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SUMMARY 

L-Asparaginase (L-asparagine amidohydrolase, EC 3.5.1.1) A from Acinetobacter 
calcoaceticus has been purified to apparent homogeneity by precipitation with 
streptomycin, chromatography on DEAE-cellulose, gel filtration on Sephadex G-2oo 
and affinity chromatography. The purified enzyme was compared to a commercial 
preparation of highly purified asparaginase from E. coli. I t  was found to be of the same 
purity as the enzyme from E. coli. The molecular weight was lO5 ooo and the enzyme 
consists of four subunits of molecular weight 25 ooo. The pH optimum was found to 
be at approximately pH 8.6, the isoelectric point at pH 5.2 and the Michaelis constant 
2. IO -3 M. The enzyme also catalyzed the deamination of L-glutamine and n-asparagine 
but at a rate of approximately IO and 5 percent, respectively, of that  of L-asparagine. 
Hg 2+, Cu 2+ and p-chloromercuribenzoate strongly inhibit the enzyme while Mg 2+ 
stimulated the activity slightly. The temperature stability of the enzyme was also 
studied. The enzyme was devoid of tumor inhibitory power. 

INTRODUCTION 

During the last years a number of reports have appeared describing the bio- 
logical effects of L-asparaginase (L-asparagine amidohydrolase EC 3.5.1.1). Perhaps 
the most thoroughly studied of these effects is the tumor inhibitory power of the 
enzyme. Growth inhibition of several tumors has been reported for L-asparaginase 
isolated from guinea pig serum 1. Escherichia coli 2-4, Serratia marcescens 5, Erwinia  
aroideae 6, Proteus vulgaris and Bacterium cadaveris ~ and a species of Achromobaclera- 
ceae s. L-Asparaginase from yeast 9, Fusar ium trinctum ~o and Bacillus coagulans 1~ on 
the other hand does not seem to have any tumor inhibitory power. There is as yet no 
agreement as to the cause of these differences in tumor inhibitory power for enzymes 
isolated from different sources. Other biological effects that  have been described for 
L-asparaginase includes immunosuppression ~2 and growth inhibition of certain viruses 
in tissue culture ~3. 
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Some years ago it was noted that  A cinetobacter calcoaceticus was a relatively rich 
source of L-asparaginase 14. We have observed that  this organism contains two iso- 
enzymes of L-asparaginase, and will hereafter refer to them as L-asparaginase A and 
L-asparaginase B. In the present paper we describe a purification procedure for L- 
asparaginase A and report on some of its physicochemical properties as well as its 
tumor inhibitory capacity. 

EXPERIMENTAL PROCEDURE 

Materials 
Chemicals. All amino acids were chromatographically pure and obtained from 

Schwartz Bioresearch. DEAE-cellulose, DE 23 was from Whatman.  The carrier am- 
pholytes used in isoelectric focusing were purchased from LKB Products. Strepto- 
mycin was from Glaxo Laboratories, sodium dodecylsulfate, deoxyribonuclease l iB  
and ribonuclease type IA were from Sigma. Cytochrome c, bovine serum albumin and 
hemoglobin were from Boehringer Mannheim, trypsin from Worthington, Crasnitin 
(E. coli-asparaginase) from Bayerwerke and v-globulin from Kabi. 

Organism. A. calcoaceticus (Bacterium anitratum) National Collection of Type 
Cultures, NCTC 7363, England was obtained from Department  of Microbiology, The 
Gade Institute,  School of Medicine, University of Bergen, Norway. 

Media: The bacteria were cultivated in a medium containing 3 g KH2PO4, 
9 g Na2HPO4, 0.985 g MgSO4, 0.06 g CaC12, 2.3 g NaC1, O.Oli g FeCI~'6H20, 3 g L- 
asparagine and 3 g D(+)xylose per 1 distilled water. L-Asparagine was included as 
nitrogen source, carbon source and inducer while xylose was additional carbon source. 

Animals and tumor cells. C3H mice were received from Statens Inst i tutet  for Fol- 
kehelse, Oslo, Norway. Professor Georg Klein, Department  of Tumor Biology, 
Karolinska Institutet,  Stockholm, Sweden kindly donated C3H mice bearing 
6C3HED lymphoma 15. 

Methods 
Growth and harvesting of bacteria. The cells were grown in IO-I5-1iter portions 

under strong aeration. They were collected in the stationary phase by centrifugation 
and the cell paste was then frozen and kept at --20 °C. 

