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c e n t r a t i o n  (3 × 10 -3 M in 0.1 ml  of e thano l )  s imi la r  to  t h a t  
used  for  t h e  s te ro ids  w i t h  l a c t one  r ings,  w h i c h  KAHN a n d  
ACHESON f o u n d  to  be  a c t i v e  on  c a t i o n  t r a n s p o r t  in  t h e i r  
e x p e r i m e n t s  in  co ld - s to red  e r y t h r o c y t e s  1°. T he  same  
a m o u n t  of p u r e  e t h a n o l  was  a d d e d  to  t h e  con t ro l  a l iquots .  
O u a b a i n  was  a d d e d  a t  t h e  c o n c e n t r a t i o n  of 2.5 × 10 -Sg  
in  0.1 c m  s of d is t i l led  w a t e r ;  t h e  s ame  a m o u n t  of p u r e  
w a t e r  was  a d d e d  to  t h e  con t ro l  samples .  

T h e  q u a n t i t i e s  of p o t a s s i u m  r e m o v e d  f rom t h e  incu-  
b a t i o n  m e d i u m  a n d  t h e  q u a n t i t i e s  of sod ium se t  free in  t h e  
s ame  m e d i u m  d u r i n g  i n c u b a t i o n  are  s h o w n  in  t he  Table .  
SC 9420 h a d  no  m e a s u r a b l e  effect  on  these  c h a n g e s  u n d e r  
t h e  cond i t i ons  of t h e  e x p e r i m e n t .  On  t h e  c o n t r a r y ,  O u a b a i n  
b locked  p o t a s s i u m  u p t a k e  by,  a n d  s o d i u m  o u t p u t  f rom,  
i n c u b a t e d  co ld -s to red  h u m a n  e r y t h r o c y t e s .  

Our  e x p e r i m e n t s  do n o t  s u p p o r t  t h e  a s s u m p t i o n  t h a t  
s t e ro ida l  a n t a g o n i s t s  of a ldos t e rone  c o m p e t e  w i t h  a ldos te -  
rone- l ike  h o r m o n e s  for  t h e  e n z y m a t i c  m e c h a n i s m  w h i c h  
con t ro l s  c a t i o n  t r a n s p o r t  n o t  o n l y  w i t h i n  t h e  r e n a l  t u b u l a r  
cells, b u t  also w i t h i n  t h e  b lood  red  cells a n d  poss ib ly  w i th -  
in  t h e  b o d y  cells in  general .  

Riassunto .  N o n o s t a n t e  l ' a f f in i tk  s t r u t t u r a l e  con  l ' u aba i -  
na ,  lo s p i r o l a t t o n e  a n t i a l d o s t e r o n i c o  SC 9420 n o n  eserc i ta  
la s t essa  az ione  del gl icoside ca rd ioe ine t i co  sugli  s c a m b i  
a t t i v i  che  si m a n i f e s t a n o  in  vitro a t t r a v e r s o  la m e m b r a n a  
di  e r i t roc i t i  u m a n i  i n e u b a t i  a 37°C dopo 6 g iorn i  di  con-  
se rvaz ione  a 4°C. N o n  t r o v a  q u i n d i  c o n f e r m u  s p e r i m e n t a l e  
l ' i po tes i  che e n t r a m b e  q u e s t e  sos t anze  c o m p e t a n o  con  
l ' a l d o s t e r o n e  in q u a l c h e  fase del  processo  e n z i m a t i c o  di 
t r a s p o r t o  degli  e l e t t l o l i t i  a l ivello di  t u t t e  le m e m b r a n e  
cel lu lar i  de l l ' o rgan i smo.  G. D'AMICO a n d  A. CESANA 

Is t i tu to  di Cl inica M e d i c a  dell' Universi t~ di M i l a n o  (Italia),  
November  30, 7960. 

O n  t h e  M e c h a n i s m  o f  A c t i o n  

o f  S o m e  4 - A m i n o a n a l o g u e s  o f  F o l i c  A c i d  

T h e  b iochemica l  m e c h a n i s m  of ac t ion  of t h e  a n t i -  
l eukemic  a c t i v e  4 - a m i n o - a n a l o g u e s  of folic acid,  a m i n o -  
p t e r i n  a n d  a m e t h o p t e r i n  ha s  b e e n  found  to  be  in  a s t r o n g  
i n h i b i t i o n  of t h e  folic acid h y d r o g e n a s e s  1-e. I n  th i s  way,  
t h e  f o r m a t i o n  of t h e  c o e n z y m a t i c a l l y  ac t ive  t e t r a h y d r o -  
folic ac id  m a y  be  p r e v e n t e d  a n d  the re fo re  t h e  b i o s yn t he s i s  
of t h y m i d y l a t e  a n d  pu r ine s  i nh ib i t ed .  I n  o rde r  to  pre.pare 
less tox ic  a n t i m e t a b o l i t e s  of f o l i c - a c i d  w i t h  a n o t h e r  
m e c h a n i s m  of ac t ion ,  some 4 -amino -ana logues  of co- 
e n z y m a t i c a l l y  ac t ive  folic ac id  de r iva t e s  h a v e  been  pre-  
p a r e d  in our  l a b o r a t o r y L  Th i s  p a p e r  p r e sen t s  t h e  in-  
h i b i t i n g  a c t i o n  of t he se  s u b s t a n c e s  on  some e n z y m e  
s y s t e m s  c o n v e r t i n g  folic acid i n to  c o e n z y m a t i c a l l y  ac t ive  

