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71y  We, FARBENFABRIKEN Baver
AKTIENGESELL-SGHA‘FT, a  body ‘corporate
organised under the laws of Germany, of 509
I.cvcrkuscn.-Baycherk, Germany,_-iildg hereby
“ declare the invention for which ‘we pray that
‘a patent may be granted to us' and . the
method by which it is to be performed to be
particularly des:ribed in and by the following
statement:— - R
The present invention relates t0 a process .
for the production’ of ‘pyrogen-free: L-aspara-
ginase. _ _ T
Our copending Patent Application No. "
© 61394/68 (Serial No. 1212136) discloses pro-
cesses for the bacterial production of ‘L-aspara-
ginase and for its purification to a ‘high state |
of purity. Although the L-asparaginase  pro-

duced by this” process is very purc. by -the
standards of the prior art, it may -comtain
pyrogens which may inhibit its clinical use, -
'+ . The present invention relates to 2 process for-
" the removal of pyrogens in L-asparaginase, -
‘Although the process described- ‘herein: is
“ primarily inténded for- use with,L-aspa';aginase
- produced according to the process described
. In our above mentioned copending . applica-
- tion, we regard it as applicable to -L-aspara-
ginase produced by any method or rom any
The pyrogens in: L-asparaginase. _prepared
from bacterial eclls may be carried ‘over“from
. those cells. Impuritics having - a " pyrogenic _
- action ‘may also’ get into the L-asparaginase
*  preparation during the isolation and -purifica-
- tion of the -enzyme: .In ‘spitc_of many ens

deavours, L-asparaginase free of pyrogens has -

.. 'Jot yet been -obtained from bacterial sources;
: unfortunately ‘these sources are the” most ‘pros:

on an industrial scale. The coniventional’ -
. ~methods for removing. pyrogens, such-as fil:

‘tration over clarifying layers, and -adsorption

on hydroxyl apatite, aluminium hydroxide,
silicates and synthetic resins did not succeed,
Even chromatography on dextran gels with- 45
out ionized groups or on ~diethylaminocthyl
cellulose was ineffective,

f

The present invention provides a process

or the production of pyrogen-free L-aspara-

ginase which comprises  dissolving L-aspara~- 50
ginasc containing pyrogens in a hiffer adsorb-
ing the enzyme on a swollen DEAE-dextran
gel, and eluting the £enzyme with a solution .

of
buffer. . .
. The buffer used as solvent for the enzyme

higher ionic strength than the original
' 55

is preferably of low jonic strength ie. 0.02
to 0.05M. The dextran gel is preferably pre-
viously swollen in this buffer, and equilibrated

-by_repeatedly changing the buffer. 60

There are two preferred ways in which the

process ‘of the -invention ‘can be carried our,
Firstly, the gel may be packed into 2 column

onto which the buffer containing the cnzyme

is poured. The enzyme is adsorbed on the 65
gel and is lator cluted with 2 solution of o
higher fonic ‘strength, Secondly, a batch pro-

cess may be operated in- which the enzvme
solution is mixed with :the dextran gél. When

the enzyme is adsorbed, ‘the gel is scpatated 70
from the ‘residual “soltion and the enzyme -

eluted with a solution of higher ionic strength,

When the -coluriin method is used, the

crude enzyme preparation s oreferably dis. .
solved in an about 0.02 M-buffer. The buffer 75

. is preferably ammonium acetate or formate

and preferably has a neutral or weakly alkaline N

pH

of 7 to 85, - €. concentration of the

solution formed -should not be too high. Pre. -
fcr%bly 1 10.2%, solutions of the cnzyme are 8o
used. - : '

After the dextran gel is swollen jt is put

TV o gyt s ¢ mans .
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<" chromatognphy columns, the ratio.. of i

diamcter - and. bed  height bcmg prcfcrably

e 1 3 1o, 1:30. The enzymie solution is poured

: “zhe - column, the rate of flow prcfcrably‘_-:
','5 Mmummg o 2 to 4 ml. pcr hour pcr_i _n}‘i.'-

- prcfcr'\bly with a lmcar grndxcnt, how' e,
it is also possible to. increasc -the “concent
-tion” of the eluant stepwise.

