087011234 A2 |0 0 000 O O R

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
24 January 2008 (24.01.2008)

‘ﬂb' A0 OO

(10) International Publication Number

WO 2008/011234 A2

(51) International Patent Classification:
AGIK 38/50 (2006.01) CI2N 15/63 (2006.01)
AGIP 35/00 (2006.01) CI2N 9/82 (2006.01)
CO7H 21/04 (2006.01) CI2P 1/04 (2006.01)
CI2N 1/21 (2006.01)

(21) International Application Number:

PCT/US2007/070706
(22) International Filing Date: 8 June 2007 (08.06.2007)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
60/817,817 30 June 2006 (30.06.2006) US

(71) Applicant (for all designated States except US): ENZON
PHARMACEUTICALS, INC. [US/US]; 685 Route
202/206, Bridgewater, NJ 08807 (US).

(72) Inventors: FILPULA, David R.; 269 Carlton Club Drive,
Piscataway, NJ 08854 (US). WANG, Maoliang; 54 Rice
Run, East Brunswick, NJ 08816 (US).

(74) Agent: MERCANTI, Michael N.; Lucas & Mercanti,
LLP, 475 Park Avenue South, New York, NY 10016 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU,CZ,DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, ™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR,HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: RECOMBINANT HOST FOR PRODUCING L-ASPARAGINASE 1T

BPamHI(6374)
ASNase.

Ndel(5322)
BelTi(5216)

Lacl—

FcoRI(2)

Kan

Clal(1502)

& (57) Abstract: The invention provides a recombinant Escherichia coli host cell for producing an Escherichia coli L-asparaginase I
enzyme. The host cell includes an Escherichia coli chromosome and at least one copy of a recombinant extrachromosomal vector,
wherein the recombinant extrachromosomal vector encodes the I.-asparaginase II enzyme, wherein the host cell chromosome also
encodes the same I-asparaginase Il enzyme, and wherein the host chromosome does not encode any other isoform of .-asparaginase

1L



WO 2008/011234 A2 |} 0A0 000 00000100 0 0 O

—  with sequence listing part of description published sepa-  For two-letter codes and other abbreviations, refer to the "Guid-
rately in electronic form and available upon request from  ance Notes on Codes and Abbreviations" appearing at the begin-
the International Bureau ning of each regular issue of the PCT Gagzette.



10

2
(=}

30

WO 2008/011234 PCT/US2007/070706

RECOMBINANT HOST FOR PRODUCING L-ASPARAGINASE 11

The present application claims the benefit of provisional U.S. patent application
Ser. No. 60/817,817, filed on June 30, 2006, the contents of which are incorporated by

reference herein in their entirety.

FIELD OF THE INVENTION
The present invention relates to novel vectors, host cells and methods of producing

a specific recombinant £, colf L-asparaginase Il enzyme of uniform purity.

DESCRIPTION OF THE RELATED ART

L-asparaginase is an enzyme that hydrolyzes the amino acid L-asparagine to L-
aspartate and ammonia, i.e., it is a deaminating enzyme. F. coli contain two asparaginase
isoenzymes: L-asparaginase I and L-asparaginase II. L-asparaginase I is located in the
cytosol and has a low affinity for asparagine. L-asparaginase II is located in the periplasm
and has a high affinity for L-asparagine.

L-asparaginase 11 is useful in treating tumors or cancers that are dependent upon L-
asparagine for protein synthesis by removing extracellular asparagine. It is particularly
useful in treating leukemias, such as acute lymphoblastic leukemia, L-asparaginase is
typically used in combination with other anti-tumor or anticancer therapies, although it can
be employed alone in certain clinical situations. L-asparaginase was originally purified
from several organisms, including Escherichia coli ("E. col") and Erwinia carotovora.
Among mammals, L-asparaginase Il is found in more than trace amounts only in Guinea
pigs (superfamily Cavioidea) and in certain New World moikeys.

E. coli L-asparaginase Il is a tetramer of identical subunits exhibiting excellent ky,
and Ky. £. coli L-asparaginase [ (also art-known as L-asparagine amidohydrolase, type
EC-2, EC 3.5.1.1) is commercially available as Elspar® (Merck & Co., Inc.) and is also
available from Kyowa Hakko Kogyo Co., Lid.

L-asparaginase 11, by itself, suffers from the usual disadvantages of protein
therapeutics, such as the high rate of clearance of a protein foreign to the patient, and the

potential for inducing an immune response in a patient treated with this enzyme. In order
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to adaress these shortcomings, a pelyethylene glycol-conjugated derivative of L-
asparaginase I has been developed and is marketed as pegaspargase or Onc:aspar® by
Enzon Pharmaceuticals, Inc, Pegaspargase is produced using L-asparaginase IT extracted
from E. coli, as supplied by Merck. Pegaspargase (also known as monomethoxy
polyethylene glycol snccinimidyl L-asparaginase) has the advantages of being
substantially non-antigenic, and of exhibiting a reduced rate of clearance from the
circulation.

However, despite these successes, it would be still more efficient and economical
if E. coli L-asparaginase II protein could be produced by a recombinant host cell
employing a suitable extrachromosomal expression vector, e.g., such as a plasmid. Such
expression vectors can be engineered for more efficient production of the protein than is
available with production from a native E. coli strain. Despite the potential advantages of
such recombinant production, it is believed that heretofore there has been no aceurate
published polypeptide sequence for the commercial L-asparaginase Il enzyme, and no
published nucleic acid sequence for polynucleotides encoding that enzyme. For example,
an L-asparaginase II peptide sequence was previously reported by Maita er al. 1980,
Hoppe Seyler's £, Physiol. Chem. 361(2), 105-117, and Maita ef al,, 1974, J. Biochem. 76,
1351-1334 [Tokyo]. However, as discussed hereinbelow, this early work suffered from
NUMErous sequencing errors.

Another potential obstacle to plasmid expression of the L-asparaginase II enzyme
subunit is the presence of the gene encoding an L-asparaginase I subunit that is native to
the chromosome of potential £ colf strains that might be employed as host cells. Thus,
there is a concern that L-asparaginase II harvested from an £. colf host cell carrying an
extrachromosomal expression vector could include subunits representing more than one
isoform of L-asparaginase. Given the need to have a well characterized enzyme product,
for both clinical and regulatory purposes, this possibility has heretofore represented a
serious technical challenge to improving on the efficiency of the production of £. cofi L-

asparaginase [ protein.

SUMMARY OF THE INVENTION
The present invention fills the above-mentioned need for £. coli L-asparaginase 11

that is produced efficiently and economically in recombinant form, while providing an
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enzyme product having the same peptide structure as E. coli L-asparaginase II protein,
marketed as Oncaspar“?_, that is also free of detectable amounts of alternative L-
asparaginase 1l isoforms.

Thus, the invention provides an £, colr host cell comprising an E. coli chromosome
and at least one copy of a recombinant extrachromosomal vector, wherein the
extrachromosomal vector encodes a subunit of the L-asparaginase II protein, wherein the
E. colihost cell chromosome encodes the same subunit of the L-asparaginase protein, and
wherein the &, cofi host chromosome does not encode any other isoform of L-asparaginase
IL. The extrachromosomal vector is preferably a plasmid suitable for replication and
expression in £ colr.

Preferably, the expressed L-asparaginase protein comprises four subunits that have
a polypeptide sequence according to SEQ ID NO:1, that corresponds to the sequence of
the subunits of the L-asparaginas II enzyme used in manufacturing Oncaspar@ . and the
plasniid vector comprises a nucleic acid molecule encoding a subunit of the L~
asparaginase protein, that is operatively connected to a suitable promoter. The promoter is
any suitable prometer, but is optionally selected from the group consisting of T7, araB,
trp, tac, lac, AP, APy, aroH and phoA promoters. The plasmid vector optionally includes
additional vector elements, as may be needed for efficient expression and/or product
purification, that are operably connected to the L-asparaginase open reading frame and/or
the promoter. These vector elements include, for example, a compatible operator
sequence, ribosome binding site, transcriptional terminator, signal sequence, drug
resistance marker, and origin of replication. A plasmid borne copy of the relevant
repressor gene, e.g., lacl, may also be present.

Preferably, the plasmid DNA molecule encoding the subunit of the L-asparaginase
II protein comprises SEQ} 1D NO: 2, and the chromosomal DNA molecule encoding the L-

asparaginase Il protein comprises SEQ ID NO: 3.

