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1 :
PROCESS FOR MANUFACTURE OF L-ASPARAGINASE
FROM ERWINIA CAROTOVORA

The invention described herein was made in the
course of work under a contract or award from the United
States Department of Health and Human Services.

-This invention involves a process for the produc-
tion of L-asparaginase from bacterial ecell cultures of
Erwinia carotovora which involves a multi-step separation

procedure highlighted by a dual chromatographiec separation,
one for ion exchange and then one for affinity, or a single
chromatographic separation using affinity chromatography.
The generalized process is set out below. The enzyme is
used therapeutically to benefit the treatment of leukemia.
A process for the recovery and purification of
L-asparaginase from Erwinia carotovora is disclosed. The

process, as shown in the flow diagram, involves sequential
ion exchange chromatography and affinity chromatography
purification steps, or affinity chromatography by itself,
followed by a dialysis step in order to produce substan-
tially pure L-asparaginase.

General Description

A process is deseribed for the recovery and puri-
fiecation of gram quantities of a therapeutic enzyme,
L-asparaginase, from submerged cultures of Erwinia

carotovora. Briefly, cells from Erwinia carotovora fermen-

tation broth are harvested and washed. A cellular acetone
powder is prepared and extracted with pH 9.5 borate buffer.
After centrifugation and filtration to remove cell debris,
the acetone powder extract is adjusted to pH 7.7 and
adsorbed onto an agarose column, such as CM-Sepharose Fast
Flow (Pharmacia). Sepharose Fast Flow is a cross-linked
agarose gel containing 6% agarose. This column is a low
acid type suitable for ion exchange purposes. In addition,
there is a pre-column packed with cell debris remover modi-
fied cellulose. The enzyme is desorbed from the ion-
exchange column at pH 9.0 and further purified by an

affinity column, such as L-asparagine (L-Asn) Sepharose CL-
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4B, which column is tailored to select or allow molecular
components. This affinity column is neutral as to ion
selectivity, as contrasted with the ion exchange column
above. CL-4B is a ecross-linked agarose gel containing
about 4% agarose. L-Asn Sepharose CL-4B is made by linking
L-Asn to Sepharose CL-4B through an epoxy-activation proce-
dure. After dialysis-concentration to remove buffer salt,
the L-asparaginase enzyme is depyrogenated, formulated,
sterile filled, and “lyophilized as a single-dose final
product.

The ion exchange chromatography step can be elim-
inated and substituted with at least one affinity chromato-
graphy step(s) using L-Asn Sepharose Fast Flow. L-Asn
Sepharose Fast Flow is made by linking L-Asn to Sepharose
Fast Flow beads through an epoxy activation procedure.

BACKGROUND OF THE INVENTION

L-asparaginase (L-asparagine amidohydrolase)
catalyzes the hydrolysis = of L-asparagine (L-Asn) to
L-aspartic acid and ammonia. Interest in this enzyme arose

a few decades ago when it was disecovered that the antilym-
phoma activity of whole guinea pig serum Was due to the
enzyme L-asparaginase. Most normal tissues synthesize
L-asparagine in amounts sufficient for their metabolie
needs. Certain neoplastiec tissues, in particular, acute
lymphoblastic leukemie cells, require an exogenous source
of this amino acid. L-asparaginase, Dby enzymétically cata-
lyzing the hydrolysis of asparagine to aspartie acid and
ammonia, deprives these malignant cells of the asparagine
available from extracellular fluid, resulting in cellular
death. L-asparaginase produced from Escherichia coli has a

_tumor inhibitory effeect and the enzyme isolated from

Erwinia carotovora is also pharmacologically active. Since

the L-asparaginases from E. coli and Erwinia carotovora

possess different immunological specificities, the avail-
ability of both provides an important alternative therapy
if a patient happens to develop hypersensitivity to one of
the enzymes (a common phenomenon associated with the admin-

Y
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istration of L-asparaginase).