“chited by ° -acetate “ions::
008 M and-more,

‘In the-batch processy:

5 ‘dextran gel, and the pH . adjusted t¢ about

'_ 20 increasing ionic. stréngth.- In' comparlson with

. the column mcthod, the advantagc of this . °d

-method is that it is :possiblc t work with

largé’ quantitics. The disadvantage consists. in.
the . lesser possibility of cxactly separaling
accompanymg substances .and: in the “larger ~qu
-",-_.htrcs of the buffer to. 2 lires 0.02 M-
_glycmc, .1

-~ amiount of liquid required for the-elution.
Isolation of L-asparaginasé in. solid- fo
from the solution can be carried out accord:
ing to any available method, such:as frecze-

described in our three .copending . Pate
" Applications Nos. 61394/68; 2169/69 and

3 '2170/69 (Serial Nos. 1212136 1212138 and. -

o 1212139).
-According to the process of the invention

thcrc are obtamed starting from preparations
. with-about 20 to 100 or more U/mg, puré.-
40 - preparations with 180 to 220 or more U/’
-+ g protein which are pyrogcn—frcc as hercm--""_

.- after: defined.

: copcndmg Patent Application ; No. 613947/
45 68. ‘Through the prcscnt spcc:ﬁcanon “1

- minute nnits ” are used.

The invention also. prov:dce as a ncv»_r
pharmaccuncal composition; pyrogcn-frcc I-
asparaginase produced by the- process ‘of th
invention in the form of a. parcntcrally inject:
~. able solution.
The  invention further prov;dcs a mcdlca-
" _* ment'in dosage unit form comprising. pyrogcn—

“free L-asparagmasc produced by “the process.

3. of the invention, in the form ofa parcnterally -

'mcctablc soluuon dxspnnsed m ampoules.
“The " term

-means :a medicament as’ definéd: abovc in ‘the,
“form. -of discrete portions each" containing;:
= unit, dosc, or a multiple’ or: sub-miiltiple -
:- & unit dose of the pyrogen-free: enzyme. Suc
pomons are, in the case of ‘the. present inven
" ‘tioni, contained in ampoules. as a.sterile’ solu
5. tion suxtablc for pa.cnterai m;ccnon Each

-the’ cnzymc solution
.is :preferably added to ‘the: swollen DEAT‘-'-:‘
: “mercial product of Akticbolaget Pharmacn,
“7.5. The enzyme is thus adsorbed on the:gel - Uppsala, Sweden; the word SEPHADEX is:
‘and"can be cluted, afier thoroughly w.xshmg-___
. outthe gel, on a filter or withthe aid of-a

-ccntnfugc successively by salt so]utxons of :
';lpH 7.8 and- placed .in a column of 3.2 cm

are -
"1.03'g of cnzyme containing some glycine of
‘the: buffer with 27,800 U= 56% of the initial
_actmty. The . specific activity, refcrted to

- .drying, optionally after" dialysis.. 10 remove
~.. Jow molccular weight imparities, or-precipita- -
tion. with polyethylene glycol. or. acetone; :as

‘Th¢ L-asparaginase umt is deﬁncd in our-;

tions ‘are combmcd Yield:
of . the:!initia _actmty, spcc:ﬁc acnvny' 1200
;--.-.,.;U/mg protcm :

mcd:camcnt in’ dosage unit P
.'-_-_'.form » as used in the ‘present qpccxﬁcmon""

mcreas_

mpoules contams a unit dosé, a:
a-sub—multnplc of a-unit dose of the solu-
Thc followmg Examplcs mus.tratc the
invention. : .
The tcrm “ pyrogen-free uscd in the pre-

ExAMPLE 1

3:'0 g DEAE—dcxtran gel (dicthylaminoethyl

dextran gel=DEAE-SEPHADEX A 50, com-

a_ Registered Trade Mark) are pre-treated in-
usual mannet, cquilibrated with a 0.02 M-
glycine, 0.02 M-ammoniun: formate buffer of

meter, and 90 cm bed height. 500 mg
de L-asparagmase with 100 Ufmg are
issalved in 50 ml .of the abave buffer and
placed on the column. The enzyme is subse-
ently cluted with a linear gradient of 2 -

- M-~-ammonium formate, pH-
: The asparaginase-containing . fractions
‘combined and freeze-dried. = -Yield:

tein,-is 210 U/mg.
. “Pyrogen test on rabbits: 200 U/kg animal
weight were administered to § rabbits. The

.. mean: value of ‘the temperature mcrease was
'0:48°C,

“The. cnidc pyrogen-contammg enzyme, that

_had ' not been -purified as described showed a
-témperature increase of 1.6°C under the same
-condmons. S

- BEXAMPLE 2

70

. sent spccxﬁcmun means that with doscs of .
200 units; per kg bodyweight the mean tem-
- *perature risc of at Jeast three test rabbrts is

'-Icss than: 05°C .