BRIEF DESCRIPTION OF THE DRAWINGS
F1G. 1 illustrates a map of the pENS537 plasmid vector.
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DETAILED DESCRIPTION OF THE INVENTION

Accordingly, in order to provide the desired improvements in the production of the
L-asparaginase [T corresponding to Oncaspar™ and Kyowa Hapkko L-asparaginase, it is
necessary to obtain a vector encoding the enzyme, and also to provide a host cell that wilf
only express a single isoform of L-asparaginase II. Thus, L-asparaginase II enzyme from
Merck & Co., Inc., as well as L-asparaginase 1l enzyme obtained from Kyowa Hakko
Kogyo Co., Lid. were sequenced, and the resulting sequences were compared to that of the
L-asparaginase Il enzyme obtained from £. coli K-12, as repérted by Jennings et al., 1990
J Bacteriol 172: 1491-1498, incorporated by reference herein. The K12 L-asparaginase I1
enzyme is encoded by the ansB gene (GeneBank No. M34277, incorporated by reference
herein). |

As noted above, the artisan will appreciate that L-asparaginase I enzyme
comprises four identical subunits. Thus, reference to a gene or DNA molecule encoding
the enzyme, and the enzyme protein sequence, refers to the gene encoding one of these
identical subunits.

The peptide sequencing was conducted by art-standard methods, as summarized by
Example 1, hereinbelow. The protein sequences of subunits of both the Merck & Co.,
Inc., and the Kyowa Hakko Kogyo Co., Ltd. were surprisingly found to be identical (see
SEQ ID NO: 1). With this data, it can now be appreciated that earlier reports of the
sequence of the Merck L-asparaginase by Maita et al. 1980 Hoppe Seyier's Z. Physiol.
Chen. 361(2), 105-117, and Maita et al,, 1974, /. Biochem. 76, 1351-1354 [Tokyo]
actually contained numerous errors.

The obtained sequences were also compared to the subunit stracture of the K12 L-
asparaginase Il enzyme. It was found that the K12 L-asparaginase Il enzyime subunit
differs from the Merck & Co., Inc. L-asparaginase II enzyme subunit at four specific
residue positions. Relative to the Merck L-asparaginase 1l enzyme, the K12 enzyme
subunit has Valpy in place of Alagy, Asngs in place of Aspes, Serasy in place of Thrasy and
Thrygs in place of Asniag.

As noted supra, it is preferred that the chromosome of the £ cofi host cell does not
express a different isoform of L-asparaginase I than is expressed by the
extrachromosemal vector, i.e., by a plasmid. This desirable result can be achieved by one

of several alternative strategies. For example, any L-asparaginase II gene present on the
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E. coli host chromosome could be fully or partially deleted or knocked out. Alternatively,
the expression of any alternative L-asparaginase I gene present on the host chromosome
could be suppressed by intrinsic regulatory properties of the natural promoter with one that
fails to allow expression under the same culture conditions that favor the expression of the
isoform of L-asparaginase Il encoded by the extrachromosomal vector. However, it is
preferable to have the chromosomal and extrachromosomal L-asparaginase II genes
express the same isoform of the L-asparaginase Il enzyme.

To this end, the subunits of the L-asparaginase Il enzyme produced by several
available E. colf strains were sequenced and compared to the commercial enzyme
products. It was unexpectedly discovered that the £ cofi BLR (DE3) strain [obtained
from Novagen Corporation; Cat. No. 69208-3] produces a chromosomally encoded L-
asparaginase Il enzyme identical in structure to the commercially available enzymes,
whereas the £ coli GX1210 and E. coli GX6712 strains that were also tested were found
to produce different isoforms of L-asparaginase 1I enzyme.

With the identification of a preferred £, colr host, an extrachromosomal expression
vector, 1.¢., a vector which exists as an extrachromosomal entity, the replication of which
is independent of chromosomal replication, can be constructed. Extrachromosomal
vectors suitable for use in £. cofi include, for example, pUC or pBR322 derived plasmids.
These include plasmids such as pET and pBAD, as well as a variety of plasmids having
expression elements from T7, araBAD, phoA, tre, O, Or, PL, Pr.

In the vector, the nucleic acid sequence encoding the L-asparaginase Il enzyme
subunit is operably connected to a suitable promoter sequence. Suitable promoters
melude, e.g, the T7, araBAD, phoA, tre, Oy, Og, P and Py promoters. Preferably, the
promoter is a T7 viral promoter.

Suitable inducer elements include, for example, arabinose, lactose, or heat
induction, phosphate limitation, tryptophan limitation, to name but a few. Preferably, the
inducer element is a Lac operon, which is inducible by isopropyl thiogalactoside ("IPTG").

A suitable signal sequence (signal peptide} may be derived from pelB, {d pIil, or
ompA. Preferably the signal peptide is derived from ansB.

Suitable antibiotic selection markers are well known to the art and include, for
example, those that confer ampicillin, kanamyein, chloramphenicol, rifampicin, or

tetracycline resistance, among others.
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Suitable origin of replication sequences include those found in the following
plasmids: pUCIY, pACYC177, pUBI110. pE194, pAMBI, pli702, pBR322, pBR327, and
PSCIOI.

Suitable termination sequences include, for example, phage fd major terminator,
TF, and rmaB.

Generally plasmids are preférred foruse in E. cofi. Conventional plasmid vectors
are double-stranded circular DNA molecules preferably engineered with enzyme
recognition sites suitable for inserting exogenous DNA sequences, an antibiotic selectable
gene, an origin of replication for autonomous propagation in the host cell, and a gene for
the discrimination or selection of clones that contain recombinant insert DNA. Available
plasmid vectors include, for example, pET3, pETY, pET11 and the extended pET series
{cataloged by Novagen Corporation), pBAD, tre, phoA, trp, and Oy /P plasmids

As exemplified hereinbelow, a plasmid of the pET expresson system, such as pET
27b+ is preferred. In order to provide efficient and controlled expression of the enzyme,
the expression vector also includes a promoter, an operator, riboseme binding site, signal
sequence, transcriptional terminator, origin of replication, a regulated copy of the
repressor gene {e.g, lacl)

The host E. coli strain will have compatible regulatory elements in its
chromosome. For example, the gene for T7 RNA polymerase under the control of the
lacUV5 promoter is present in BLR (DE3) cells. This strain is a lysogen of bacteriophage
DE3. Addition of IPTG to the culture of BLR (DE3) induces T7 RNA polymerase, which
in turn transcribes the target gene on the pET plasmid. BLR(DE3) is also recA” which
may provide further stability of genes on extrachromosomal plasmids.

~ In order to obtain a nucleic acid molecule encoding the Merck and Kyowa Hakko
Kogyo Co., Ltd. enzyme, an available L-asparaginase I can he modified by suitable
methods. The 326 mature amino acid sequence L-asparaginase II subunit of E. coli K-12
ansB is encoded in a 978 base pair segment as reported by Jennings MP and Beacham IR
(1990 J Bacteriol 172: 1491-1498; GeneBank No. M34277). The ansB gene, which
includes a 22 amino acid signal peptide preceding the mature protein, was cloned from
another E. coli K-12 strain (GX1210; obtained from Genex Corporation) by conventional
polymerase chain reaction (PCR) methods. The ansB gene encoding E. coli K-12 ansB L-

asparaginase Il subunit was adapted by site-directed mutagenesis (e g, with the
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Amersham Sculptor method) to express L-asparaginase 1I with the residue substitutions
discussed supra, to make the following base substitutions, T to C at base 530; A to G at
base 640; T to A at base 1205 and C to A at base 1239. Numbering is based on that given
by GeneBank No. M34277, incorporated by reference herein. The resulting codon
changes [GTG to GCG; AAT to GAT; TCT to ACT and ACC to AAC at the
corresponding positions} converied the ansB gene to a modified gene (hereinafter ansB¥;
SEQ ID NO: 2) that expresses an L-asparaginase Il enzyme subunit identical to that
obtained from Merck & Co., Inc. and Kyowa Hakko Kogyo Co., Ltd.

The ansB™* gene can be inserted into any extrachromosomal vector suitable for
efficient protein expression in E. colj, as discussed above. In particular, the ansB* gene
was inserted into plasmid pET-27b+ (Novagen Corporation) and infroduced into E. coli
strain BLR (DE3) by electroporation, as described in detail by the examples provided
hereinbelow, to provide an E. coli carrying the ansB* plasmid and expressing L~
asparagenase II subunit as a uniform isoform matching the Merck L-asparaginase 1.

Preferably, the clone identified by the examples as strain EN538 (deposited as
ATCC Number PTA 7490) is employed and cultured employing any art-known method
suitable for E. co/i. Suitable culture systems include batch, fed batch and continuous
culture methods. Culture medium are selected from art-known medium optimized for £.
coli. Once the culture reaches a sufficient density, ranging from about 20 ODygg to about
200 ODygg0, an appropriate inducer, such as IPTG, is added to the culture medium. Aftera
sufficient period of time, ranging from about 0.5 hours to about 20 hours, the produced L-
asparaginase Il is purified by standard methods from the culture medium and/or from cell
mass harvested from the culture.

