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(54) :E:t'lZYME ·PURIFICATION 
(71) We, . FARJ,lENFABRl~N :BAYER AKTIENGE&ELLSCHAFT, a body 'corporate organised under the laws: of Ger1nany, of.509 Lcvcrkuscn .. Baycrwerk, Germany,::.do hereby· 5 · 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 dcs:.ribed in and by the fol.J0wing statement: - . . 10 The present invention relates to a. process for the production· of · py~ogen-frce · L .. aspai;a.;. ginasc. . . . . · . . . . Our copendmg Patent Apphca.t1on No. 61394/68 (Serial No. 1212136) disdoses prQ-·lS cesses for the bacterial production of L.;,asp~ra­ginase and. for its purification to a: ·high ~tate of purity. Although the L-asparag~n.asc pro,.. duced by this,. process is very .pure .· by · the standards of .the .prior arr, it nfay , coritain ~ pyrogens which may inhibit its clinical .use. . The present- invention relates to a process for the removal of pyrc;igcns -in L-aspai,-aginase. · ·Although .. the process describe& herein' is primarily intended fpr·use with.L-aspa~agi~ase 2S produced according. to the proce~s descr1?.~d m our above menuoned copcndmg:·.applica .. · tion, we regard it as applicable to· I::.-aspara­ginase produced by any method or J,rom :any source. · :· 30 The pyrogcns in ... L-aspai."a.ginase,. prepare~ from bacterial cells may be carried over from those cells .. Impurities having. a .pyro~diic action ·may also · get into the L-asparagina~e ·,· · prcparatiOn during the isolation and :purifi<:;t .. . 35·; tion of the enzyme; .Jn ·spite of iriany Cih ·. · · dcavours, L-asparaginasc free of pyrc;>gchs has . ·not yet b~cn obtained from bacterial sources; .. unfortunately these· sources arc the· in:o~r ·pro'.": · ·· .. · rnising for' t!ie .production of L-asp:l.ragin:(sc· ·· f() ·on an industrial scale. The co~ventionar ·methods for removing. pyrogcns, such, as :liF . . . .···: . -::: . .. [Price Ss. O~. (2Sp)J 

.· .. 
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tration over clarifying layers, and ·adsorption on hydroxyl apatite, aluminium hydroxide, silicates and synthetic resins did nor succeed. Even chromatogl'.aphy on dextran gels with- 4S out ionized groups· or on dierhyla~iilocthyl cellulose was ineffective. 
The present inventian provides a process for the production of pyrogen-free L-aspara .. ginase which comprises dissolving L--aspara:.. 50 · ginase containing pyrogens in a buffer :rdsorb­ing the enzyme on a swollen DEAF...-dexrran gel, and eluting. the .enzyme with a solution. ·Of higher ionic Strength than · the original buffer. 

55 The. buff er used as solvent for the enzyme is pr~ferablv of low ionic strength i.e. 0.02 to 0.05M. The dexrran gel is prefcrablv pre­viously 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 mav be packed into a column onto which the buffer. containing the enzyme is poured. The enzyme is adsorbed on the 65 gel and. is later eluted with a solution of higher ionic strength. ~econdlv, a batch pro-cess may be operated . in· which the em:vme solution is mixed with ;the dcxtran get When the enzyme is adsorbed, the gel is separated 70 from the residual soltitidil and the enzyine eluted \Vith a ·solution of hij?;her ionic strength. When the column method is u~ed, the crude enzyme preparation .is nrcferablv dis­solved in an about 0.02: M-hu.ffer. The buffer .. 75 is preferably ammonium ·acetate or formate and preferably has a neutral or weakly alkalinr"! pH of 7 to SS. The·: c<inccnt:ration of the solution formed should not he too high. Pre­ferably l to . 2% solutioµs of the enzyme are SO used. 
After the dextran gel is swollen it is put 
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·4',.<' in chromatogf:-ipohy columns, the raiio-.of_ tl1e {ampoules-contains a un'it dose;-Af;'~:- multiple 
- -' diaiµcter . :ipd, Jbcd height being prcfcfabl}':/-_' or>a sub-multiple of a -unit dose of the solu· 

~ -l: 3 to, k30. The enzyme solution is p_ourcd-_ _tiori; -· - - -
.· ·. .~'l/:thc -column, the . rate of flow prcfcra91y-· . The (~ilbwing Examples iilus~ate the 
5 \~-iounting to 2 to 4 ml . pei; hour pc{ cm2 ~ i_nvcrition; - 70 · 
·· -cross-section - of the column. The eluifon ;is The term_" pyrogcn-frec" used in the pre-

