubel
ef al., Short Protocols in Molecular Biology, 3 ed., Wiley & Sons, 1995; and other like
references. in one particular embodiment the amount adminisiered inhibils NO synthesis
and inhibits the growth of melanoma and synergizes with other chemotherapies as described
herein, such as cisplatin. Accordingly, one embodiment of the present disclosure provides a
method of trealing melanoma by administering chimeric ADI-PEG 20 in combination with
cisplatin, wherein the lrealment depletes endogenous nitric oxide (NO).

The precise dosage and duration of ireatment is a function of the disgase
being treated and may be determiined empirically using known testing protocols or by testing
the compositions in model systems known in the art and extrapoiating therefrom. Controlied
clinical trials may also be performed. Dosages may also vary with the severily of the
condition to be alleviated. A pharmaceutical composition is generally formulated and
adminisiered {0 exert a therapeutically useful effect while minimizing undesirable side

effects. The composition may be administered one time, or may be divided into a number of
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smaller doses {0 be administered al intervals of time. For any particular subject, specific
dosage regimens may be adjusted over lime according to the individual need.

The chimeric ADI compositions may be administered alone or in combination
with other known cancer treatments, such as radiation therapy, chemotherapy,
transplantation, immunctherapy, hormone therapy, pholodynamic therapy, efc. The
compaoesitions may aiso be administered in combination with antibictics.

Typical routes of administering these and related pharmaceutical
compositions thus include, without limitation, oral, topical, transdermal, inhalation,
parenteral, sublingual, buccal, rectal, vaginal, and intranasal. The term parenteral as used
herein includes subcutanecus injections, infravenous, inframuscudar, intrasternal injection or
infusion technigues. Pharmaceulical compositions according to certain embodiments of the
prasent invention are formulaled so as 10 allow the active ingredients contained thersin 10 be
bicavailable upon administration of the composition to a patient. Compositions that will be
administerad {0 a subject or patient may iake the form of one or more dosage units, where
for example, a tablet may be a single dosage unit, and a container of a herein described
chimeric ADI composition in aerosol form may hold a plurality of dosage units. Actual
methods of preparing such dosage forms arg known, or will be apparent, {0 those skilled in
this art; for example, see Remingfon: The Science and Practice of Pharmacy, 20th Edition
{Phitadelphia College of Pharmacy and Science, 2000). The composition o be administerad
will, in any event, contain a therapeutically effective amount of a chimeric ADI-PEG of the
present disclosure, such as chimeric ADIPEG 20, for treatment of a disease or condition of
interest in accordance with teachings herein.

A pharmaceutical composition may be in the form of a solid or liguid. Inone
embodiment, the carrier(s) are particulate, so that the compositions are, for example, in
tablet or powder form. The carrier(s) may be liguid, with the compositions being, for
example, anoral oll, injectable liquid or an asrosol, which is useful in, for example, inhalatory
administration. When intended for oral adminisiration, the pharmaceutical composition is
generally either solid or liguid form, where semi-solid, semi-liquid, suspension and gel forms
arg included within the forms considered herain as sither solid or liguid.

As a solid composition for oral administration, the pharmacsutical composition
may be formulated inlo a powder, granule, comprassed tablet, pill, capsule, chewing gum,
wafer or the like. Such a solid composition will typically contain one or more inert diluents or
edible carriers. In addition, ong or more of the following may be present: binders such as
carboxymethylceliulose, ethyl celiulose, microcrystalling cellulose, gum tragacanth or gelating
excipients such as starch, lactose or dexiring, disintegrating agents such as alginic acid,

sodium alginate, Primogel, corn starch and the like; lubricants such as magnesium slearate
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or Sterotex; glidants such as colloidal silicon dioxide; sweelening agenis such as sucrose or
saccharin; a flavoring agent such as peppermint, methyl salicylale or orange flavoring; and a
coloring agent. When the pharmaceutical composition is in the form of a capsuie, for
example, a gelatin capsule, it may contain, in addition {0 matsrials of the above type, a liquid
carrier such as polyethylene glycdl or oil.

The pharmaceutical composition may be in the form of a liquid, for example,
an elixir, syrup, solution, emulsion or suspension. The liquid may be Tor oral administration
or for delivery by injection, as two examples. When intended for oral administration,
preferred composition contain, in addition to the present compounds, one or mors of &
sweelening ageni, preservatives, dye/colorant and flavor enhancer. In a compaosition
intended to be administered by injection, one or more of a surfactant, preservative, welling
agent, dispersing agent, suspending agent, buffer, stabilizer and isotonic agent may be
included.

The liquid pharmaceutical compositions, whether they be sclutions,
suspensions or other like form, may include one or more of the following adjuvants: sterile
diluents such as water for injection, saline solution, in certain embodiments, physiological
saline, Ringer’s solution, isotonic sodium chioride, fixed oils such as synthetic mono or
dighycerides which may serve as the solvent or suspending medium, polvethvlene ghycols,
giycerin, propyiene glycol or other solvents; antibacterial agents such as benzyl alcohol or
methyl paraben; antioxidants such as ascorbic acid or sodium bisulfite; chelating agenis
such as sthylenediaminetetraacetic acld; buffers such as acelates, cilrates or phosphates
and agents for the adjusiment of tonicity such as sodium chioride or dextrose. The
parenieral preparation can be enclosed in ampouies, disposable syringss or muitiple dose
vials made of glass or plastic. Physiclogical saline is a preferrad adjuvant. An injeclable
pharmaceutical composition is preferably sterile.

A liquid pharmaceutical composition intended for either parenteral or oral
administration should contain an amount of chimeric AD| as herein disclosed, such as
chimeric ADI-PEG 20, such that a suitable dosage will be oblained. Typically, this amount is
at least 0.01% of chimeric ADI in the composition. When intended Tor oral administration,
this amount may be varied o be between 0.1 and about 70% of the weight of the
composition. Certain oral pharmaceutical compositions contain between about 4% and
about 75% of chimeric ADI-PEG. In certain embodiments, pharmaceutical compositions and
preparations according o the present invention are prepared so that a parenteral dosage
unit contains between 0.01 to 10% by weight of chimeric ADI-PEG prior to dilution.

The pharmaceutical compaosition may be intended for topical administration,

in which case the carrier may suitably comprise a solution, emulsion, oinlment or gel base.
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The base, for example, may comprise one or more of the following: petrolatum, lanolin,
polyethylene glycols, bee wax, mineral oil, diluents such as waler and alcohol, and
emulsifiers and stabilizers. Thickening agents may be present in a pharmaceutical
compaosition for topical administration. I intended for transdermal administiration, the
compaesition may include a transdermal patch or iontophoresis device. The pharmaceuticat
compaosition may be intended for rectal administration, in the form, for example, of a3
suppository, which will melt in the rectum and release the drug. The composition for recial
adminisiration may contain an oleaginous base as a suilable nonirritating excipient. Such
bases include, without limitation, lanclin, cocoa buiter and polyethylene glycol.

The pharmaceutical compaosition may include various materials, which modify
the physical form of g solid or liquid dosage unil. For example, the composition may include
materials that form a coating shell around the aclive ingredients. The materials that form the
coating shell are typicaily Inert, and may be selected from, for example, sugar, shellag, and
other enteric coating agents. Allernatively, the aclive ingredients may be encased in a
gelatin capsule. The pharmaceutical compaosition in solid or Hquid form may include an
agent that binds to chimeric ADI-PEG and thereby assisis in the delivery of the compound.
Suitable agents that may act in this capacity include monoclonal or polyclonal antibodies,
one or more proteins or a liposome. The pharmaceutical composition may consist
essentially of dosage units that can be administered as an asrosol. The term asrosol is
used to denole a variety of systems ranging from those of colicidal nature 1o systems
consisting of pressurized packages. Delivery may be by a liguefied or compresssad gas or by
a suitable pump system that dispenses the active ingredients. Asrosols may be delivered in
single phase, bi-phasic, or tri-phasic systems in order {0 deliver the active ingredient{(s).
Delivery of the aerosol includes the necessary container, activators, valves, subcontainers,
and the like, which together may form a kit. One of ordinary skill in the art, without undue
experimentation may determine preferred asrosols.

The pharmaceutical compositions may be prepared by methodology well
knowr in the pharmaceutical art. For example, a pharmaceutical composition intended to be
administerad by injection can be prepared by combining a composition that comprisas
chimeric ADI-PEG as described herein and optionally, one or more of salts, buffers and/or
stabilizers, with slerile, distilled water so as {o form a solution. A surfactant may be added o
facilitate the formation of a homogenseous solution or suspension. Surfactants are
compounds that non-covalently interact with the chimeric ADI-PEG composition so as o
facilitate dissolution or homogensgous suspension of the chimeric ADLPEG in the aguecus

delivery system.
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The compositions may be administered in a therapeutically effective amount,
which will vary depending upon a variely of faclors including the aclivily of the specific
compound {e.g., chimeric ADI-PEG) employed; the metabolic stability and length of action of
the compound; the ags, body weight, gensral heaith, sex, and diet ¢f the patient; the mods
and time of administration; the rate of excretion; the drug combination; the severity of the
particutar disorder or condition; and the subject undergoing therapy.