The cell mass is harvested by centrifugation and/or filtration, and lysed by any art-
known method. Lysis of the cell bodies can be accomplished by methods including
enzymatic cell wall lysis followed by osmotic lysis, freeze thaw, sonication, mechanical
disruption (e.g., microfluidization), use of lysing agents and the like, followed by filtration
and/or centrifugation to separate the disrupted cell mass from the soluble protein contents.
Several cycles of lysis, washing and separation can be employed to optimize recovery.

The enzyme can then be recovered and purified from supernatant and/or culture
medium by well-known purification methods including ammonium sulfate precipitation,

acid extraction, chromatofocusing, anion or cationic exchange chromatography,
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phosphocellulose chromatography, hydrophobic-interaction chromatography, athinity
chromatography, hydroxylapatite chromatography, FPLC® (fast protein liquid
chromatography), high performance liquid chromatography, and the like.

Several parameters of the fermentation process may be adjusted to optimize the
asparaginase expression or to control the extent of leakage of the protein from the
periplasm into the growth medium. These variables include the medium constituents (e.g.,
carbon and nitrogen source and added amino acids or other nuirients), temperature, pH,
inducer concentration, and duration of expression. The total £, coli genetic lineage
{genotype) may also affect expression and product leakage. It may be desirable to harvest
the asparaginase product from cells (periplasm} only, or from mediumn only, or from the
total fermenter contents depending on the outcome of the protein expression and leakage

from the host cells.

Polymer-L-Asparaginase Conjugates

A preferred utility for the L-asparaginase 1I enzyme prepared according to the
invention is in the form of a polymer conjugated enzyme. The L-asparaginase-polymer
conjugates of the present invention generally correspond to formula (I):

(H (R}, -NH-(ASN)

wherein

(ASN) represents the L-asparaginase or a derivative or fragment thereof;

NH- is an amino group of an amino acid found on the ASN, derivative or fragment -
thereof for attachment to the polymer;

% is a positive integer, preferably from about 1 to about 80; and

R is a substantially non-antigenic polymer residue that is attached to the ASN in a
releasable or non-releasable form.

The non-antigenic polymer residue portion of the conjugate (R) can be selected

from among a non-limiting list of polymer based systems such as:
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wherein:

Ry, Rio-11, and Raz3 mayv be the same or different and are independently selected
nen-antigenic polymer residues;

Rj3.9, Riz2) and Ry (see below) are the same or different and are each

10 independently selected from among hydrogen, Cy_;alkyls, Cs.1> branched alkyls,

10
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Ci.gcycloalkyls, C4 substituted alkyls, Cy.g substituted cycloalkyls, aryls, substituted
aryls, aralkyls, C;.; heteroalkyls, substituted Cy.¢ heteroalkyls, C; alkoxy, phenoxy and
(1.6 heteroalkoxys;

Aris an aromatic moiety which forms a multi-substituted aromatic hydrocarbon or
a multi-substituted heteroaromatic group;

Y. and Y3 may be the same or different and are independently selected from O,
S and NRay;

A is selected from among hydrogen, alky! groups, targeting moieties, leaving
groups, functional groups, diagnostic agents, and biologically active moieties;

X is O, NQ, 8, SO or 8O,, where Q is H, Cy4 alkyl, C,5 branched alkyl,

C1.s substituted alkyl, aryl or aralkyl;

Z is selected from among moieties actively transported into a target cell,
hydrophobic moieties, bifunctional linking moieties and combinations thereof;

Ly and Ly may be the same or different and are independently selected
bifunctional linker groups;

a,e,d, £, g1, 3,0 k. 1.0, 0, p, g and t may be the same or different and are
independently 0 or a positive integer, preferably, in most aspects;

b, e, 1,17, s, h, " and m may be the same or different and are independently 0 or 1;

mPEG is H;CO(-CH,CH,0),~ and

u is a positive integer, preferably from about 10 to about 2,300, and more
preferably from about 200 to about 1000.

Within the above, it is preferred that Y.y, and Y3 are O; Ryg, Ry2r and Ray ave
cach independently either hydrogen or Cy.galkyls, with methyl and ethyl being the most
preferred alkyls and Ry is preferably CH,.

In a further aspect of the invention, the polymer portion of the conjugate can be
one which affords multiple points of attachment for the L-asparaginase. A non-limiting

list of such systems include:

ﬁ1 Ry A Ry ET
| I
G Y‘a (‘: _AT_YZ c L1 R—] CI: Yg"""“’C“’_"‘
R, Ry
¢ o a ¢

(xii)

11
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and

wherein all variables are the same as that set forth above.

The activated polymers which can be employed to make the L-asparaginase
conjugates will naturally correspond directly with the polymer portions described above.
The chief difference is the presence of a leaving or activating group, which facilitates the
releasable attachment of the polymer system to an amine group found on the L-
asparaginase. Thus, compounds (i) - (xiii) include a leaving or activating group such as:

p-nitrophenoxy, thiazolidinyl thione, N-hydroxysuccinimidyl

o
— 8
e \ / NO; %N’ks QN
v/

Q

or other suitable leaving or activating groups such as, N-hydroxybenzotriazolyl, halogen,
N-hydroxyphthalimidyl, imidazolyl, O-acyl ureas, pentafluorophenol or 2,4,6-tri-
chlorophenol or other suitable leaving groups apparent to those of ordinary skill, found in
the place where the L-asparaginase attaches after the conjugation reaction.

Some preferred activated PEGs include those disclosed in commonly assigned U.S.
Patent Nos.5,122,614, 5,324,844, 5,612,460 and 5,808,096, the contents of which are
incorporated herein by reference. As will be appreciated by those of ordinary skill such
conjugation reactions typically are carried out in a suitable buffer using a several-fold
molar excess of activated PEG. Some preferred conjugates made with linear PEGs like
the above mentioned SC-PEG can contain, on average, from about 20 to about §0 PEG
strands per enzyme. Consequently, for these, molar excesses of several hundred fold, ¢.g.,
200-1000x can be emploved. The molar excess used for branched polymers and polymers

attached to the enzyme will be lower and can be determined using the techniques

12
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described in the patents and patent applications describing the same that are mentioned
hereinbelow.

For purposes of the present invention, leaving groups are to be understood as those
groups which are capable of reacting with an amine group (nucleophile) found on an L-
asparaginase, ¢.g. on a Lys.

For purposes of the present invention, the foregoing is also referred to as activated
polymer linkers. The polymer residues are preferably polyalkylene oxide-based and more
preferably polyethylene glycol (PEG) based wherein the PEG is either linear or branched.

Referring now to the activated polymers described above, it can be seen that the Ar
is a moiety which forms a multi-substituted aromatic hydrocarbon or a multi-substituted
heteroaromatic group. A key feature is that the Ar moiety is aromatic in nature,
Generally, to be aromatic, the i (pi) electrons must be shared within a “cloud” both above
and below the plane of a cyclic molecule. Furthermore, the number of 11 electrons must
satisfy the Huckle rule (dn+2). Those of ordinary skill will realize that a myriad of

moieties will satisfy the aromatic requirement of the moiety and thus are suitable for use

herein with halogen(s) and/or side chains as those terms are commonly understood in the

art.

In some preferred aspects of the invention, the activated polymer linkers are
prepared in accordance with commonly-assigned U.S. Patent Nos. 6,180,095, 6,720,306,
5,965,119, 6624,142 and 6,303,569, the contents of which are incorporated herein by

reference. Within this context, the following activated polymer linkers are preferred:

\ o
AN o) A L
mPE! o’ O——N mPEG )k
/Y | \/\N O_@/\O ot
0 / H
H.C 4]
Q

H3G, o o] O HG
L oA BSOS U
4 ; mPEG
mPEG\)J\N o 0" To—~n “v/\ﬁ ) o Sp—n
H ,
HsC o HiC s

0
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o}
Ha o o
/lDL\ i )L\
M ‘
o) o] o mPEG\)J\N; Ci 0" To—~N
e s /lk/\ J‘k Q R H/W]/
e H ﬂ o i 0 hsC o

Sy

o a HaC a o
)K s CHy O o GH )j\
— o l\/ ‘/lk 1 o} N
M Q o \ / N’J FEG i o Q N
o CHy @ 0O HE a

0 o
ol o)
gN(\D/u\oAO\ 0 o a o /Q/\o’ﬂ\op
o O/’kN/\)"\H/\,PEG\/'\N/U\/\N)kO 0
K H H .
and

o ? CHy /(l)l\ O HiG a a
/j\ B F’EG\//\‘ )L\ - )l\
<N-—O OQO H/\/ El OO 'O"—'N;
o) CHj H;C o *

In one alternative aspect of the invention, the L-asparaginase polymer conjugates
are made using certain branched or bicine polymer residues such as those described in
commonly assigned U.S. Patent Application Nos. 7,122,189 and 7087,229 and US Patent
Application Nos. 10/557,522, 11/502,108, and 11/011,818. The disclosure of each such
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patent application is incorporated herein by reference. A few of the preferred activated
polymers include:

S,
0

3]
MPEG— AL oD 0, N
o 0 H o
mPEG’J\NNO%O/\I‘rO
18]

H
and

S
O 5

O ,
0 H o
O

~r

0O

5 It should also be understood that the leaving group shown above is only one of the suitable
groups and the others mentioned herein can also be used without undue experimentation,
In alternative aspects, the activated polymer linkers are prepared using branched
polymer residues such as those described commonly assigned U.5. Patent Nos. 5,643,575;
5,919,455 and 6,113,906 and 6,566,506, the disclosure of each being incorporated herein
106 by reference. Such activated polymers correspond to polymer systems (v) ~ (ix) with the

following being representative:

i
|
REEMD—“C\\ e
E : Yy Y'1p
b
R
Rza Q C\\ /CHQ
N
H

wherein B is L-asparaginase 1 and all other variables are as previously defined.

