
396 BiOCI~iMICA ET BioPFIYSICA ACTA VOL. 11 (I953) 

AR GI NAS E,  AN ANTIMITOTIC A G E N T  IN T I S S U E  C U L T U R E  

by 

S. J. BACH 

Department o/Physiology, University o[ Bristol, Bristol (England) 

AND 

I. SIMON- REUSS 

Department o] Radiotherapeutics, Cambridge University, Cambridge (England) 

INTRODUCTION 

Numerous attempts have been made in the past to control the growth of malignant 
neoplasms by chemotherapeutic agents in addition to the use of accepted methods of 
surgery and radiotherapy. The experimental approach to the problem in this work differs 
from most previous ones in that an enzyme, arginase, was used to inhibit the fast growth 
of fibroblasts and of malignant tissues. If it can be conceived that, amongst other factors, 
an excess of growth-promoting biological components is responsible for rapid cellular 
multiplication, then a destruction of such agents might be expected to lead to a retar- 
dation of tissue growth. Arginine has been shown to act as a stimulating agent for 
tumour growth (BACH ,aNn LASNITZI~I 1) and there is also a strong indication that arginine 
is preferentially utilized by animals bearing malignant tumours (BAcI~ AND MAW2). 
There was, therefore, reason to believe that a removal of arginine from the medium 
and, possibly, from the cellular fluid of tissue cultures through arginase action would 
retard the metabolic and mitotic activities of fast-growing cells. 

In the meantime, several workers, using crude liver extract (WISWELL a) or  partially 
purified arginase preparations (VRAT 4, IRONS AND BOYD ~) as the source of arginase, 
reported tumour regressions or a reduction of tumour growth after injection of arginase 
into tumour-bearing animals. 

The experiments described below were designed to ascertain an effect of highly 
purified arginase preparations on the mitosis of fibroblasts and of Jensen sarcoma cells 
in tissue culture. The principal difficulty consisted in the preparation of enzyme solutions 
of sufficient purity to exclude any side effect of non-enzymic material. Arginase has in 
the past withstood many attempts to isolate it from liver tissue in which it is abundant. 
In 1946 BACH 7 reported the crystallization of the enzyme. However, the method de- 
scribed proved to be difficult in its later stages and attempts of other workers to repeat 
the procedure did not always meet with success  (MoHAMED6). Though, for reasons stated, 
this seems understandable it does in no way justify MOHAMED'S claim e that  the method 
could not have been successful in the hands of the originator. In fact, the procedure 
used in the experiments described below was essentially the original method of BACH 
and yielded highly purified preparations. 

Re[erences p. 402. 
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METHODS 

The preparation o] arginase 
Ioo g ace toned  ox-l iver powder  were ex t r ac t ed  wi th  o.I % m a n g a n e s e  su lphate ,  ma in t a in ing  

t he  p H  be tween  7 and  8. Non-enzymi c  mate r ia l  was r emoved  by  hea t i ng  a t  51 ° a t  p H  6.1 and  by 
fu r the r  prec ip i ta t ion  wi th  o. 4 vo lumes  of ice-cold acetone.  S u b s e q u e n t l y  enzymic  pro te in  was  pre- 
c ip i ta ted  wi th  fu r the r  0.6 vo l umes  of acetone.  T he  enzymic  prec ip i ta te  was  redissolved in o .oi  % 
CoCI~ solut ion of one th i rd  of the  original  vo lume.  T he  ace tone  was t h e n  r emoved  by  dialysis  aga ins t  
o.oi  % CoC12. Th i s  s tep  was  followed by  a fu r the r  r emova l  of non -enzymic  ma te r i a l  t h r o u g h  hea t ing  
a t  60 ° for 20 rains. The  grea te r  pa r t  of the  l iver p i g m e n t s  was  now sepa ra t ed  f rom the  enzymic  
m i x t u r e  by  the  prec ip i ta t ion  of the  former  wi th  zinc su lpha te  of a final concen t r a t ion  of o.o25 %. 
The  mix tu re ,  now prac t ica l ly  colourless, was  dia lysed aga ins t  o.oi  % cobal t  chloride and  repea ted ly  
f rac t iona ted  wi th  a m m o n i u m  sulphate .  At  a m m o n i u m  su lpha te  s a tu r a t i ons  be tween  5 ° % and  60 % 
the  enzyme  separa ted  ou t  a t  room t empe ra t u r e .  T he  " p u r i t y "  of t he  e n z y m e  f rac t ions  was  followed 
t h r o u g h  t he  var ious  s tages  of the  p repara t ion .  " P u r i t y "  was  defined as " a c t i v i t y "  divided by  the  
n i t rogen  c o n t e n t  in m g  of one ml  solut ion.  " A c t i v i t y "  was  defined as microl i ter  urea-CO 2 l iberated 
in io m i n u t e s  a t  3 °°  by  one ml  e n z y m e  solut ion.  The  t e s t  m e t h o d  descr ibed b y  BACH 7 was  used,  
t h o u g h  t he  add i t ion  of cobal t  sal t  to the  e x p e r i m e n t a l  m i x t u r e  was omi t ted .  

