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(54) AN IMPROVEMENT IN A PROCESS FOR PURIFYING 
L-ASP ARAGINASE 

(71) We, KYOWA HAKKO KOGYO Co. of the above-mentioned problems concerning 
LTD., a corporation organised under the laws th:: enzymatic sources by de.veloping a method 
of Japan, of 4, Ohtemachi-1-chome> Chiyoda- for cultivating a microorganism belonging to 50 
ku, Tokyo, Japan, do hereby declare the in- the genus Serrat·ia to give 'L-asparaginase 
vention, for which we pray that a patent may British application Serial No. 5928/69 (Serial 
be granted to us, and the method by which No. 1,201,004, filed on Feb. 4, 1969). After 
it is to be performed, to be particularly de- having continued basic research concerning 
scribed in and by the following statement: - purification processes for the L-asparaginase 55 

This invention relates to a process for purl- enzyme, the present inventors have succeeded 
10 fying L-asparaginase. More particularly, it re- in solving the problem of purifying the present 

lates to a process for obtaining an anti-tumour enzyme. It was known that L-asparaginase 
enzymatic preparation of high purity by puri- produced by a microorganism belonging to the 
fying L-asparaginase obtained from, for genus Serratia is extremely unstable in its 60 
instance, cultured cells of an L-asparaginse- partial purification stage and that it lost its 

15 producing strain belonging to the genus activity unexpectedly during the purification 
Serratia. Even more particularly, the inven- procedure, although said L-asparaginase was 

20 

tion relates to a procedure whereby factors ~table by nature in a wide range of pH values 
which inactivate L-asparaginase are diminished and temperatures. Because of this fact, it was 65 
or eliminated. necessary to carry out all of the purification 

L-asparaginase, that is, L-asp<iragiuc-,'.nnide steps very rapidly. Therefore, it was extremely 
hydrolase (the enzyme. number being 3,5,1,1), ditlicult to obtain a high-purity preparation on 
is an enzyme which hydrolyzes L-asparagine an industrial scale. No definite answers, how-
into L-aspartic acid and ammonia. Its distribu- ever, have been given concerning the causes 70 
tion is relatively extensive, but many of the of these phenomena. 

25 details of its properties are yet unknown. In Accordingly, one of the objects of the pre-
rccent years, much attention has been directed sent invention is to provide a process for the 
to this enzyme since it has been found that production of L-asparaginase which overcomes 
r.pecific types thereof, for example, L-aspara- the disadvantages and deficiencies of the prior 75 
giruise contained in the serum of a guinea pig arc methods. 

30 or produced by certain strains of Escherichia Another object of the present invention is 
coli, are remarkably effective against acute to provide a process for producing L-aspara-
leukemia. However, there have been many ginase economically on an industrial scale in 
Clbstacles which prevent a mass production of good yield and with high purity. 
the L-asparaginase enzyme on an industrial A further object of the invention is to pro-

35 scale. Two of the major obstacles are (1) a vide purified enzymatic preparations of L­
poor supply of the enzymatic sources because asparaginase which have a stable anti-tumour 
of the limited number of types of anti-tumour activity. 

80 

enzymes and (2) the difficulties encountered in A still furthcr object of the invention is to 85 
obtaining a preparation that is pure enough provide purified L-asparaginase and a purifica-

40 for pham1aceutical use, which is obtained by tion procedure for obtaining the same. 
purifying the product obtained from said As a result of various studies concerning 
enzymatic sources. These and other difficul- the causes of the above-described loss of 
ties have hindered or blocked the commercial activity, the present inventors have discovered 90 
product of the desired enzymes. Accordingly, that a microorganism belonging to the genus 

45 various solutions to these problems have been Serratia produces in its cells, a relatively 
sought. strong factor which inactivates the L-aspara-

The present inventors previously solved one ginase simultaneously with the production of 
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L-asparaginase. As a result, the desired L­
asparaginasc loses its activity during the course 
of subsequent treatments because these in­
activating factors are extracted together with 

5 the L-asparaginase when the cells are ruptured. 
Thus, unless these factors are removed, it is 
not only impossible to obtain a high purity 
preparation of L-asparaginase in good yield, 
but also a sufficient anti-tumour effect cannot 

10 be obtained with an enzymatic preparation 
containing said inactivating factors even if 
the product containing the inactivating factors 
is purifird. 

