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7D We, ‘FARBENFABRIKEN . BAYER  stabilization of. L-asparaginase which com-

"'-AK-'I’I_E_N__GESELLS_CHAFT;:_ 2, body corporate prises adding an amino acid/or polyethylene 40 -
Fganised under:thé Jaws of -Germany, of 509 glycol to a rolution of L-asparaginase. _
't_:_.\'ictktis-:n-Ba'ycrw_crk',;G.c:x_'ihany, do hereby . The amino acid added is preferably glycine,
eclare: the invention for which we pray that The amino acid is preferably added in an
patent may be granted to.us, and the method amount of 0.01 to 5.00%, and at a tempera-
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15 to be performed to be ‘particu-  rure between -— 10°C and +65°C, . 45
i in-and by the following state- Although the addition of the amino acid
T C alone, or of the polyethylene glycol alone, both
: 3 ntion relates to the stabili- give good stabilization, even better results are
zation -of ' L-asparaginasc. ¢ - ' achicve¢ by the addition of amino acid and.
‘The cnzyme L-a_spar_agin:;fs_c_(L-asparag’in'e— polyethylene glycol. 50
amido-hydrolase, E.C.3.5 :L.) is known in the The invention further provides, as a new. -
rm” of - impure preparations obtained from substance, L-asparaginase stabilized by a con- |
nimal’and vegetable soirces: Recent rescarch tent of amino acid (preferably glycine) and/or -
has'shown that this enzyme is apparcently effec- polyethylene glycol '
tive as a therapeutic agent against certain -can- - The process’ of the invention aliows the 55
ccrs,-that have a; growth, requirement for the cnzyme. to be stabilized against treatments or
amino-acid L-asparagine, Wwhich is not essen-  sets of conditions which would otherwise result
tial-for' normal cells, L-asparaginase is however  in. denaturation. Such treatments and condi-
ifficult ‘to produce ‘in: large quantities in the’ tions ar¢ known to those skilled in protein .
ity ficeessary for-clinical“use. In ‘particular  chemistry. For instance, polyethylene glycol 60
difficultics have been -enicounitered in stabiliz- and .glycine arc both effective 10 stabilize -

_ing-the enzyme fo prevent denaturation during asparaginase against heat and Iyophilization.

. purification and storage. .o . * Polycthykene glycol is effective against surfacé -
-Our : copending Paicnt  Application No. denaturation, such as tends to occur during
51394/68 (Scrial No. 1212136) describes a . shaking or stirring. 65

rocess: for the isolation.of -asparaginase from ~ Thermal denaturing usually occurs when
o - microbial’ cclls, andfor its “putification to a proteins ure heated 1o temperatures  above
17 30 .degree -of purity jn Wwhich it can be crystal: 40°C. Owing 10 the varying solidity of struc-
& lized,Our copending  Applications Nos. ture, differences exist for individual proteins
61846/68: ang 2170/69 (Serial Nos.: 1212137 in respecr of the critical temperature at whicn 70
.a'r:_l_d:‘l_2_12_139) describe " processes by -which denaturing  starts. - Our copending Patent
“pyrog

genic impuritics,i:_y__{r_hi'ch inhibit the. clini- Application No, 2170/69 (Serial No.
“use-of the enzyme, can be-removed. - 1212139) deseribes the ‘purification of L-
: ;i’l;)q'-;p_x'cscnt application d'c___js'c_;ribcs a process  asparaginase in solution by heating the solu-

¢ -stabilization o_'ﬁ“zl._-&_aspa;a_ginasc. : tion to a temperature at which the incrt accom- 75
mvention provides ‘a: process for the ‘Panying. protcins present are denatured, the




L- asparagi nase with glycine

52

L- aspar agi nase with pol yet hyl ene %I ycol and S
. . I _ _ - o) — R et St v
gryerne= - i lication No. 2170/69 7.
0L w..- > Qur copending Appli clainms a process

i toclaim 1 or 5 :
A process according wherein the pol yethyl ene g

for. .the rod'uctior] of pyt ogen-
(pa nase, whi-ch

riscs heatin
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-, polyethylene glycol, This substance may: be
. cithér inthe form of a solution or a sofid.
1as great.commcrcial significance because up

cthylene glycol solution; and
2. by precipitation ¢

solution with accton

of::the. same aqueous -

lycol is used.
8. The process of any

[£e z-asparaglne 48 sol ution of L-asparagi nas® corfaiming .
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gens: . 1 ﬁ" the accompanying proteias §r¢; 19 by de- | rf:o’l;\‘r]?IEC?Pp(@.@gme :2of an aliphatic ;9.