Enzyme assay. The activity of the L-asparaginase was usually measured as fol- 
lows: An appropriate amount of enzyme was diluted with 0.05 M borate buffer pH 
8.6 and the reaction started by  addition of 5 °/~1 0.2 M L-asparagine. The total re- 
action volume was i .o ml and the reaction temperature was 37 °C. The reaction was 
stopped after io min by  the addition of 5 ° #1 25% trichloroacetic acid. After centri- 
fugation of the sample 0.5 ml was diluted ten-fold with H20, i .o ml Nessler's reagent 
was added and the absorbance read at 420 nm. 

The reliability of the method was occasionally checked by determining the 
amount  of L-aspartic acid formed from L-asparagine by thin-layer chromatography. 
A small amount  of reaction mixture was spotted on cellulose thin layer and developed 
in the solvent, methanol-water  (7:3, v/v) and the amino acids determined by the 
ninhydrin reaction. One international unit of L-asparaginase was taken as the amount 
of enzyme liberating I/zmole NH a per rain using the conditions described above. 
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Determination of proteins. Protein was estimated employing the method of 
Lowry et al. 1~. 

Affinity chromatography. The column material used for affinity chromatography 
was the same as originally used for the purification of L-asparaginase from E. col# 7. 
The material consists of a matrix of Sepharose 6B to which D-asparagine is eovalently 
attached by means of a space r - -  hexamethylenediamine. L-Asparaginase binds to 
the D-asparagine residues on the column while other proteins pass through. The en- 
zyme can be eluted by using a buffer containing D-asparagine of a sufficient concen- 
tration to compete with the matrix-bound D-asparagine for the active site on tile 
enzyme and thus release the enzyme. 

Polyacrylamide gel electrophoresis. (a) Without sodium dodecylsulfate : 20-30 big 
protein to which glycerol had been added to a final concentration of 25% as well as 
a small amount of bromophenol blue was applied to 5% aerylamide gel in 0.375 M 
Tris buffer pH 8. 5. The electrophoresis was run at IO V/cm. The gels were stained by 
coomassie blue in 9.2°/0 acetic acid with 0.6% methanol for i h and destained 
with 7% acetic acid. (b) With sodium dodeeylsulfate : To the protein sample, 20-30 #g 
sodium dodeeylsulfate, dithiothreitol and glycerol were added to final concentrations 
o.I-I.O and 25%, respectively. A small amount of bromophenol blue was added before 
application to the 5% acrylamide gel and the eleetrophoresis run at IO V/em. After 
fixing in 20% sulfosalicylie acid overnight the gels were stained by coomassie blue 
for 3 h and destained as above. 

R E S U L T S  

Purification of the enzyme 
All purification steps, if not otherwise stated, were carried out in the cold room 

at 4 °C and all buffers contained 0.006°/'0 NAN,. 
Preparation of crude extract. Frozen cells were thawed and homogenized with an 

equal volume of 0.05 M borate buffer pH 8.6 in a Potter Elvehjem homogenizer. 
The cell suspension was treated with I m g  egg white lysozyme per IOO g cell paste at 
37 °C for 15 min, cooled in ice and sonicated in a Bronson sonicator for 4 × 5 min- 
utes with intermediate cooling, not allowing the temperature to rise above 25 °C. 
Sonicated cells were centrifuged for 30 min at 30 ooo × g, cell debris resuspended in 
an equal volume of borate buffer, stirred for some minutes at o °C and centrifuged 
again for 30 rain at 30 ooo × g. To the combined supernatants deoxyribonuelease 
and ribonuclease (2- 5/,g/ml) were added and the solution held at room temperature 
while stirring for 30 min and then centrifuged for 9 ° min at lO 5 ooo x g. 

Streptomycin precipitation. Streptomycin was added to the cell-free crude ex- 
tract to a final concentration of I% w/v. After 30 rain at o °C the precipitate was 
removed by centrifugation for 3 ° min at 30 ooo × g and discarded. 