As the result of continued studies conccrn-
15 i ng a pmilication proc-~ss for L-asparaginaE.~, 

f'"'-~cl Ol' tl•n ~ro~ ·mcn1 · .. n··.-1 r.ndin"' CO"-
~~~·~ing the. b-~si~ ~;ope~ti~s ·~f ;~id.. i~~ctiv~t-
ing factcrs, it has been found, in accordance 
with the present invention, that L-asparaginase 

20 can be very easily purified by depriving the 
activity of said 1nactivating factors by means 
of denaturation without impairing the activity 
of the L-asparaginasc. Based on this finding, 
the present inventors have succeeded in estab-

2.5 lishfng a novel process for the production of 
highly pure L-asparaginase on an industrial 
scale. 

The process of the invention comprises puri­
fying L-asparaginase obtained from, for ex-

30 ample, cells of a strain belonging to the genus 
Serra1tia by heating a crude enzymatic aqueous 
solution thereof under suitable conditions at 
an appropriate step during the purification 
procedure, desirably at as early a step as 

possible,. The heating step denatures the L- 35 
asparagmase-inactivating factors thermally, 
with rhe result that a loss of the desired 
L-asparaginase activity during the subsequent 
purification steps can be prevented. 

It is known that pr01:eins as well as enzymes '10 
ar·:! ordinarily denatured by heating and that 
their biochemical activities are thereby 
changed. However, the conditions of thermal 
dcnaturntion and the changes in the biochemi-
cal activities caused by denaturation are ex- 45 
tremcly varied, depending on the particular 
type 0f protein. Many new understandings 
concerning the effect of heating on L-aspara­
ginase and the inactivating factors thereof have 
resulted from the research in connection with 50 
the present invention. For example, the pre-
sent inventors have found that the inactivating 
factcrs quickly lose their activity irreversibly 
at a temperature of 60°C. or higher and, with 
heating for five minutes or longer, entirely lose 55 
their ability to destroy L-asparaginase, while 
the L-asparaginase remains stable under the 
temperature condition of 70°C. Furthermore, 
it has been found that the stability of L­
asparag'inasc against heat is increased in the 60 
presence of its substrate, L-asparagine, and 
that this aciivity is retained even after a heat-
ing treatment for thirty minutes at 70°C., 
while the inactivating factors are not affected 
at all by L-asparagine. 65 

The difference in the thermal stability of 
L-asparaginase and the inactivating factors 
thereof are shown in Table 1. 

TABLE l 

Rate of Retained L-Asparaginase Activity ('~..;)) 
-

Heating Time (minutes) 

5 30 60 
Heating 

I 
·-

I 

Temperature Substrate Substrate Substrate Substrate Substrate Substrate 
(°C) not added added not added added not added added 

Not treated 0 0 r.: 0 0 0 

55 3 20 32 6 10 

I 60 88 100 92 110 99 I 99 
I 

65 90 95 85 110 88 89 

70 80 105 64 95 44 80 

80 I 5 20 I 5 20 11 IO 

70 Table 1 shows experiments wherein a crude 
aqueous solution of L-asparaginase containing 
inactivating factors of pH 8.5 was subjected 
to a processing at a temperature and for a 

period of time as specified in the Table with 
or without the addition of the substrate in a 75 
concentration of 10-2M. Thereafter, the liquid 
was adjusted to a pH value of 5.5, which is 
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the optimum pH for the actlVlty of the in­
activating factors, and was allowed to react 
for two hours at a temperature of 37°C. The 
L-asparaginase activity of the thus-obtained 

- 5 reaction mixture was measured. Table 1 shows 
the survival rate (%) of the L-asparaginase 
activity of the resultant reaction liquid, based 
on an L-asparaginase activity of the original 
sample liquid as being 100. 

10 As can be seen from Table 1, the inactivat-
ing factors survived heating for 60 minutes 
when heated at a temperature of 55°C. or 
lower and destroyed the L-asparaginase ahnost 