A thergpeutically effective amount of one of the compounds of the present
invention is an amouni that is effective 1o inhibit tumor growth. Generally, treaiment is
initialed with small dosages which can be increased by small increments until the optimum
effect under the circumsiances Is achieved. Generally, a therapeutic dosage of compounds
of the pressent invention may be from about 1 {0 about 200 mg/kg twice a week 10 about once
every two weeks. For example, the dosage may be about 1 mg/kg once aweek as a 2 mi
intravenous injection to about 20 mg/kg once every 3 days. In a further embodiment, the
dose may be from about 50 {U/m? to about 8,000 1U/m?, administered about once every 3
days, about once a week, about twice a week, or about once every 2 weeks. In certain
embodiments, the dose may be about 50 1U/m?, 80 1U/m°, 70 1U/m?, 80 1U/m?, 90 1U/m®, 100
H/m?, 110 1Ume, 120 1U/m?, 130 1Um3, 140 1U/m®, 150 1W/m?2, 180 1U/m?, 170 1/m?, 180
HU/m?, 190 1Um2, 200 1U/m®, 210 1Um32, 220 1U/m?, 230 1Um3, 240 1U/m® 250 1Wim?, 260
HU/m?, 270 1Ufm?, 280 1U/m?, 280 1U/m?, 300 1U/m?, 310 1U/m?, about 320 1U/m?, about 330
HU/m?, 340 1U/m? about 350 1Uim?, 360 1U/m?, 370 1U/im?®, 380 1U/m?, 380 1U/m°, 400 iU/m?,
410 1U/m?, 420 1Uim?, 430 1UMm7, 440 1U/m?, 450 1U/m®, 500 IU/m?, 880 1Uim?, 800 1U/m?,
820 tU/ m?, 830 1U/m?, 840 IU/m?, 850 1U/m?, 860 1/m?, 870 1U/m?, 880 IU/m?, 690 1Uim?,
700 HU/m?é, 780 1WUim?, 800 1U/m?, 850 IU/m?, 800 1U/m?, 950 1U/m®, 1,000 IU/m?, 1,100
HU/m?, 1,200 1U/m?, 1,300 H/im®, 1,400 1U/im?, 1,500 [W/m?, 1,600 1U/m?, 1,700 1U/m*, 1,800
HU/m?, 1,900 1/m?, 2,000 H/im?, 2,100 1Uim?, 2,200 [U/m?, 2,300 1U/m?, 2,400 1Uim®, 2,500
HJ/im?, 2,600 1im?, 2,700 1U/im?, 2,800 1Uim?, 2,900 iU/m?, 3,000 1/m?, 3,100 1U/im?, 3200
HU/m?, 3,300 1/m?, 3,400 1U/m?, 3,800 tU/m?, 3,800 IU/m?, 3,700 1W/m?, 3,800 1Uim?, 3,900
HU/m®, 4000 1U/m?, 4,100 1U/m?, 4,200 1U/m?, 4,300 1U/m?, 4,400 1U/m?, 4,500 1U/m?, 4,600
HU/m?, 4,700 1U/m?, 4,800 1Uim?, 4,900 1/m?, 5,000 IU/m?, 5,100 1U/m?, 5,200 IU/m?, 5,300
HU/me, 5,400 1U/m®, 5,500 1Uim?, 5,600 1Uim?, 5,700 IUW/m®, 5,800 1U/m?, 5,900 IU/im?, 6,000
HU/m?, 8,100 1U/m?, 6,200 H/m?, 6,300 1UW/m?, 6,400 1U/m?, 8,500 1U/m?, 8,800 1U/m*, 6,700
HU/m?, 6,800 1U/m?, 6,900 HJ/im®, 7,000 1U/im?, 7,100 IW/m?, 7,200 1U/m?, 7,300 1U/m*, 7,400
HU/m?, 7,500 1U/m?, 7,600 HU/m?, 7,700 1Uim?, 7,800 [U/m?, 7,900 1U/m?, or about 8,000
iU/m? administered about once every 3 days, about once a week, about twice a week, or
about once svery 2 weeks. In some embodiments, the dose may be about 1 mg/m?, 2

mg/im?, 3 mg/m?, 4 mg/im?, 5 mg/m?, 6 mg/m?, 7 mg/m?, 8 mg/m®, © mg/m?, 10 mg/m?, 15
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mg/m?, 20 mg/m®, 25 mg/m?, 30 mg/m®, 35 mg/m?, 40 mg/m”, 45 mg/im?, 80 mg/im®, 55
mgim?, 60 mg/m?, 85 mg/m?, 70 mg/m?, 75 mg/m?, or about 80 mg/m? administered about
once every 3 days, about once a week, about twice a week, or about once avery 2 wesks.
in certain embodiments, the dose may be modified as desired by the skilled clinician. In
some embodiments,

The optimum dosage with chimeric ADI-SS-PEGS,000 may be about twice a
week, while the optimum dosage with chimeric ADI-SS-PEG20,000 may be from about once
a week {0 about once every two weeks. in certain embodiments, the optimum dosage with
chimeric ADL-SS-PEG20,000 may be about twice a week.

Chimeric ADI-PEG may be mixed with a phosphate buffered saline solution,
or any other appropriate solution known to those skilled in the art, prior (o injection. In one
embodiment, a liquid composition comprising chimeric ADI-PEG comprises about 10 {o
about 12 mg of chimeric ADI, about 20 to about 40 mg of polyethylene glycol, 1.27 mg +5%
monobasic sodium phosphate, USP; about 3 mg +5% dibasic sodium phosphate, USP; 7.8
mg +5% sodium chioride, USP; at a pH of about 6.6 to about 7; in an appropriate amount of
water for injection {e.q., about 1 mi or about 2 mi). In one embodiment, a liquid composition
comprising a chimeric ADLPEG comprises histidine — HCl, and in certain embodiments, the
composition buffer is from about 0.0035M Histidine-HCl {o about (.35M Histidine-HCL In
one particular embodiment, the composition is formulated in a buffer comprising 0.035 M
Histidine-HCH al pH 6.8 with 8.13 M sodium chioride. In another embodiment, the
compaosition is formulated in a buffer comprising 0.02M sodium phosphate buffer at pH 6.8
with §.13 M sodium chioride.

in one embodiment, a composition comprising chimeric ADI or chimeric ADI-
PEG has a pH of about 5 to about 8, about 6 {o about 8, or aboul 6.5 (o aboul 7.5, In some
embodiments, the composition comprising chimeric AD! has a pH of about 6.8 £ 1.0,

in one embodiment, free PEG in a composition comprising chimeric ADLFEG
is between 1-10%, and in & further embodiment, is less than 7%, less than §%, less than
5%, less than 4%, less than 3%, less than 2% or less than 1% of the {otal PEG. In certain
embodiments, the unmaodified chimeric ADI in a composition comprising chimeric ADI-PEG
is less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, (.3%, 0.2% or less than (.1%.
Generally, compositions comprising chimeric ADI-PEG have total impurities less than or
egual o about 4%, 3%, 2%, 1.5%, 1% or (0.5%. in one embodiment, the endotoxin limit
meets the reguirements siated in USP, Le., < 50 EU/mL.

in one embodiment, the free sulfhiydryl in a composition comprising chimeric
Al or chimeric ADI-PEG is greater than about 80%. In some embodiments, the free

sulthydryl in a compaosition comprising chimeric AD! or chimeric ADI-PEG is about 81%,
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about 92%, about 93%, about 84% or about 95%, about 86% about 97%, about 98% about
99% or more.

in ong embodiment, the chimeric ADI or chimeric ADI-PEG in a composition
has a Km of from about (.5 uM 1o about 15 uM, and in a further embodiment, is from about 1
UM 1o about 12 uM, about 1 uMio about 10 uM, about 1.5 yM {o about 8 uM, about 1.5 M
to about 8 uM or about 1.5 pM to about 7 uM. In certain embodiments, the chimeric ADl or
chimeric ADI-PEG in a composition has a Km of about 1.5 uyM to aboul 6.5 uM. In some
aembodiments, the chimeric ADI or chimeric ADI-PEG in a composition has a Km of about 1.5
UM, about 2 uM, about 2.5 uM, about 3 M, about 3.5 uM, about 4 UM, about 4.5 uM, about
5 uM, about 5.5 yM, about 6 uM, about 6.5 uM, or about 7 uM. In one embodiment, the
chimeric ADI or chimeric ADI-PEG in a composilion has a reduced Km compared o a wild-
type ADI or wild-type ADI-PEG in the composition.

in one embaodiment, the chimeric ADI or chimeric ADI-PEG in a compaosition
has a Kcat of from about 0.5 sec” to about 15 sec”, and in a further embodiment, is from
about 1 sec” to about 12 sec”, about 1 sec” to about 10 sec”, about 1.5 sec”™ to about §
sec’, about 2 sec” to about 8 sec™ or about 2.5 sec™ to about 7 sec”. in certain
embodiments, the chimeric ADI or chimeric ADI-PEG In 3 composition has a Keat of about
2.5 sec” to about 7.5 sec”. In some embodiments, the chimeric ADI or chimeric ADI-PEG in
a composition has a Kcat of about 2.5 se¢™’, about 3 sec™, about 3.5 sec”, about 4 sec”™,
about 4.5 sec’™, about 5 sec”, about 5.5 sec™, about 6 sec™, about 8.5 sec™, about 7 sec™,
about 7.5 sec’ or about 8 sec™. In one embodiment, the chimeric ADI or chimeric ADI-PEG
in a composition has a higher Keat than a wild-type AD! or wild-type ADI-PEG in the
composition.

in one embaodiment, the chimeric ADI or chimeric ADI-PEG in a composition
has a conductivity (also referred 1o in the art as spedcific conductancs) of about 5 mS/em to
about 20 mS/cm, and in further embodiments, from about 5 mS/om {o about 15 mS/em,
about 7 mSicm to about 15 mS/em, about 8 m3/cm to about 15 mS/om or about 10 mSicm
o aboul 15 mS/em. In some embodiments, the chimeric ADI or chimeric ADI-PEG in a
compaosition has a conductivity of about 8 m8/cm, about 10 mSiocm, about 11 mS/cm, about
12 mS/em or about 13 mS/om, about 14 mS/om or about 15 mS/em. In certain
embodiments, the chimeric AD! or chimeric ADI-PEG in a compaosition has a conductivity of
about 13 mS/cm £ 1.0 mS/om.

in one embaodiment, the chimeric ADI or chimeric ADI-PEG in a composition
has an osmolality of about 50 mQOsm/kg to about 500 mOsmikg, about 100 mCsmikg to
about 400 mOsmi/kg, about 150 mOsm/kg o about 350 mOsmikg, about 200 mOsm/kg to
about 350 mOsm/kg or about 250 mOsmikg lo about 350 mOsm/kg. In ceriain
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embodiments, the chimeric ADI or chimeric ADI-PEG in a composition has an osmoiality of
about 300 x 30 mOsm/kg.

in one embodiment, the protein concentragtion is about 11.0 £ 1.0 mg/mL. In
certain embodiments, the prolein concentration is belween about 8 and about 15 mg/mb. In
another embodiment, the protein concentration is about 8§, 8, 10, 10.5, 11, 11.5, 12, 12.5, 13,
13.5, 14, or 15 mg/ml.

in one embodiment, the specific enzyme aclivily is between 5.0 and 150
fU/mg, where 11U is defined as the amount of enzyme that converts one umot of grginine
into one umol of cilrulline and 1 umol of ammonia in one minute at 37° C and the aclivily is
100 4 20 H/mg. In another embodiment, the spedific enzyme aclivity is about 5.5, 6, 8.5, 7,
7.5, 8, 8.5, 8.0,8.5, 10,105, 11, 1.5, 12, 12.5, 13, 13.5, 14, 14.5, 15, 16, 17, 18, 18, 20,
21,22, 23,24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 80, 55, 680, 85, 70, 75, 80, 85, 80, 85, 100,
108, 110, 115, 120, 125, 130, 135, 140, 145, or about 1580 + 2.0 {U/mg. In one particular
embodiment, the specific enzyme activity is 100 + 10.0 ill/img.