15 SUBSTANTIALLY NON-ANTIGENIC POLYMERS

As stated above, Ry, Rig.1, and Ryoos are preferably each water soluble polymer
residues which are preferably substantially non-antigenic such as polyalkylene oxides

(PAO’s) and more preferably polyethylene glycols such as mPEG. For purposes of
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illustration and not limitation, the polyethylene glycol (PEG) residue portion of R, Ryp-
11, and Ryz.25 can be selected from among:
J- O«(CH,CH, 0} -
J-0~(CH,CH, 0} -CH,C(0)-0-,
J-O~(CH,CH,0) -CH,CH, NRzs-, and
J-0-(CH,CH,0) -CH,CH, 5H-~,
wherein:
u is the degree of polymerization, i.e. from about 10 to about 2,300;
Rys s selected from among hydrogen, Cy alkyls, Cog alkenyls,
Ca alkynyls, Cs.j» branched alkyls, Csy cycloalkyls, Cy.q substituted alleyls,
C..¢ substituted alkenyls, Cs.¢ substituted alkynyls, Cs.¢ substituted cycloalkyls, aryls
substituted aryls, aralkyls, Cy.¢ heteroalkyls, substituted Cj.s heteroalkyls,
Ci.¢alkoxy, phenoxy and Cy¢heteroalkoxy, and
J is a capping group, i.e. a group which is found on the terminal of the polymer
and, in some aspects, can be selected from any of NH,, OH, SH, COEH, C e Mleyls,
preferably methyl, or other PEG terminal activating groups, as such groups are understood
by those of ordinary skill.
In one particularly preferred embodiment, Rz, Ryp-11, and Raa»; are selected from
among,
CH;- O~(CHpCH20) -, CH3—O—(CH2CH20)H-CH2C(O)—O—, and
CH3-0-(CHpCHp0) -CH,CH, NH- and CH;3-O-(CHpCH0) -CH,CH, SH-,
where u is a positive integer, preferably selected so that the weight average
molecular weight from about 200 to about 80,000 Da. More preferably, Ry, Rjp.11, and
Raj.03 independently have an average molecular weight of from about 2,000 Da to about
42,000 Da, with an average molecular weight of from about 5,000 Da to about 40,000 Da
being most preferred. Other molecular weights are also contemplated so as to
accominodate the needs of the artisan.

PEG is generally represented by the structure:

—O-(CHQCHEO)—‘
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and Ry, Ryg.11, and Roaos preferably comprise residues of this formula. The degree of
polymerization for the polymer represents the number of repeating units in the polymer
chain and is dependent on the molecular weight of the polymer.
Also useful are polypropylene glycols, branched PEG derivatives such as those
5  described in commonly-assigned U.S. Patent No. 5,643,575 (the '575 patent), "star-PEG’s"
and multi-armed PEG’s such as those described in Shearwater Corporation’s 2001 catalog
"Polyethylene Glycol and Derivatives for Biomedical Application”. The disclosure of
each of the foregoing is incorporated herein by reference. The branching afforded by the
'575 patent allows secondary.or tertiary branching as a way of increasing polymer loading
10 on a biolegically active molecule from a single point of attachment. It will be understood
that the water-soluble polymer can be functionalized for attachment to the bifunctional
linkage groups if required without undue experimentation.
For example, the conjugates of the present invention can be made by methods
which include converting the multi-arm PEG-OH or “star-PEG” products such as those
15 described in NOF Corp. Drug Pelivery System catalog, Ver. 8, April 2006, the disclosure
of which is incorporated herein by reference, into a suitably activated polymer, using the
activation techniques described in the aforementioned '614 or '096 patents. Specifically,

the PEG can be of the Tormula:

O R
. /(CH2CH2 )u CHECHQ\O

3“0‘CHzCHz~c00H20H2)U-\ o o ~3
‘ \(CHECHEO)U'\CHECHz -
e

~0— o)
~o CH2CH~ em, CHy) o :
ar

i~

T O~CH,CHy~(OCH,CHy),y —o]/\ /\]j —(CHCHZ0)y~CH,CH; O
5

+~O~cp ,CHy={OCH,CHy )y “~(CH,CH,0)y—CH,CH,~ 0™
Muit.l-arm
wherein:
u’ is an integer from about 4 to about 455, to preferably provide polymers having a
total molecular weight of from about 5,000 to about 40,000; and up to 3 terminal portions

25  of the residue is/are capped with a methyl or other lower alkyl,
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In some preferred embodiments, all 4 of the PEG arms are converted to suitable
leaving groups, i.e. N-hydroxysuccinimidyl carbonate (SC), ete., for facilitating

attachment to the recombinant protein. Such compeounds prior to conversion include:

i CHZCHZO ~CH, CHomgy
37(OCH,CH)u
(CHZCH-,O U~CH,
HaC~0cH,CH)
He  (CHCH,0) ”\CHQCHQNOH
3C~(OCH,CH,) U\O\j(’
» (cHECHQO)u\CHECHE\OH
= (OCH,CH,)
5
O,(CHQCHQO)U-\CHECHE\OH
H3C“(OCHZCH2)U-\O o
“(CHzcl-{;,_O)uu_CHECH
-— o) 2~
HOQ CHyCHa~(0CH,CH,),~ OH
HO— . OI(CHchZO)u.\CHECH2\OH
CH; HE\(OCHZCHZ)U\O o
g D (7o ¥e) PRGN
HO— 0 2 P ~on
CH3CHz~(0CH,CH,),
HaC~{OCH,CH,), »—0]/\ ]\/o (CHRCHL0),~CH,CH,—COH
HaC-(OCH,CHa)y ™ ~{CH;CH,0),—CHj
HC-{OCH,CH, ) — j/\ ( —(CH,CH,0)y-CHy
H4C~{OCH,CHa)y ™ ~{CHCH0),—CH,CH,—OH
HaC-{OCH,CHy )y — j/\ ,\( —{CH,CH,0),~CH,CHy—OH
Hac (OCHECHQ)U (CHchQO) CHQCHZWOH
10 ,
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HaC-{OCH,CHy)y “~(CH,CH,0),—CHj

HaC~(OCH:CHy)y— T\ /\[ —(GHoCH,0)y~CH,CHy—OH

HO—CH,CHz~(OCH,CHg)~ O (CHLCH,0)y—CHs

H_ac-(ocHzCHg)u.—ojAO/\ (O~—(CH20HZD)U--CH2CH2—OH

HO~CH,CH~(OCH,CHy),~© O~ (CH,CH,0),—CH,CH,—OH

HO—CHQCHZ-(OCHECHQ)U.—O]/\O/\(o——(CHQcH?_O)U.—CHQCHE—DH

HaC-(OCH,CH)y™ O (CH,CH,0)—CH,CH, —OH

3 and

HO“CHQCHQ"(DCHQCHz)U'“O]/\O/\[O— (CH2CH20)U"CHQC Hz""‘OH

HO-CH,CH,~(OCH,CH, )y~ O~(CH,CH,0),—CHyCH,—OH

The polymeric substances included herein are preferably water-soluble at room
temperature. A non-limiting list of such polymers include polyalkylene oxide
10 homopolymers such as polyethylene glycol (PEG) or polypropylene glycols,
polyoxyethylenated polyols, copolymers thereof and block copolymers thereof, provided
that the water solubility of the block copolymers is maintained.
in a further embodiment, and as an alternative to PAO-based polymers, Ry, Rio.11,
and Rys.p3 are each optionally selected from among one or more effectively non-antigenic
15 materials such as dextran, polyvinyl alcohols, carbohydrate-based polymers,
hydroxypropylmeth-acrylamide (HPMA), polyalkylene oxides, and/or copolymers thereof.

