
814 Specialia EXPERIENTIA 30/7 

Fig. 3. a) and b) Axon cytolysome 
formation in early degenerating 
terminals (arrowhead). I degen- 
erating axon (Da) with recogniz- 
able dense core vesicles is in the 
perivaseular space. Ta, tanyeyte 
ceil body; Tp, tanyeyte process; 
Pc, portal capillary. • 12,600. 
c) Many late degenerating frag- 
ments inside a tanyeyte 48 h 
after GTG injection. Large lipid 
droplets (arrows) are strikingly 
increased in number. Te, tany- 
cyte ceil body. • 18,980. 

New Antilymphoma L-Asparaginase from Fusarium Species 

A n t i t u m o u r  and immunosuppres s ive  act ivi t ies  of L- 
asparaginases  are summar ized  in recent  reviews 1-~. In  
spi te  of the  wide d i s t r ibu t ion  of L-asparaginases among  
microorganisms ~-9, the  a n t i t u m o u r  a c t i v i t y  is l imi ted  
to  L-asparaginases f rom bacter ia  of En te robac te r i -  
aceae 1~ Mycobacte~/iurn tuberculosis 1~ and Aspergi l lus  
terreus15. Among  them,  the  enzymes  f rom bac te r ia  of 
En te robac te r i aceae  are now being used in pa t i en t s  w i th  
leukaemia,  b u t  a wide range of toxic  effects on various 
organs have  been  observed 1% Hence  we have  looked for 
a n t i t u m o n r  asparaginases  f rom di f ferent  microorganisms.  

Af ter  screening a large n u m b e r  of microorganisms  ~, 
we not iced t h a t  L-asparaginases of F u s a r i u m  species and  

ascomycetous  fungi  hav ing  a F u s a r i u m  asexual  s ta te  
suppressed  the  g rowth  of Gardner  l y mp h o s a rco ma  and  
were devoid of L-glutaminase and endotoxin ,  which are 
inseparable  f rom the  x-asparaginase  ac t iv i ty  of entero-  
bac ter ia  and m a y  be responsible  for the  cy to tox ic  
effect  1~, is. 

The fungi  were grown on agar  s lants  and small  pieces 
of grown m a t  were inocula ted  illtO 500 rnl of D P - m e d i u m  
in 2 1 flasks. D P - m e d i u m  conta ined  per  l i ter :  dextr in ,  
30 g; P h a r m a m e d i a  (Traders Mill Co., Fo r t  Wor th ,  
Texas),  40 g; NaC1, 5 g; KH2PO 4, 5g; K2HPO ,, 1.5 g; 
3/IgSO~.7H20, 0.5 g; p H  6.2. Flasks were incuba ted  at  
28~ for 3 days  and  the  con ten t s  of 2 flasks were t rans-  
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f e r r e d  to  30 1 of D P - m e d i u m  in  a 50 1 s t a i n l e s s - s t e e l  
fermen~cor,  a n d  i n c u b a t e d  for  5 d a y s  a t  28 ~ w i t h  s t i r r i n g  
a n d  a e r a t i o n  (30 1 p e r  ra in) .  T h e  a c t i v i t y  of  L - a s p a r a -  
g i n a s e  in  t h e  c u l t u r e  f i l t r a t e  o f  F u s a r i u m  o x y s p o r u m  I F O  
9331 w a s  2.5 IU/mI. 

A s s a y  of  L - a s p a r a g i n a s e  w a s  c a r r i e d  o u t  u s i n g  Tr i s -  
HCI  b u f f e r  ( p H  7.2) a c c o r d i n g  t o  t h e  m e t h o d  d e s c r i b e d  
b y  ~OBERTS et  al. ~9 w i t h  s o m e  m o d i f i c a t i o n s .  

L - A s p a r a g i n a s e  p r e p a r a t i o n  of  t T u s a r i u m  o x y s p o r u m  
I F O  9331 w a s  o b t a i n e d  f r o m  t h e  c u l t u r e  f i l t r a t e  b y  
a c e t o n e  p r e c i p i t a t i o n ,  S e p h a d e x  G-75  g e l - f i l t r a t i o n ,  
D E A E -  ce l lu lose  c h r o m a t o g r a p h y  a n d  i soe l ec t r i c  f o c u s i n g .  
T h e  p u r i f i c a t i o n  w a s  500-1 ,000  fo ld  a n d  t h e  f i na l  p r e -  
p a r a t i o n  c o n t a i n e d  127 I U  of  L - a s p a r a g i n a s e  p e r  m g  
of p r o t e i n .  