Compositions comprising chimeric ADI-RPEG of the present disclosure may
also be administered simulianeously with, prior to, or after administration of one or more
other therapeutic agents. Such combination therapy may include administration of a single
pharmaceutical dosage formulation which contains a compound of the invention and one or
more additional active agents, as well as adminisiration of compaositions comprising chimeric
ADI-PEG {e.g., chimeric ADI-PEG 20 of the invention and each active agent in its own
separate pharmaceutical dosage formulation. For example, chimeric ADI-PEG as described
herein and the other aclive agent can be administered lo the patient together in a single oral
dosage composition such as g iablet or capsule, or sach agent administerad in separate oral
dosage formulations. Similarly, chimeric ADI-PEG as described herein and the other active
agent can be administerad o the patient together in a single parenteral dosage compaosition
such as in g saline solution or other physiologically acceptable solution, or each agent
administered in separate parenteral dosage formulations. Where separate dosage
formulations are used, the compositions comprising chimeric ADI-PEG and one or more
additional active agenis can be administered at essentiaily the same time, i.e., concurrently,
or at separalely staggered times, i.e., sequentially and in any order; combination therapy is
undersiood to include all these regimens.

Thus, in certain embodiments, also contemplated is the administration of the
chimeric ADI compositions of this disclosure in combination with one or more other
therapeutic agents. Such therapeutic agents may be accepled in the art as 3 slandard
freatment for a particular disgase siate as described herein, such as a particular cancer or

GVHD. Exemplary therapeutic agents contemplated include cytokines, growth factors,

45



10

15

20

25

30

35

WO 2015/143006 PCT/US2015/021189

stercids, NSAIDs, DMARDs, anti-inflammatories, chemaotherapeutics, radictherapsutics,
autophagy modulators, or other active and ancillary agents.

in certain embodiments, the chimeric ADI compositions disclosed herein may
be administered in conjunction with any number of chemotherapeutic agents. Examples of
chemotherapsutic agents include alkyiating agents such as thiolepa and cydlophosphamide
(CYTOXAN™); alkyt sulfonates such as busulfan, improsuifan and piposulfan; aziridines
such as benzodopa, carboguone, meturedopa, and uredopa; sthylenimines and
methylamelamines including altretaming, tristhylenemelamine, trietvlenephosphoramide,
tristhylenethiophosphacramide and trimethviclomelaming; nitrogen mustards such as
chiorambucil, chiornaphazine, cholophosphamide, astramustine, ifosfamide,
mechiorethamine, mechlorethamine oxide hydrochioride, melphalan, novembichin,
phanesterine, prednimustine, trofosfamide, uracilt mustard; nifrosureas such as carmustineg,
chlorozotocin, fotemusting, lomusting, nimustine, ranimustine; antibiotics such as
aclacinomysins, actinomycin, authramycin, azasering, bleomycins, caclinomycin,
calicheamicin, carabicin, carminomycin, carzinophilin, chromomycing, dactinomycin,
daunorubicin, deforubicin, 8-diazo-5-oxo-L-norleucine, doxorubicin, epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins, mycophenclic acid, nogalamycin, olivomycing,
peplomycin, potfiromycin, purcmycin, quelamycin, rodorubicin, streptonigrin, streptozocing,
fubsrcidin, ubenimex, zinostatin, zorubicing anti-metabolites such as metholrexate and 5-
flucrouracil {5-FUY; Tolic acid analogues such as denopterin, methotrexate, pteropterin,
trimetrexate; puring analogs such as fludarabine, 8-mercaptopuring, thiamiprine,
thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuriding, 5-FU; androgens such as
calusterone, dromostanclione propionats, epitiostanc!, mepitiostane, lestolactone; anti-
adrenals such as aminogiutethimide, milofane, trilostaneg; folic acid replenisher such as
frolinic acid; aceglatong; aldophosphamide glycoside; aminolevulinic acid; amsacring;
bastrabucil; bisantrene; edatraxate; defofamine; demecolcing; diaziguone; selformithine;
slliptiniurm acstale; stoglucid; gallium nitrale; hydroxyurea; lentinan; lonidamine;
mitoguazone; mitoxantrone; mopidamol; nitracrine; pentostatin; phenamet; pirarubicin;
podophyliinic acid; 2-ethythydrazide; procarbazine; PSKIRTM,; razoxane; sizofiran;
spirogermanium; tenuazonic acid; triaziguone; 2, 27,2 -richlorotriethylamine; urethan;
vindesineg; dacarbazine; mannomustine; milobronitol; mitolactol; pipobroman; gacytosine;
arabinoside {"Ara-C"); cyclophosphamide; thictepa; taxoids, e.q. paclitaxel {TAXOL®,
Bristol-Myvers Squibb Oncology, Princeton, N.J.} and docetaxel (TAXOTERE®., Rhne-
Poutenc Rorer, Antony, France); chiorambucii; gemcitabine; 6-thioguanine; mercaplopurineg;

meihotrexate; platinum analogs such as cisplatin and carboplatin; vinblastine; platinum;
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etoposide (VP-16); ifosfamide; mitomycin C; mitoxantrone; vincristine; vinorelbine;
navelbing; novantroneg; teniposide; daunomycin; aminoplerin; xeloda; ibandronagts; CPT-11;
topoisomerase inhibitor RFS 2000; diflucromethylomithine (DMFQ); retinoic acid derivatives
such as Targretin™ (bexarotens), Panretin™ {(alitretinoin) ; ONTAK™ (denileukin diftitox) ;
esperamicing; capecitabine; and pharmaceutically acceptable salls, acids or derivatives of
any of the above. Also included in this definifion are anti-hormonal agents that act to reguiate
or inhibit hormone action on tumors such as anti-estrogens including for example tamoxifen,
raloxifeng, aromatase inhibiting 4(5)-imidazoles, 4-hvdroxytamoxifan, trioxifene, keoxifene,
LY117018, onapristone, and toremifene (Fareston); and anti-androgens such as flutamide,
nilutamide, bicalutamide, lsuprolide, and goserslin. Further chemotherapeutic agenis include
sorafenib and other protein kinase inhibitors such as afalinib, axitinib, bevacizumab,
cetuximab, crizotinib, dasatinib, eriotinib, Tostamatinib, gefitinib, imatinib, lapatinib, lenvatinib,
mubritinib, nilotinib, panitumumab, pazopanib, pegaptanib, ranibizumab, rnclitinil,
trastuzumab, vandetanib, vemurafenib, and sunilinib; sirclimus (rapamycin), everdlimus and
other mTOR inhibitors. Pharmaceutically acceptable salis, acids or derivalives of any of the
above are also contermplated for use hersin.

In certain embodiments, the chimeric ADI compositions disclosed hergin may
be administered in conjunclion with any number of autophagy inhibitors. In some preferred
embodiments, the autophagy inhibitor is selected from the group consisting of: chioroguine,
3-methyladening, hydroxychloroquine {Plaquenil. TM.), bafilomycin A1, 5-amino-4-imidazole
carboxamide riboside (AICAR), okadaic acid, autophagy-suppressive algal toxins which
inhibit protein phosphatases of type 2A or type 1, analogues of cAMP, and drugs which
elevale cAMP lavels, adenosing, N6-mercaptopurine riboside, worlmannin, and vinblastine.
in addition, antisense or siRNA that modulates expression of proteins essential for
autophagy, such as for example ATGS, may also be used.

In one embodiment, the combination of chimeric ADI-PEG with one or more
therapeutic agents acls additively or synergistically. In this regard, synergizing agents are
described herein, which include a therapeutic agent (e.g., chemotherapeutic agent,
autophagy inhibitor, mTOR inhibitor, or any other therapeutic agent used for the treatment of
cancer, GVHD, or inflammatory bowel disease as described herein) that is capable of acting
synergistically with chimeric ADI-PEG as provided herein, where such synergy manifests as
a deteclable effect that is greater (i.e., in g statistically significant manner relatlive to an
appropriate control condition) in magnitude than the effect that can be detected when the
chemotherapeutic agent is present but the ADI-PEG composition is absent, and/or when the
AD-PEG is present but the chemotherapeutic agent is absent. Methods for measuring

synergy are known in the art (see e.¢., Cancer Res January 15, 2010 70; 440
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The compositions comprising chimeric ADI, and optionally other therapeutic
agents, as described herein may be used in therapeutic methods for treating of cancer and
methods for preventing metastasis of a cancer. Thus, the present invention provides for
methods for treating, ameliorating the symptoms of, or inhibiting the progression of or
prevention of a variety of different cancers. In ancther embodiment, the present disclosure
provides methods for treating, ameliorating the symptoms of, or inhibiting the progression of
GVHD. In particular the present disclosure provides methods for freating, ameliorating the
symptoms of, or inhibiting the progression of a cancer or GVHD in a patient comprising
administering 1o the patient a therapeutically sffective amount of chimeric AD! composition
as described herein, thereby frealing, ameliorating the symptoms of, or inhibiting the
progression of the cancer or GVHD. Thus, the chimeric AD! compaositions described herein
may be administered to an individual afflicted with inflammatory bowel disease (e.g., Crohn's
disease; ulcerative colitis}, GVHD or a cancer, including, but not limited to leukemia (e.g.
acule myeloid leukemia and relapsed acule myslold leukemia), melanoma, sarcomas
{including, but not limited to, metastatic sarcomas, uterine lelomyosarcoma), pancreatic
cancer, prostate cancer {such as, but not limited to, hormone refractory prostate cancer),
mesothelioma, lymphatic leukemia, chronic myelogenocus leukemia, lymphoma, small cell
fung cancer, breast cancer, ovarian cancer, colorectal cancer, gastric cancer (including, but
not imited to, gastric adenocarcinoma), glioma, glioblastoma multi-form, relinoblastoma,
neuroblastoma, non-smaill cell lung cancer (NSCLC), kidney cancer {including but not limited
to renal cell carcinoma), bladder cancer, uterine cancer, esophageal cancer, brain cancer,
head and neck cancers (including, but not imited to, squamous cell carcinoma of the head
and neck; cancer of the tongue), cervical cancer, testicular cancer, galibladder,
cholangiocarcinoma, and stomach canger.