“ADAA nawred ae_abou. 60°C, fhie OhchGhe e | T I ; vention -also. provides, a§ @opiol having up |
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d/ r Y taing- they aflive Zraspetagineeshomnil i a djpgQo thclmveat@_@ ‘o . " alanine

a,n ) OF._ su Cltc::?& Ure to s starg%mgmn;zt i %c b Y"e@qﬂpfuﬂhﬂ’._ _PIQ&@CS_,L&S(':VSW agi n(':!.Se pH 8.5 ;

Cl pI tat ﬁdt&”‘?g{%[%du@%j%cgmion of  L-aSpara-  meditament jo ?qsqgg’_}{nhﬁfoq_m,?g}gaplapi nase at. phkon, anc
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4. 5f 0 Porification - preadse rteo ngap Al sid araginase stabilized ~according to ' the : much ¢
by LO I gcf-“??ﬁﬁs o1y, oy dermiyiriesrief e yopéntiomnd  11. L-aspar fgi'nase whenevef centrifu;

by tea%zggpn ing proteiris but not' 6f L-aspara- g JEhe aetim medieunintaig plasagg fdasc f rorih_ the g asp:

st abi | | ghefa ,h ce most ?nzyl?cs are known to be ~as used in the presengtspagifieation qh eol . THi s By fy

pol'yi5- whergéibiient of glycine. ™ - - ampoules_ of - awﬂ gﬁwtglgl%l plllgogeoﬁoby ample 1;

ocess “The hahileljondifieer is indbgbridcht a6 pé’a’&@-%n&ﬂﬁé’:@., it doSe; or 3 niutuple, OF i 15 lised L:

process - k¥ . : _ d se B GRN é’ncjl' of i oo

15 Jicl-AFauegtimt-om t he present invent subinipldetl d B dose’ @O abited! ‘ miture.

T s Ee TRe proce, sng present jnyention 1s not, cnzyme. | n t he f.oll 0W.Ng clains P i

POI-Yel Byws e 1§ b§ arded ai lﬁnitc'dd to the | The Ieaspataginasg ng Y defised frhenrabove : 5 g |