See also commonly-assigned U.S. Patent No, 6,153,655, the contents of which are
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iucorporated herein by reference. It will be understood by those of ordinary skill that the
same type of activation is employed as described herein as for PAQ's such as PEG. Those
of ordinary skill in the art will further realize that the foregoing list is merely illustrative
and that all polymeric materials having the qualities described herein are contemplated and
that other polyalkylene oxide derivatives such as the polypropylene glycols, etc. are also

contemplated.

BIFUNCTIONAL LINKER GROUPS:

In many aspects of the invention, L;.s and Lg are linking groups which facilitate
attachment of the polymer strands, e g Ri.2, Ryg.11, and/or Rooas. The linkage provided
can be either direct or through further coupling groups known to those of ordinary skill. In
this aspect of the invention, L and Ly may be the same or different and can be selected
from a wide variety of groups well known to those of ordinary skill such as bifunctional
and heterobifunctional aliphatic and aromatic-aliphatic groups, amino acids, etc. Thus, L.
¢« and Lg can be the same or different and include groups such as:

[CEO)(CR3Ra3)e-

-[C(=0)]vO(CR3:2R3)-O-,

-[C(=0)]wO(CR32R33)e NRag-

-[CEO]O(CR32R330) NR 3¢,

-[C(=0)]NR31(CRxRs3)c-

-[C(=0)]yNR31(CR3R33) O,

-[C(=0)]v NR31(CR3:2R330)¢- .

[C(=0)]wNR31(CR3:R330)(CR34R 35y~

-[C(=0)]¢NR3;(CR3R3:0)p(CR3gRa5)y O-

-[C(=0) ]y NR3 1 (CR32R33) 0 (CR34CRas0)y -

JC(=0)]w NR31(CR3:R 33} (CR34CR3350), NR g,

-[C(=0)]"NR31(CR3»R33)e: NR3¢-

Rz

A
-[C(:O)]\,;O(CR32R33)},,@7(CR34R35)1.NR36—

Ry
_-\m
-[C(zo)]V'G(CRsstz{)y'@—(CR34R35)gO—, ,
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Ry

. e
ACEONNR; (CR3oRaa)y ™8 ) (CRauR3s)NR36- ;
an

Rss

| S
_[C(:O)]V-NRN(CRggjo)y"—@-(CRS-«lRSS)t‘Q‘ ,

wherein:

Ra1-R3y are independently selected from the group consisting of hydrogen, amino,
substituted amino, azido, carboxy, cyano, halo, hydroxyl, nitro, silyl ether, sulfonyl,
mercapto, Cy.¢ allovlimercapto, arylmercapto, substituted arylmercapto, substituted
Ci.¢ alkylthio, Cy.salkyls, Cag alkenyl, Cagalkynyl, Cs.yo branched alkyl, Cs.5 cyeloalkyl,
C.¢substituted alkyl, Cr.s substituted alkenyl, Ca.¢ substituted alkynyl, Cs.g substituted
cycioalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, C,.¢ heteroalkyl,
substituted Cy.¢ heteroalkyl, Ci¢ alkoxy, aryloxy, Ci.¢ heteroalkoxy, heteroaryloxy,

(.6 alkanoyl, arylcarbonyl, Cas alkoxycarbonyl, aryloxyecarbonyl, Ca alkanoyloxy,
arylcarbonyloxy, Ca.¢ substituted alkanoyl, substituted arylecarbonyl, Cr.4 substituted
alkanoyloxy, substituted aryloxycarbonyl, Co. substituted alkanoyloxy, substituted and
arylcarbonyloxy,
wherein the substituents are selected from the group consisting of acyl,
amino, amido, amidine, araalkyl, aryl, azido, alkylmercapto, arylmercapto,
carbonyl, carboxylate, cyano, ester, ether, formyl, halogen, heteroaryl,
lheterocycloalkyl, hydroxy, imino, nitro, thiocarbonyl, thicester, thicacetate,
thioformate, alkoxy, phosphoryl, phosphonate, phosphinate, silyl, sulthydryl,
sulfate, sulfonate, sulfamoyl, sulfonamide, and sulfonyl;

(t") and (y’) are independently selected from zero or positive integers , preferably |
to 6; and

(v’)is O or1.

Preferably, L and Ly are selected from among:

-C(O)YCH,OCH.C(O)-;

-C(O)YCH,NHCH,C(O)-;

-C(O)CH»SCH-C(O)-;

-C{O)CH,CHCH:C(O)-, and
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-C{OYCH2CH,C(O)-.

Alternatively, suitable amino acid residues can be selected from any of the known
naturally-occurring L- amino acids is, €.g., alanine, valine, leucine, etc. and/or a
combination thereof, to name but a few. L and Ly can also include a peptide which
ranges in size, for instance, from about 2 to about 10 amino acid residues.

Derivatives and analogs of the naturally occurring amino acids, as well as various
art-known non-naturally occurring amine acids (D or L), hydrophobic or

non-hydrophobic, are also contemplated to be within the scope of the invention.

A MOIETIES

1. Leaving or activating Groups

In those aspects where A is an activating group, suitabile moieties include, without
Hmitation, groups such as N-hydroxybenzotriazolyl, halogen, N-hydroxyphthalimidyl, p-
nitrophenoxyl, imidazolyl, N-hydroxysuccinimidyl; thiazolidinyl thione, O-acyl ureas,
pentafluorophenoxyl, 2,4,6-trichlorophenoxyl or other suitable leaving groups that will be
apparent to those of ordinary skill.

For purposes of the present invention, leaving groups are to be understood as those
groups which are capable of reacting with a nucleophile found on the desired target, 1.e. a
biologically active moiety, a diagnostic agent, a targeting moiety, a bifunctional spacer,
intermediate, ete. The targets thus contain a group for displacement, such as NH; groups
found on proteins, peptides, enzymes, naturally or chemically synthesized therapeutic
molecules such as doxorubicin, spacers such as mono-protected diamines. It is fo be
understood that those moieties selected for A can also react with other moieties besides
biologically active nucleophiles.

2. Functional Groups

A can also be a functional group. Non-limiting examples of such functional
groups include maleimidyl, vinyl, residues of sulfone, hydroxy, amino, carboxy, mercapto,
hydrazide, carbazate and the like which can be attached to the bicine portion through an
amine-containing spacer. Once attached to the bicine portion, the functional group, (e.g.
maleimide), can be used to attach the bicine-polymer to a target such as the cysteine

residue of a polypeptide, amino acid or peptide spacer, etc.
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3. Alkvl Groups

In those aspeets of formula (I) where A is an alkyl group, a non-limiting list of
suitable groups consists of Cy.¢ alkyls, Cog alkenyls, Cag alkynyls, Csg branched alleyls,
Cag cycloalkyls, Cy.q substituted alkyls, C,.¢ substituted alkenyls, Co¢ substituted alkynyls,
Ci.g substituted cycloalkyls, aralkyls, C¢ heteroalkyls, and substituted C.; heteroalkyls.

Z MOIETIES AND THEIR FUNCTION

In one aspect of the invention Z is Ly~C(=Y2) wherein L is a bifunctional linker
selected from among the group which defines Li.g, and Y is selected from among the
same groups as that which defines Y,. In this aspect of the invention, the Z group serves
as the linkage between the L-asparaginase and the remainder of the polymer delivery
systeni. In other aspects of the invention, Z is a moiety that is actively transported into a
target cell, a hydrophobic moiety, and combinations thereof. The Z’ when present can
serve as a bifunctional linker, a moiety that is actively transported into a target cell, a
hydrophobic moiety, and combinations thereof.

In this aspect of the invention, the releasable polymer systems are prepared so that
in vivo hydrolysis cleaves the polymer from the L-asparaginase and releases the enzyme
into the extracellular fluid, while still linked to the Z moiety. For example, one potential

Z-B combination is leucine-L-asparaginase

Preparation of L-Asparaginase Conjugates

For purposes of illustration, suitable conjugation reactions include reacting L~
asparaginase with a suitably activated polymer system described herein. The reaction is
preferably carried out using conditions well known to those of ordinary skill for protein
modification, including the use of a PBS buffered system, etc. with the pH in the range of
about 6.5-8.5. It is contemplated that in most instances, an excess of the activated polymer
will be reacted with the L-asparaginase.

Reactions of this sort will often result in the formation of conjugates containing
one or more polymers attached to the L-asparaginase. As will be appreciated, it will often
be desirable to isolate the various fractions and to provide a more homogenous product. In
most aspects of the invention, the reaction mixture is collected, loaded onto a suitable

column resin and the desired fractions are sequentially eluted off with increasing levels of
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buffer. Fractions are analyzed by suitable analytical tools to determine the purity of the
conjugated protein before being processed further. Regardless of the synthesis route and -
activated polymer selected, the conjugates will conform to Formula (I) as defined herein.
Some of the preferred compounds which result from the synthetic techniques described

5 herein include:

|
m-PEﬁzok—O—b\N/(Cth

0 1]
N m'PEGEDk/ \(CHQ)S_C—B s

CH“—'lcl:"'B

éNH 0 o

m-PEG I o
M-PEGgk—0~ % 20 (E, B ’
, O
0 i3
and m«F“EG12}<—O—C\N,CH2_CH-250“C\N/\\/C“B
H H

10 wherein B is L-asparaginase.