in one embaodiment, the present disclosure provides a method of treating,
ameliorating the symptoms of, or inhibiting the progression of myslold lsukemia, such as, but
not limited to, acute myeloid leukemia (AML), by administering a therapeutically effective
amount of a chimeric ADI-PEG 20. In certain embodiments, the mysioid leukemia, such as
AML, is deficient in ASS, ASL, or both. In a further embodiment, the present disclosure
provides a method of ireating AML comprising administering chimeric ADI-PEG 20 about
once every 3 days, about once a week, about twice a week, or about once every 2 weeks.
In certain embodiments, the dose of chimeric ADLPEG 20 adminisiered for the treatment of
AML is between about 50 1U/m? and about 8,000 [U/m?, and in other embodiments is about
50 HU/m2, about 100 1U/m?, 150 1U/m®, 200 1UAm°, 250 1Uim®, 300 1U/m?, 350 1U/m’, 400
UM, 480 1U/m?, BO0 IU/m®, 580 1Ufm?, 800 1U/m?, 850 1U/m?, 700 1U/m®, 750 1U/m?, 800
HU/m®, about $00 U/, about 1,000 1W/m?, 1,500 1U/m” about 2,000 U/, about 2,500
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HU/m?, about 3,000 1W/m?, 3,500 1U/m?, 4,000 1U/m?, 4,500 1U/m®, 5,000 1Ufm?, §,500 1U/m?,
8,000 1U/m?, 8,500 1U/m?, 7,000 1W/m?, 7,500 1U/m’, or about 8,000 1U/m”. In particular
embodiments, the dose of chimeric ADIPEG 20 administered for the treatment of AML is
between about 1 mg/m2 and about 80 mg/m2 and in other embodiments is about 1 mg/m?, 2
ma/m?, 3 mgim®, 4 mg/m?, & mg/m?, 8 mg/im®, 7 mg/m?, 8 mg/m?, 9 mg/m®, 10 mg/m?, 15
mg/m?, 20 mg/m?, 25 mg/m®, 30 mg/m?, 35 mg/m”, 40 mg/m?®, 45 mg/im”, 50 mgim?, 85
mg/m?, 80 mgim?, 85 mg/m?, 70 mg/m?, 75 mg/m?, or about 80 mg/m®. In certain
embodiments, the present disclosure provides a method of trgating AML, wherein the dose
of chimeric AD! is doubled and may be increased to 640 HU/m2 per week or more. In one
particular embodiment the chimeric AD! for the treatment of AML is modified with 3.5-8.5, or
in one embodiment, 4.5 — 5.5 PEG molecules per chimeric ADL In another embodiment, the
prasent disclosure provides a method of treating AML by administering a composition
comprising chimeric ADI-PEG 20 wherein the composition comprises a chimeric AD!
modified with 5£1.5 PEG molecules, and in one embodiment, 521.5 siraight chain PEG
molecules, and, in ¢cerlain embodimenits, the composition comprises less than about 0.5%
native chimeric ADI (f.e., unmodified with PEG) and/or less than about 5% free PEG. ina
further embodiment, the compaosition comprises a histidine — HCL buffer.

in one embodiment, the present disclosure provides a method of trealing,
amelioraling the symptoms of, or inhibiling the progression of sarcomas, including but not
limited to metastatic sarcomas, by administering a therapeutically effective amount of a
chimeric ADI-PEG 20. In certain smbodiments, the sarcoma is deficient in ASE, ASL, or
both. In 2 further embodiment, the present disclosure provides a method of treating a
sarcoma comprising adminisiering chimeric ADI-PEG 20 about once every 3 days, about
once a week, about twice a week, or aboutl once every 2 weeks. In cerlain embodiments,
the dose of chimeric ADI-PEG 20 administered for the treatment of sarcomas is between
about 50 [U/im? and about 8,000 1U/m®, and in other embodiments is about 50 1U/m2, about
100 1W/m?, 180 1U/m?, 200 1U/m?, 250 1U/m?, 300 [U/m?, 380 1Wim?, 400 1U/m®, 450 1Uin?,
500 HUsm?, 550 1U/m7, 600 1UWim®, 880 1U/m?, 700 1U/m, 750 tU/m”, 800 IU/im?, about 800
U/, about 1,000 1U/m?, 1,500 U/im® about 2,000 HU/m?®, about 2,500 1U/m?, about 3,000
UM, 3,500 1U/m?, 4,000 1/m?, 4,500 1tim?, 5,000 1UMm?, 5,500 {U/im®, 8,000 1U/m®, 6,500
HUim?, 7,000 1U/m?, 7,500 1U/m?, or about 8,000 IU/m™.  In particular embodiments, the
dose of chimeric ADI-PEG 20 administered for the frealment of sarcomas is between about
1 mg/m2 and about 80 mg/m2 and in other embodiments is about 1 mg/m?, 2 mg/im?®, 3
mg/m?, 4 mg/im?®, 5 mg/m®, 8 mg/m?, 7 mg/im®, 8 mo/m®, 9 mg/m?, 10 mg/m®, 15 mg/m?, 20
mg/m?, 25 mg/m?, 30 mg/m?, 35 mg/m?, 40 mgim?, 45 mg/m®, 50 mg/m?, 85 mg/m®, 80

mg/m?, 65 mg/m?, 70 mg/m?, 78 mg/m?, or about 80 mg/m®. In certain embodiments, the
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present disclosure provides a method of trealing sarcoma, wherein the dose of chimeric ADI
is doubled and may be increased to 640 1U/m2 per wesk or morea. In one particular
embodiment the chimeric ADH for the treatment of AML is modified with 3.5-6.5, or in one
embodiment, 4.5 - 5.5 PEG molecuias per chimeric ADL In another embodiment, the
present disclosure provides a method of treating a sarcoma, including a metastatic sarcoma,
by administering a composition comprising chimeric ADI-PEG 20 wherein the composition
comprises an chimeric ADI modified with 521.5 PEG molecules, and in one smbodiment,
5+1.5 straight chain PEG molecules, and, in certain embodiments, the composition
comprises less than about 0.5% native chimeric ADI {(i.e., unmodified with PEG) and/or less
than about 5% free PEG. In a further embodiment, the composition comprises a2 histidine ~
HCL buffer.

in ong embaodiment, the present disclosure provides a method of treating,
ameliorating the symptoms of, or inhibiting the progression of pancreatic cancer by
administering a therapeutically effective amount of chimeric ADI-PEG 20, optionally in
combination with an autophagy inhibitor, such as bul not limited to chioroquine, 3-
methyladenine, hydroxychloroguine, bafilomycin A1, S-amino-4-imidazole carboxamide
riboside (AICARY), okadaic acid, N&-mercaptopurine riboside, wortmannin, and vinblastine.
in certain embodiments, the pancreatic cancer is deficient in ASS, ASL, or both, in a further
embodiment, the present disclosure provides a method of treating pancreatic cancer
comprising administering ADI-PEG 20 about once every 3 days, about once a week, about
twice a week, or about once every 2 weeks; optionally in combination with a therapsutically
effective amount of an autophagy inhibitor, such as chioroguine. In this regard, a
therapeutically effective dose of chloroquine may be an initial dose of about 800 mg base
followsd by an additional 300 mqg base and a single dose of 300 mg base on each of two
consecutive days. This represents a tolal dose of 2.5 g chioroquine phosphate or 1.5 g base
in three days. In further embodiments, the dose may be about 300 mg base. The dose of
chloroquineg, or other autophagy inhibifor, may be modified as neaded by a skilled clinician
using dosages known in the arl. As would be undersiood by the skilled person, the
autophagy inhibitor may be adminisiered before, at the same time as or after a composition
comprising ADI-PEG 20, in certain embodiments, the dose of ADI-PEG 20 adminisiered for
the treatment of pancreatic cancer is between about 50 1U/m? and about 8,000 {U/m?, and in
other embodiments is about 50 1U/m2, about 100 1W/m?, 150 1U/m?, 200 1Wm?, 250 1U/m’,
300 HUim?, 350 1W/m?, 400 IL/m?, 450 1Uim®, 500 1U/m?, 550 1U/m®, 600 IUim’, 650 1U/m?,
700 HU/m?, 750 1U/m®, 800 1L/m?, about 900 1U/m?, about 1,000 1U/m?, 1,500 1U/m” about
2,000 1U/im®, about 2,500 1U/m®, about 3,000 1U/m?, 3,500 1U/m®, 4,000 1U/m", 4,500 1U/m?,
5,000 1Uim?, 5,500 iU/m?, 6,000 IW/m?, 8,500 1U/m”, 7,000 1U/m®, 7.500 1U/m®, or about

50



10

15

20

25

30

35

WO 2015/143006 PCT/US2015/021189

8,000 lU/im®.  In particular embodiments, the dose of ADI-PEG 20 administered for the
ireatment of pancreatic cancer is belween about 1 mg/m2 and about 80 mg/im2 and in other
embodiments is about 1 mg/m?, 2 mgim®, 3 ma/m?, 4 mg/m?, 5 mg/m®, 6 ma/m®, 7 mg/m?, 8
ma/m®, 8 mg/m?, 10 mgim?®, 15 mg/m?, 20 mgim?®, 25 mg/m?, 30 mg/m?, 35 mg/m?, 40 mg/im?,
45 mg/m®, 50 mg/m?, 85 mg/m?, 80 mg/m?, 85 mg/m?, 70 mg/m®, 75 mg/m?, or about 80

ma/m-.