20- aghibdatdl BB spfgi s@*'i‘ﬁr'% plokbsC! @LALL uﬁ@l’al ent .?ép J%Erﬁ\%.. }@}3@6/ s8 . activity ;
- di sclaisyehps that NELTF copchdingApplicatiod) B16.LV@eris3 t &) L2438 136 * Thidughout ~ the : 2 dissolved
CL._'AIZR@O/@S. . .. presentOdpecificatiol) “ 1 .minute units > arc . perature!
_ V\E - Stabilization according o the i Y ,p?q_‘rlﬂlat §i unlsfs othenvfisk, statdd- aspar agl hase ag- centrifug
10 A BRIgRISRRe _;,flyQ:El if 0 %?‘i ive - for Yﬁle_ following Examples illustrate the in- | into the:
cl ai2ere stabilivingl IabhsParagifdse against surface de-  vention, R - %0 peratuse.
e natyration in solution. This is ;surprising, as o : [ 25 umil th,
polycthylene glycol has no $pecific ‘surface- EXAMPLE: 1. , i " ThepH:
" active ‘effect which might prevent surfaée: de- 50 g of crude asparaginase with an activity H subsequ -
naturing by suppressing foam formiation, Sur-  of 97 U/mg (30 min.) are dissolved in sample ¢
- face denaturation sets in when the hydrogen  glycine buffer of pH 8.5 and heated ar 60°C - P :
-bonds ‘of the’ protein are split by interaction for 1 hour. The mixture, which contains 95 _ i
. with a_ surface or by spreading at a phase  plenty of denatured inactive protein, is centri- 30 A prct
boundaty surface. The latter can be caused fuged at 6000 r.pan. until -clear, and frac- tionated -
_very casily, for example by foam formation tionated with acctone. The fraction which and the ;
- during: shaking or by blowing in incrt giases. is precipitated upon the ‘addition of 40 to ~ was dial.
Even: a singl¢ pouring of an enzyme solution 457, _acctone, amounts t0.3.9 g. It contains 100 i U with
* ./ from “one vessel into another can cause a 950 U/mg. (30 min) .. ' © 35 protein.
:. ;reduction of . activity. Surface denaturation 18.6 g of enriched L-asparaginasc which , The §:
. . :bécomes; particularly marked at the isoclectric  are collected from several denaturing mixtures dried. A
" 40 . point. Morcover the sensitivity of enriched pro- are dissolved in 3280 ml'of 4 3-molar urea o U (81%
- . - teing increases as the degree of purity increascs,  solution, adjusted to pH 8.5 by means of a 105 activity
and:highly purified preparations are especially "IN sodium hydroxide solution, and fraction- 40 The ¢
_ s_c_hs'il_'i__\_r_at_o denaturing phenomcena, : ated with a 509/ polyethylene glycol solution. . mixed w
o _ The stabilizing cffect of polycthylene glycol . The fraction precipitated “after the addition ethylene
.45 :is.indcpendent of the purity ‘of the enzymie. of 45 to 60 mi is centrifuged off, washed with ' yield arr
" - The. concentration of the polyethylene glycol  acetone, and dried. Yield 4.2 g; 3130 U/mg 110 ! . activity)
.- added“imay vary within wide limits, but the (30 min), : S - : 45 protein.
stabilizing  cffect is clearly marked- with a A solution of 4.0 g of this sample in 80 : o
.- vcontent:'of only 107, of polycthylene glycol ml of bidistilled water is adjusted to pH 5.2 : . o
+ 50 -referred to the enzyme present. . - .- by mcans of IN hydrochloric acid, and frac- L Portic
"7+ "The polyethylenc glycol may beadded in  tionared with a polycthylene. glycol solution. 115 L-aspar: .
. ;solution; :preferably aqueous solution, but also The fraction precipizated: after the - addition i . in02>
- :alcoholic:solution, or in solid form. - of 25 to 30 ml is allowed to stand for 20 ;50 as follo :
" The;present invention may also be used- to minutes at room temperattire‘and then centri- (a) Pr
55: stabiliz Ahe enzyme when freeze-dried or fuged off; after standing under actone for 2 S0
+“lyophilized. The solubility of the frecze-dried  hours, it s washed with-more acetone, Yicld g9 | oc
- .} or"lyophilized enzyme is thus increased; be- 1.2 g; U/mg 6110 (30 min); . (b) T
- "cause apartial denaturation of the cnzyme. is is sample was found to ‘be a uniformly i 55 1C -
i+ -completcly prevented. : . crystallised substance. Recrystallisation  was . 1
= - The invention also provides, as a.new sub- achicved ' s . ; . tic
tance; L-asparaginasc stabilized by-a content 1. by precipitation. of a ‘solution of the 125 ¢ ©T
f .an‘amino acid (preferably glycine). and/or crystals in water at PH-4.9 with a poly- ve
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“l=sgSpar agi nase. 15. A pharnaceutlcal conposition, con- }
2 Th process of claim 1 wherein the sisting of a parenterally ;
i nj ectabl'e’ sol ution of. | am no acid is glycine.
‘the L asparaqlnase of any of clainms 10 to . 25 3. The
._..--pr ocegsiof- claim .1 or 2 wher e|1r2121l34 the 3amno acid |
mc adﬁed;' %n p%g‘gs, E’.cconflposmg'n st'u'tmg ag Ca(H}:J '?'B ngrnc_cgt&?gﬂ zﬂlfgllotvgcf e &p i
1dcr er ANCE complctc dccomposition at 292°C. ¢ by lend t';lyébl ﬂ@fcé erally
nASLC! able sof u . The process of clai mﬁqu512 a0ded 3to Whee Seution. tlon of the
ml:]wL 7<a)1s|0 r agi nase of daIWAm’fLEo?l ai_ns the am r(@ Bl ulilrfssl(;’aelg 2 ; s 1efiigerst® ut i on at
a of crude asparagi (]
zcglla 10 t ﬁm were dxsiolvc%ggq)é} .mqSB QE}’”‘ e ]5) ﬁ n of of t e@ Lergg C.
ﬁ t.sscﬂ)\fno hidd " 1fa tlons (a) to (c) gavc eg:cants,
d:—e:fxdcl sﬁlua _ _
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vvhereEn t. 8.9 6y yednhyl £Raugiby