The process used by the only known manufacturer
ineludes alkali lysis, multiple ion-exchange adsorptions,
ammonium sulfate precipitation, multiple dialysis-concen-
tration steps, and ethanol erystallization (Buek, et al.,
J. Gen. Mierobiol., Vol. 65, page i (1971)). The present

invention is an improved process to produce Erwinia
L-asparaginase in gram quantities for therapeutic use.

As shown in U.S. Patent No. 3,511,754 to Berk
et al, and U.S. Patent No. 3,511,755 to Ratyeh et al, the
use of acetone in the production of E. coli-derived
L-asparaginase is known to practitioners of the art. Part
of the difficulty of large-scale produetion of this enzyme
lies in the purifiecation process. The only major manufae-
turer of asparaginase purifies the enzyme by a process
which ineludes alkali lysis, multiple ion-exchange adsorp-
tions, .ammonium sulfate precipitation, multiple dialysis-
concentration steps, and ethanol crystallization (Buck
et al, J. Gen. Mierobiol., Vol. 65, page i (1971)). On the
other hand, the present application discloses a method by

whiech significant purification of asparaginase may be
achieved by initial ion-exchange chromatography. The
material eluted from the ion exchange column (the starting
material for the affinity column) contains only one extra
protein contaminant as compared to the product available in
the market. This extra protein contaminant is successfully
removed by afffnity chromatography. Moreover, the same
purification can be achieved using affinity chromatography
by itself.

Furthermore, compared to the multiple purifica-
tion and dialysis steps used by Buck et al, the process of
the present invention includes only one or two chromato-
graphic steps and one dialysis step. The enzyme is eluted
from the ion-exchange column with a change in the buffer pH
rather than a change in ionic strength. The enzyme coming
off the column is very concentrated and contains low salt,

thus avoiding a dialysis-concentration step between the
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ion-exchange and affinity chromatographic steps.
Specific Diselosure

In the process of the present invention,
L-asparaginase is purified from submerged cultures of
Erwinia carotovora. See Examples 1-5 for detailed deserip-

tions of the processes. The process begins with harvesting
and washing Erwinia cells using a plate and frame type
filter press or centrifugation. A cellular acetone powder
is prepared from the buffer washed cells by one or more
treatments with acetone. The cellular acetone powder is
then extracted to form an enzyme-rich extraet. The cell
extract is again filtered or centrifuged to remove cell
debris and form a cell-free enzyme extract (see Examples 1
and 2). The cell-free extraet 1is applied to an ion
exchange column, enzyme-rich fractions are pooled, and then
applied to an affinity column. Alternately, the cell-free
extract ean be applied to the affinity column without going
thgough the ion exchange column. Sequential washing and
elution of the affinity column produces an enzyme whieh is
substantially pure.

In the following speecifiec method, as has been
stated above, alternative materials to the ion exchange CM
Sepharose Fast Flow and affinity chromatography L-Asn
Sepharose CL-4B column may be utilized.

The eritical steps of this process are the prepa-
ration of a cellular acetone powder extract and the purifi-
cation of the cell-free extract by means of chromatography-
-an ion exchange column and an affinity column or an
affinity ecolumn. The following describes a preferred
method of purification.

Ion Exchange Column Purification

CM-Sepharose Fast Flow (an ion exchanger sold by
Pharmacia) is suspended in water and packed in a 16 ‘L .
column (Pharmacia, 37 x 15 em) with compressed air pressure
of 1 bar. Cell debris remover (CDR) modified cellulose is
pre-equilibrated with 0.1M sodium phosphate buffer, pH 7.7,
basket centrifuged to remove the buffer, and re-equili-
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brated twice with 5mM sodium phosphate buffer, pH 7.7. The
CDR is packed in a 16 L column with the same buffer
containing 0.1% benzalkonium chloride as a preservative.
Before being used for the production run, the CM column and
the CDR pre-column are each washed with at least 2 bed
volumes of 5 mM sodium phosphate buffer, pH 7.7, to remove
preservatives. The two column sections are serially joined
and the flow (upward for CM column and downward for the
pre-column) is maintained with a peristatié pump. The
acetone powder extract is adjusted to pH 7.7 and applied to
the columns with a flow rate of 0.5 L/min, which is equiva-
lent to a linear flow rate of 28 em/h. The flow rate can
be reduced if necessary during the run to keep the running
pressure at or below 1 bar. Following loading, the CDR
pre-column is detached and the CM column is extensively
washed with the buffer until the effluent is devoid of
protein. The enzyme is then eluted from the column with 10
mM glyeine buffer, pH 9.0. The enzyme-rich fractions are
pooled, adjusted to pH 7.5 with dilute HCl1l and appliedlto
the L-Asn Sepharose CL-4B or L-Asn Sepharose Fast Flow
affinity column.