In certain embodiments, the present disclosure provides a method of treating
pancrealic cancer, wherein the dose of chimeric ADI is doubled and may be incregsed {0
840 1L/m2 per week or mors. In one particular embodiment the chimeric ADI for the
treatment of pancreatic cancer is maodified with 3.5-6.5, or in ong embodiment, 4.5 - 5.5
PEG molecules per chimeric ADL  In another embodiment, the present disclosure provides a
meihod of realing pancreatic cancer by administering a composition comprising chimeric
ADI-PEG 20, optionally in combination with chioroguing, or other appropriate autophagy
inhibitor, wherein the composition comprises a chimeric ADI modified with 521.5 PEG
molecules, and in one embodiment, §21.5 straight chain PEG molecules, and, in certain
embodiments, the composition comprises less than about 0.5% native chimeric ADI {i.e., not
modified with PEG) and/or lgss than about 5% free PEG. In a further embaodiment, the
composition comprises a histidine — HCL buffer.

in one embodiment, the present disclosure provides a method of trealing,
amelioraling the symptoms of, or inhibiling the progression of small cell lung cancer by
administering a therapeutically effective amount of ADI-PEG 20, optionally in combination
with an autophagy inhibitor. In cerfain embodiments, the smali cell lung cancer is deficient in
ASS, ASL, or both. In a further embodiment, the present disclosure provides a method of
treating small cell lung cancer comprising administering chimeric ADI-PEG 20 about once
every 3 days, about once a wesk, aboul twice a weekl, or about once svery 2 weeks;
optionaily in combination with a therapeutically effective amount of an autophagy inhibitor,
such as chloroguine. In this regard, a therapeutically effective dose of chloroguine may be
an initial dose of about 800 mg base followed by an additional 300 mg base and a single
dose of 300 mg base on sach of two consecutive days. This represenis a total dose of 2.5 ¢
chloroquine phosphate or 1.5 g base in three days. In further smbodiments, the dose may be
about 300 mg base. The dose of chloroguing may be modified as needed by & skilled
clinician using dosages known in the arl. As would be understood by the skilled person, the
autophagy inhibiior may be administered before, al the same time as or after a composition
comprising chimeric ADI-PEG 20. In certain embodiments, the dose of chimeric ADI-PEG
20 administered for the treatment of small cell lung cancer is between about 50 1U/m* and
about 8,000 1U/m~, and in other embodiments is about 50 1U/m2, about 100 1U/m?%, 150

HU/im®, 200 HWim?, 250 im®, 300 IWim?, 350 ILW/m?, 400 1U/m?, 4580 1W/m?, 500 1U/m?, 550
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HU/m?, 600 1U/m?, 850 1U/m®, 700 1U/m?, 750 1U/m?, 800 1U/m?, about 800 1U/m?, about 1,000
HU/m®, 1,500 1U/m” about 2,000 1U/m?, about 2,500 1U/m®, about 3,000 1U/m?, 3,500 1W/m?,
4,000 1U/m?, 4,500 1U/nr’, 5,000 1U/m?, 5,500 1U/m?, 6,000 1U/m?, 8,500 1U/m?, 7,000 U/m?,
7,500 1UAm?, or about 8,000 IL/m?.  In particular embodiments, the dose of chimeric ADI-
PEG 20 administered for the treatment of small cell lung cancer is between about 1 mg/m2
and about 80 mg/m2 and in other embodiments is about 1 mg/m2 and about 80 mg/mZ and
in other embodiments is about 1 mg/m?, 2 mg/m?, 3 mg/m?, 4 mg/m?, 5 mg/m?, 6 mg/m?, 7
mg/im?, 8 mg/im®, 8 ma/m®, 10 mg/m?, 15 ma/m?, 20 mg/m?, 25 ma/m?, 30 mg/m?, 35 ma/m?,
40 mgim?, 45 mg/m*, 50 mg/m?, 55 mg/m?, 80 mg/m?, 88 mg/m?®, 70 mg/m?, 78 mg/m*, or
about 80 mg/m®  In certain embodiments, the present disclosure provides a method of
ireating small cell lung cancer, wherein the dose of chimeric AD! is doubled and may be
increased 10 6840 1U/m2 per week or more. In one pariicular embodiment the chimeric ADI for
the treatment of small cell lung cancer is modified with 3.5-6.5, or in one embodiment, 4.5 -
5.5 PEG molecules per chimeric ADL In another embodiment, the present disclosure
provides a method of treating small cell lung cancer by administering a composition
comprising chimeric ADI — PEG 20 optionally in combination with chiloroquine, wherein the
composition comprises an chimeric AD! modified with 5£1.5 PEG molecules, and in ong
smbodiment, 531.5 straight chain PEG molecules, and, in certain embodiments, the
composition comprises less than about 0.5% native chimeric ADI (i.e., nol modified with
PEG) and/or less than about 5% free PEG. In a further embodiment, the composition
comprises a histidine — HCL buffer.

in one embodiment, the present disclosure provides a method of treating,
amelicrating the symptoms of, or inhibiting the progression of sarcomas {including but not
fimited to, metastalic sarcomas) by adminisiering a therapeutically sffective amount of
chimeric ADI-PEG 20, optionally in combination with an autophagy inhibitor. In certain
embodiments, the sarcoma is deficient in ASS, ASL, or both. In a further embodiment, the
praesent disclosure provides a method of treating sarcoma comprising administering chimeric
ADI-PEG 20 about once every 3 days, about once a week, about twice a week, or about
once every 2 weeks; optionally in combination with a therapeutically effective amount of an
autophagy inhibitor, such as chloroguine. In this regard, a therapeutically sffective dose of
chioroquine may be an initial dose of about 800 mg base followed by an additional 300 mg
hase and a single dose of 300 mg base on sach of two consecutive days. This represents a
total dose of 2.5 g chioroguing phosphate or 1.5 g base in thres days. in further
embodiments, the dose may be about 300 mg base. The dose of chioroguine may be
modified as needed by a skilled dinician using dosages known in the arl. As would be

understood by the skilled person, the gutophagy inhibitor may be administered before, at the
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same time as or afier a composition comprising ADI-PEG 20. In cerlain embodiments, the
dose of ADI-PEG 20 administered for the treatment of sarcoma is between about 50 1U/m?
and about 8,000 U/m?, and in other embodiments is about 50 1U/m2, about 100 1U/m?, 150
HUim®, 200 H/im?, 280 1UAm?, 300 {U/m?, 350 1L/m?, 400 1U/m®, 450 1U/m?, 500 1U/m®, 550
HUim?®, 800 1U/m?, 850 1W/m?, 700 1U/m?, 750 1W/m?, 800 1U/m™, about 900 1U/m?, about 1,000
HUim?, 1,500 1U/m® about 2,000 1U/m?, about 2,500 HU/im?®, about 3,000 1U/m?, 3,500 U/m?,
4,000 1W/n’, 4,500 1Uim?, 5,000 1U/m?, 5,500 iU/m?, 6,000 IW/m?, 8,500 1U/m”, 7,000 1U/m?,
7,500 [Uim, or about 8,000 1U/m?. in certain embodiments, the dose of ADI-PEG 20
administersd for the treatment of sarcoma is betwesn about 1 mg/m2 and about 80 mg/m2
and in other embodiments is about 1 mg/m?, 2 mg/m®, 3 mg/m?®, 4 mg/im?, 5 mg/m®, 6 mg/m?,
7 mg/m®, 8 mg/m?, 9 mgim?, 10 mg/m?, 18 mg/m?, 20 mg/m?, 25 mg/m?, 30 mgim?, 35
ma/m?, 40 mg/im?, 45 mg/m®, 50 mg/m?, 85 ma/m?, 60 mg/m?, 65 ma/m?, 70 mg/m?, 75
ma/m®, or about 80 mg/m”. In certain embodiments, the present disclosure provides a
method of treating sarcoma, wherein the dose of chimeric AD is doubled and may be
increased to 840 1U/m? per week or more. In one particular embodirent the chimeric ADI for
the freatment of sarcoma is modified with 3.5-6.5, or in one embodiment, 4.5 - 5.5 PEG
molecules per chimeric ADL in another emibodiment, the present disclosure provides a
method of trealing sarcoma by administering a compaosition comprising chimeric ADI-PEG
20, optionally in combination with chioroguine, whersin the composition comprises a
chimeric ADI modified with 521.5 PEG moleculas, and in ong embodiment, 511.5 straight
chain PEG molgcules, and, in certain embodiments, the composition comprises less than
about 0.5% native chimeric ADI (i e., not modified with PEG) and/or less than about 5% free
PEG. In afurther embodiment, the composition comprises a histidine — HCL buffer.

in one embaodiment, the present disclosure provides a method of treating,
ameliorating the symptoms of, or inhibiting the progression of melanoma by administering a
therapeutically effective amount of chimeric ADIPEG 20, optionally in combination with
docetaxel. in certain embodiments, the melanoma is deficient in ASS, ASL, orboth. Ina
further embodiment, the present disclosure provides a method of treating melanoma
comprising administering chimeric ADI-PEG 20 about once every 3 days, aboui once a
week, about twice a week, or about once every 2 weeks; oplionally in combination with a
therapeutically effective amount of docetaxel. In this regard, a therapeutically effective dose
of docetaxel may comprise 75mg/m* or 100 mg/m? administered intravenously over between
30 minutes and 1 hour about every 3 weeks. As would be understood by the skilled
cliniclan, the dose of docstaxel may be modified depending on disgase indication and/or
prior treatments, and docelaxel may be administered before, at the same time as oraflera