75
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30 g DEAE-dextran gel are pre-treatcd in -

isual ‘manner:and equilibrated with 005 M—
ammonium acetate of pH 7.5 and placed into
olumn of'3.2:cm diameter; bed: height:

95" e 500 - ‘mg  crude 1—asparagmasc with
39.7 U/mg arc dissolved -in” 50. ml.0:05 M-

dmmonium acetate of PH 7.5 and pourcd onto

the - column.  Elution is cffected with a- linear.

gradlcnt of 2 litres 0.05 M-ammonium acetate

of pH 7.5 to 2 litres 1 M-ammonium acctate
5. The- -asparaginase-containing: frac-
18,600 U'— 94/,

'I‘hc crude cn/vmc showcd a tcmpcraturc
. of. 16°C with 200 Ufkg. ammal

For~ companson, a purification . cxpcnmcnt

with dlcthylammocthyl cmlmosc may bc dcs—

ibed
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0.05 M-ar
. which mer.
25  mg/flitre w
troduced i
a diameter
65 cm. 9.4
46 U/mg

60

65 WHAT

: 1..A pie

free L-asj

which -co

containing

70  enzyme ot

eluting. th

- ionie strer

2. The -

.+ is of con¢

75 3. The -
the bufier

4, The -

- the buffo

. ammoniur

80 5. Th

wherein ¢

buffer 15

6. Th

. wherein

85 onto Wil

s dred ¢
Aok I




g 14 The process of any of claxms 10 1

105

$
-= 3 * 3 "l . 3
. 30g DEAE-cellulose were cqu:hbratcd ‘with’ ammonium acctate of pH 75 and pourcd 30
w7 0:05 ' M-amuionium “acctate of ‘pH ‘7:5 and ‘on thc column. Elution was zarried our with -
""'-‘,.‘_,,';placcd into a column. 500 mi crude: L-a: = a lmcar gradient of 10  litres 0.05 M-
. ginase (34 U/mg) were dissolved; 1 amnionium acctate of pH 7. 5-to 10 litres of
of the above buffer, placed on t in; 0.5 M-ammonxum acetate “of pH 7.5. The
and cluted with ‘a lincar: gradncnt of 1 Jitre: asp'lragmasc containing fracnons were com-~ 35
.0.05 M-ammonium acctate of pH.7.5 to 1; ‘bined. .
litre 05 M—ammomum acetate of 'H 75 ' -
; - Yxcld 365 000 U= 81"/:, of the initial
Yield: 14,000 U 82% of thc ac vith' amo‘unt ,
89 U/mg protein.’ s -
' o . Pyrogcn test on rabbits: ‘the mean vahic -

Pyrogen test: .on rabbits: the’ mean valuci_ of ‘the ‘temperature increase was 0.33°C with 40
of the temperatufe increase was 10°C w1th§ 200 Ufkg animal weight.

200 U/kg animal weight. WL - The:crude cnzyme showed a témperature

The crude enzyme. showed a- tcmpcraturc_@ _mcrcasc of 1.8°C under the same conditions.
increase of 1.8°C-under the samt conditions.:

Other experimental conditions also.'did ‘not: - R
result in any furlics femoval of the pyrogens: ~ ... : EXAMPLE 4.

; and this- fact ‘shows clcaﬂy ‘the:: supcnonty-f;_. A"solutlon of 500 mg L-asparaginase with - 45
- of the process -dccording to- the “invention; * ; 39 7:U/mg in 100 mi of a 0.05 M-ammonium
' ST T acetate solution of pH.7.5 is added 1o 10 g
ExaMPLE- 3 - DIZAF-de).tran gel, equilibrated in a 0.05 M-

-490 g DTAE-dcxttan gel were" pr ed: ammomum acetate solunon of pH 7.5. The
in the usual manner and equilibrated - with: mixture is stirred for 15 minutes and then 50
0.05 M-ammomum _acetate- of pH 7.5, “to!. filtered 'off -with suction. The residue is suc-