completely in a two hour long reaction at pH 

15 5.5 and at 37°C., similarly as in the case 
when the sample was not treated. In contrast 
to this, when heated at a temperature of from 
60° to 70°C., even a five minute long heating 
treatment caused a sufficient loss of the effec-

20 tiveness of the inactivating factors so as to 
almost completely succeed in preventing a loss 
of L-asparaginase activity from occurring in 
the subsequent reactions. When heated at a 
temperature of 80°C. or higher, a consider-

25 able loss of activity of the L-asparaginase itself 
because of denaturation by heat was also noted. 
The addition of the substrate, L-asparagine, 
helped to diminish the thermal loss of L­
asparaginase activity and made it easier to 

30 achieve the objective of a selective destruction 
or inactivation of the inactivating factors by 
widening the difference in thermal stability 
between the L-asparaginasc and the inactivat­
ing factors. 

35 In accordance with the invention, it is 
possible to diminish or destroy the effective­
ness of the inactivating factors selectively, as 
described above, by heating an enzymatic 
aqueous solution at a temperature of 60°C. or 

40 higher, preferably 60-70°C., in the presence 
or in the absence of the substrate, L-aspara­
gine. From 5 to 30 minutes are sufficient for 
said heating treatment. Heating for too long 
a period of time is not desirable in view of 

45 the denaturation of L-asparaginase. The pH 
of the solution during the heating treatment 
should preferably range from 8.5 to 11. 
L..:asparaginase is the most stable and the in­
activating factors lose their activity completely 

50 in this range of pH. When L-asparagine is 
added to the solution, better results can be 
obtained. The L-asparagine is preferably added 
in a concentration of 10-2 M-lo-4 M. The 
procedure of the present invention is prefer-

55 ably used during the early stages of a puri­
fication processing, such as with the crude 
enzymatic extract. However, it can also be 
used with a high purity preparation with a 
sufficient effect. 

60 The enzymatic purity of a preparation 
obtained by completely destroying the effect 
of the inactivating factor~ in accordance with 
the invention can he easily raised by various 
methods ordinarily employed in the art for 

65 obtaining pure enzymatic preparations, such 

as, for example, ion exchange chromatography 
or other means of chromatography using ad­
sorbing agents. Thus, a preparation useful as 
a pharmaceutical can be obtained readily in 
good yield. 

Insofar as the composition of the fermenta­
tion medium and the culturing method used 
is concerned, conventional procedures used in 
fermentaticn methods are employed in obtain­
ing the L-asparaginase-containing cells. Thus, 
either a synthetic culture medium or a natural 
nutrient medium is suitable for cultivation of 
the strains employed in the present invention 
as long as it contains the essential nutrients for 
the growth of the strain enlployed. Such 
nutrients are well known in the art and 
include substances such as a carbon source, 
a nitrogen source, inorganic compounds and 
rhe like which are utilized by the micro­
organism employed in appropriate amounts. 
Thus, as a carbon ~curce, .1hcre may be men­
tioned, by way of example, carbohydrates such 
as glucose, fructose, maltose, sucrose, starch, 
starch hydrolysate or molasses, or any other 
suitable carbon source such as organic acids, 
for example, acetic acid or lactic acid. These 
substances may be used either singly or in 
mixtures of two or more. As a nitrogen source, 
various kinds of inorganic or organic salts or 
compounds, such as urea, liquid ammonia or 
ammonium salts such as ammonium chloride, 
ammonium sulfate, ammonium nitrate, am­
monium acetate or ammonium phosphate, or 
natural substances containing nitrogen, such 
as cornsteep liquor, yeast extract, meat ex­