. _carried out while increasing. the .salt content, sent !ip\:cification means that wi_th doses of 
-preferably with a linear gradient;" however;_ 200 1mits_ per kg bodyweight the mean tem-
· it ·is also possible Jo iricrease.-tbe·conccritra~O:'.:per?-ture _ri5e of at least three test rabbits fa 

10 tion of- die e1uant stcpwi_se; Th~'. enzyme )s - lc~s than- _OS0 G. . - 75-
clutcd _by acetate ions 4f concentratfon 'of-
·0;08 M and-1pore. _ . . _ - . ExAMPLE 1 

Jn the . .-batch proccss{thc: cri~yn:1e· solutiO~ _ · - 3!) g DEAE-dextran gef (diethyJ~minoethyl 
:- __ is :preferably added to the_ swollen DI!AE-_ -~extran gcl=DEAE-SEPI-IADEX A 5_o, com­

. ·.· IS dcxtran gel, and the pl-I_ adjusted to about mercial product of Akticbolaget Pharmacia, 
-' ~- _ __ 1.5_. The· enzyme is thus_ adso_rbcd on t_hej;cl J:Jppsala, Sweden; the word SEPHADEX is 80 < ---and· can be eluted, after thoroughly washing __ a R¢gistered Trade Mark) are pre-treated in-
- --. out-'the gel, on a filter or with:-the aid of a_ usual manner; equilibrated with a 0.02 M-

.. - -centrifuge successively ;by- .saJt solutfons. ~of : glyc~ne, 0.02 M-ammonium formate-buffer of 
· .. 2() increasing ionic, strength. In comparison \vith :~ pI-I-:7.8 and- placed. in a column of 3.2 cm 

_ the· -Column mcth~d, the aqvantage: of thiS •• ::·diameter, and 9_0 cm bed height SOO mg 85 
-merhod is that it is p9ss_iblc to work with· ~crllde kasparaginase with JOO U/mg are 
latgcf quantities. The disadvantage cons-ists i4 - : di~solved in 50 inl .of the abav_e buffer and 
the lesser possibility of exactly · scpara~ing -pla-ccd on the column. The enzyme_ is- s\1bse-

-', 2S .acc<)mpanying substances ,arid• in- the larg~( . q\.lently eluted with a linear gradient {?f 2 
amount of liquid required for t.he elution.:: .:--. Jities of the buffer to 2 litres ·o.()2 M- 90 
- ISolation of L-asparagin~sc . iil·- solid Jorrri: ., l~lyc;fne, - l · M-ammonium formate, pH 

''._ , fro~ the solution can be ca.rried out accord~:• 75. : The asparaginasc-containing _fractions '.' 
ing (o any available method, such: as freeze.,. a~e -· combined and freeze-dried. ' -Yield: 

30 drying, optionally after di9Jysjs __ to remove · - 1.03 ·g of enzyme containing some glycine of 
fow molecular weight imi-;JritiCs, or w·ecipica:~ · th<i)iuffer with- 27,800 U = 56% of_ the initial 95 

- tion -with polyethylene glycol or. aceto11e·; .. ,a~:- ac~ivity. The -specific activity, referred to 
- - c{escr~be~ in our threl! copcnding . :E>~terit -protein, is 210 u /mg. . -

Apphcauons Nos. 61-394/68'~ 21_69/69 aµd _: -, <Pyrogcn test on rabbits: 200 U /kg animal 
<~S- 2170/69 (Seri~l Nos. 121213'6, 1212138 and,: -weigh~ were ad1ninistered 'to 5 rabbits. The 

1212139). - -- - -- _ Jllcfan: value of the temperature increase was 100 
_ _ > Aceording to the process of tl1e invention QA8°C, - _ - . 

t~cr~)1re obtained, starting from j>r~aration$. - Tl1e _ cruc;le -pyrogen-containing enzyme, that 
~o-· with ~bout 20 to 100 or moi:'e U/rrig, plire. -_ had riot beeiJ --purified as described showed a 
.. -preparations with 180 to_ 220 or more U/' temperature increase of l.6°C under the same 

mg protein which arc pyrogen-frce as herein-_-_ conditions. - 105 
after defined. . ·· - _-. ' - - - EXAMPLE 2 -_ 