Affinity Chromatography Purification

The L-Asn Sepharose CL-4B 1is prepared using
methods adapted from Sundberg and Porath (J. Chromatogr.,
Vol. 90, p. 87 (1974)). Sepharose CL-4B (Pharmacia, 4 Kg)
is activated by reaction with 4 L of 1,4-butanediol

diglyeidyl ether and 4 L of 0.6 N sodium hydroxide solution
containing 8 g of sodium borohydride. The activation reac-
tion is allowed to proceed at room temperature for 15 hours
in a 50-L glass rotary evaporator. The activated gel is
recovered by suction filtration, washed seven times with
150 L of water each time and coupled to L-Asn by reaction
of the gel with L-Asn (2 Kg) in 0.5M sodium carbonate
buffer (35 L final pH 8.5). The coupling reaction is
allowed to proceed at room temperature for 15 hours with
slow rotation in the same rotary evaporator. After the
coupling step, the gel is washed seven times with 150 L of
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water each time and stored in 0.02% sodium azide.

The gel is paecked in a column and the column is
washed with at least 2 bed volumes of 5 mM sodium phosphate
buffer, pH 7.5, to remove preservatives. A linear flow
rate of 34 em/h is used, which is equivalent to 2.7 L/h.
At the end of loading, the column is washed with at least 5
bed volumes of the same buffer, and the enzyme is eluted
with 10 mM glyeine buffer, pH 9.0. The enzyme-rich fraec-
tions are pooled, adjusted to pH 7 with dilute HCl, and
frozen at -20°C for final processing.

The affinity column eluent pool is thawed at 2°
to 8°C, concentrated using a 2 L ultrafiltration pressure
cell with C-30 membrane (cellulosic membrane, 30,000 dalton
nominal molecular weight cut-off), and dialyzed at least
108-fo1d with depyrogenated water for 15 hours. The
dialyzed-concentrated enzyme is transferred to a 200 mL
ultrafiltration pressure cell and further concentrated to a
minimum titer of 380,000 IU/mL. The dialyzed concentration
is depyrogenated, formulated, sterile-filled and
lyophilized as a single dose final product. 7

The overall purification factor achieved from the
ion-exchange and affinity chromatography is about 46-fold,
as shown in Table 1. Table 2 shows the purification of
L-asparaginase using filtration and affinity chromato-
graphy.

Erwinia is a gram negative microorganism and as
such the cell-free extraect contains high quantities of
endotoxins. As shown in Table 1, the endotoxin level drops
from 11.5 pg/mL to 0.676 ng/mL through ion-exchange chroma-
tographie and further decreases to 0.45 ng/mL through
affinity echromatographie. When depyrogenated water is used
in all chromatography operations, the enzyme-rich affinity
column eluent contains endotoxins in the range of 0.1 to
0.5 ng/mL.

Aluminum oxide gel has been demonstrated to be an
effeetive endotoxin adsorbent for certain proteins. It
also has been demonstrated to be effeetive for pyrogen
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removal from L-asparaginase. In order to determine optimum
conditions for depyrogenation, concentration of pH effects
were studied. Purified L-asparaginase (protein concentra-
tion 2.45 mg/mL) containing an endotoxin concentration of

5 17 ng/mL was treated with an equal volume of varying con-
centrations of aluminum oxide while varying pH. As shown
in Table 3, aluminum oxide appeared to be equally effective
for depyrogenation at pH 5, 6, and 7 at 1% and 0.5%. At pH
7, however, some protein loss occurred.
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Table 3
Dose and pH Effect of Aluminum Oxide Depyrogenation