0 cessively eluted with - buffers of varying ion
" strength (see Table). The portions of L-
i asparaginase eluted at a low jon strength
ntain’ pyrogen, whereas the’ portions eluted 55
J with -stronger buffers are free- from pyrogen. .
46 U/mg were dissolved i 8_80 ml (_). (__)2 The-_ylclds can be seen from the Table.
. _ _ Acuvntmeld Pyrovcmty
Buffer - U - % AT/ammal("C)
. 0.05 M-ammonium acetatc P75, 50100 2 1.1 -
" 0.10 M-ammonium acetate pH:7.5. - 3820 18 12
0.20 ' M-amimonium acetate pH: .. 7850 37 : 0.9 -
0.40 M-ammonium- acetaté pH 7- “4060. 19 03
0.80 M-ammomum acctatc pH 7S 520 2 0.3

. WHAT WE CLAIM IS:— ; _rano of diameter and hclght of the gel

1. A process for the producnon 'of pyrogen-: - column is from 1:3 to 1:30.
frec L-asparaginase ds hercinbefore defined’ 8. ‘The process of claim ‘6 or 7 wherein 90
which comprises” dlssolvmg ‘L-asparaginase’  the ratc of flow of the enzyme solution
containing pyrogens in a bufler, adsorbingthe; :through. the ‘column.is from™2 10 4 ml. per
enzyme on a swollen DEAE-dextran-gel, and: hour- per sq. cm. cross-scction.
cluting the enzymc. with a - solution. of higher' - 9. The process of claim 6,7 or 8 wherein
ionic strcngth than the original buffer. i clution of the enzyme from the column is 95

2. The process - of claim 1 wherein the: buﬁcrg carried.. out by linearly increasing the jonic
is of concentration from 0.02 M 10.0.05-M. concentration’ of the cluting solution.

3. The process of ‘claim 1 or 2 ‘whéréin’ - he process of any of :claims .1 to 5
the buffer is approx1mate1y 002 M b whe ‘the -enzyme is adsorbed on the gel -

r in: by, mixing the enzyme solution with the gel. 100
11.: The. process of clim 10 wherein the '
ammonium. acctate. : . enzyme solution is added. to the gel.
. 5. The process of -any preceding ~ clai The:process of claim 10 or 11 wherein
wherein .2 1 1o 2% solunon of-f' I of th‘"‘ mixwre is adjustcd to about
buffer is used, - 5.

6. The: " process - of any prcccdm & 7130 The. process of clalm 10 11 or 12
wherein the gel'is in the forin of _whcrcm the gel carrying the adsorbcd cazyme
onto which the: buﬂ‘c; contammg' he cnzym¢. - is“scparated from the rcs:du'\l solution by -

2 . filtration. "
110
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30 g DEAE-cellulose were cquilibrated with
0.05 M-ammonium acetate of pH 7.5 and
placed into a column. 500 ml crude L-aspara-
ginase (34 U/mg) were dissolved in 50 ml
of the above buffer, placed on—the~column
and ‘cluted with a lincar gradient of 1 litre
0.05 M-ammonium acctate of pH 7.5 to 1
litre- 0.5 M-ammonium acctatc of pH 7.5.

Yield: 14,000 U=82%, of the activity with

89 U/mg protein.

Pyrogen test on rabbits: the mean value
of the temperature increase was 1.0°C with
200.Uj/kg animal weight.

The crude cnzyme showed a temperature
increase’ of 1.8°C under the same conditions.

Other cxperimental conditions also did not.

rosult in any further removal of the pyrogens
and this fact shows clearly the supcriority
of the proccss according to the invention. -

ExamPLE 3

490 g DEARL-dexiran gel were pre<ureated
in the usual manner and equilibrated with
005 M-ammonium acctate- of pH 7.5, to
which merthiolate at a concentration of 20
mg/litrc was added. The suspension was in-
troduced into a column cooled to 4°C with
a diameter of 20 cm and a bed height of
65 cm. 9.8 g of a crude asparaginase with

46 U/mg were dissolved in 830 ml 0.02 M-

Buffer
0.05 M-ammonium acetate pIl 7.5
0.10 M-ammonium acetate pH 7.5
0.20 M-ammonium acctate pH 7.5
0.40 M-ammonium acetate pH 7.5
0.80 M-ammonium acetate pH 7,5

. WHAT WE CLAIM IS:—

1. A process for the production of pyrogen-
free L-asparaginase as hercinbefore defined
which comprises dissolving L-asparaginase
containing pyrogens in a buffer, adsorbing the
chzyme on a swollen DEAE-dextran gel, and
cluting the enzyme with a solution of higher
ionic strength than the original buffer.