RPI\/AELS & RANSFCRD,

uIcSE ar']7 5 agu -oUsn,sv@ﬂ @hc|sglnuon was Hlicated -at. 60°C for ered Patent Agents,
0 : m t v 1a .
thc6 A !pfﬂo aturc c:g%wgsﬁ la\xgxfp1 Elf);l?l hanpt on Bui | di ngs,
35 114 dltﬁc used. gncery Lane70 _
”LOﬂdO"l' aragmasc actxv:ty Pri nt(@d’[]}ﬂ#l%r Maj esty's
ansS&aéltl anery mififurmer kink qipCenaorilieg t@ﬂ'@ss Leam ngt %ﬁ"ﬁfa 1970.
tion applc i Ssi ain
:orr l'fl Dhﬁd '?y lbg Pégn:%slg? frg}r}nflh??’dc a%mn% t%% O ? &)1 )"Osglq%}x ofV\CZA LAY,
zed r'om rmxmrc b inase with a content of 146 U/mg
' - . ExaMPLE 3. in 1/15—molax phosphate buffer of pH 7.0 75
our : 5 g of L—asparagmasc with a specific- were treated in analogy with Example 5, tests
/68 85 tivity of about 170 U/mg substance arc (a) and (b)
the 20 “dissolved in 1 litre of water. at room tcm- Determination of the content gave:
are i peraturc, and the undissolved components are _
: b v Tcentrifuged off. 10- g g glycine -are introduced : (a) U/ml= 76
in- f 7 ‘inte the solution' so  obtained' at room tem- (b) U/mi=145 80
90y . " perawre while stirring.. Stirring i$: continued
't +25 " until ‘the material has cotnpletely dissolved., EXAMPLE 7.
: & "“Thie pH value'is 5.2. The solution is frozen and A preparation of L-asparaginase with 100
ity ‘subsequently lyophilized. The “a¢tivity: of the U/mg dry weight was dissolved in '0.1-molar
in : "_-samplc was completely prgservcd tris-buffer (pH 8.9) at a concentration of 1
@ L mg/ml, 6.0 mt of this solution were diluted g5
ins 95 {0 ExAMPLE 4. with 0.5 ml of water and heated in a thermo-
tri- - b 30 A ppreparation of L-asparaginasc ‘was frac- stat at 55°C, At the same time, 6.0 ml of
‘ac- - '__nonatcd through a column with dextran gel, the same L-asparaginase solution were mixed
nch ~and. the -fraction containing L-asparaginase with 0.3 ml of water and 0.2 mi of a 50%. o
" to o was dialysed, The solution-containcd 12,400  solution of polyethylenc glycol in water and  gg -
ns 100 |. U. with a specific activity of 251 U/mg subjected to the same temperature. After cer-
S protem tain pcnods of time, samples were taken from
ich - “The. first half of this solution was freceze- the mixtures and tested for their aciivity. The
ires : _dncd A preparation with an activity of 5050 - results are given in Table 1.
1ca b U(81% of the initial acnvxty) and a specific An analogous test was carricd out with the g5
fa 108 | ~ :.:_acnvxty of 202 U/mg proicin was obtained. . same L-asparaginase prcparanon at 60°C. The
on- | 740 - The sccond half of the above solution was results are also contained in Table 1.
on.. o '__'mxxcd with 0.1 ml of a 50"/§, solution of poly- ' :
on - - cthylene glycol and then “freeze-dried. - The ExampLE 8.
ith - ;o -yield gmounted to 6100 U (98% of the initial A preparation of L-asparaginasc with about
mg - 110 i . . activity) with a specific actxvxty of 244 U/mg 100 U/mg was dissolved in 0.IN wis-buffer 100 -
.o} ‘45 protein. o (pH 8.0) at = concentration of 1 mg/mlL
80 S - Samples of 6.0 ml of this soluton were
52 EXAMPLE 5, . admixed eithér with 0.5 ml of water or with
ac- Portions of 5 ml of a 0. 1% soluuon of 0.5 ml of aqucous solutions containing 50, :.
on. 115 -~ L-asparaginase with a content: of 146 'U/mg 100 or 200 mg. polycthylcnc glycol. The solu- 105
1on L% .in’ 0.2 N acetate buffer of pH'5.0 were tested  tions were heated at 55°C for 80 minutes.
20. - i 50 .as follows: The results are given in Table 2.
i~ o (a) Purc argon was blown in for 90 minutes _
2 S an " so that an ‘intense formanon of foam EXAMPLE 9.
ed 120 '+ . 'occurrcd A preparation of L-asparaginase with 100
: 71 7 o-(b) The procedure of (a) was followcd but  U/mg was dissolved in 0.IN tris-buffer (pH 110
aly : 55 - 100-mg polycthylcne ‘glycol  of MW 80 at a concentration of 1 mg/ml. Portions .
vas B 1560 were previously addcd to. the solu- of 6 ml of this solution were admixed with:
N “tion, . (a) 0.3 ml of water .
the 125 {©):The solution was shaxcn m a cxoscd (b) 0.2 ml of water and 0.1 ml poly-
ly- - % ,;vcsscl for 3 hours.. : 115