·< ;J'h~ L-asparaginase unit is defined in _oux: _ - 30-·g DEAS.dextran gel are pre-treated in 
: _ copcriding Patent Applic~tfon _ l'fo. 61394/. usilal _·lnanncr,<and equilibrated with 0~05 M-
4~ - 6~; :'.fhro1;1g~' the . present -SpeSi~catioµ _ ·~) .'. _a,m.m~~ium a~c~at~ of pJ:I 7.5 and Placcq· into 

mmute '?nus • arc used .. ••·- : .:. _ • , ·- - · --a colpmn of 3.~ cm diameter; bed :J1e1ght: 110 
_The· mvenuoi:i also- -.ptc)'v14es ,a,s._ a _'1ew . 95 cm. -5.00-mg _- civcle 1.-aspai:aginase with 

: < pl1armaceutical composition; pyfogen-free I.;.;._ - _39,7 U/mg arc dissolved in s·a, mL0;05 M-
;.:< ~spata~ina~e produced ·by th~: pr~~ss '?~.t11~c: __ ~n#ho~ium acciat~_of.pff7S and' ~oy-te·d.onto 
•v.,>:mvenuon m the form of a-:parenterally m1ect,;. - the column .. Elution is effected with a- lmear 

_:: able solution. _ · _ _ · : •;gradient_Of 2 ·lit.res 0.05 .M-ammoniwn 'acetate 115 
The. invention further provides a n:iedica- -'.'of pH !7.5 to- 2 litres 1 M-a-mmonium acetate 

. mcnt in 'dosage unit form co~1prising_ pyrogen--_ of/pI-I/7.5. '.flle·asparaginasc-containina· frac-
_free 'L:aspar~gina.se produced by-~he __ process.->:-tioI)s: ri.fy .cp111l)in~d; Yield: .18,60~ U" 94°/.-, 

.~; -?f. the mvcntio~, m t!JC form o_f ;a parcntcralty · of the:: mmaJ• act1V1ty; specific activity: 200 · 
_.;,m1cctab.lc solution ~hspenseci m :_impoules .. :-· o U/mg~:protc111;:, · 120 
- : -Th~ -term " ~edicament in dosa~c ~ni~ , ·!\yro~~-n. tc:;~ __ ' cm! rabbits: with 300- U /kg 
. • ;form· :- as us7d m. the pre.se_nt spec~fi:anon_ • anu~~L:'~e1ght ~he incan value of the tempera-
;.· -means -a medicament as d~fined above m ·the : turc. increase was 0.4°C. - · 
- -·forjn or discrete por~ions :ea<;h con~ai?iilg:. a-':-<: Thc;!cntdc;-·entvme. showed a temperature_ 

· .un1t-;dosc, or a mulnple or: sut>-n:iuinpfe -_of, .;.1I1c;easc, of l~6°C wnh -200 U /kg animal 1.25 
-a umt dose of the pyrogen-free'enzyme. Su~h_: ,,_werttht.; _ . - -

--_ .~or~o_n~·-a17, in .the case <ifthe:pr_cs~~.t invcn;.::: :- ':~For .~ompari~~n, a purifica\ion expcriro~nt 
.,. _ :t!on_, co!1tamcd m ampoulc.s_-Jl~ ~ :st~rilc -~olu-.:-;'\''.th d1Tt~ylamm_octhyl cellulose may be des-
•-- Jton suitable for parenteral imccuon. Each _ cribed :: ; - · -
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30 g DEN~ 

0.05 M-ami -. 
placed int9 
ginase (34 
of the abo\ 
and eluted 
0.05 M-am: · 
litre 0.5 M 

Yield: 14,C-
l() 89_ U/mg r 

Pyrogcn . 
of the tcm; -

- 200 U/kg . 
The cruc 

_ IS iDcrease of 

2Q 

Other ex. 
result in an 
and this f 
of-the proc _ 

490 g D 
in the usu 
0.05 M-ar. 

_which ·mer 
-25 mg/litre w 

troduccd ii 
a diameter 
65 cm. 9.: 
46U/mg -

'60 \ 

65_ WHAT 
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free L-asj 
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-ionic strer. 