Protein Concen-

tration* After . Endotoxin Level

Aluminum Treatment After Treatment
oxide (%) pH (mg /mL) . (ng/mL)
1 5 1.3 <0.006
1 6 1.3 '<0.006
1 7 0.87 <0.006
0.5 5 1.4 <0.006
0.5 6 1.3 <.0.006
0.5 7 1.1 <0.006

* purified asparaginase (2.45 mg/mL) with endotoxin con-
centration 17 ng/mL was mixed with equal volumes of
aluminum oxide solution at different percentages, which
inecreased total volume to two fold. Protein concentra-
tion was expected to be 1.2 mg/mL after treatment,
assuming protein was 'not adsorbed by aluminum oxide gel.

In this process, the cells were treated with
acetone and the enzymes were recovered by borate extraec-
tion. The average step yield for acetone powder prepara-
tion was about 60% and for extraction was about 80%. The
yields were slightly lower than the other methods reported

(toluene-urea lysis: 85%, alkali lysis: 60-100%). Alkali

lysis, in our experience, however, gave very poor yield

(6%). Toluene-urea treatment, osmotic shoek and mechaniecal

fracture gave unsatisfactory results as well.

' The use of the word chromatography is intended to
include processes by whieh complex mixtures of molecules
are separated by repeated partitionings between a fldwing
phase and a stationary phase. In ion exchange chromato-
graphy, a synthetic resin containing fixed charged groups
attracts and binds charged substituents in a sample mix-
ture. In affinity chromatography, proteins in a mixture
are removed by exposing the mixture to a column containing
a specific ligand for the protein. When the column is
washed with buffer, the only protein(s) that remain on the
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column are those with a high affinity for the ligand.

The present application also discloses the use of
a filter press in the production of an enzyme-rich extract.
Suech filter presses are well know in the art of biomass
separation and ineclude flush-plate or plate-and-frame.
presses. See Chemical Engineers Handbook, Robert H. Perry
and Cecil H. Chilton, eds., page 19-65 (1973).

Example 1
A production-scale process was developed to

purify a therapeutic enzyme, L-asparaginase, from submerged
cultures of Erwinia carotovora. Cells from 880 L of

fermentation broth were harvested and washed using a 208
sq. ft. plate and frame-type filter press. A cellular
acetone powder was prepared from the washed cells by sus-
pending the cells in acetone at 10°C, then the acetone
powder was Trecovered using the filter press. After a
second acetone treatment, the residual acetone was removed
by washing the the acetone powder in the filter press with
10 mM phosphate buffer (pH 7.0). The acetone powder was
then extracted with 10 mM borate buffer at pH 9.5. The
enzyme-rich borate extract was recovered by filtration
through the filter press and clarified Dby in-line passage
through a bag filter loaded with Cell Debris Remover. The
filtrate was adjusted to about pH 7.5 and then filtered
through a 1u bag filter pre-coated with filter aid
(Celite) followed by a sterile 0.22p final filter.
Example 2

Preparation of a cell extract: Cells were har-
vested from chilled whole cell broth (150 L) using two
refrigerated vertical bowl centrifuges operating at 9,000xg
and a flow rate of 1 L/min. The 4 kg of wet cell paste
recovered was resuspended in 150 L of 10 mM potassium
phosphate buffer, pH 7.0, and mixed for 30 min. The washed
cells were again recovered by ecentrifugation. Acetone
powder was prepared by resuspending the cell paste in 150 L
of anhydrous acetone at 10°C and agitating for 30 min. To
the mixture of acetone/cells was added 1.5 Kg of a fine
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diatomaceous earth filter aid (Supercel, Johns-Manville
Company), and the suspension was basket centrifuged using a
2 kg precoat of coarse filter aid (Celite type 545). The
recovered solids (first acetone powder) were treated the
same way a second time. This second acetone powder was
extracted with 150 L of 10 mM sodium borate buffer, pH 9.5,
for 40 min and the extract was clarified by basket centri-
fugation (1,100xg). The enzyme-rich extract was adjusted
to about pH 7.7, then serially filtered through a Celite
precoated lu bag filter and a 0.45y nominal hydrophilie
cartridge filter. '
Example 3