L - A s p a r a g i n a s e  p r e p a r a t i o n s  f r o m  o t h e r  f u n g i  we re  
p r e p a r e d  f r o m  t h e  c u l t u r e  f i l t r a t e s  b y  a c e t o n e  p r e c i p i t a -  
t i on ,  S e p h a d e x  G-75  g e l - f i l t r a t i o n  ( I F O  9660),  or  a m m o -  
n i u m  s u l f a t e  p r e c i p i t a t i o n  t o  r e m o v e  p r e c i p i t a b l e  i m p u r i t y  
proteins (IFO 5421 a n d  9661) a n d  l y o p h i l i z a t i o n .  T h e  
p r e p a r a t i o n s  f r o m  F u s a r i u m  o x y s p o r u m  I F O  9660, F u s a -  
r i u m  roseum I F O  5421, t r u s a r i u m  so lan i  I F O  5893 a n d  
H y p o m y c e s  so lani  I F O  9661 c o n t a i n e d  15 I U ,  0.35 I U ,  
1.8 I U  a n d  0.57 I U  of  L - a p a r a g i n a s e  p e r  m g  of p o w d e r ,  
r e s p e c t i v e l y .  

L - A s p a r a g i n a s e s  t h u s  o b t a i n e d  w e r e  s i m i l a r  to  e a c h  
o t h e r  in  t h e i r  p r o p e r t i e s .  T h e y  d e a m i d a t e d  L - a s p a r a g i n e  
s e l e c t i v e l y .  T h e  d e a m i d a t i o n  r a t e  of  D - a s p a r a g i n e  w a s  
a p p r o x i m a t e l y  1 %  of t h a t  of  L - a s p a r a g i n e .  N e i t h e r  L- n o r  
D - g l u t a m i n e  w a s  d e a m i d a t e d .  K m  v a l u e s  for  L - a s p a r a -  
g i n e  of t h e  e n z y m e s  f r o m  F u s a r i u m  o x y s p o r u m  I F O  9331 
a n d  9660 w e r e  4 .3  • 10 -5 a n d  8.3 • 10 -~ M r e s p e c t i v e l y .  
T h e  d e ~ m i d a t i o n  of  L - a s p a r a g i n e  w a s  c o m p e t i t i v e l y  
i n h i b i t e d  b y  D - a s p a r a g i n e ,  K i  v a l u e s  b e i n g  4.3 • 10 -4 a n d  
5 . 0 •  -4 M for  t h e  e n z y m e s  f r o m  I F O  9331 a n d  9660,  
r e s p e c t i v e l y .  O p t i m u m  p H  for  t h e  r e a c t i o n  w a s  7.2 for  
t h e s e  e n z y m e s .  

A n t i t u m o u r  a c t i v i t i e s  of  t h e  L - a s p a r a g i n a s e  p r e p a r a t i o n s  
a r e  s u m m a r i z e d  in  t h e  T a b l e .  Al l  t h e  L z a s p a r a g i n a s e  
p r e p a r a t i o n s ,  as  wel l  a s  E s c h e r i c h i a  coli L - a s p a r a g i n a s e ,  
s t r o n g l y  s u p p r e s s e d  t h e  g r o w t h  o f  6 C 3 H E D  G a r d n e r  

l y m p h o s a r c o m a  in  C 3 H  mice .  I t  s h o u l d  be  p o i n t e d  o u t  
t h a t ,  b y  t h e  t r e a t m e n t  w i t h  t h e  f u n g a l  L - a s p a r a g i n a s e s ,  
t h e  v o l u m e  of  a s c i t e s  o n c e  i n c r e a s e d ,  a n d  t h e n  r e s u l t e d  
s o m e t i m e s  in  t h e  c o m p l e t e  r e g r e s s i o n  of  t u m o u r .  O n  t h e  
o t h e r  h a n d ,  t h e r e  w a s  l i t t l e  i n i t i a l  i n c r e a s e  o f  asci t~c 
v o l u m e  b y  t h e  t r e a t m e n t  o f  E.  coli L - a s p a r a g ~ n a s e .  