D E A E  chromatography. The supernatant from the streptomycin precipitation 
was applied on a DEAE-cellulose column equilibrated with 0.05 M borate buffer 
pH 8.6. The column was washed with two column volumes of the same borate buffer, 
then followed by a linear salt gradient in the same buffer from o to 1.2 M NaC1. The 
elution pattern given in Fig. I indicates that two different L-asparaginases are present 
in the bacterial extract. One is eluted with the washing buffer while tile other is re- 
tained by the DEAE-cellulose and is eluted at about 0.7-0.8 M NaC1. The possibility 
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Fig. I. DEAE-cellulose ch roma tography  of supe rna tan t  f rom St reptomycin  precipitation. The 
column (4 cm × 2o cm) was equilibrated with 0.05 M borate  buffer p H  8.6. After washing the 
protein  was eluted wi th  a linear gradient  in NaC1 from o to 1.2 M. Total  volume of gradient  6o0 
ml. • . . . . .  O, protein  measured by  absorpt ion  at  280 nm;  O - - O ,  enzyme activity. 

that  the first peak of activity from the DEAE chromatography was due to overloading 
the column was ruled out by passing the first peak through another DEAE-cellulose 
column. No activity was retained by the second column under identical conditions. 
The enzyme that  was retained on the DEAE column had a higher specific activity 
than the first peak. The present report describes the purification of the species of L- 
asparaginase retained on the DEAE-cellulose column which we for the sake of sim- 
plicity call L-asparaginase A. The purification and properties of the other isoenzyme, 
L-asparaginase B, will be the subject of another report. 

The enzyme eluted from the DEAE-cellulose by the salt gradient was concen- 
trated on a Diaflo ultrafiltration unit and subjected to gel filtration. 

Sephadex G-2oo gelfiltration. The Diaflo concentrate was applied on a Sephadex 
G-2oo column equilibrated with 0.05 M borate buffer pH 8.6. Column dimensions 
were 2.5 x ioo cm. The peak containing the L-asparaginase activity was pooled, 
dialyzed against 0.05 M borate buffer containing 0.5 M NaC1 and concentrated to a 
small volume on a Diaflo filter. 

Affinity chromatography. This was carried out using a column material described 
in Methods. The column material  was equilibrated with 0.05 M borate buffer pH 8.6 
containing 0.5 M NaCl. The enzyme material was applied on the column which was 
then washed with 3 column volumes of the equilibrating buffer. A substantial amount 
of protein came off the column by this washing procedure, however, all the en- 
zymatic act ivi ty was retained. Desorption of the enzyme was effected with the same 
buffer containing o.I M D-asparagine. A sharp activity peak with low absorption at 
280 nm as shown in Fig. 2 was obtained. Thus a large degree of purification was achiev- 
ed in this step. Table I gives a summary  of the purification acquired in the different 
steps of the purification procedure. 

The enzyme eluted from the specific adsorbent was then concentrated by 
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Fig. 2. Affinity ch romatography  of enzyme from Sephadex gel filtration. The column (2-5 cm × 
30.6 cm) was equilibrated with 0.05 M borate  buffer p H  8.6 containing 0. 5 M NaC1. Desorption, 
denoted by  a n  arrow, was carried out  using the same buffer with o.i M D-asparaginase included. 
• . . . . .  • ,  protein  measured by  absorbanee at  280 nm;  C) - -©,  enzyme activity. 

T A B L E  I 

P U R I F I C A T I O N  P R O C E D U R E  F O R  L - A S P A R A G I N A S E  A 

Purification step Total Total Total Specific Enrichment Recovery 
volume protein units activity (fold) (%) 
(ml) (mg) 

Crude ext rac t  15o 3600 135o 0. 4 - -  ioo* 
St reptomycin  supe rna t an t  15o 3300 132o o. 4 - -  ioo 
D E A E  ch romatography  15 5"z2 680 1. 3 3 5 ° 
Sephadex G-2oo filtration io 16o 400 2.5 6 3 I 
Affinity ch roma tography  8 6. 4 205 32.0 80 15 

* This represents  the total act ivi ty of  bo th  L-asparaginase A and B while the remaining 
steps only represent  L-asparaginase A. This means  t ha t  the result ing enr ichment  of this species 
of enzyme actually is twice as high as is shown in the table since both  isoenzymes are present  in 
approximate ly  the same am oun t  in the crude extract.  

ultrafiltration and kept at --2o°C. Little loss of activity was observed after prolonged 
storage at this temperature. 