2. The -
is of cone 
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4. The 
the bul'fc: 
ammoniur 
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3o;g DEAE"-cellulose were equilibrated ·with. ammonium acetate of pH 7.5 and poured 30 
_· :.· 0;0.5' M.::anin1onim:p ~acetate of · pij: · 75 and on the column. Elution was carried out with 

·· ;·,_·._ :placed into a column. 500 ml cn1de:<l:,...:aspara:-~ a· linea'r gradient of 10 iitres 0.05 M­
,·~:. ginase (34 U/mg) were dissolvcd;fr1 .?':D·~t airurionium acetate of pH 7.~ to 10 litres of 
· , S of the above bufXer, pl~ced · on the cqlun1n.; OS · M-am~onium acetate ·of pH 7.5. The 

' . and eluted with :a linear·: 'gradie1it of 1' ljtre: as.pii:faginase-containing fractions were com- 35 
0.05 M-:-ainmonium aFetatc of pH ,--7.5 to J: biilcd.· · · . · .. · 
litre 0.5 M..:ammonim;n .. acetate "of PH . 7;~. · . . ·· .. 

· ··· Yield: · 3()~;000 U=81% ·of the initial 
Yiel&: ·14,ooo· U=$2% of the. ~-~i:(vhy·.whh; ·amount. 

10 89 U/ing ·protein; · · ·. ;:. · · · .. 
Pyrogen test. on rabbits: ·the mean value 

Pyrogen test on rabbits: the ~can: value' 
of the temperature increase was L0°C, ,~ith: 

of 'th~.tempcrature increase w.as 0.33°C with 40 
200 · U /kg animal weight. ·. 

· 200 U /kg animal w~ight. ' :· :· . . . · . · 
The crude enzyme· ·showed a· ·temperature: 

·• ·. 15 increase of 1;8QG:undcr-'the sa1ifo conditiOiis .. 

The·; crude enzyme showed a temperature 
increase of l.8°C under the same conditions. 

<: 20 

60 

' ·. ' EXAMPLE 4' 
Other cxperimci1taf c::onditions alse>,: did not: 

result in any fui:-~h~r tc:moyal of the pyrogcn$; 
and this·· fact .shows dcady· ·the\ superioricy: 
of the process . ~ccordiilg ·to· the _inventiOI1;: 

:··. ~ . 

A<solution of. 500 mg L-asparaginase with 45 
39,7:.U/mg ip 100 mi of a 0.05 M-ammcnium 
acetate:sohition of pH 7.5 is' added to 10 g 

EXAMPLE· 3 ... · .. · . DEAE:.qextrari gei, equilibrat¢4 in a 0.05 M-
. 490 g DEAE-~extran gel were pre.-'•t:rcatcd: ammonium acetate solution 'of pH 7.5. The 
in the usual manner and equilibrated '.with: mixture is . stirred for 15 minutes and then 50 
0.05 M-ammonhl.m acetate· of pff.:7.5;.;fo• filtered"'off with suction. The residue is suc­
which mcrthiolate a.t a cqni:cntratio'n<of'20 · · ccssively eluted with buffers of varying ion 
mg/litre was added.'. The -suspensio~ :Was in:.·, strength (see Table). The portions of L­
troduced ·into a: coli]~n c.ooled te>,,:4:~C·'with isparagina.se eluted at a low fon strength 
a diameter Of 2G 'cili and a be.d' height pf' COntaifi;'. pyrogen, whereas the: portiOl.lS eluted 5S 
65 cm. 9.8 g of a crude asparaginasc·· ~.ithi Y/ith :sti:onger buffers are free· from pyrogen. 
46 U/mg were dissolved iri 8.so .. ml,0~02 '.t\.:1,-: Tp.e )~~Jds can be seen from the Table. · 

'. 
··Act~vityYieid 

Buffer U: . oln 
0.05 M-ammonium acc~ate.·p~l7;5 5010.. 24 
0.10 M-ainmoil.iwn accfatc pl-I 75i 3820 .. · 18 
0.20 :M-airimonium aceta,tc pl-L7Si .••. 7850 37 
0.40 M-ainmonium acetate pH :75' · 4060. 19 
0.80 M-a.inmonium acetate'. pl-I.7;5 · 520 2 

·'.:". ·.·. . 
. . -;' 

Pyrogenity · 
AT/animal(0 C) 