nus

ethylene “glycol (50% in water)
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5 TABLE 3 Stability of L-asparaginase in the presence of several

stabi_lizers . =GV 1y Of -[=asparaghmase -~ s

aften heati ng at 60C for :

80"minutes u- % of initial

L- aspar*agl nase only . . ' 14

4457 aspar agl nas'e AAVV IR h pol yet hyI ene gl ycoI "
L : S 480 L 1,212,138 L asparagl nase.with gI@/Cl ne

of a g EgT ns%l?xgon ({OO p%}gf soluti xqsevr.’]c.?c gcax:ﬁo 35”29 for 80

R 5 c) 0.2 ml
gl %CI ne <) il minutes and then tested for €

watcr) and 0.2 ml of ‘a glycme ‘'solu- Table 3.
tion (IOO mg/ml) ;

TanLe 1

"".i.l'_izatio'q_'_-_._gf ."'I_';-'_i\spax_‘agirx'ase in the presence of pdlyeth‘y’_l_enc glycol

ag/ml): content of
- 90%& (d) 0.1 mF polycthylcnc glycol (50% in L-asparaginase. Thc rcsults are given in

Activity of .msparagmasc {(U/ml)

i Té};ip@fatufe' - '. P .‘. - with polyethylene
L PC) - without additive. . . 1. glycol
T w |
s 103
e @ 4w
'1.{;i;55; £; : TSR O "
s B T (R
Coee o0 .| - o
- ':.._Ei'_.‘.GC o PR B
f’-ﬁb B 3. 48
60 ?;';3- 2% e ff; 40

L-asparagmasc wzth 100 U/

of- polycthylcne Uchol v.i,, ddcd

TABLE 2

= Stabxhty of _L—asparagmase as a: functxon of the amount of polycthylenc glycol

; dxssolvcd in 0 lN tns-buffcr (pH 8. 0) 5 Conccmtatmn 0 92 mg/ml 15.1 mg/ml.

. o o ' Actxvn'y;'-
- Concentration ‘Ratio of - Activity ' after 80
o+ of poly- E plycthylcnc Sl before , minutes: Activity. as
-+ ethylene glycol ‘ : ~ heating at 55°C., "o, of initial
L m;,/ml U/ml U/ml . - value
= - o e
7.5 86 88
94 96
91 93

~ solution amounted to 0.92 mg/ml; Upon add
to 98 U/ml (= 106%) was obs vcd :

preparatxon of L~aspar gindse lnd 2 spccaﬁc acuvxty of 100 U/mg dry wm Vht Th{;: concentration in the
ith : chth ylene "lyco., an mcxeas of acuvxty from 92 U/ml ;
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o - andfor -of ‘an amino- aud, ‘removing aX
- cipitated. ‘material fro 'c'-solutlon nrcmpx— 10. L—aspara;,man. whencvcx‘ stabilized by
i "—asparagmase_at piL- 45 to0 5.5 a content of an amino acid. 45
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