W h e n  in prev ious  p repara t ions  the  enzyme  solut ion reached a " p u r i t y "  va lue  of approx .  23,0o0, 
p ro te in  c rys ta l s  appea red  on concen t ra t ion  of the  solution.  All e n z y m e  p repa ra t ions  used  in the  t i ssue 
cu l tu re  e x p e r i m e n t s  had  a " p u r i t y "  va lue  of more  t h a n  18,ooo. For  use  in t i ssue  cu l tu res  t he  purified 
e n z y m e  solut ion was  comple te ly  freed f rom a m m o n i u m  sal ts  by  e x h a u s t i v e  dialysis  aga ins t  saline- 
con ta in ing  o.oi  % cobal t  chloride;  the  la t t e r  was  added  as an  ac t i va t i ng  and  s tabi l is ing agent .  

Inactivation o] arginase preparations. T he  ac t ive  e n z y m e  solut ion was  t r ea t ed  wi th  an  equal  
vo lume  of 3 M ace ta te  buffer  of p H  4.6 and  left  s t a n d i n g  for one hou r  a t  room t empe ra tu r e .  This  
was  followed by  exhaus t i ve  dialysis  aga ins t  coba l t -con ta in ing  saline to r emove  t he  aceta te .  Whi le  
no prec ip i ta t ion  of pro te in  occurred dur ing  th is  t r e a t m e n t ,  the  comple te  inac t iva t ion  of t he  enzyme  
was  verified b y  ac t iv i ty  tests .  T h e  pro te in  concen t ra t ion  of the  inac t iva t ed  e n z y m e  solut ion was  
a d j u s t e d  to t h a t  of the  act ive  solutions.  W h e n  several  concen t ra t ions  of act ive  solut ions  were used  
in t he  t i ssue cul ture  exper iments ,  t he  concen t ra t ion  of t he  inac t iva t ed  e n z y m e  corresponded to t h a t  
of the  mos t  act ive  e n z y m e  solution.  

Application o[ the arginase preparations to tissue culture experiments. The  s tock  solu t ions  p repa red  
as descr ibed above  were d i lu ted  wi th  e m b r y o  ex t r ac t  for use  in t i ssue cu l ture  exper iments .  The  h ighes t  
final concen t ra t ion  t h a t  could be used w i t hou t  appreciable  toxic  effects on t he  f ibroblast  cu l tures  
was  found  to have  all " a c t i v i t y "  of approx.  12o un i t s ;  solut ions  wi th  lower act iv i t ies  were used  in 
paral lel  exper iments .  One  drop of the  e m b r y o  e x t r a c t - e n z y m e  m i x t u r e  was added  to  one drop of 
p l a s m a  in wh ich  t he  t i ssue was  embedded .  

Tissue culture technique 

Fibroblast cultures. T h e  t issues  used  were t a k e n  f rom the  choroid and  sclerotic of io days  old 
ch icken  embryos .  The  cu l tures  were grown by  the  hang i ng  drop m e t h o d  in equal  pa r t s  of fowl p l a s m a  
and  15 % e m b r y o  ex t r ac t  in Tyrode  solution.  T h e y  were i ncuba t ed  a t  39 ° and  subcu l tu red  every  
48 hour s  for th ree  pa s sa ges  to  ob ta in  un i fo rm growth.  F resh  e m b r y o  ex t r ac t  was  used on each cu l ture  
day.  Groups  of six cu l tu re s  each  f rom t he  4 th  passage  were selected and  m a t c h e d  for use  in t he  
e n z y m e  e x p e r i m e n t s  and  in t he  controls.  The  e n z y m e  was  added  to the  embryo  ex t rac t ,  m a i n t a i n i n g  
an  ex t r ac t  concen t ra t ion  of 15 %. T he  control  cu l tures  were grown in absence  of arginase.  The  control  
and  e x p e r i m e n t a l  cu l tu res  were i ncuba t ed  for 24 hours ,  af ter  which  t h e y  were f ixed in Susa, s ta ined  
wi th  He idenha in ' s  h a e m a t o x y l i n  and  m o u n t e d  in toto. 