tract, peptone, fish meal, bouillon, casein 
hydrolysates, casamino acid, fish solubles or 
rice bran extract may be employed. Again, 
these substances may be used either singly or 
in combinations of two or more. Inorganic 
compounds which may be aided to the cul­
ture medium include magnesium sulfate, 
sodium phosphate, potassium dihydrogen 
phosphate, potassium monohydrogen phos­
phate, iron sulfate, manganese chloride, cal­
cium chloride, sodium chloride or zinc sulfate. 

The fennentation or culturing of the micro­
organisms is conducted under aerobic condi­
tions, such as aerobic shaking of the culture 
or with stirring and aeration of a submerged 
culture, at a temperature of, for example, 20 
to 40°C. and at a pH of, for example, 6 to 
8. After 10 to 72 hours of culturing under 
these conditions, L-asparaginase-containing 
cells are found to be accumulated in the re­
sultant culture liquor. 

After the completion of culturing, the cells 
can be disrupted in a conventional manner and 
a crude enzymatic extract liquid collected 
therefrom. Further treatment is then carried 
out in accordance with the present inven­
tion. 

The following example is given merely as 
illustrative of the present invention and is not 
to be considered as limiting. Unless otherwise 
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noted, the percentages therein and throughout 
the application are by weight per 100 ml of 
water. 

EXAMPLE 
5 Serracia marcescens ATCC 60 is cultivated 

in an aqueous nutrient medium, and the thus­
obtained cells are suspended in a 0.01 M 
tris (hydroxymethyl) runinomethane-hydro­
chloric acid buffer solution of pH 8.5. The 

10 cells are ruptured by treating the solution for 
10 minutes by means of a sonic wave genera­
tor of 10 Kc. The resultant liquid is subjected 
to centrifugal separation, and the supernatant 
liquid is collected, whereby a crude enzymatic 

15 liquid having an L-asparaginase activity of 0.1 
unit of specific activity is obtained. (The unit 
:if specific activily is an ;mernational Pnit in­
dicating the activity of an enzyme by the 
number ?f fl moles of . substrate d~c.omposed 

20 by reaction for enc m:nt.tc, and tms rep:·c­
sentation of the specific activity is used 
throughout the present application). 

L-asparagine is added to the crude 
enzymatic extract in a concentration of 

25 10-2 M. Thereafter, the extract is heated for 
30 minutes at a temperature of 60°C. The 
resulting precipitates are removed by centri­
fugation, whereby a crude enzymatic liquid 
having a specific activity of 0.4 is obtained. 

30 No loss of L-asparaginase activity because 
of L-asparaginase-inactivating factors could be 
found in the resultant crude enzymatic liquid. 
The proteins precipitated by the addition of 
sodium sulfate in a concentration range of 0.3 

35 to 0.7 of saturation are recovered by centri­
fugal separation. Thereafter, these proteins are 
again dissolved in a tris(hydroxymethyl) 
aminomethane hydrochloric acid buffer solu­
tion. After subjecting this solution to dialysis, 

40 the resultant liquid is subjected to chromato­
graphy with diethylaminoethylceliulose and 
chromatography with Biogel D-200, whereby 
a purified L-asparaginase preparation having 
a specific actvity of 110 is obtained in a 30% 

45 yield. This preparation demonstrated an anti­
tumour activity which completely cured an 
experimental leukemia in a mouse with a 
dosage of several ,u.g. 

The invention being thus described, it will 
50 be obvious that the same m1y be varied in 

many ways. 
WHAT WE CLAIM IS: -
1. In a process for purifying L-asparaginase 

obtained from the cultured cells of an L-
55 asparaginase-producing microorganism belong­

ing to the genus S erratia., the improvement 
which comprises the step of heating the en­
zymatic liquid obtained from the culturing 
of said cells to a temperature of at least 60°C., 

60 thereby rendering ineffective the L-aspara­