Still further conjugates made in accordance with the present invention include:

i —l B |Y|4— EN IY!-;
R—L, -G Yz—Ar——(:B——-Yg—C—B
J L

wherein all variables are the same as that set forth above. For example, some of

embodiments included in the conjugates are selected from the group consisting of:
0
of "o o L ; B
2 ' -NH"<\/ )\ O &
2 Ll
o
A )
/ S ) 9 HN B
“NH’(\/D}/ILN # : H 0—(
z H NH O 0
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\
HN B HN_g > B
0~ Cﬁ 0
o . NH O _\<b

-NHﬂo
oék_)—\>ﬁ B -9 O/[LB‘
'Ni—HO a D—Qo _NHf\/O};)LO

o

/ Q N B 7N\
R A BN ,(:\,0\ 0 o< B
NH’(\/ }\/\H 0 AT j;/\ﬂ»{_@m—% o—@o

P
-NH{/\Oing o HN Q o—ﬁa

wherein B is L-asparaginase.

Further conjugates include:

Yg
I
RQ—LZ C O
d 5] FF? TS i{IS
? (i: C—B
Q Rs Rs
~Ar f 8
Rg

wherein B is L-asparaginase. A non-limiting list employed in the conjugates are among
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O

and 'HN\/\O/\*’O\/\N)L 0 0
H
B g
/

wherein B is L-asparaginase.

A particularly preferred conjugate is:

™S ASN

wherein the molecular weight of the mPEG is from about 10,000 to about 40,000.

When the bicine-based polymer systems are used, two preferred conjugates are:
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o
H
MPEG - A e O Ou N

0 -~

mPEG A*Nf*v@\/*m/\ﬂ/o
H
e and

0
mPEG_ Il O Pe __HN
o) H 0
0

i

1M

)
wherein the molecular weights of the mPEG are the same as above.

It is noted that PEGylation of L-asparaginase will be empirically optimized for
total PEG attachments per protein, PEG polymier size, and PEG linker design. Key
characteristics of the PEGylated L-asparaginase for evaluation of PEGylation optimization
include both in vitro assays {e.g., enzyme activity and stability) and in vivo assays (e g,

pharmacokinetics and pharmacodynamics).

METHODS OF TREATMENT

The L-asparaginase produced by the DNA, vectors and host cells described herein
is useful for all of the methods and indications already art-known for Elspar”™ (Merck &
Co., Inc.) and Oncaspar® (Enzon Pharmaceuticals, Inc.). Thus, the inventive L-
asparaginase Il enzyme, whether polyalkylene oxide conjugated, or as an unconjugated
protein is administered to a patient in need thereof in an amount that is effective to treat a
disease or disorder or other condition that is responsive to such treatment. The artisan will
appreciate suitable amounts, routes of administration and dosing schedules extrapolated

from the known properties of Elspar® and Oncaspar”.
EXAMPLES

The following non-limiting examples set forth hereinbelow illustrate certain

aspects of the invention.
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EXAMPLE 1

SEQUENCING OF L-ASPARAGINE AMIDOHYDROLASE,
TYPE EC-2, EC 3.5.1.1: E. COLIT-ASPARAGINASE 1 PROTEIN

In order to obtain the amino acid sequences of the L-asparaginase 1l enzymes
commereially available from Merck & Co. and Kyowa Halko Kogyo Co., respectively,
these proteins were subject to protein sequence analysis and compared to the sequence of
the published E. cofi K-12 ansB gene (GenBank Accession Number M34277).

L-asparaginase [1 was sequenced as follows. An aliquot of 2 mL of L-asparaginase
IT (80 mg/mL; Merck) was diluted in reagent grade water to yield a diluted solution with a
protein concentration of 5.0 mg/mL. The diluted solution was filtered through a 0.22 pm
filter into vials in order to reduce bioburden before conducting the protein sequence
analysis, Similarly, 100 mg of L-asparaginase II (Kyowa Halkko Kogyo) was dissolved in
20 mL of reagent grade water to yield a diluted solution of 5.6 mg/mL and sterile filtered.
Quantitative amino acid analyses, N-terminal sequence determinations, peptide mapping,
and mass spectrometry were used to determine the complete sequences of the two
proteins. Tryptic digest, chymotryptic digest, Lys-C digest and cyanogen bromide (CnBr)
fragments were prepared and separated by high pressure liquid chromatography
("HPLC™), and mass spectrometry and amino acid sequencing were performed on the
jsolated peptides. The completed analyses demonstrated an apparent sequence identity
between the ftwo commercial L-asparaginase II enzymes. However, four amino acid
positions differed from the gene sequence derived asparaginase from £. coli K-12. These

four differing positions are shown by Table 1, below.

TABLE 1
Residue 27 64 252 263
Position
| Merck and Ala | Asp | Thr Asn
KH
K12 AnsB Val | Asn Ser Thr
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EXAMPLE 2

CONSTRUCTION OF £. COLISTRAIN EN538
EXPRESSING RECOMBINANT L-ASPARAGINASE 1I

The gene encoding E. coli K-12 ansB L-asparaginase II was adapted to express L-
asparaginase 1T with the residue substitutions illusirated by Table 1 of Example 1, as
follows. The 326 mature amino acid sequence L-asparaginase I of E. coli K-12 ansB is
encoded i1 a 978 base pair segment as reported by Jennings MP and Beacham IR {1990 J
Bacteriol 172: 1491-1498; GeneBank No. M34277), The ansB gene, which includes a 22
amino acid signal peptide preceding then maturé protein, was cloned from another £. coli
K-12 strain (GX1210; obtained from Genex Corporation) by conventional polymerase
chain reaction (PCR) methods. Specifically, the oligonucleotides
5-TACTGAATTCATGGAGTTTTTCAAAAAGACGGCA-3" (SEQ ID NO: 4) and
5-ACAGTAAGCTTAGTACTGATTGAAGATCTGCTG-3” (SEQ ID NO: 5) were
employed as primers using a Perkin Elmer Gene Amp 9600 thermocycler, Taq
polymerase, and standard reagents with these cycling parameters: 30 sec 94 °C, 30 sec 40
°C, 1 min 72 °C, for 25 cycles.

The amplified ~1 kb band was purified on TBE agarose gel electrophoresis,
digested with Eco RI and Hind III, and cloned into the bacteriophage vector M13mp8.
The DNA sequence of the ansB gene [Genebank No. M34277] was confirmed by manual
DNA dideoxy sequencing methods. The cloned ansB gene was used next in site-directed
mutagenesis to change four codons of ansB gene [GTG to GCG at base 5330; AAT to GAT
at base 640; TCT to ACT at base 1205 and ACC to AAC at base 1239] to encode the
alternate amino acids (Val27Ala; Asn64Asp; Ser252Thr; and Thr263 Asn) using the
Amersham RPN 1523 version 2 mutagenesis kit as described by Whitlow and Filpula
[Single Chain Fvs, In Tumour Immunology. A Practical Approach, Ed. G. Gallagher, R.C.
Rees, and C.W. Reynolds, 1993, Oxford University Press, pp 279-291}].

Specifically, mutagenic oligonucleotides employed were
5"-CAACTTTACCCGCTGTGTAGTTAG-3’ (SEQ ID NO: 6) for Val27Ala change;
5.CAGCCAGACATCATCGTTCATGTC-3" (SEQ ID NO: 7) for Asn64Asp change;
5-GTCGAACACAGTTTTATACAGGTTGC-3’ (SEQ ID NO: 8) for Ser252Thr change,
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5-CTGCAGTACCGTTTTTCGCGGCGG-3" (SEQ ID NO: 9) for Thr263Asn change.
All four changes were made in a single batch and DNA sequencing confirmed the
modified ansB gene sequence [designated herein as the ansB¥* gene (SEQ ID NO: 2)].

Cloning of the ansB* gene into plasmid pET-27b+ (Novagen Corporation) was
accomplished by introducing the flanking restriction sites, Ndef and Bam/, at the 5° and
3” termini of the gene, respectively, by PCR amplification. Following digestion of the
synthetic DNA with the restriction enzymes Ndel and BamHAl, the 1 kilobase gene was
ligated via T4 DNA ligase into the plasmid vector pET-27b{+) plasmid which had also
been digested with these two enzymes. The recombinant plasmid was introduced into E.
coli strain BLR (DE3) by electroporation using a BTX Electro Cell Manipulator 600
according to the manufacturer’s instruoctions.