The sterile cell-free acetone powder extract at
about pH 7.5 (1400 L) was applied to an L-Asn Sepharose
Fast Flow affinity column (25.2 x 18 em, 9 L bed volume) at
a flow rate of 80 L/h using a bag filter loaded with Cell
Debris Remover as- an in-line pre-filter. The affinity gel
was pfepared By coubling'L—Asn at pH 9.0 to epoxy-activated
Sepharose Fast Flow beads. After washing the column with
at least 10 bed volumes of 5mM sodium phosphate buffer, pH
7.5, the column was eluted with 10 mM glycine buffer at pH
g.0. A total of 14 x 108 1U (35 g protein) of purified
enzyme was eluted from the column in 10.5 L volume. A 9-
fold purification of enzyme with a 10,000-fold reduction of
endotoxins was achieved with affinity chromatography. The
eluted enzyme was determined to be greater thanIQO% pure
when assayed by sodium dodeeyl sulfate polyacrylamide gel
electrophoresis.

Example 4
The cell-free acetone powder extract (150 L) at

"about pH 7.7 is adsorbed onto a 16 L CM-Sepharose Fast Flow

column using a pre-column packed with Cell Debris Remover
modified cellulose. The column was washed at pH 7.7, the
enzyme was desorbed from the ion exchange column at pH 9.0
and further purified by an affinity column of L-Asparagine
Sepharose at pH 7.5. After washing the column with at
least 5 bed volumes of 5 mM phosphate buffer, pH 7.5, the
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column was eluted with 10 mM glycine buffer at pH 9.0. A
total of 7 grams of substantially purified enzyme was
eluted from the column. A 46-fold purification of enzyme
with 10,000-fold reduction of endotoxin was achieved. The
eluted enzyme was determined to be greater than 90% pure
when'assayed by sodium dodecyl sulfate polyacrylamide gel
electrophoresis.
Example 5

Table 4 summarizes a typical final processing lot
from the affinity column eluate pool to the sterile formu-
lated enzyme. The overall yield of the product from
fermentation broth to final formulated produet as produced
for this lot by this invention was 19%. See Table 4.
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CENTRIFUGATION FILTRATION

ACETONE POWDER
PREPARATION AND EXTRACTION

T~

CM-Sepharose Fast Flow L-Asn Sepharose
ION EXCHANGE COLUMN FAST FLOW AFFINITY COLUMN

L-Asn SEPHAROSE
CL-4B AFFINITY COLUMN

PURIFIED ASPARAGINASE
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IN THE CLAIMS:

1. A process for purifying L-asparaginase from
Erwinia carotovora, characterized by:

forming a cell-free extract containing
asparaginase enzyme;

purifying said cell-free extract through an
affinity chromatography column.

2. The process of Claim 1, further character-
ized in that said cell-free extraet is purified through an
ion exchange chromatography column prior to purification
through said affinity chromatography column.

3. The process of Claim 1, further character-
ized in that a modified cellulose produet is used to remove
cell debris prior to affinity chromatography.

4. The process of Claim 2, further character-
ized in that a modified cellulose produet is used to remove

~cell debris prior to ion exchange chromatography.

5. The process of Claim 1, further character-
ized in the L-asparaginase is dialyzed after affinity
chromatography. ’

6. A process for purifying L-asparaginase from
Erwinia carotovora, characterized in subjeecting said L-

asparaginase to at least one chromatographic separation
step.

7. The process according to Claim 6, further
characterized in that one chrbmatographic separation step
is ion exchange and another chromatographiec separation step
is affinity chromatography.

8. The process of Claim 6, further character-
ized in that the echromatographie separation is affinity
chromatography.

9. A process of purifying L-asparaginase from
cell cultures of Erwinia carotovora, characterized by a

step-wise process of: ,

(a) producing cell-free extract containing
L-asparaginase enzyme by preparation of a cellular acetone
powder and subsequent extraetion in buffer; and
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(b) purifying said extract by affinity
chromatography.