1.1 
1.2 
0.9 
0.3 
0.3 

WHAT WE CLA.IM)S:- .· •• :. ',. ,.:. ·' ratio of diameter and height of the gel 
1. A process for the 'production 'of pyrogcn~: · column is from 1: 3 to 1: 30; 

free L-asparaginase ··as Jtcreinbc;forc . defin~d: . 8. The process of claim :6 or 7 wherein 90 
which comprises' dissolving· L:.asparagina·sc·: the rate of flow of the ¢nzyme solution 
coinaining'.pyrogcns in a buffer, ridsorbing-.i~c, through the ·column.is from·2 to 4 ml-. per 
enzyme oh a S\vollen'DEAE-'c(c~tran'gcl, rind: hotir·j,cr sq. cm. cross-scctio·n. 
eluting the enzyme. with a sofotion. of bigh¢r' 9. The process ·of claim· 6/7 or 8 wherein 
ionic strength than the original bllff er. _ .· ( • elutiQn of _the enzyme front the column is 95 

2. The proc~ss Qf claim l wherein thcJ>uffer[ carried. out by Jine.arly increa-sing the .ionic 
is of conccntratfon from 0.02. M to 0.05 · M. · con.c¢ritiatiqn of the eluting . solution. 

3. The process .of daim 1 or 2. whereil1 · ·. W.·•·:· '.:Q1e . process of any . of•• claims 1. to 5 
the buffer is approximately 0.02 M.. ..· . . whe*cin the enzyme is adsorbed on the gel 

4. The process.:of daim 1, 2 o(l wherein: 'by :mixing t~c enzyme solution with the gel. 
the buff er comprises ·ammoniuni f<>.n:na:i:~; :o( · : · 1J< ~fhe, process of claim 10 wherein the 
ammonium~ acetate. · · '\' . .·. ,' . · enzyiile solution is added. to the gel. 

5. The pro¢css of .. any preceding .dafrn· :. J2/The.pi,·oc;ess of claim 10 or 11 wherein 
wherein .a 1 to 2% .solution. of'enzy1ne'in, t~~ pH :of tfr:! mixture is a~justed to about 
buffer ~s µsed. . · . . .•, ..... · ... ·. ' pH :1;S.' , · . · . · 

6. The: ·process of any pre~ding Claim " B:>The. _process of claini 10, 11 or 12 
wherein the gel)~ in the· form ()f.a columni 'vllerci!1:thc gel carrying_ the :idsorb~d enzyme 
onto whkh the , buffer: containing the. criiyi::nC:. . is separated from the residual solution · by 
is poured. · · · · " · .. · · · · ftltrati~n. 

7. The p~ocess of. claim 6 whetdn 'th~' ·. 14~ The· process of any .of claims 10 to 
'. .. \·,:,,;::.. :·. ::;:· ·. 
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30 :z DEAE-cellulose were equilibrated with 
0.05 M-ammoniurp acetate of pH 7.5 and 

(''" placed into a column. 500 ml crude L-aspara­
~ . ginasc (34 U /mg) were dissolved in 50 ml 

5 of the above bufTcr, placed on·-tlrc·-column 
and el_uted with a linear gradient of 1 litre 
0.05 M-'-ammonium acetate of pH 7.5 to 1 
litre 0.5 M-ammonium acetate of pH 7.5. 

Yield: 14,000 U =82% of the activity with 
10 . 89 U /mg protein. 

Pyrogen test on rabbits: the mean value 
of tfle . temper:nure increase was l.0°C with 
200 U/kg animal weight. 

The crude enzyme showed a temperature 
JS increase· of l.S°C under the same conditions. 

20 

Other experimental conditions also did not. 
result in any further removal of the pyrogens 
and this fact shows clearly ·the superiority 
of the process according to the invemion. · 

EXAMPLE 3 
490 g DEAE-dextran gel were pre-=trcated 

in the usual manner and equilibrated with 
0.05 M-ammonium acetate· of pH 7.5, to 
which merthiolace at a concentration of 20 

25 mg/litre was added. The suspension was in­
troduced into a column coolc:d to 4°C with 
a diameter of 2(; cm and a bed height of 
65 cm. 9.8 g of a crude asparaginasc with 
46 U /mg were dissolved in 880 ml 0.02 M-

60 

65 

Buffer 
0.05 M-ammonium acetate pH 7.5 
0.10 M-ammonium acetate pH 75 
0.20 M-ammonium acetate pH 7.5 
0.40 M-ammonium acetate pH 7.5 
0.80 M-ammonium acetate pH 7!5 

WHAT WE CLAIM rs:__:_ 
1. A process for the production of P}TOgen­

frce L-asparaginase as hcrcinbcforc defined 
which comprises dissolving L-asparaginase 
containing pyrogens in a buffer, adsorbing the 

70 enzyme on a swollen DEAE-dcxtran gel. and 
eluting the enzyme with a solution of higher 
ionic strength than the original buffer. 