composition comprising chimeric ADI-PEG 20. In certain embodiments, the dose of chimeric
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ADI-PEG 20 administered for the treatment of melanoma is between about 50 1U/m? and
about 8,000 {U/m?, and in other embodiments is about 80 1U/m2, about 100 1W/m?, 150
HU/me, 200 HW/m?, 250 1Uim?, 300 1Uim?, 350 1L/m?, 400 1Uim?, 450 1U/m?, 500 1U/m?, 850
HUim®, 800 H/im?, 850 1U/m?, 700 tU/m?, 780 1L/m?, 800 1U/m™, about 800 1/m”, about 1,000
HUim?, 1,500 1U/m® about 2,000 1U/m?, about 2,500 HU/im?®, about 3,000 1U/m?, 3,500 U/m?,
4,000 1U/m?, 4,500 1U/im?, 5,000 1Uim?, 5,500 1U/m?®, 6,000 IL/m?, 8,500 1U/m”, 7,000 IU/m®,
7,500 Uiy, or about 8,000 1U/m".  the dose of chimeric ADI-PEG 20 administered for the
treatment of melanoma is between about 1 mg/m2 and about 80 mg/m2 and in other
embodiments is about 1 mg/m®, 2 mg/m?, 3 mg/m?, 4 mg/m®, 5 mg/m?, 8 mg/m?, 7 mg/im?, 8
mg/m?, @ mg/im?, 10 mg/m?, 18 mg/m?, 20 mg/m®, 25 mg/m?, 30 mg/m?, 35 mg/m?, 40 mgim®,
45 mg/m?, 50 mg/im?, 55 mg/m?, 60 mg/m?, 65 mg/m?, 70 mg/m?, 75 mg/m?, or about 80
ma/m®. In certain embodiments, the present disclosure provides a method of treating
melanoma, wherein the dose of chimeric ADI is doubled and may be increased {o 640 [L/m2
per waek or more. In one particular embodiment the chimeric AD! for the treatment of
melanoma is modified with 3.5-6.5, or in one embodiment, 4.5 —~ 8.5, PEG molecules per
chimeric ADL In another embodiment, the present disclosure provides a method of treating
melanoma by a composition comprising chimeric ADLPEG 20, optionally in combination with
docetaxsl, wherein the composition comprises an chimeric ADI modified with 521.5 PEG
molecules, and in one embodiment, 521.5 straight chain PEG molecules, and, in cerlain
smbodiments, the composition comprises less than about 0.5% native chimeric AD! {i.e., nol
maodified with PEQG) and/or less than about 5% free PEG. In a further embodiment, the
composition comprises a histidine ~ HCL buffer,

in one embaodiment, the present disclosure provides a method of treating,
amelicrating the symptoms of, or inhibiting the progression of melanoma by administering a
therapeutically effective amount of chimeric ADI-PEG 20, optionally in combination with
cisplatin. In certain embodiments, the mslanoma is deficient in ASS, ASL, orboth. Ina
further embodiment, the present disclosure provides a method of treating melanoma
comprising administering chimeric ADI-PEG 20 about once svery 3 days, about once a
wegk, about twice a week, or about once svery 2 weeks; optionally in combination with a
therapsutically effective amount of cisplatin. In this regard, a therapeutically effeclive dose
of cispiatin may comprise administration sither once per cycle (every 3-4 weeks) at 53-10C
mg/m?, or daily for 5 days for a total of 100 mg/m” per cycle. As would be understood by the
skilled clinician, the dose of cisplatin may be modified depsnding on dissase indication,
individual patient, and/or prior treatments, and cisplatin may be administerad before, at the
same lime as or after a composition comprising chimeric ADI-PEG 20. In certain

smbodiments, the dose of chimeric ADI-PEG 20 administersd for the treatment of melanoma
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is between about 50 IU/m” and about 8,000 1U/m?, and in other embodiments is about 50
HU/m2, about 100 Uim?, 150 1U/m®, 200 1W/m?, 250 1U/m®, 300 1U/m?, 350 1U/m°, 400 1/,
450 1U/nr, 800 HU/m?, 550 1U/m°, 600 [Uim?, 650 HU/m?, 700 tU/m”, 750 1Uim?, 800 1Ujm?,
about 800 1U/m®, about 1,000 1U/im®, 1,500 1/m” about 2,000 1U/m?, about 2,500 1Uint",
about 3,000 1W/m?, 3,800 1U/m®, 4,000 IU/m®, 4,500 1U/m?, 5,000 1W/m?, 5,500 1U/m?, 8,000
HUim?, 8,500 1U/m?, 7,000 1U/m?, 7,500 1/m?, or about 8,000 [U/m®. In certain embodiments,
the dose of chimeric ADI-PEG 20 administered for the treatment of melanoma is between
about 1 mg/m2 and about 80 mg/m2 and in other embodiments is about 1 mg/m?, 2 mg/m?,
3 mg/m?, 4 mg/im?, 8 mg/m®, 8 mg/m?, 7 mg/m?, 8 mg/m®, 9 mg/m?, 10 mg/m?, 15 mg/m?, 20
mg/m?, 25 mg/m?, 30 mg/m?, 35 mg/m?, 40 mg/m?, 45 mg/m’, 50 mg/m?, 88 mg/m?, 80
mg/m?, 65 mg/m?, 70 mg/m?, 78 mg/m?, or about 80 mg/m®. In certain embodiments, the
prasent disclosure provides a method of treating melanoma, wherein the dose of chimeric
AD! is doubled and may be increased o 640 [U/m2 per week or more. In one particular
ermbodiment the chimeric ADI for the trealment of melanoma is modified with 3.5-6.5, or in
one embodiment, 4.5 - 5.5, PEG molecules per chimeric ADL In another embodiment, the
present disclosure provides a method of treating melanoma by administering a composition
comprising chimeric ADI-FEG 20, optionally in combination with cisplatin, wherein the
composition comprises a chimeric ADI modified with 521.5 PEG molscules, and in one
embodiment, 531.5 straight chain PEG molecules, and, in certain embodiments, the
composition comprises less than about 0.5% native chimeric ADI {i.e., not modified with
PEG) and/or less than about 5% free PEG. In a further embodiment, the composition
comprises a histidine — HCL buffer.

in one embaodiment, the present disclosure provides a method of treating,
ameliorating the symptoms of, or inhibiting the progression of renal cell carcinoma by
adminisiering a therapeutically effective amount of chimeric ADI-PEG 20, optionally in
combination with an mTOR inhibitor, such as but not limited to rapamycin, temsirolimus,
sverolimus, and ridaforalimus. In cerlain embodiments, the renal cell carcinoma is deficient
in ASS, ASL, or both. In a further embodiment, the present disclosure provides a method of
freating renal cell carcinoma comprising administering chimeric ADI-PEG 20 about once
every 3 days, about once a week, about twice a week, or about once every 2 weeks;
optionally in combination with a therapeutically effective amount of an mTOR inhibitor, such
as rapamycin. The dose of rapamycin, or other mTOR inhibitor, may be determined as
needed by a skilled clinician using dosages known in the art. As would be undersiood by the
skilled person, the mTOR inhibitor may be administered befors, at the same time as or afier
a composition comprising chimeric ADI-PEG 20. In certain embodiments, the dose of

chimeric ADI-PEG 20 administered for the treaiment of renal cell carcinoma is belwesen
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about 50 1U/m? and about 8,000 1U/m?, and in other embodiments is about 50 1U/m2, about
100 1U/im?, 150 1U/m?, 200 UM, 250 1U/m?, 300 IU/m?, 350 1Uim’, 400 1U/m?, 450 1Uiny’,
500 HU/m?, 550 1U/m”, 600 1UWm?, 680 1U/m?, 700 1U/m?, 750 1U/m”, 800 1Uim?, about 800
HUim?, about 1,000 1U/m?, 1,500 1U/m® about 2,000 HU/m?, about 2,500 1U/m”, about 3,000
HUim?, 3,500 1U/m?, 4,000 1U/m?, 4,500 1Wm?, 5,000 1Uim?, 5,500 1U/m?, 8,000 [U/m®, 6,500
HUim?, 7,000 1U/m?, 7,500 1U/m?, or about 8,000 IU/m™.  In certain embodiments, the dose of
chimeric ADI-PEG 20 administered for the treatment of melanoma is between about 1
mg/m?, 2 mgim?®, 3 mg/m?®, 4 mg/m?, 5 mgim®, 8 ma/m?®, 7 mg/m?, 8 mg/m®, 8 ma/m®, 10
mg/m?, 15 mg/m®, 20 mg/m?, 25 mg/m®, 30 mg/m?, 35 mg/m®, 40 mg/m?, 45 mg/m®, 50
mg/m?, 85 mg/m?®, 60 mg/m?, 65 mg/m?, 70 mg/m?, 75 mg/m’, or about 80 mg/m®. In certain
embodiments, the present disclosure provides a method of treating renal cell carcinoma,
wherein the dose of chimeric AD! is doubled and may be increased to 840 1LU/m® per week or
more. in one particular embaodiment the chimeric AD! for the treatment of renal celi
carcinoma is modified with 3.5-6.5, or in one embodiment, 4.5 - 5.5 PEG molecules per
chimeric ADL In another embodiment, the present disclosure provides a method of treating
renal cell carcinoma by administering a composition comprising chimeric ADI-PEG 20,
optionally in combination with rapamycin, or other appropriate mTOR inhibitor, wherein the
composition comprises a chimeric ADI modified with 521.5 FEG molecules, and in ons
embodiment, 531.5 straight chain PEG molecules, and, in certain embodiments, the
composition comprises less than about 0.5% native chimeric ADI {i.e., not modified with
PEQG) and/or less than about 5% free PEG. In a further embodiment, the compaosition
comprises a histidine — HCL buffer.