2. The process of claim 1 wherein the bufler
is of concentration from 0.02 M w 0.05 M.

3. The process of claim 1 or 2 wherein
the buffer is approximately 0.02 M.

4. The process of claim 1, 2 or 3 wherein
the buffer comprises ammonium formate or
ammonium acctate.

5. The process of any preceding claim.

wherein 2 1 to 2%, solution of enzyme in
buffer is used.

6. The "process of any preceding claim
wherein the gel is in the form of a column
onto which the buffer containing the enzyme
is pourcd. .

- 7. The process of claim 6 wherein the

S
s Sy g

ratio of diameter and height of the

ammonium acctate o :7.5 and poured
on the column. Elution was carricd out wiih
a linear gradient of 10 lires 0.05 M-
ammonium acctate of pE 7.5 to 10 litres of
0.5 M-ammonium acetate of pH 7.5. The
asparaginasc-containing fractions were com-
bined. . . -

Yicld: 365,000 U=81% of the initial
amount.

Pyrogen test on rabbits: the mean value
of the temperature increase was 0.33°C with
200 U/kg animal weight

The crude enzyme showed a témperature
increase of 1.8°C under the same conditions.

"EXAMPLE 4

A solution of 500 mg L-asparaginase with -

39.7 U/mg in 100 ml of a 0.05 M-ammcnium
acetate solution of pH 7.5 is added to 10 g
DEAE-dextran gel, equilibrated in a 0.05 M-
ammonium acetate solution of pH 7.5. The
mixture is stirred for 15 minutes and then
filtered off with suction. The residue is suc-

cessively eluted with buffers of varying jon

strength (see Table). The portions of L-
asparaginase ecluted at a low ion strength
contain pyrogen, whereas the portions cluted
with stronger buffers are free from pyrogen.
The yields can be seen from the Table. -

ActivityYield Pyrogenity
U % AT /animal (°C)
5010 24 . 11
3820 18 .12
785¢ 37 . 0.9
4060 19 0.3
520 2 03

gel
column is from 1:3 to 1:30. '

8. The process of clim 6 or 7 wherein
the ratc of fiow of the enzyme solution
through the column is from 2 1w 4 ml per
hour per sq. cra. cross-scction,

9. The process of claini 6, 7 or 8 wherein
clution of the cnzyme from the column is
carried out by linearly increasing the jonic
concentration of the cluting solution.

10. The process of any of claims 1 10 §
wherein the enzyme is adsorbed on the gel
by mixing the enzyme solution with the gel.

11. The process of claim 10 wherein the
enzyme solution is added. to the gel. .

12. The process of claim 10 or 11 whercin
the pH of th: mixture is adjusted to about
pH 7.5. . -

13. The process of claim 10, 11 or 12
wherein the gel carrying the adsorbed cazyme

30
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is scparated from the residual solution by

filtration. .
14. The process of any of claims 10 to

110
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13 whk:fcin* the enzyme is cluted from the gel

by contasting the gel successively with -solu-
tions of increasing ionic strength, .

15. The process of any prece ding" claim
wherein the cluted enzyme solutjon is “$i1b-

sequently: frecze-dried,
. 16. Th

- process -of claim 15 whercin low

.nolecular weight. impurities are.rémoved from -

the cluted’ enzyme solution by dialysis before
. freeze-drying. " -

17. “The process of any of claims 1 to 14
wherein' the enzyme is precipitated ‘froin the
solution resulting from elution by the addition
of polyethylene: glycol or acetone,
18. The 'process of any preceding claim
substantially as hereinbefore described in any
of the Examples, = = [
19. Pyrogen-free : L-asparaginase, whéncver

produced by the process of any preceding
claim. : e
20. Pyrogen-free L-asparaginase having a
‘purity of from 180 to 220’ Units/mg (1 min.)
of protein. b )
.21. A pharmacentical composition consist-
ing of a parenterally injectable - solution of
the L-asparaginase of claim 19 or 20,
2. A medicament in dosage unit form con-
sisting of ampoules of a parenterally injectable
solution- of the L-asparaginase of claim 19
or 20, o
For the Applicants, :
CARPMAELS & RANSFORD,
Chartered Patent "Agents,
24 Southampton Buildings,
Chancery Lane,
London, W.C.2,

Printod for' Hor Majesty’s Skationory Office,
Publistied by The Patent Office, 25 Sotitham
o E ..__-_w._hi't_:h copiesm

by the Courier Press, Leamington Spa, 1970.

pton Buildings, London, WC2A 1AY, from
ay be obtained, :
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