The  to ta l  n u m b e r  of mi to t ic  cells was  coun ted  bo t h  in t he  enzyme- t r ea t ed  and  in the  control  
cul tures .  The  mi tos is  of t he  t r ea ted  cu l tures  was  expressed  as percen tage  of t h a t  of the  controls.  
The  phase  d i s t r ibu t ion  was  a r r ived  a t  by  coun t ing  t he  ind iv idua l  phases  of the  mi toses  and  by  
express ing  t h e m  as pe rcen tage  of t he  to ta l  mi to t ic  count .  

Jensen sarcoma cultures. T he  Kodak- f i lm-record ing  t echn ique  was  used.  The  cu l tures  were 
s t a r t ed  by  the  hang ing  drop me thod ,  described above.  The  m e d i u m  consis ted  of one p a r t  chicken 
p lasma,  th ree  pa r t s  r a t  s e r u m  and  one pa r t  15% e m b r y o  ex t rac t .  For  t he  f i lm analys is  selected 
cu l tures  of t he  4 th  passage  were t rans fe r red  to  Carrel  f lasks and  were grown in a coagu lum consis t ing  
of chicken p lasma,  Ty rode  and  m a m m a l i a n  s e rum in equal  proport ions .  The  c o a g u l u m  was  allowed 
to clot for th ree  hour s  before add ing  t he  e m b r y o  ex t r ac t  (15 %). The  flasks were incuba ted  for 48 
hours ,  the  e m b r y o  ex t r ac t  was  t h e n  removed ,  the  cu l ture  washed  in Tyrode,  af ter  wh ich  fresh e x t r a c t  
was  added.  T h e n  p ic tures  were t a k e n  for several  hour s  as controls .  The  e m b r y o  ex t r ac t  was  aga in  
r emoved  and  was  now replaced b y  e m b r y o  ex t r ac t  con ta in ing  arginase.  

The  g rowth  a n d  behav iour  of t he  cu l ture  was  recorded c ine-microphotographicaUy for a per iod 
of 26 hours .  A p ic tu re  was  t a k e n  eve ry  6 m i n u t e s  on a Kodak- reco rd ing  film wi th  an  a u t o m a t i c  
c a m e r a  represen t ing  a modif icat ion of the  one descr ibed b y  WILLMER AND JACOBY 8. The  a p p a r a t u s  
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consisted essentially of an inverted microscope with the objective (4 ram, 0.65 n.a.) occupying the 
usual position of the condensor. The light of an electric bulb fitted into the tube of the microscope 
was deflected on the film through a No. io eyepiece. A heat-absorbing fluid filter was placed between 
light source and culture. The microscope was fitted into a thermostatically controlled incubator set 
at 39 ° . The mitotic index was evaluated by counting the mitoses occurring in each photograph and 
by a total cell count at the end of every 6th hour. The number of hourly mitoses was calculated 
from the number of the cells present. 

This technique allows the observation and recording of cell divisions and cell migration over 
a long period at regular intervals, though only low-power microscopy can be applied. 