The present disclosure also provides methods of freating, ameliorating the
sympioms of, or inhibiting the progression of an inflammatory disorder in a patient
comprising administering 1o the patient a composition comprising chimeric AD {e.g.,
chimeric ADIPEG, in particular chimeric ADI-PEG 20), as described herein, alone orin
combination with one or more other therapeutic agents. In one embodiment, the present
disclosure also provides methods of tregting, ameliorating the symptoms of, or inhibiting the
progression of an inflammatory bowel disease in a patient comprising administering 1o the
patient a composition comprising chimeric AD! {e.g., chimeric ADI-PEG, in particular
chimeric ADI-PEG 20), as described herein, alone or in combination with one or more other
therapeutic agenis. In this regard, the present disclosure provides methods of freating,
ameliorating the symptoms of, or inhibiting the progression of Crohn's disgase or ulcerative
colitis in a patient comprising administering to the patient a composition comprising chimesric
Al (e.g., chimeric ADI-PEG, in particular chimeric ADI-PEG 20), as described herein, alone

or in combination with one or more other therapeutic agents.
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in ancther embodiment, the present disclosure provides a method of treating,
amelioraling the sympioms of, or inhibiling the progression of a cancer in a patient
comprising administering to the patient a composition comprising chimeric ADI, and
optionaily one or more other therapeutic agents, as described herein, wherein the cancer is
deficient in ASS, ASL, or both. in this regard, ASS or ASL deficiency may be a reduction in
expression as measured by mRNA expression or protein expression, or may be a reduction
in protein activity, and generally comprises a statistically significant reduction in expression
or activity as determined by the skilled person. Reduced ASS or ASL expression or activity
may be a reduction in expression or activity of about 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 80%, 65%, 70%, or more, as compared {0 expression or activity in an
appropriaie control sample known 1o be cancer free. In caertain embodiments, ASS or ASL
expression or activity is reduced by at least twofold as compared 10 expression or activily in
a non-cancer conirol sampile.

in certain embodiments, the reduced expression or activity of ASS or ASL
results from methylation of the ASS or ASL promoter. In another embodiment the reduction
in expression or activity of ASS or ASL results from a DNA mutation {e.g., one or more point
mutations, small deletions, insertions, and the like) or a chromosomal abnormality resulting
in deletion of the gene. in one embodiment, the cancer is ASS or ASL negative, meaning no
expression or aclivily is observed,

Reduction in ASS or ASL expression or activily may be measured using any
methods known in the art, such as but not Hmited to, quantifative PCR,
immunochistochemisiry, enzyme activity assays {6.g., assay {0 measure conversion of
citrulling into argininosuccinate or conversion of argininosuccinale inlo arginine and
fumarate), and the like.

Thus, the present invention provides methods for treating, ameliorating the
sympioms of, or inhibiting the progression of a cancer in a patient comprising administering
to the patient a composition comprising chimeric AD as described herein, wherein the
cancer exhibits reduced expression or aclivity of ASS or ASL, or both, wherein the cancer
includes, but is not limited {0 leukemia {e.g. acute myeloid leukemia and relapsed acuts
myeloid leukemia), melanoma, sarcomas (including, but not limited to, metasiatic sarcomas,
uterine lelomyosarcoma), pancreatic cancer, prostate cancer {such as, but not limited 1o,
hormone refractory prostate cancer), mesothelioma, lymphatic leukemia, chronic
myelogenous leukemia, iymphoma, small cell lung cancer, breast cancer, ovarian cancer,
colorectal cancer, gastric cancer {including, but not limited o, gastric adenocarcinoma),
glioma, glioblastoma multi-form, retinoblastoma, neuroblastoma, non-small cell lung cancer

(NSCLQC), kidney cancer {including but not limited to renal celi carcinoma), bladder cancer,
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uterine cancer, esophageal cancer, brain cancer, head and neck cancers (including, but not

fimited to, squamous cell carcinoma of the head and neck; cancer of the tongue), cervical

cancer, testicular cancer, galibladder, cholangiocarcinoma, and stomach cancer.

Various studies in the literaiure have shown that ASS is deficient in the

following tumors:

Tabie 1: ASS-Deficient Tumors

Tumor Type ASS Deficiency (%)
Frostate 88/88 (100%)
Renal 98/98 (100%)

41/45 {81%)

31/31 {100%)
Lymphoma 511/532 (96%)
Sarcoma 819/701 (88%)

Pancreatic

41747 (B7%)

Acute Myelogenous Leukemia

46/53 (B7%)

Small Cell Lung

7716 (44%)

HCC

33144 (75%)
20/20 (100%:)

Melanoma

1187119 (100%)
24129 (83%)
17/27 (63%)
20/20 {100%)

Bladder

31/48 (65%)
1337242 (55%:)

Mesothelioma

52182 (63%)

Gastric

68/121 (56%)

Breast

46/111 (41%)

Non-Small Cell Lung

28790 (31%)

Glichiastoma

38/55 (71%)

Colorectal

31 (3%

QOvarian 23/54 {43%) at diagnosis
25/34 (74%) at relapse

Accordingly, treatment of these ASS-dgficient cancers is specifically
contemplated herein, with chimeric ADI-PEG alone or in combination with other treatments,

The present invention further provides methods for treating, ameliorating the
symptoms of, or inhibiting the progression of cancer in a patient comprising administering to
the patient a composition comprising chimeric ADI as described herein {e.g. , chimeric ADI-
PEG and in particular chimeric ADI-PEG 20), in combination with an autophagy inhibitor. In
one embodiment, the present invention provides methods for treating cancer in a patient
comprising administering to the patient a therapeutically effective amount of a composition
comprising chimeric AD! as described hergin in combination with autophagy inhibitor

wherein the cancer is pancreatic cancer or small cell lung cancer.
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In certain embodiments, the present invention provides methods of treatment
where administration of the compositions comprising chimeric ADI described herein depletes
argining in the plasma for at least one month, 2 months, 3 months, 4 months, 5 months, §

months or longer.

EXAMPLES

EXAMPLE 1
CHIMERIC ADI ENZYMES ARE ACTIVE AND LESS CROSS-REACTIVE WITH PATIENT ANTI-ADI-PEG
20 ANTIBODIES

This Example describgs the generation of artificially engineered chimeric ADI
enzymes composad of (1) protein with argining deiminase enzymatic activity, {2) reduced
cross reactivity with anti-ADI-PEG 20 antibodies, (3) reduced number of lysine residues,

and/or (4) PEG conjugation with chemically stable linkers.

ADI Preparation. Recombinant chimeric ADl enzymes were cloned,
exprassed, and purified for testing according to standard protocdls, as described, for
gxample, in Gallego et al., PLOS One, 7(10).e478886, 2012; Monstadt and Holidorf, Biochem.
J. 273:738-745, 1990; Joo Noh et al,, Molecules and Cells. 13:137-143, 2002; and Sugimura
et al., infection and Immunity. 58:2510-2515, 1980, See Table A1 for the amino acid
sequences of the chimeric ADI enzymes.

Human Anti-ADI-PEGZ20 Antibody Purification. Anti-ADI-PEGZ0 antibody was

purified from plasma samples of patients who had recsived ADI-PEG20 during a clinical

study. A total of 680 mi of plasma was pooled from 8 different patients that had reached high
titer (titer »/= 4} against ADI-PEG20 as defermined by an ELISA assay. A lwo-step
purification was used, a Protein “A” chromatography (GE Healthcare) followed by an AD!
affinity chromatography. ~20 mg of purified antibody was oblained and stored at -86°C in
aliguots until needed.

AR Enzvme Assays. Arginine deiminase (AD) catalyzes the conversion of L-

arginine to L-citrulline and ammonia. The amount of L-citrulline can be detected by a
colorimetric endpoint assay {see, for exampile, Knipp and Vasak, Analvtical Biocchem.
288:257-264, 2000) and compared to a standard curve of known amounts of L-citrulling in
order 1o calculate the specific activity of ADI expressed as 1U/mg of protein. Ong U of
enzyme activity is definad as the amount of enzyme that produces 1 umol of citrulline per
minute at the pH and temperalure being lested. Standard assay conditions were performed
at 37°C in Physiological HEPES Buffer (PHB) 50 mM HEPES, 160 mM NaClpH 7.4 {Lang
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and Zander, Clin Chem Lab Med. 37:563-571, 1999) plus 0.1% BSA. All samples and
standards were run in duplicate or friplicate where conditions permitied.

Km and Kcat values werg determined by using a variation of the aclivily
assay described above. As with the activily assay, all reactions were run at 37°C in PHB plus
0.1% BSA. Enzyme concentration, reaction time, and substrate concentration range were
adjusted for each of the Al or ADir constructs to account for their differences in activity. In
general, 2 nM enzyme, 5 minute reaction fime, and a 0 — 160 yM arginine was used as
starting conditions. When optimizing the conditions, particular attention was paid towards the
amount of substrate consumed as a percentage of total subsirate added to the reaction. The
fower Himit of detection is 1 uM of citrulline with the lower limit of quantifation being 2 uM. A
citrulline standard curve was run on every plate and usead 1o quantify the citrulline producsd
by the enzymalic reaction.

Calculations. The citrulline concentration (uM) produced in each reaction well
was calculated and averaged using the citruliine standard curve. The velocily of each
reaction was then calculated in uM/min/b50 nM ADI. Specific activity (IU/mg or umoils
product/min/mg ADH was calculated by multiplying this value by the "IU” factor (iU Tactor was
calculated from the molecular weight of the ADI and the reaction volume}.

Arginine deiminase enzymatic activity. The resulis of the ADI enzyme

assays are shown in Table E1.

M. hominis {1 M. hominis M. hominis e
D& 4 M. arginini {(1-74, 153-410) M. arthriticis (75-152) 4+
D32 5 M. arginini (1-74, 153-410} M. hominis (75-151) R
D&3 & M. arthritidis (1-74, 183-410) | M. arginini (75-152) e+
DS4 7 M. arthritidis {(1-74, 153410} | M. hominis (75-151) e

5 5 M. arginini M. alligatoris
C2051 22 (1-74. 153-410) (74-148) *

M. arginini M. arthritidis .

G2D33 2 (1-74. 153-410) (75-152) o
PR M. arginini M. columbinum .
G2Ds4 24 (1-74, 153-410) (68-147) o
Ny . M. argining M. gateae .
L2DS5 25 (1-74, 153-410) (75-152) e
~ M. arginini M. phocicerabrale

o 2 - _ o
L20sh 6 (1-74, 153-410) (75-152) e
RSN . M. arginini M. phocidae .
G2Ds7 27 (1-74. 153-410) (75-152) o

. M. columbinum M. aliigatoris

Gabs1 28 (1-67, 148-401) (71-148) n.c.
Py . M. columbinum M. arginini

) o] ks 4
capsz 129 (1-67, 148-401) (75-152) nd
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M. iners M. arthiritidis
. N
LO0S3 >7 (1-67, 148-401) (75-152) .
M. iners M. columbinum
CoDs4 58 (1-67. 148-401) (58-147) TRt
M. iners M. gallinarum o
CoD38 59 (1-67, 148-401) (68-147) e

Chimeric molecules were sngineerad from M. arginini (SEQ 1D NG:2), M. arthritidis (SEQ 1D
NQC:3), and M. hominis (Phoenix sequence set forth in SEQ 1D NO: 14, with modifications). The
parenthatical numbers specify the amino acid residues from the nalural enzymes, used to form the
domains. A C-terminal tryptophan was added to the published M. arthritidis sequence and
mutation C2518 was made for M. arginini and M. arthatidis. The ADI specific activity (IUimg) of
these non-pegylated enzymes is shown relative to ADI-PEG 20 (+++).