C l in ica l ly ,  a l le rg ic  r e a c t i o n s  w e r e  r e p o r t e d  as  t h e  s ide  
e f f ec t s  of  E.  coli L - a s p a r a g i n a s e  in  p a t i e n t s  ~.  D u r i n g  
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Ant i tumour  activity of L-asparaginases of Fusarium and its related species ~ 

Experiment No. Treatment  Dose IU/mouse/day • 5 No. of mice Body wt. change (day 1-5) Survival time (day) 

I Escherichia coli 2.5 5 -- 2.5 25 _ b 
(Worthington 13ioehemicals) 5.0 5 --2.8 21 23 
Escherichia coli 2.5 5 -- 3.0 
(Kyowa, crystalline) 5.0 5 --3.2 16 17 21 
Fusarium oxysporum 2.5 5 0 13 16 
IFO 9331 5.0 5 - 0 . 4  
Control 5 +2.4 12 13 13 17 17 

Fusariumoxysporum 2.5 5 0 16 16 17 
IFO 9660 5.0 5 +0.2 
Control 5 +1.6  14 14 14 15 15 

Fusariumroseum 5.0 3 0 12 29 - -  
IFO 5421 
Control 4 0 12 13 13 13 

Fusarium solani 5.0 5 --  t.4 14 14 14 t5 16 
IFO 5893 
Control 5 +1.2 10 10 11 11 12 

Hypomyees solani 5.0 5 -- 0.6 19 
IFO 9661 
Control 5 +0.6 11 11 11 11 11 

II 

III 

IV 

V 

10 million of 6C3HED Iymphosarcoma cells were transplanted i.p. and drugs were injected i.p. for 5 consecutive days from 24 h after tumor 
implantation, b _ The turnout-transplanted animals survived more than 30 days after the tumour  transplantation. 
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t he  t r e a t m e n t  of acu te  mye locy t i c  l eukaemia ,  precipi-  
t a t i n g  and  c o m p l e m e n t - b i n d i n g  an t ibod ie s  were demon-  
s t r a t ed  ~~ W e  i n v e s t i g a t e d  t h e  c ross - reac t ion  be t w een  
E. coli L-asparaginase  p r e p a r a t i o n  and  L-asparaginases  
o b t a i n e d  f rom F u s a r i u m  species on aga r - immuno-d i f fu -  
sion. Ant i -E .  coli L-asparaginase  a n t i s e r u m  was ra ised  in 

r a b b i t s  b y  mul t ip le  in j ec t ion  of E. coli L-asparaginase  
( W o r t h i n g t o n  Biochem.  Co.) mixed  in F r e u n d ' s  comple te  
a d j u v a n t .  As seen in t h e  Figure,  F u s a r i u m  a n d  Hypomyces  
L-asparaginase  p r e p a r a t i o n s  gave no iden t ica l  prec ip i ta -  
t i on  l ines w i th  E. coli L-asparaginase.  Thus ,  L-aspara-  
ginases  f rom F u s a r i u m  an d  Hypomyces  were an t igen ica l ly  
d i f fe ren t  f rom E. coli L-asparaginase.  

I t  m a y  be i m p o r t a n t  to  supp ly  va r ious  L-asparaginases  
wh ich  differ  in t h e  an t igen ic  p roper t i e s  to  each  other ,  so 
as to  avo id  t h e  p rob l ems  ar is ing  f rom a n t i g e n - a n t i b o d y  
reac t ions  such  as n e u t r a l i z a t i o n  of t h e  e n z y m e  ac t i v i t y  
or a n a p h y l a c t i c  shock.  

SCHEETZ et  al. 2~ h a v e  p o i n t e d  o u t  t h e  i nab i l i t y  of 
L-asparaginase  f rom myce l i a  of F u s a r i u m  tr icinetum to  
suppress  G a r d n e r  l y m p h o s a r c o m a ;  therefore ,  we should  
l ike to  ex ami n e  t h e  p rope r t i e s  an d  a n t i l y m p h o m a  
ac t iv i t i es  of in t r ace l lu la r  L-asparaginases  of F u s a r i u m  
species s tud ied  in t h e  p re sen t  repor t .  

Rdsumd. Les c h a m p i g n o n s  de f rusar ium et  ceux qui  on t  
le t y p e  fu sa r ium dans  leur  6 ta t  asexues  s6er6 tent  l ' a spa ra -  
ginase. Celle-ci n ' a  pas  l ' ac t iv i t6  de la g l u t a m i n a s e  et  
elle arrSte  le d e v e l o p p e m e n t  d e  la leuc6mie ehez les 
souris.  