ginase-inactivating factors without substan-

tially diminishing the enzymatic activity of the 
L-asparaginase. 

2. The process of claim 1, wherein the 
temperature of heating is 60° to 80°C. 65 

3. The process of claim 1, wherein the 
temperature of heating is 60° to 70°C. 

4. The process of claim 1, wherein L­
asparagine is added to said liquid. 

5. 111e process of claim 1, wherein said 70 
microorganism is Serratia mal'cescens. 

6. The process of claim 1, wherein said 
heating step is conducted at an early stage 
during the purification procedure .. 

7. The process of claim 1, wherein said 75 
heating step is conducted with an L-aspara­
ginase preparation which has been at least 
partially purified. 

8. A process for producing a purified L­
asparaginase preparation having a stable anti- 80 
tumour activity which comprises culturing an 
L-asparaginase-producing microorganism be­
longing to the genus Sermtia under aerobic 
conditions in an aqueous nutrient medium, re­
covering a crude enzyme-containing liquid 
from the resultant •culture liquor, adding L- 85 
asparngine to the liquid heating the liquid at 
a temperature of 60° to 80°C. for a time 
sufficient to render the L-asparaginase-in­
activating factors ineffective, and recovering 
L-asparaginasc therefrom. . 90 

9. The process of claim 8, wherein the 
resultant L~asparaginase is furthL~r purified to 
obtain a highiy pure L-asparaginase prepara­
tion. 

10. The process of claim 8, wherein the 95 
temperature of heating is 60° to 70°C. 

11. The process of claim 8, wherein 10--2 

to 10-·• mole per liter of L-asparagine is 
added to said liquid. 

12. The process of claim 8, wherein the l.00 
heating is carried out for 5 to 30 minutes. 

13. The process of claim 8, wherein the 
pH of the liquid during the heating step is 
mainraincl at 8.5 to 11. 

14. The process of claim 8, wherein said 105 
microorganism is Serratia marcescens. 

15. The process of claim 8, wherein said 
microorganism is Serratia marcescen:s ATCC 
60. 

16. An L-asparaginasc preparation produced 110 
by the ;:;irocess of claim 9 and having a specific 
activity of at least 110. 

17. Proces of producing an L-asparaginase 
preparation substantially as described in the 
foregoing Example. 115 

For the Applicants, 
CARPMAELS & RANSFORD, 

Chartered Patent Agents, 
24 Southampton Buildings, 

Chancery Lane, W.C.2. 

Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1971. 
l'ublished by the Patent Office, 25 Southampton Buildings, London, WC2A lAY, from 

which copies may be obtained. 
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noted, the percentages therein and throughout 
the application are by weight per 100 ml of 
water. 

EXAMPLE 
5 Serratia marcescens ATCC 60 is cultivated 

in an aqueous nutrient medium, and the thus­
obtained cells are suspended in a 0.01 M 
tris (hydroxymethyl) aminomethane-hydro­
chlodc acid buffer solution of pH 8 .5. The 

10 cells are. ruptured by treating the solution for 
10 minutes by means of a sonic wave genera­
tor of 10 Kc. The resultant liquid is subjected 
to centrifugal separation, and the supernatant 
liquid is collected, whereby a crude enzymatic 

15 liquid having an L-asparaginase activity of 0.1 
unit of specific activity is obtained. (The unit 
;if specific activity is an ;nternational unit in­
dicating the activity of an enzyme by the 
number of ,u. moles of substrate decomposed 

20 by reaction for cne minute, ar:d this repre­
sentation of the specific activity is used 
throughout the present application). 

L-asparagine is added to the crude 
enzymatic extract in a concentration of 

25 10-2 M. Thereafter, the extract is heated for 
30 minutes at a temperature of 60°C. The 
resulting precipitates are removed by centri­
fugation, whereby a crude enzymatic liquid 
having a specific activity of 0.4 is obtained. 

30 No loss of L-asparaginase activity be.cause 