Purity of the enzyme. The purified enzyme was analyzed by polyacrylamide gel 
electrophoresis with and without sodium dodecylsulfate present together with a 
commercially available E. coli L-asparaginase of high purity (Crasnitin, Bayerwerke). 
The gel pattern shown in Fig. 3 indicates that L-asparaginase A from A. calcoaceticus 
is relatively pure. Both enzymes gave a single protein band in the presence of sodium 
dodecylsulfate. The purified enzyme was also analyzed by analytical ultracentrifu- 
gation and as shown in Fig. 4 a single symmetrical peak was obtained suggesting a 
high degree of purity. 

Properties of L-asparaginase A 
Molecular weight, subunit structure and isoelectric point. The molecular weight 
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Fig. 3. Polyacrylamide gel electrophoresis pattern of purified L-asparaginase from A. calcoaceticus 
(A.c.) and L-asparaginase from E. coli. 20-30/*g protein was used for each run and both enzymes 
were analyzed in the presence and absence of sodium dodecylsulfate (SDS). Time of run was 15 
rain without sodium dodecylsulfate and 5 h when in the presence of sodium dodecylsulfate. 
Further experimental details are given in Methods. 
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Fig. 4. Analytical ultracentrifugation of purified L-asparaginase A. The protein concentration was 
3 mg/ml and the buffer used was 0.05 M borate pH 8.6. The pictures were taken at the above 
indicated time intervals after full speed of 59 780 rev./min had been attained. 

of  the enzyme was es t imated  by gel f i l tration and analyt ica l  ul t racentr i fugat ion.  F rom 

the gel f i l t rat ion da ta  on Sephadex G-Ioo  shown in Fig. 5 the molecular  weight  of 

the enzyme was found to be approx,  lO5 ooo. The sed imenta t ion  coefficient obta ined 
by  analyt ica l  u l t racent r i fuga t ion  was 6.2 S suggesting a similar weight  to tha t  ob- 

ta ined by gel fi l tration. 
The  subuni t  s t ruc ture  of the enzyme was s tudied by  gel electrophoresis in the 

presence of  sodium dodecylsulfate.  The  results are given in Fig. 6. In all exper iments  
only one prote in  band was observed and the molecular  weight  of  this subuni t  was 

es t imated  to be 25 ooo. T h i s  indicated tha t  the na t ive  enzyme contains four subunits  
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Fig. 5. E lu t ion  v o l u m e  of  L-asparag inase  A on a S ephadex  G- ioo  c o l u m n  (1. 5 c m  × 95 cm) 
compared  to some  s t a n d a r d  p ro te ins  of  known  molecu la r  weight  18. The  c o l u m n  was equ i l ib ra ted  
wi th  o.o2 M Tris  buffer  con ta in ing  o.oi  M f l -mercap toe thanol .  S t a n d a r d  p ro te ins  were cy toch rome  
c (cyt c), r ibonuclease  (RNase)  ,bovine s e r u m  a l b u m i n  (BSA) and  )~-globulin. 

Fig. 6. Mobil i ty  of  L-asparag inase  A in sod i um dodecylsu l fa te  po lyac ry l amide  gel e lectrophoresis  
d i s tance  of  p ro te in  mig ra t i on  

compared  to some  s t a n d a r d  proteins .  The  mobi l i ty  is defined as × 
l eng th  of  gel a f te r  des t a in ing  

l eng th  of  gel before s t a in  
The  s t a n d a r d  p ro te ins  used  were cy toch rome  c (cyt. c), t ryps in ,  E. coli 

d i s t ance  of  dye  mig ra t i on '  
L-asparag inase  (E. coli enz.) and  bov ine  s e r u m  a lbumin .  For  fu r the r  e x p e r i m e n t a l  deta i ls  see 
Methods .  

of the same molecular weight. Several experiments showed that it was possible to 
dissociate the enzyme into subunits by other reagents and conditions than those 
described above. The monomeric unit also possessed enzymatic activity. This aspect 
is under further investigation and will be reported elsewhere. The isoelectric point 
of the enzyme was determined by isoelectric focusing in a pH gradient 2° and found to 
be at pH 5.2. 

Effect o fpH and substrate concentration. Fig. 7 shows the activity of the enzyme 
at various pH values using different buffer systems. The activity of the enzyme varied 
to some extent with the nature of the buffer, however, in all cases the pH optimum 
appeared to be between pH 8. 4 and 8.8. 

The effect of various concentrations of L-asparagine was also investigated. At 
a high concentration of L-asparagine substrate inhibition was observed, Fig. 8. The 
apparent Michaelis constant was estimated to be 2" IO -a M, using the Lineweaver- 
Burk method. 