The pET vector construction places the ansB* gene behind a T7 promoter which is
inducible as a consequence of IPTG addition. IPTG induces expression of the
chromosomal T7 RNA polymerase gene under the control of a lacUiV5 promoter and the
T7 RNA polymerase then transcribes the ansB* gene yielding high level expression of the
ansB* protein product,

The transformation mixture was plated on LB agar plates containing kanamycin
(15 pg/ml) to allow for selection of colonies containing the plasmid pET-27b(+)/ansB*.
This is designated as plasmid pENS37, as illustrated by FIG. 1. Isolated colonies were
further purified by plating and analyzed for IPTG inducible gene expression by standard
methods such as those described in Novagen pET System Manual Ninth Edition. The

gene sequences were verified using an Applied Biosystems Prism310 Genetic Analyzer.

EXAMPLE 3

EXPRESSION OF RECOMBINANT L-ASPARAGINASE I
AND PARTIAL CHARACTERIZATION OF THE ENZYME.

Strain EN538 was cultured in LB medium at 37 °C with kanamyecin (15 pg/ml). At
ODgqp of about 0.8, IPTG (1 mM) was added to the culture and induction of gene
expression was allowed to progress for either 2, 3, or 4 hr. SDS-PAGE analysis of the
culture confirmed high level expression of the 34.6 kDa ansB* polypeptide. Western
blotting using anti-E. coli asparaginase II rabbit polyclonal antibody confirmed that the

major induced protein band on SDS-PAGE was L-asparaginase I1.
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Since L-asparaginase II is normally secreted into the periplasmic space following
signal peptide removal, additional experiments were conducted to examine location of the
asparaginase in the cells or medium. The culture was centrifuged and the pelleted cells
were resuspended in a lysozyme solution to disrupt the cell walls before examining the
soluble and insoluble cell associated proteins, plus the proteins released into the growth
medium during culture, by SDS-PAGE.

These analyses demonstrated that either a 3 or 4 hr induction at 37 °C provides
near maximal ansB* expression of about 30% of total cell proteins. At least 70% of the
asparaginase can be solubilized from the cell pellet by lysozyme treatment. The amount of
asparaginase released into the growth medium during culture is about 25% of the total
asparaginase expressed.

The solubilized asparaginase released from the periplasm by lysozyme treatment
was further examined for enzyme activity using an RP-HPLC assay that measures aspartic
acid, the product of the asparaginase reaction from the substrate, asparagine. Enzyme
activity in crude extracts from the IPTG induced samples was about 60 TU/mg, while only
about 2 [U/mg in samples prepared from uninduced cultures. Since the protein is only
about 20% pure at this stage, this compares well to the reported specific activity of pure
asparaginase II (~250-300 IU/mg). N-terminal sequence analysis of this asparaginase
preparation was also achieved using an Applied BioSystems PROCISE protein sequencer.
The N-terminal sequence LPNITELATGGTIAGGGDSA (SEQ ID NO: 10) matches
exactly the predicted N-terminal protein sequence of mature, correctly processed,
asparaginase. LC-MS analysis (Jupiter C-18 revered-phase column) was also performed
on this sample. The principal protein species demonstrated a mass of 34,592 which
exactly matches the predicted mass as mature ansB* asparaginase. No evidence of a

protein species bearing norleucine substitutions was observed,
EXAMPLE 4
PROTEIN CODING SEQUENCES OF

L-ASPARAGINASE II (ANSB & ANSB* GENES)
FROM pEN537 PLASMID AND £ COL/BLR CHROMOSOME.

Chromosomal DNA was prepared from E. coli BLR (DE3) [obtained from
Novagen Corporation; Cat. No. 69208-3]. A 2 ml culture of BLR grown in LB medium

with kanamycin (15 pg/mi) at 37 °C was centrifuged for 2 min in a microfuge and cell
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pellet was resuspended in 0.5 ml of STET buffer. Phenol/chloroform (0.5 ml) was added
and the mixture was vortexed and centrifuged for 5 min at room temperature. The
supernatant was collected and mixed with 50 il of 3 M sodium acetate and 1 ml of
ethanol. After incubating on ice for 10 min, the DNA was pelleted by centritugation and
resuspended in 100 pl of water. PCR was conducted on the sample to isolate the
chromosomal ansB gene. The PCR reaction mixture contained 5 pl of 10x High Fidelity
PCR buffer, 5 pl of 10 mM dNTP mixture, 1 pl of 50 mM MgSOy, 0.5 pl (50 pmol) of
oligonucleotide
5-GATCCATATGGAGTTTTTCAAAAAGACGGCAC-3" (SEQ ID NO: 11},
0.5 pl (50 pmol) of oligonucleotide
5-GTACGGATCCTCATTAGTACTGATTGAAGATC-3” (SEQ ID NO: 12),
1 ul of BLR DNA, 36 pl of distilled water, and 1 pl of Platinum Taq High Fidelity
polymerase. The PCR product was cloned using the commercial TOPO cloning system
obtained from Invitrogen Corporation and conducted as described by the manufacturer.
The cloning reaction using the PCR product and the TOPO TA vector was
conducted in 6 ul at room temperature for 30 min, The ligation product of the reaction
was transformed in competent TOP10Q £. coli cells and plated on LB agar plates with
kanamycin selection. DNA sequence analysis of the cloned ansB BLR chromosomal gene
and the pEN537 ansB* gene was conducted on the plasmids using an Applied Biosystems
Prism 310 Genetic Analyzer. Both strands were sequenced. The coding sequences of the
BLR ansB gene and pEN337 ansB* gene differ by 29 mismatched base assignments in the
mature protein coding sequences. However, none of these base substitutions resulted in an
alteration in the amino acid sequence due to codon degeneracy. The encoded ansB protein
from BLR and the encoded ansB* protein from pEN537 was confirmed to be identical in
amino acid sequence. All 326 positions were shown to be identical in these two

asparaginase proteins.

EXAMPLE 8

PURIFICATION FROM CELLS AND CULTURE MEDIUM

The following process was adapted from Harms et al., 1991 Protein Expression

and Purification 2: 144-150.
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Cultures of £. coli strain EN538, as described above, are grown in Luria broth in
the presence of kanamycin (15 pg/ml) at 37 °C, in a shaker incubator. At an ODggo 0f 0.8,
TPTG is added to a final concentration of 1 mM, and growth continued for an additional 4
h. Cells are harvested by centrifugation. For analytical purposes, 2-ml cultures are used.

To make cell extracts, the pellets are suspended in 1 ml disruption buffer (50 mM
KPO,pH 7.5, 1 mM EDTA, 0.5 mM dithiothreitol] and cells disrupted by
microfluidization. Cell debris is removed by centrifugation and the supernatant fluid is
assayed for L-asparaginase Il activity and also used to assess enzyme production by
polyacrylamide gel electrophoresis (SDS PAGE). Osmotic shock fractionation is carried
out as described by Boyd et al., 1987, Proc. Natl. Acad. Sci. USA 84:8525-8529,
incorporated by reference herein, In brief, the pellet is suspended in 2 ml spheroblast
buffer (0.1 M Tris-HCL pH 8.0, 0.5 M sucrose, 0.5 mM EDTA), incubated on ice for 3
min, and centrifuged. The pellet is warmed to room temperature, resuspended in 0.3 ml
ice-cold water, incubated on ice for 5 min, and again centrifuged. The supernatant
periplasmic fraction is used without further treatment for activity determination and

glectrophoresis.

Enzyme Purification

For large-scale L-asparaginase II preparations cells are grown in batch cuftures (10
liters) and subjected to osmotic shock as above. Per liter of culture volume 50- 100 ml
spheroblast buffer and 30-40 ml water are employed. The following protocol starts with

the periplasmic extract obtained from a 2-liter culture. All steps are performed at 5-10°C.

Ammonium Sulfate Fractionation

To 100 ml of supernatant fluid 29.5 g solid ammonium sulfate is added to give
50% saturation. After 2 hours the precipitate is removed by centrifugation, and the pellet
discarded. The supernatant was brought to 90% saturation with ammonium sulfate (27.2 g
to 100 m1). After the pellet stood overnight it is collected by centrifugation, dissolved in a
few milliliters of 25 mM piperazine-HCl buffer, pH 5.5, and dialyzed against the same
buffer. This same process is also applied to the remaining cell culture medium to recover

secreted L-asparaginase 11
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Chromatofocusing

A 1% 30-cm column of Poly- buffer exchanger PBE 94 was equilibrated with 200
ml of the above piperazine-HC] buffer (starting buffer). After the sample solution (10 ml}
is applied, the column is eluted with 200 m! elution buffer (Polybuffer 74, diluted 10-fold
with Ho0 and adjusted to pH 4.0 with HCI) at a flow rate of 30 ml/h. Fractions of 2 ml are
collected and assayed for L-asparaginase Il activity after appropriate dilution of 20-ul
samples. The asparaginase-containing fractions are pooled and dialyzed against saturated
ammonium sulfate solution. The enzyme peliet is washed with 90% ammonium sulfate

and stored as a suspension in this medium.