RESULTS 

Experiments with fibroblasts 

Mitotic inhibition and cytological observations. Tab le  I s u m m a r i s e s  t he  e x p e r i m e n t s  

w i t h  f ib rob las t  cu l tu re s  t r e a t e d  w i t h  arginase .  I n  each  case a con t ro l  e x p e r i m e n t  w i t h o u t  

a d d i t i o n  of a rg inase  was  ca r r i ed  out .  T h e  " a c t i v i t y "  of t he  u n d i l u t e d  a rg inase  p repa -  

r a t i ons  used  in t he  v a r i o u s  e x p e r i m e n t s  was  a d j u s t e d  to  a p p r o x i m a t e l y  12o un i t s  (see 

Methods) .  I n  some  cases (exps. V I I  and  XV) para l l e l  e x p e r i m e n t s  were  ca r r i ed  o u t  w i t h  

f u r t h e r  d i l u t ed  p repa ra t i ons .  As  is to  be  expec t ed ,  t he  degree  of i nh ib i t i on  d i m i n i s h e d  

w i t h  h igh  d i lu t ions  of t h e  enzyme .  U n d i l u t e d  e n z y m e  p r e p a r a t i o n s  a p p e a r e d  to r educe  

the  g r o w t h  a rea  whi le  w i t h  d i lu ted ,  p r e p a r a t i o n s  t he  o u t g r o w t h  was  n o r m a l  or  a l m o s t  

no rmal .  T h e  i nh ib i t i ng  effect  was  a c c o m p a n i e d  by  cell  o e d e m a  e x c e p t  in t he  e x p e r i m e n t s  

w i t h  h igh  e n z y m e  d i lu t ions .  P y k n o t i c  nucle i  were  o b s e r v e d  w i t h  u n d i l u t e d  e n z y m e  

p repa ra t i ons .  T h e  on ly  cy to log ica l  f e a tu r e  wh ich  was  gene ra l l y  seen in c o n j u n c t i o n  w i t h  

m i t o t i c  i nh ib i t i on  was  t h e  occu r r ence  of c l u m p e d  m e t a p h a s e s .  Th i s  was  o b s e r v e d  i r re-  

spec t i ve  of  t he  degree  of e n z y m e  d i lu t ion .  T h e  g r e a t e s t  n u m b e r  of c l u m p e d  m e t a p h a s e s  
was  f o u n d  in exp.  X V b .  

TABLE I 

M I T O T I C  I N H I B I T I O N  A N D  C Y T O L O G I C A L  O B S E R V A T I O N S  W I T H  A R G I N A S I g - T R E A T E D  

F I B R O B L A S T  C U L T U R E S  

Relative dilution of % Mitotic Observations 
Exp. enzyme preparation inhibition 

II. none 74 .8 / 
III .  none 84. I J 
V. none 74.o 

VII  a. none 74.5 

VII  b. i : Io 71.6 

VII c. i : ioo 49.0 

X V  b .  I : 5 o  .59.  I 

XV c. I : 200 44. I 

V. none, inactivated o 

VII a. none, inactivated 7-5 

Reduced outgrowth; slight oedema in resting cells; 
clumped metaphases. 

Greatly reduced outgrowth; pyknotic nuclei; oedema in 
resting cells; clumped metaphases. 

Little outgrowth; flattened, disconnected resting cells 
with pyknotic nuclei; clumped metaphases. 

Slightly reduced outgrowth; slight oedema in resting 
cells; some clumped metaphases. 

Normal outgrowth and normal resting cells; some 
clumped metaphases. 

Normal outgrowth, slight oedema in resting cells ; nearly 
all metaphases clumped. 

Normal outgrowth; slight oedema in resting cells; some 
clumped metaphases. 

Normal outgrowth; no abnormalities. 

Normal outgrowth; no abnormalities. 
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Fig. i. T h e  effect of t he  e n z y m e  c o n c e n t r a t i o n  on  t h e  mi to t ic  inh ib i t ion  of f ibroblas ts .  
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Fig. 2. Phase  d i s t r i bu t i on  of a rg ina se - t r ea t ed  f ib rob las t  
cu l tures .  Ac t i v i t y  of u n d i l u t e d  e n z y m e :  a p p r o x .  120 
uni t s .  P = p r o p h a s e ;  M = m e t a p h a s e ;  A = a n a p h a s e ;  

T = t e lophase  
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The intimate relationship between 
enzyme is seen in Fig. I. I t  is note- 
worthy that  the points referring 
to different enzyme preparations 
(as indicated by different Roman 
numerals) fall close to the line ; they 
were made and applied at different 
times over a period of two years. 

Effect o/ inactivated enzyme 
preparations. Conclusive evidence 
that  the inhibitory effect on mitosis 
was due to enzyme action and not 
to a toxic effect of unspecific proteins 
was secured by experiments with 
inactivated enzyme solution. In the 
experiments V and VII  the undiluted 
enzyme preparations were inactiva- 
ted prior to their administration to 
the cultures. In these cases no inhibi- 
tory effect on mitosis was observed 
and the cytological picture did not 
differ from that  of the controls. 