Substrate specificity. The purified enzyme also catalyzed the deamination of 
L-glutamine and D-asparagine. However, the rate as compared to the natural sub- 
strate L-asparagine was only lO% and 5%, respectively. 

Inhibitors and stimulators. The effect of a number of metal ions and some other 
compounds on the enzymatic activity were investigated and the results are shown in 
Table II. Hg 2+, Cu 2+ and p-chloromercuribenzoate strongly inhibited the activity of 
the enzyme whereas Zn 2+, Ni 2+ and Co 2+ gave less inhibition. NH a inhibited the enzyme 
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Fig. 8. Effect  of  c o n c e n t r a t i o n  of  L-asparag ine  p l o t t ed  in L i n e w e a v e r - B u r k  plot.  

slightly at the concentrations used. Aspartlc acid, Ca 2+ and Ba ~+ on the other hand 
did not affect the enzymatic activity. 

The inhibitory effect of p-chloromercuribenzoate could be reversed by  fl- 
mercaptoethanol.  This reagent did not, however, stimulate the activity of the en- 
zyme. On the contrary, prolonged incubation of the enzyme in the presence of 
fl-mercaptoethanol i.e. three days at 4 °C completely inactivated the enzyme. A 
control without fl-mercaptoethanol retained full activity under identical conditions. 
These results indicate that  SH groups and probably also disulfide bonds are of im- 
portance for the maintenance of catalytic activity. Mg ~+ was found to stimulate the 
act ivi ty of the enzyme a small amount.  

Temperature stability. The stability of the enzyme at various temperatures is 
shown in Fig. 9- No loss of activity was observed when the enzyme was incubated at 



154 p . E .  JONER et al.  

TABLE II 

I N H I B I T O R S  A N D  S T I M U L A T O R S  O F  L - A S P A R A G I N A S E  A 

The compounds were added to the reaction mixture in the final concentration indicated below 
and the act ivi ty measured as described in Methods. 

Compound Concentration 
added M 

0 - -  I O O  

Hg ~ IO 3 o 
Hg 2~ IO -¢ o 
C u  2± 1 0  - 3  O 

C u  2 , 1 0 - 4  2 .  7 

C o l +  l O  . 3  6 5 

Ni 2+ io a 50 
B a  2+ i o  3 i o o  

C a  2+ i o  3 I O O  

Z n ~  io -3 4 ° 
p-Chloromercuribenzoate lO .5 o 
NH 3 ~o -3 80 
Asp 1o -2 ioo 
Mg2+ 5 . 1 0  4 I I O  

% Aclivi(v 

° " - "~ " ' - ' ~ ' ~ ' ~ -  o o 20 .c  
4 c 

40oc  

u 

< 50oc  

~ ~ 9 ~ , ~  60 "C  

1 2 3 

Hours  

Fig. 9. Stabili ty of L-asparaginase A at  different temperatures.  Activities were measured after o, 
1/2, I, 2 and 3 h incubat ion of the enzyme at  the specified temperatures. 

2o °C a n d  3 ° °C for  3 h. H i g h e r  t e m p e r a t u r e s  led  to  a n  i n c r e a s i n g  d e g r e e  of  i n a c t i -  

v a t i o n .  T h u s  i n c u b a t i o n  a t  60 °C led to  c o m p l e t e  i n a c t i v a t i o n  in a p p r o x .  5 m i n .  

Tumor inhibitory power. T h e  a b i l i t y  of  L - a s p a r a g i n a s e  A to  p r e v e n t  t u m o r  

g r o w t h  was  t e s t e d  in  t h e  s y s t e m  6 C 3 H E D  l y m p h o m a / C 3 H  mice  in t h e  fo l lowing  

w a y  : F o u r  g r o u p s  of  8 m i c e  in  e a c h  we re  t r a n s p l a n t e d  i n t r a p e r i t o n e a l l y  w i t h  t h e  s a m e  

a m o u n t  of  t u m o r  cells. O n  t h e  fo l lowing  d a y  one  g r o u p  r e c e i v e d  a n  i n j e c t i o n  w i t h  buf -  

fer  on ly ,  a n o t h e r  g r o u p  w i t h  E. coli L - a s p a r a g i n a s e ,  one  g r o u p  w i t h  t h e  s a m e  a m o u n t  