EXAMPLE 6

PURIFICATION FROM CELLS AND CULTURE MEDIUM

Cultures of E. colf strain EN538, as described above, are grown in culture medium
[e.g., as described in Filpula, D., McGuire, J. and Whitlow, M. (1996) Production of
single-chain Fv monomers and multimers, Tn Antibody Engineering: A Practical
Approach (J. McCafferty, H. Hoogenboom, and D.J. Chiswell, eds.; Oxford University
Press, Oxford, UK) pp. 253-268] in the presence of kanamycin (15 pg/ml) at 25 °C to 37
°C, in a fermenter. At an ODggp of 20 to 200, IPTG is added to a final concentration of 0.1
— 1mM, and growth continued for an additional 1 - 12 h. Cells are harvested by
centrifugation and passed through a Manton-Gaulin cell homogenizer. The cell lysate is
centrifuged at 24,300 g for 30 min at 6 °C and the supernatant is collected and subjected to
ultrafiltration/diafiltration, and the conductivity is adjusted to 3 mS. The pH of the lysate
is adjusted to 4.1 with 25% acetic acid and diafiltered with buffer 5 mM sodium acetate,
25 mM NaCl, pH 4.1.

The asparaginase is captured on S-8epharose cation exchange column
chromatography. The bound asparaginase is etuted with 12.5 mM potassium phosphate,
25 mM NaCl, pH 6.4 (buffer NK64).

The collected asparaginase peak fractions from S-Sepharose chromatography are
pooled and 0.1 % Tween80 is added and incubated for 20 min at room temperature. One
volume of buffer NK64 is added and the sample is loaded onto a Q-Sepharose column.

The Q column is washed with Q-25 buffer (25 mM NaCl, 10 mM potassium phosphate pH
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6.4) and the asparaginase is then eluted with buffer Q=135 (135 mM NaCl in 16 mM
potassium phosphate pH 6.4).

To the pooled enzyme fractions is added magnesium sulfate powder to a final
concentration of 0.25 M and is loaded onto a phenyl hydrophobic interaction column pre-
equilibrated with 0.25 M MgSO, in 10 mM potassium phosphate, pH 7.8. The
asparaginase is collected in the flow through fraction and diafiltered in a Filtron unit using

a 30 kDa molecular weight cut-off polysulfone membrane with the buffer, 75 mM NaCl, 1

mM potassium phosphate, pH 7.2.

The asparaginase fraction is diluted with an equal volume of water and loaded onto
a hydroxyapatite column. Impurities are removed with elution with buffer H15 (50 mM
NaCl, 15 mM potassium phosphate, pH 7.8). The purified asparaginase is eluted with
buffer H150 (50 mM NaCl, 150 mM potassium phosphate, pH 7.8).

EXAMPLE 7

PURIFICATION FROM CELLS AND CULTURE MEDIUM

Cultures of £, cofi strain EN538, grown, induced, and homogenized as described in
Example 6, are diafiltered against 20 mM sodium acetate, 40 mM NaCl, pH 4.6 with 8
product volumes with a 50 kDa Microgon hollow fiber at a flow rate of 2.9 L/min, 16 psi
until the Asgg is less than 0.1 and conductivity is 5 mS. The product is filtered using a 0.22
wm membrane.

Cation exchange chromatography is conducted with a Poroé-HS column. The
column is equilibrated in 20 mM sodium acetate, ph 4.6, 40 mM NaCl. The diafiltered
clarified media is loaded at 0.5 column volume (CV)/min and the column is washed with 5
CV of 20 mM sodium acetate, pH 4.6, 40 mM NaCl. The asparaginase is eluted with 20
mM sodium acetate, pH 4.6, 135 mM NaCl.

To the above product is added 0.2 M dibasic sodium phosphate, pH 9.2 to adjust
the pH to 6.3. The sample is then diafiltered against 10 mM sodium phosphate, pH 6.3
with a 50 kDa Microgon hollow fiber filter at a flow rate of (.74 L/min, 16.5 psi.

Anion exchange chromatography is conducted on TMAE Fractogel. The colunin
is equilibrated in 10 mM sodium acetate, pH 6.4, The diafiltered cation column eluate is

loaded at 0.5 CV/min and the column is washed with 5 CV of 10 mM sodium acetate, pH
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6.4. The column is further washed with 5 CV of 10 mM sodium acetate, pH 6.4, 25 mM
NaCl. The asparaginase is eluted with 10 mM sodium acetate, pH 6.4, 100 mM NaCl.
The product is diafiltered against 10 mM sodium phosphate, pH 7.5 with a 30 kDa

membrane to a concentration of 40 mg/ml and filtered through a .22 pm membrane.
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DEPOSIT STATEMENT

Cultures of the following biological materials have been deposited with the following

international depesitory(ies):

American Type Culture Collection (ATCC)

10801 University Boulevard, Manassas, Va. 20110-2209, U.S.A.

under conditions that satisfy the requirements of the Budapest Treaty on the International
Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure.

International Depository Aceession

Organism/vector ATCC Number Date of Deposit
E. coli/ EN538 PTA 7490 April 11, 2006
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WE CLAIM:

I. A recombinant Escherichia colf host cell for producing an Escherichia coli
L-asparaginase Il enzyme, comprising an Escherfchia coli chromosome and at least one
copy of a recombinant extrachromosomal vector, wherein the recombinant
extrachromosomal vector encodes a subunit of the L-asparaginase Il enzyme, wherein the
host cell chromosome also encodes the same subunit of the L-asparaginase Il enzyme, and

wherein the host chromosome does not encode any other isoform of L-asparaginase II.

2. The recombinant Escherielifa colf host cell of ¢laim 1, wherein the extrachromosomal

vector 1s a plasmid.

3, The recombinant Escherichia coli host cell of claim 1 wherein the encoded

L-asparaginase I subunit comprises SEQ ID NO: 1.

4, The recombinant Escherichia coli host cell of claim 1 wherein the recombinant
extrachromosomal vector comprises a DNA molecule encoding the L-asparaginase

protein, that is operatively connected to a suitable promoter.

5. The recombinant Escherichia coli host cell of claim 4 wherein the promotor is selected

from the group consisting of T7, araB, Pr/Py, phoA, tre, and trp promoters.

6. The recombinant Escherichia coli host cell of claim 4 wherein the recombinant
extrachromosomal vector further comprises an operator, ribosome binding site, signal
sequence, transcriptional terminator, antibiotic selection marker, origin of replication, and

a regulated copy of the repressor.

7. The recombinant Escherichiz coli host cell of claim 4 wherein the DNA molecule

encoding the L-asparaginase protein II subunit eomprises SEQ ID NO: Z.

8. The recombinant Escherichia. colf host cell of claim 4 wherein the chromosome

comprises a DNA molecule according to SEQ ID NO:3.
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9. An isolated nucleic acid molecule encoding an L-asparaginase II enzyme subunit of
SEQ ID NO: 1 that is selected from the group consisting of nucleic acid molecules
according to SEQ ID NO: 2 and SEQ D NO: 3.

10. An extrachromosomal vector comprising the nueleic acid of claim 9 that is SEQ. ID
NG:2.

11. The extrachromsomal vector of claim 10 that is a plasmid.
12. The extrachromosomal vector of claim 11 that is plasmid pEN537.

13. An Escherichia coli host cell comprising the plasmid of claim 12, that is designated as

ENS538 and deposited as ATCC Number PTA 7490.

14. A method of producing a recombinant L-asparaginase II enzyme substantially free of
other L-asparaginase Il isomers, comprising culturing the host cell of ¢laim 13, and

isolating the produced L-asparaginase H enzyme.

15. A polyalkylene oxide conjugate comprising the recombinant L-asparaginase Il

enzyme of claim 14.

16. A method treating a patient having a disease or disorder responsive to L-asparaginase
I enzyme comprising administering an effective amount of the L-asparaginase I enzyme

of claim 14.
17. A method treating a patient having a disease or disorder responsive to L-asparaginase
11 enzyme comprising administering an effective amount of the polyalkylene oxide

conjugated L-asparaginase Il enzyme of claim 15.

18. Anisolated DNA molecule encoding a subunit of L-asparaginase Il enzyme that

comprises SEQ 1D NQ: 2.
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19. An isolated reconibinant protein molecule comprising a tetrameric enzyme witi

identical subunits of SEQ ID NO: 1.
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