15 

80 

2. The process of claim 1 wherein the buffer 
is of concentration from 0.02 .M. to 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 acetate. 

S. The process of any preceding .claim. 
wherein a 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 

85 onto which the buffer containing the enzyme 
is poured. . 

7. The p~ocess of claim 6 wherein the 

ammonium acetate 9f 'p}i-~7.5 and poured 30 
on the column. ElutiOn' \'ias: carried out with 
a linear gradient of · 10 litres 0.05 M­
ammonium acetate of pH 7.5 to 10 litres of 
0.5 M-ammonium aceui,te of pH 7.5. The 
asp:iraginase-containing fractions were com- 35 
bincd. 

Yield: 
amount. 

365,000 U--:81% of the initial 

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 temperature 
increase of 1.S°C under the same conditions. 

.ExAMPI.B 4 

40. 

50 

A solution of. 500 mg L-asparaginase with 45 
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-qextran gel, eyuilibrated 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 ion 
strength_ (see Table). The portions of L­
asparaginase eluted at a low . ion strength 
contain pyrogen, whereas· the portiol)s eluted 5S 
with stronger buffers are free from pyrogen. 
The yields can be seen from the Table. · 

ActivityYieid 
u % 

5010 24 
3820 18 
7850 37 
4060 19 

520 2 

Pyrogenity 
AT/animal(°C) 

1.1 
1.2 
0.9 
0.3 
0.3 

ratio of diameter and height of the gel 
column is from 1 : 3 to l : 30. 

8. The process of claim 6 or 7 wherein 90 
the rate of flow of the enzyme solution 
through the column is from 2 to 4 ml~ per 
hour per sq. cm. cross-scd.io'n. 

9. The process of claiii'i 6, 7 or 8 wherein 
elution of the enzyme from the column is 95 
carried out by linearly increasing the _ionic 
concentration of the eluting solution. 

10. The process of any of claims 1. to 5 
wherein the cr.zyme is adsorbed on the gel 
by mixing the enzyme solution with the gel. 100 

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

12. The process of claim 10 or 11 wherein 
the pH of tb: mixture is adjusted to about 
pH 7.S. . . . . 

13. The process of claim 10, 11 or 12 
wherein the gel carrying. the adsorbed enzyme 
is separated from the residual solution by 
filtration. 
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14. The process of any of claims 10 to 110 
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13 wherein· the enzyme is eluted from the gel produced by the process of any preceding by contaating the gel successively:)yit1Lsolu- claim. . tions of increasing ionic strcngt~,·.·. . ·. 20. Pyrqgen-free L-~sparaginase having a 15. The process of any prece<iirig claim purity of from 180 to 220·Units/mg (1 min.) wherein the eluted enzyme solutibn is '·$ub- of protein. · · scqucndy fr(!CZ~-:c!ded. · .. · ··· . . , . 21. A pharmacentical composition consist-16. The: j>i"ocess of claim 15 wherein· low ing of a parentcrally injectable; , solution of .molecufar.w.cightimpurities arc, removed from • the L-asparaginase of' claim. 19 ot 20. ·.th~ elute& e~zyJl)e· solution by di~Iysis b<:fore 22. A medicament.in (Josage unit form con-10. fteez~dryi~g.:· • ·· : . . sisting of ampoules of a parcntcrally injectable 11; Th~<.Pl'dccss of any of claiips 1 t<>· 14 solution· of the L-asparaginase of claim IQ 
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wherein the criiyme is precipitated from the or 20. · ·· solution rcsl1ltirig fr.om elution by. the addition For the Applicants, of polycthy1e1fo: glycol or aceto11~. . . . • CARPMAELS & RANSFORD, 18. The· process of any pr«;!ccdiilg <;laim Chartered Patent· Agents, substantially as hereinbefprc des¢ribed in ~ny 24 Southampton Buildings, of the Exall1ples. · ·: · . > ·. • · , , Cl1a11ccry Lane, 19. fyrogen-'fre¢ .. L-asparagin~t'se, :wheneyer London, .w.c.2. Prin~cJ. +'~r.'Hor'MaJ~sty's.St~tionery,O~co, by the qo~rier Press, 
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