o f  L - a s p a r a g i n a s e  A f r o m  A.  calcoacelicus. T h e  f o u r t h  g r o u p  d i d  n o t  r ece ive  a n y  in-  

j ec t ion .  T h e  r e s u l t s  of  t h i s  s t u d y  are  g i v e n  in T a b l e  I n .  T h e  o n l y  mice  w h o  s u r v i v e d ,  

a n d  s t i l l  were  a l ive  6 m o n t h s  a f t e r  t h e  t e s t ,  were  t h o s e  w h o  h a d  b e e n  t r e a t e d  w i t h  L- 
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T A B L E  I I I  

TUMOR INHIBITORY POWER OF L-ASPARAGINASE a 

The an ima l s  were in jec ted  i n t r a p e r i t o n e a l l y  wi th  o.2 ml  of a t u m o r  cell suspens ion  c o n t a i n i n g  
lO 7 cells each. On the  fol lowing da y  single i n t r a p e r i t o n e a l  in jec t ions  were g iven  as ind ica t ed  below. 
The  buffer  used was  o.o5 M Tris p H  7.4 (at 37 °C) con t a in ing  o.I  M NaC1. The enzymes  were  
d issolved in  the  same buffer. 

Tes t  g r o u p  T r e a t m e n t  N u m b e r  o f  surv ivors  

A Buffer o 
B 2 7 I .U of 

L-asparaginase  
from E .  coli 8 

C 2 7 I .U of 
L-asparaginase  
from 
A .  calcoaceticus o 

D o o 

asparaginase from E. coll. Thus L-asparaginase A from A.  calcoaceticus was com- 
pletely devoid of tumor inhibitory power under the conditions of the experiment. 

DISCUSSION 

The present work deals with L-asparaginases from A.  calcoaceticus. Two dif- 
ferent L-asparaginases denoted A and B were detected and this paper describes the 
purification and properties of L-asparaginase A. Studies on L-asparaginase B will be 
the subject of a forth-coming communication. 

L-Asparaginase A was purified part ly by conventional protein purification 
procedures and part ly by affinity chromatography on a Specific adsorbent earlier used 
for purification of one of the isoenzymes of L-asparaginase from E. coli TM. The adsor- 
bent has been successfully applied to the enzyme from A.  calcoaceticus. I t  appears, 
however, that  L-asparaginase A binds more strongly to the specific adsorbent as 
evidenced by the much higher concentration of D-asparagine required for release of 
the enzyme, i . e . o . i  M compared to o.ooi M for the corresponding enzyme from 

E. coli. 
In many  ways L-asparinase A from A.  calcoaceticus resembles the tumor inhi- 

bitory enzyme from E. coli. I t  has approximately the same molecular weight and sub- 
unit composition (lO5 ooo compared to 133 ooo for the E. coli enzymelg), the same pH 
optimum, approximately the same isoelectric point and specificity. However, in 
sharp contrast to the enzyme from E. coli L-asparaginase A is devoid of tumor in- 
hibitory power. Another point of difference between these two enzymes is their Km 
values. The Kin for the enzyme from E. coli according to P. Ho et al. 19 and Broome 
et al. 21 is 1.2. lO -5 M whereas the K m  for L-asparaginase A from A.  calcoaceticus is 
approx. I8o-fold larger, namely 2- IO -a M. This might be a possible explanation for 
the marked difference with regard to the tumor inhibitory power. I f  the tumor in- 
hibition results from a draining out of the L-asparagine pool of the tumor cells, it 
might be that  L-asparaginase A is not able to remove enough L-asparagine from the 
circulation for effective tumor inhibition. 

A point of objection against this explanation is the Kin of 5.2' IO 5 M obtained 
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for L-asparaginase from F u s a r i u m  t r inc tum 1° which also is unable  to inhibi t  tumor  
growth, as well as the Km value of 3 '  I0-3 M reported for the tumor  inhibi tory  enzyme 
from E r w i n i a  aroideae 8. 

Another  possible explanat ion  for the differences in tumor  inhibi tory  power 
could be tha t  the rate of elearence of the different L-asparaginases from the serum 
of tile test animals  varies. In  the case of L-asparaginase A this has not  yet been deter- 
mined. The report  of Boyd et al. 22 emphasises the importance of this aspect with re- 
gard to tumor  inhibi t ion.  
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