Effect o/ arginase on phase dis- 
tribution. The phase distribution 
(Fig. 2) shows a tendency to accu- 
mulation of cells in metaphase in 
cultures treated with arginase. This 
occurs particularly when the culture 
is treated with arginase prepara- 
tions of high concentration. On the 
other hand, the phenomenon was 
not observed in experiment I I I  
where undiluted enzyme was used. 
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Experiments with Jensen sarcoma cultures 

Preliminary experiments on the effect of arginase on Jensen sarcoma cultures are 
recorded in Fig. 3. There were carried out with the Kodak-recording technique. In 
Section A of Fig. 3 the percentage mitosis varied within normal limits during the 26 
hours period of the experiment. The variations were similar when inactivated enzyme 
was added to the culture after five hours, i.e. no effect of the inactive solution was 
detectable. In Section B the variations are similarly normal up to the Ioth hour. At 
this point embryo extract containing active enzyme was added, whereupon the per- 
centage mitosis markedly dropped to reach zero value in the latter part of the experi- 
mental period. 

6 

o 

.L~ 

~N 

![ 
z . . . .  

, ,  i i i i i i 

I 2 ~ * 5 6 z 8 9 1o . 12 ~J ,~ ,5 ,'6 -2'o~T--2'2-"2'~--2'.--2'~'-2'6 
Time (hours) 

Fig .  3" The  effect of a rg inase  on J ensen  s a r coma  (Expts .  X I I  and  XI I I ) .  A = inac t iva t ed  e n z y m e ;  
B = act ive  enzyme  

DISCUSSION 

The presence of a highly purified preparation of arginase enzyme in concentrations 
as low as 6. IO -s % in the medium of fibroblast and of Jensen sarcoma cultures resulted 
in a strong mitotic inhibition of the cells. Because of the high specificity of arginase 
with regard to its action on arginine, the observed effect must have been solely due to 
the destruction of arginine. Only free arginine could have been attacked by the enzyme 
since it was found elsewhere (BACH 9) that arginase does not catalyse the decomposition 
of peptide-linked arginine. The simplest explanation of the inhibitory effect of arginase 
on cell mitosis may therefore be sought in the destruction of a cell nutrient which may 
play an essential part  in the metabolism of fast-growing embryonic and of malignant 
cells. In this way the enzyme action may eventually lead to a low arginine level of the 
culture.  

Since it is difficult to picture a permeation of the cellwall by the protein, the enzymic 
attack must have been directed against free arginine extruded from the cell or present 
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in the  p l a sma  and in the  embryo  ex t r ac t  of the  medium.  T h a t  the  enzymic  effect is 
not  solely concerned with  the  des t ruc t ion  of the  arginine present  in the  embryo  ex t rac t ,  
is seen f rom the  fact  t ha t  an inh ib i to ry  ac t ion of arginase was also observed  when the 
embryo  ex t r ac t  was rep laced  by  Ty rode  solution.  

An  unspecific toxic  effect of a d d e d  p ro te in  on the t issue cul tures  can be exc luded  
as the  cause of mi to t i c  inhib i t ion  since the  add i t ion  of the  inac t ive  enzymic  p ro te in  to 
the  cul ture  med ium p e r m i t t e d  a ra te  of mitosis  ident ica l  wi th  t ha t  of the  cont ro l  cultures.  
Observa t ions  on the  phase d i s t r ibu t ion  and  on the cy to logy  of such cul tures  also showed 
comple te  s imi la r i ty  to those made  wi th  the  control  cul tures.  