Immunoprecipitation of several kinds of L-asparaginases against 
anti-E, coli L-asparaginase antiserum. The antiserum was raised in 
rabbits by injecting i.v., 2 ml of L-asparaginase from E. coli (Wor- 
thington, 200 IU]6 mg]2 ml) in physiological saline solution twice 
3 days apart. 1 and 3 weeks later, rabbits were boosted s.c. with the 
same amount of the L-asparaginase emulsified in Freund's complete 
adjuvant (Difco). The sera were collected 1 week after the last 
injection. Micro-gel diffusion was carried out on mieroslides using 
1% agar (Difeo, Noble) in veronal buffer, 0.06 M, pH 8.6. Central 
wells: 50 ~zl of anti-E, coli 5-asparaginase rabbits sera. Peripheral 
wells: 10 M of 0.2% of E. coli L-asparaginase and 10 ~1 of 2% of 
other L-asparaginase preparations: 1. Fusarium solani, IPFO 5893; 

2.  Escherichia coli (Kyowa, crystalline); 3. Fusarium oxysporum, 
IFO 9660; 4. Fusarium oxysporum, IFO 9331; 5. Escheriehia coli 
Worthington; 6. Hypomyces solani, IFO 9661. 
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Equivalence of Continuous Infusion and Single Injection of 8H-Thymidine for Analysis of 
Intravascular Kinetics of Neutrophilic Granulocytes in the Rat 

A q u a n t i t a t i v e  desc r ip t ion  of t he  t u r n o v e r  of neu t ro -  
phi l ic  g ranu locy tes  requi res  t he  m e a s u r e m e n t  of t h e  m e a n  
i n t r a v a s c u l a r  l i fespan  of these  cells. I n  dogs 1 a n d  in m a n  2, 
a u t o t r a n s f u s i o n  s tud ies  a f te r  in -v i t ro  labe l l ing  w i t h  ~2p_ 
d i i sop ropy l f luo rophospha te  a n d  s u b s e q u e n t  sc in t i l l a t ion  
c o u n t i n g  of i so la ted  l eukocy te  samples  h a v e  been  used to  
d e t e r m i n e  th i s  p a r a m e t e r .  The  m e t h o d  is, however ,  n o t  
app l icab le  to  smal l  l a b o r a t o r y  animals .  A new exper i -  
m e n t a l  a p p r o a c h  to  t h i s  p r o b l e m  was the re fo re  deve loped  
us ing  con t inuous  infus ion  of 3H- thymid ine  a n d  au to-  
r a d i o g r a p h y  to d e t e r m i n e  t he  r e p l a c e m e n t  of un labe l l ed  
pe r iphe ra l  b lood g ranu locy tes  b y  label led  g ranu locy tes  
coming  f rom the  bone  mar row.  Resu l t s  for t h e  ra t ,  as 
well  as a discussion of t h e  pr inc ip les  of t he  me thod ,  were 
p u b l i s h e d  previously3,  ~. E x p e r i m e n t s  r epo r t ed  here  
d e m o n s t r a t e  t h a t  c o n t i n u o u s  in fus ion  of 3 H - t h y m i d i n e  in  
th i s  e x p e r i m e n t a l  s y s t e m  can  be  replaced  b y  a single 
in j ec t ion  of t he  r ad ioac t i ve  precursor ,  r e su l t ing  in a 
cons iderab le  s impl i f ica t ion  of t h e  t echn ica l  procedure .  

Materials  and methods. ~ W i s t a r  A F - H a n  r a t s  (250-  
350 g) were used in t he  exper imen t s .  Fo r  a pe r iod  of 120 h '  
t h e  an ima l s  received a c o n t i n u o u s  in fus ion  of e i the r  
a H - t h y m i d i n e  in 0.9% sal ine (3 ~zCi/g b o d y  wt.  pe r  day)  
or 0.9% sal ine fol lowing a s ingle i.v. i n j ec t ion  of 3H- 

t h y m i d i n e  (2 ~Ci/g b o d y  wt.) .  Blood samples  were 
o b t a i n e d  a t  12-h- in te rva l s  b y  r epea t ed  p u n c t u r e s  of t he  
ta i l  a r t e r y  5 T h e  p e r c e n t a g e  of label led  b lood g ranu locy tes  
was d e t e r m i n e d  b y  a u t o r a d i o g r a p h y  of l eukocy te -en r i ched  
b lood smears .  Deta i l s  of t h e  m e t h o d s  emp loyed  h a v e  been  
p u b l i s h e d  ~. 

Results.  The  pe rcen t age  of label led  b lood g ranu locy tes  
o b t a i n e d  a t  va r ious  t i m e s  a f te r  s t a r t i n g  a c o n t i n u o u s  
in fus ion  or a f te r  g iv ing  a single i.v. i n j ec t ion  of ~H- thymi-  
d ine  is shown  in F igure  1. I t  can  be  seen t h a t  t h e  replace-  
m e n t  of un labe l l ed  b lood  g ranu locy te s  b y  label led  granulo-  
cytes  f rom t h e  m a r r o w  is t h e  same  for b o t h  schedules  of 
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