The results in Table E1 show that the engineered chimeric AD! enzymes
described herein have efficient catalytic activity. The catalvtic parameters Km and koat for
these enzymaes is sufficient to remove arginine and maintain low arginine concenirations in
the bicod. These parameters are preferably less than 20 uM and greater than 1 sec™,
respectively. The pH optimum is around 7.4 s0 as {0 maintain efficient catalyiic activity in
blood. The enzyme siabllity, as well as that of the covalently linked PEG, is such that it
should be maintained during long-term storage and palient treatment at 37°C.

Reduced cross reactivity with anti-ADI-PEG 20 antibodies. ADlis
composed of two domains, a catalytic domain and an ¢-hglical domain. The present
invention is directed in part {o engineered, artificial, chimeric, recombinant enzymes with ADI
aclivity. Each is composed of two domains, where each domain is selecled from a number
of possible species. Domain boundaries are determined by examination of ADI X-ray crystal
structures from M. hiominis and M. arginini, and extending this to other Mycoplasma ADI
enzymes by homology.

The use of domains from different species of AD enzymes can maintain the
catalytic activity while changing a number of surface residues. Some of these surface
residuss form epitopes for anti-AD-PEG 20 antibodies developed during a patient’s
treatment with ADI-PEG 20. Their replacement can reduce the antigenicily with respect to
anti-ADI-PEG 20 antibodies, therefore reducing anti-ADI-PEG 20 antibody neutralization and
clearance of the modified drug. This is shown in Table £E2, where two preparations of anti-
ADI-PEG 20 antibodies showed less binding to the D81, DE2, DS3, and DE4 antigens,
compared to M. hominis ADL This can be atiribuled to residue changes on the surface of

these antigens that aller the epitopes and disrupt antibody-antigen binding interactions.
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Table E2. Reduction of Anth-ADIPEG 20 Antibody Binding to AD! Antigens Compared to
ADLPEG 20
Antibody Antigens
Cone D51 Ds2 D&3 Ds4
dgim fugiml tugimi Tugimb Tug/ml
L
Human anti-ADRPEG 20 1gG (titer 3) 10.0 Yas No Yes No
Human anti-ADPEG 20 1gG (titer 3) 250 Yeas No Yes No
Human anti-ADPEG 20 1gG (titer 3) 58.0 Yeas Yes Yes Yes
Human ant-ADPEG 20 g (titer 4) 4.5 Yes No Yes No
Human ant-ADMPEG 20 1gG (iter 4) 1.0 Yes No Yes Mo
Human ant-ADMPEG 20 1gG (iter 4 5.0 Yes Yes Yes Yes

Surface Lysine Residue Content Reduction. The M. arginini (calalvic
domain) - M. arthritidis {a-helical domain} chimeras were further modified by replacing
surface lysine residues with amino acid residues other than lysine and monitoring ADI

5 aclivity. Four mutants were made (Table E3) and their ADI activity was delermined.

Table E3. ADI Lysine Replacement Mutants for D81
{M. arginini {catalytic}:M. arthritidis {c-helical))

Lysine ittt 1121212131313 14
rasidues 5151818181919 1111131471045 171212{81i0
918 113186 94 5161016

DS1-1 HIKIKIK I KIRIKIKITKIKIKIRIKIKIRIKIKIK|KITIK
D&1-2 HINKIQIKIRIKIKIKIRINRIKITRIKIKIKIKITIK
D81-3 HNKIQRR QG NKRHNRGIT RKIRKIKITIK
Bst-4 HINITIQRRGQGQNLRNRGIHIRRRRERITIER
D31 Lysine replacement mutants, made in groups of 5 or §,

Table £4 shows ADI aclivity of the DS1 (M. arginini - M. arthritidis) enzyme

and 4 lysine replacement mutants. Lysine reduction was undertaken to reduce the number of

10 potential pegylation sites.
Table E4. AD! Enzyme Activity
ADI Enzyme Yield and Activity

Enzyme Number of Lys Residues AD} Specific Activity

PS5t 25 et
D811 24 et
D512 15 et
D&1-3 14 e
DS1-4 8 ot

With around 30 polential pegylation siles, the PEG ccocupancy is generally
small ai each site. Reducing the number of potential pegylation sites will result in higher
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PEG occupancies and more complete shisiding at each remaining site. This is expected o
incregse proteolytic protection and reduce immune ¢ross reactivity to affinity matured anti-
ADI-PEG 20 antibodies from previous freatments. I will also produce a more uniform drug.
in summary, the present Examples describes engineered AD! enzymes with
excellent ADI activity, with anti-ADI-PEG 20 antibody epitopes removed o reduce antibody
neutralization and clearance, and with protection from proteciysis and renal clearance by

pegylation.

The various embodiments described above ¢an be combined ¢ provide
further embodimenis. All of the U.S. patents, U.S. patent application pubiications, U.S.
patent application, foreign patents, foreign patent application and non-patent publicalions
referred to in this specification and/or listed in the Application Data Sheet are incorporated
hersin by reference, in their entirety. Aspects of the embodiments can be maodified, if
necessary o employ concepts of the various patents, application and publications {0 provide
vet further embodiments.

These and other changes can be made 1o the embodiments in light of the
above-detailed description. In general, in the following claims, the terms used should not be
construed {o Himit the claims (o the specific embodimentis disclosed in the specification and
the claims, but should be consirued o include ali possible embodiments along with the full
scope of equivalents to which such claims are entitled. Accordingly, the claims are not

limited by the disclosure.
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CLAIMS

1. A recombinant chimeric arginine deiminase (ADI) comprising a catalytic domain of
an ADI protein derived from a first microorganism and an a-helical domain of an ADI protein
derived from a second microorganism which differs from the first microorganism, wherein
the first microorganism is selected from the group consisting of Mycoplasma gallinarum,
Mycoplasma iners, and Mycoplasma columbinum and wherein the second microorganism is
selected from the group consisting of Mycoplasma gallinarum, Mycoplasma iners, and

Mycoplasma columbinum.

2. The recombinant chimeric ADI of claim 1, wherein:

the first microorganism is M. gallinarum and the second microorganism is M. columbinum;
the first microorganism is M. gallinarum and the second microorganism is M. iners;

the first microorganism is M. columbinum and the second microorganism is M. iners;

the first microorganism is M. columbinum and the second microorganism is M. gallinarum;
the first microorganism is M. iners and the second microorganism is M. columbinum; or

the first microorganism is M. iners and the second microorganism is M. gallinarum.

3. The recombinant chimeric ADI of claim 1, wherein the recombinant chimeric ADI
comprises the amino acid sequence set forth in any one of SEQ ID NOs: 55, 56, 35, 58, 34
or 59 or a variant having at least 90% identity to any one of SEQ ID NOs: 55, 56, 35, 58, 34
or 59.

4. The recombinant chimeric ADI of any one of claims 1-3, wherein the recombinant

chimeric ADI has been modified to remove at least one pegylation site.

5. The recombinant chimeric ADI of any one of claims 1-3, wherein at least one lysine
residue has been modified by an amino acid substitution, or wherein at least 5 lysine
residues have been modified by an amino acid substitution, or wherein at least 10 lysine
residues have been modified by an amino acid substitution, or wherein at least 15 lysine
residues have been modified by an amino acid substitution, or wherein at least 20 lysine

residues have been modified by an amino acid substitution.

65



6. The recombinant chimeric ADI of any one of claims 1-5, wherein the recombinant

chimeric ADI is covalently bonded via a biocompatible linker to polyethylene glycol.

7. The recombinant chimeric ADI of claim 6, wherein the arginine deiminase is

covalently bonded to more than one polyethylene glycol molecule.

8. The recombinant chimeric ADI of claim 6, wherein the arginine deiminase is

covalently bonded to about 1 to about 10 polyethylene glycol molecules.

9. The recombinant chimeric ADI of claim 6, wherein the arginine deiminase is

covalently bonded to 5£3 PEG molecules.

10.  The recombinant chimeric ADI of claim 6, wherein the PEG molecules are straight

chain or branch chain PEG molecules.

11. The recombinant chimeric ADI of claim 6, wherein the polyethylene glycol has a total

weight average molecular weight of from about 1,000 to about 40,000.

12. The recombinant chimeric ADI of claim 6, wherein the polyethylene glycol has a total

weight average molecular weight of from about 10,000 to about 30,000.

13. The recombinant chimeric ADI of claim 6, wherein the biocompatible linker
comprises a succinyl group, an amide group, an imide group, a carbamate group, an ester
group, an epoxy group, a carboxyl group, a hydroxyl group, a carbohydrate, a tyrosine
group, a cysteine group, a histidine group, a methylene group, or a combination thereof.

14. The recombinant chimeric ADI of claim 13, wherein the source of the succinyl group

is succinimidyl succinate.

15. A polynucleotide encoding the recombinant chimeric of claim 1, or a vector

comprising the polynucleotide, or an isolated host cell comprising the vector.
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16. A composition comprising the recombinant chimeric ADI of any one of claims 1-14

and a physiologically acceptable carrier.

17. Use of a composition according to claim 16 in the manufacture of a medicament for
the treatment of cancer or ameliorating the symptoms of, or inhibiting the progression of

cancer.

18. The use according to claim 17, wherein the cancer is selected from the group
consisting of melanoma, pancreatic cancer, prostate cancer, small cell lung cancer,
mesothelioma, lymphocytic leukemia, chronic myelogenous leukemia, lymphoma,
hepatoma, sarcoma, leukemia, acute myeloid leukemia, relapsed acute myeloid leukemia,
breast cancer, ovarian cancer, colorectal cancer, gastric cancer, glioma, glioblastoma
multiforme, non-small cell lung cancer (NSCLC), kidney cancer, bladder cancer, uterine
cancer, esophageal cancer, brain cancer, head and neck cancers, cervical cancer,

testicular cancer, and stomach cancer.
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