I t  can be a rgued  t h a t  the  depr iva t ion  of an organism from one of i ts  essent ia l  
metabo l i t e s  could, besides  r e t a rd ing  an excessive g rowth  rate ,  also lead  to a serious 
in terference wi th  the  ma in tenance  of i ts  basic  metabol i sm.  However ,  i t  was observed  
in these exper imen t s  t h a t  enzyme concent ra t ions  could be found which, while reducing 
mitosis,  d id  not  in terfere  wi th  the  res t ing cells and  only s l ight ly  affected the  ou tg rowth  
of the  tissue. Though no de ta i led  cytological  s tudies  were made,  there  is an ind ica t ion  
tha t ,  a t  least  wi th  h igher  enzyme concentra t ions ,  the  cell divis ion m a y  be a r res ted  in 
the  metaphase .  Thus  the  exper imen t s  here descr ibed represent  an a t t e m p t  to control  
the  mitosis  of fas t -growing embryonic  and  of ma l ignan t  cells in  vitro b y  enriching the 
cul ture  m e d i u m  wi th  an enzyme which in tu rn  des t roys  an essent ia l  cell nut r ien t .  

F o r  the  condi t ions  p reva i l ing  in  vivo i t  m a y  be of pa r t i cu la r  in teres t  t ha t  the  ac t ion  
of arginase appears  to be cont ro l led  b y  the  adrena l  cor tex  (FIIAENKEL-CONRAT, SIMPSON 
.aND EVANS1°, 11) and  b y  ACTH (VRAT12). In  this  way  the in t ac t  organism m a y  be in 
a posi t ion to adjus t ,  wi th in  l imits ,  the  enzyme ac t iv i ty .  W i t h  sufficient arginase at  i t s  
d isposal  the  organism m a y  therefore  be able to regula te  the  arginine level  of the  b o d y  
fluids and  poss ib ly  to r ead jus t  metabol ic  d i s tu rbances  caused b y  the  excess of a g rowth-  
s t imula t ing  nut r ien t .  The increase of the  inh ib i t ing  effect of arginase  on t u m o u r  growth  
th rough  s imul taneous  in ject ions  of arginase  and  ACTH into  tumour -bea r ing  mice, as 

r epor t ed  b y  VRAT x~, confirms this  view. 

SUMMARY 

I. The purification of arginase from ox liver is described. 
2. Highly purified arginase, added to the medium of fibroblast and of Jensen sarcoma cultures, 

caused a strong mitotic inhibition. The inhibition in the fibroblast cultures was almost complete at 
enzyme concentrations of lO-3% and was still approximately 5 ° % at concentrations between lO -4 
and lO -5 %. An enzyme preparation with an activity of 384 units completely inhibited Jensen sarcoma 
cultures. 

3. The degree of inhibition was related to the activity of the enzyme. When inactivated enzyme 
was added to the cultures in concentrations as higll as the most active preparations, the rate of 
mitosis was identical with that of the control cultures grown in absence of arginase. The inhibitory 
effect of arginase was therefore due to a specific enzymic action. 

4- Cytological observations revealed reduced outgrowth and an effect on resting cells when 
higher enzyme concentrations were used. With lower enzyme concentrations which still markedly 
inhibited mitosis, the outgrowth was normal and the resting cells were unaffected. No abnormalities 
were observed in experiments with inactivated enzyme preparations. With active enzyme prepa- 
rations the phase distribution indicated an arrestment of cells in metaphase in most cases. 

5. The significance of the control of arginase by the anterior pituitary and the adrenal cortex, 
as reported by other workers, is discussed. 

Re/erences p. 4o2. 
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RI~SUMI~ 

I. La  pur i f icat ion de l ' a rg inase  du foie de boeuf  est  d6crite. 
2. De l ' a rg inase  tr6s purifi6e, a jout6e  au  mil ieu de cu l ture  de f ibroblastes  et de sa rcome  de 

Jensen ,  inhibe  fo r t eme n t  les mi toses .  L ' inh ib i t ion ,  dans  les cu l tures  de f ibroblastes,  est  p resque  tota le  
pour  une  concen t r a t ion  en e n z y m e  de lO-3% et  es t  encore envi ron  de 5 0 %  A des concen t ra t ions  
compr ises  en t re  io  - a e t  lO -5 %. Une  p r @ a r a t i o n  e n z y m a t i q u e ,  poss6dan t  une  act ivi t6  de 384 unit6s,  
inhibe c o m p l b t e m e n t  des cu l tures  de sarconle  de Jensen .  