10. The process of Claim 9, further character-
ized in that said cell-free extraet is purified through an
ion exchange chromatography column prior to the affinity
chromatography purification step.

11. The process of Claim 9, further character-
jzed in that step (a) comprises a cell wash step at about
pH 7.0 followed by acetone powder preparation and extraec-
tion at pH 9.5.

12. The process of Claim 10, further character-
ized in that the ion exchange purification is ecarried out
at about pH 7.7 and said enzyme is eluted from said column
at about pH 9.0.

13. The process of Claim 10, further character-
ized in that the affinity chromatography is carried out at
about pH 7.5 and said enzyme is eluted from said column at
about pH 9.0.

14. A process for the production of purified L-
asparaginase from Erwinia carotovora, characterized by:

separating crude Erwinia carotovora extract

through at least one chromatography column to obtain crude
asparaginase enzyme; and
dialyzing said purified enzyme.

15. The process of Claim 14, further character-
ized in that the chromatography step is a single affinity
chromatography step.

16. The process of Claim 14, further character-
ized in that said at least one the chromatography step
comprises an ion exchange chromatography step followed by
an affinity chromatography step.

17. A process for the production of purified L-
asparaginase from Erwinia carotovora, characterized by:

harvesting and washing Erwinia carotovora

cells;
producing a cellular acetone powder by con-
taeting said washed cells at least once with acetone;
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extraeting the acetone-treated cells with
borate buffer to produce an enzyme rich borate extract;

clarifying and filtering said extract by
removing cell debris to produce a sterile cell-free
extract; ,
separating said purified enzyme through_an
affinity chromatography Eolumn to produce substantially

pure L-asparaginase.
18. The process of Claim 17, further character-

ized by an ion exchange separation step between said eclari-
fying and filtering step and said affinity chromatography
step..

19. The process of Claim 18, further character-
ized in that said substantially pure L-asparaginase is
dialyzed.

20. A stepwise process for the purification of
L-asparaginase enzyme. from Erwinia ecarotovora, character-

ized by: 7 ’ ’ .
(a) initially harvesting and washing cells
from a fermentation broth of Erwinia carotovora utilizing a

filter press or centrifugation; ,

(b) treating the washed ecells with dry
acetone at least one time;

(e¢) extracting cellular acetone powder with
10 mM borate buffer at a pH of about 9.5 and recovering a
cell-free enzyme-enriched extract;

(d) adjusting the pH of said extraet to a
pH of about 7.7, loading said extract on an ion exchange
chromatography column, eluting the ion exchange column with
10 mM glyecine buffer at a pH of about 9.0, adjusting the
jon exchange eluent to a pH of about 7.5, loading the ion
exchange eluent onto an affinity column, and eluting sub-
stantially pure enzyme with 10 mM glyeine buffer at a pH of
about 9.0.

21. A stepwise process for the purification of
L-asparaginase enzyme from Erwinia carotovora, character-

ized by:
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(a) initially harvesting and washing cells

from a fermentation broth of Erwinia carotovora utilizing a

filter press or centrifugation;

(b) treating the washed cells with dry
acteone at least one time; . _

(¢) extraeting cellular acetone powder with
10 mM borate buffer at a pH of about 9.5 and recovering a
cell-free enzyme-enriched extraect;

(d) adjusting the pH of said extract to a
pH of about 7.5, loading the extract on an affinity chroma-
tography column, and eluting the substantially pure enzyme
with 10 mM glycine buffer at a pH of about 9.0.

22. A method of preparing L-asparaginase from
Erwinia ecarotovora comprising at least two processing

stages, characterized in that said processing stages
include at least one filter processing or centrifugation
stage and at least one chromatography stage.

23. The method of Claim 22, further character-
ized in that the chromatography stage includes affinity
chromatography. }

24. The method of Claim 22, further character-
ized in that the chromatography stage includes ion exchange
chromatography followed by affinity chromatography.
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