of L-asparaginase-inactivating factors could be 
found in the resultant crude enzymatic liquid. 
The proteins precipitated by the addition of 
sodium sulfate in a concentration range of 0.3 

35 to 0.7 of saturation are recovered by centri­
fugal separation. Thereafter, these proteins are 
again dissolved in a tris(hydroxymethyl) 
aminomethane hydrochloric acid buffer solu­
tion .. After subjecting this solution to dialysis, 

40 the resultant liquid is subjected to chromato­
graphy with diethylaminoethykellulose and 
chromatography with Biogel D-200, whereby 
a purified L-asparaginase preparation having 
a specific actvity of 110 is obtained in a 30% 

45 yield. This -preparation demonstrated an anti­
tumour activity which completely cured an 
experimental leukemia in a mouse with a 
dosage of several p.g. 

The invention being thus described, it will 
50 be obvious that the same may be varied in 

many ways. 
WHAT WE CLAIM IS: -
1. In a process for purifying L-asparaginase 

obtained from the cultured cells of an L-
55 asparaginase-producing microorganism belong­

ing to the genus Serratia, the improvement 
which comprises the step of heating the en­
zymatic liquid obtained from the culturing 
of said cells to a temperature of at least 60°C., 

60 thereby rendering ineffective the L-aspara­
ginase-inactivating factors without substan-

tially diminishing the enzymatic activity of the 
L-asparaginase. 

2. The process of claim 1, wherein the 
temperature of heating is 60° to 80°C. 6S ( . 

3. The process of claim 1, wherein the _)._ 
temperature of heating is 60° to 70°C. 

4. The process of claim 1, wherein L­
asparagine is added to said liquid. 

5. The process of claim 1, wherein said 70 
microorganism is Serratia marcescens. 

6. The process of claim 1, wherein said 
heating step is conducted at an early stage 
during the purification procedure. 

7. The process of claim 1, wherein said 75 
heating step is conducted with an L-aspara­
ginase preparation which has been at least 
partially purified. 

8. A process for producing. a purified L­
asparaginase preparation having a stable anti- 80 
tumour activity which comprises culturing an 
L-asparaginase-producing microorganism be-· 
longing to. the genus Sei-ratia under aerobic 
conditions in an aqueous nutrient medium, re­
cover:ng a crude enzyme-containing liquid 
from the resultant culture liquor, adding L- 85 
asparagine to the liquid heating the liquid at 
a temperature of 60° to 80°C. for a time 
sufficient to render the L-asparaginase-in­
activating factors ineffective, and recovering 
L-asparaginase therefrom. 90 

9. The process of claim 8, wherein the 
resultant L ... asparaginase is further purified to 
obtain a highiy pure L-asparaginase prepara­
tion. 

10. The. process of claim 8, wherein the 95 
temperature of heating is 60° to 70°C. 

11. The process of claim 8, wherein 10-2 

to 10-·1 mole per liter of L-asparagine is 
added to said liquid. 

12. The process of claim 8, wherein the 100 
heating is carried out for 5 to 30 minutes. 

13. The process of claim 8, wherein the 
pH of the liquid during the heating step is 
maintainel at 8.5 to 11. 

14. The process of claim 8, wherein said 105 
microorganism is Serratia marcescens. 

15. The process of claim 8, wherein said 
microorganism is S erratia mtrrcescens ATCC 
60. 

16. An L-asparaginase preparation produced 110 
by the process of claim 9 and having a specific 
activity of at least 110. 

17. Proces of producing an L-asparaginase 
preparation substantially as described in the 
foregoing Example. 115 

For the Applicants, 
CARPMAELS & RANSFORD, 

Chartered Patent Agents, 
24 Southampton Buildings, 

Chancery Lane, W.C.2. 

Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1971. 
Published by the Patent Office, 25 Southampton Buildings, London, WC2A IA Y, from 

which copies may be obtained. 
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