3. Le degr6 d ' inh ib i t ion  es t  ii6 5. l ' ac t iv i t6  de l ' enzyme .  Q u a n d  on a jou te  aux  cul tures  de l ' enzyme  
inact ivd,  5. des concen t r a t ions  auss i  dlev6es que  celles des p r @ a r a t i o n s  les p lus  act ives,  le nombre  
des mi toses  est  le m 6 m e  que darts des cu l tures  tdmoins  r~alis~es en l ' absence  d 'a rg inase .  L ' inh ib i t ion  
pa r  l ' a rg inase  es t  donc due A une  ac t ion  e n z y m a t i q u e  sp*Scifique. 

4. Des obse rva t ions  cy to logiques  i non t r en t  que  des concen t ra t ions  p lus  61ev6es en e n z y m e  
r~du i sen t  la croissance  et  on t  un  effet sur  les cellules au  repos.  Des concen t ra t ions  faibles, qui  inh iben t  
encore n e t t e m e n t  les mi toses ,  n ' o n t  pa s  d ' ac t ion  sur  la croissance et les cellules au  repos. L ' e n z y m e  
inact ivd ne p rodu i t  aucune  anomal ie .  L ' e n z y m e  act i f  b loque dans  la p lupa r t  des cas  les cellules en  
m6 taphase .  

5. L ' i m p o r t a n c e  du contr61e de l ' a rg inase  pa r  l ' a n t 6 h y p o p h y s e  et le cor tex  surr6nal ,  qui  a ~16 
indiqu~ pa r  d ' a u t r e s  au teurs ,  es t  discut~e. 

Z U S A M M E N F A S S U N G  

I. Die Re in igung  von  Arginase  aus  Ochsenleber  wird beschr ieben.  
2. Ff igt  m a n  Arginase  yon  h o h e m  Re inhe i t sg rad  zu dem Med ium von  F ibrob las ten-  und  

J e n s e n - S a r k o m - K u l t u r e n ,  so t r i t t  eine s t a rke  M i t o s e n h e m m u n g  ein. Bei einer E n z y m k o n z e n t r a t i o n  
yon  lO-a% war  die H e m m u n g  be inahe  vollst/ indig. Bei e iner  E n z y m k o n z e n t r a t i o n  zwischen io  -a 
und  lO -5 % be t rug  sie noch  ungef / ihr  50 %. Ein  E n z y m p r / i p a r a t  m i t  e iner  Akt iv i t / i t  von  384 E inhe i t en  
h e m m t e  J e n s e n - S a r k o m - K u l t u r e n  vollst i tndig.  

3. Der  Grad  der H e m m u n g  s t a n d  in d i rek ten  Verh~tltnis zur  Aktivi tXt  des E n z y m s .  Ftigt  m a n  
inak t iv ie r tes  E n z y m  zu den  K u l t u r e n  in derse lben K o n z e n t r a t i o n  wie diejenige in den  Pr i ipa ra ten  
mi t  h6chs t e r  Aktivi t / i t ,  so is t  der  Ab lau f  der Zel l te i lung ident isch  mi t  der Arginase-f re ien  Kont ro l l -  
ku l tu ren .  Die h e m m e n d e  W i r k u n g  der Arg inase  ist  dahe r  einer spezif ischen E n z y m w i r k u n g  zu- 
zuschre iben .  

4. Cytologische B e o b a c h t u n g e n  zeigen bei h6heren  E n z y m k o n z e n t r a t i o n e n  eine reduzier te  
W a c h s t u m s z o n e ,  sowie eine W i r k u n g  auf  die im R u h e s t a d i u m  bef indl ichen Zellen. Bei ger ingeren 
E n z y m k o n z e n t r a t i o n e n ,  die die Mi tosen  noch  deut l ich  h e m m e n ,  war  das  W a c h s t u n l  n o r m a l  und  
die Zellen im R u h e s t a n d  waren  n i ch t  angegriffen.  In  den  Versuchen  mi t  i nak t iv i e r t en  E n z y m -  
prXpara ten  wurden  keine AbnormalitV&en beobach te t ,  Bei ak t i ven  E n z y m p r g p a r a t e n  zeigt die 
P h a s e n v e r t e i l u n g  in den  me i s t en  F~llen eine H e m m u n g  der Zel l te i lung in der  Me taphase .  

5. Die B e d e u t u n g  der von  ande ren  Forschern  be r i ch te ten  S t eue rung  der Arg inase  d u r c h  den 
I t y p o p h y s e n v o r d e r l a p p e n  und  die Nebenn ie ren r inde  wird besprochen.  
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