single c a r b o n  carr iers .  Bes ides  t h e  folic acid hyd rogenase s ,  
t he  ser ine-a ldolase  s a n d  t h e  h y d r o x y m e t h y l t e t r a h y d r o -  
folie acid d e h y d r o g e n a s e  ~, l0 f rom p igeon  l iver  were s tud ied  
as t h e  h y d r o x y m e t h y l a t i o n  c o e n z y m e  g e n e r a t i n g  sys- 
t ems .  F r o m  t h e  e n z y m e s  p a r t i c i p a t i n g  in  t h e  f o r m a t i o n  of 
f o r m y l a t i o n  coenzymes ,  t h e  A T P - a c t i v a t e d  fo rmylase  of 
t e t r a h y d r o f o l a t e  11, us ing  f o r m a t e  as  t h e  f o r m y l  source,  
t he  f o r m i m i n o t r a n s f e r a s e  a n d  deaminase ,  desc r ibed  re-  
c e n t l y  b y  TABOR a n d  WYNGARDEN 12, a n d  t h e  ae rob ic  
fo rmylase  13 were e x a m i n e d .  The  e n z y m e  s y s t e m  leuco- 
v o r i n - c y c l o d e h y d r a s e  ~* c o n v e r t i n g  l eucovor in  i n to  i ts  co- 
e n z y m a t i c a l l y  ac t ive  im idazo l i ne -de r i va t e  was i nc luded  in 
t h e  e n z y m e s  s tud ied .  T a b l e  I shows t he  i n h i b i t o r y  p r o p -  
er t ies  of severa l  4 -amino-ana logues  of folic acid on  t h e  
a b o v e - m e n t i o n e d  e n z y m e  sys t ems  ach i eved  f rom ace tone  
powder s  of m a m m a l i a n  a n d  a v i a n  l iver  in  a p a r t i a l l y  
pur i f ied  form.  

T h e  i n h i b i t i n g  power  of t h e  4 -amino-ana logues  m e n -  
t i o n e d  could  be  o b s e r v e d  n e i t h e r  on  t he  aerobic  fo rmylase  
of folic acid n o r  on  t he  t e t r a h y d r o f o l i c  ac id  fo rmylase  
us ing  f o r m a t e  as t h e  fo rmyl  d o n o r  w i t h  t h e  i n h i b i t o r  
c o n c e n t r a t i o n s  equ imo lecu l a r  to  t h e  s u b s t r a t e  concen-  
t r a t i on .  The  m o s t  s t r o n g l y  i n h i b i t e d  e n z y m e  s y s t e m s  are  
t h e  folic acid h y d r o g e n a s e s  w h i c h  are  i n h i b i t e d  b y  
8.6 X 10 -9 M a m i n o p t e r i n ,  or  6.2 X 10 -9 M a m e t h o p t e r i n .  
T h e  s u b s t i t u t i o n  of t he  n i t r o g e n  a t o m  N 1° b y  t he  fo rmyl  
or  h y d r o x y m e t h y l  group,  a n d  t h e  h y d r o g e n a t i o n  of t he  
p y r a z i n e  r ing,  d i m i n i s h  t h e  i n h i b i t i o n  a c t i v i t y  more  t h a n  
10-100 t imes .  

Of t h e  e n z y m e s  f o r m y l a t i n g  t h e  t e t r a h y d r o f o l a t e ,  t h e  
s y s t e m  f o r m i m i n o t r a n s f e r a s e  + cyc lodeaminase  on ly  was  
i n h i b i t e d  b y  all  4 : a m i n o - a n a l o g u e s  tes ted ,  b u t  on ly  con-  
c e n t r a t i o n s  1 0 - * M  caused  t h e  50% inh ib i t i on  of t h e  
enzymes .  As t e s t e d  b y  t h e  L i n e v e a w e r - B u r k  tes t ,  t h e  

1 R. L. BLAKLEY, Biochem. J. 58, 448 (1954). 
2 S. FUTTERrdAN, Chem. Zentr. 35, 9810 (1958). 
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Tab. I• The inhibition of some enzyme systems converting folic acid into coenzymatically active derivates by 4-aminoanatogues of folic 
acid metabolites 

Enzyme 

Method of activity determination 

Antimetabolite 

Aminopte r in  
N10-For mytaminop te r in  
N10-Formyl te t rahydroaminopter in  
NS-Formyl te t r ahydroaminop te r in  
Te t r ahyd roaminop te r in  
Ns-10-Methylente t rahydroaminopter in  
N1° -Hydroxymethy laminop te r in  
N l ° - H y d r o x y m e t h y l t e t r a h y d r o a m i n o p t e r i n  
Trih yd roxyrne thy l t e t r ahydroaminop te r in  
Nl°-Methylaminopter in  
Nl° -Methy l t e t r ahydroaminop te r in  

Leucovorin cyclodehydrase 

AE at 342 rail in the incubation 
mixture (an imidazoline derivate of 
tetrahydrofolate) 

I 
no inhibi t ion a t  0.5 - 10 - s  M l 
no inhibi t ion a t  0.5 • 10 -3 M I 

Folic acid reductase + 
dihydrofolic acid reductase 

Determination of diazotable amine after 
decomposition of tetrahydrofolate formed 
with acid 

1 

0.0038 
0.0167 

4.3 "10 -4 202.0 0,76 
1.43 ' 1 0  -8 634.0 2,38 
1.0 • 10 -3 477.0 1.78 

no inhibi t ion a t  0.5 - 10 -3 M 
4.6 . 1 0 - 4 1 2 6 6 . 0  I 0.83 

no inhibi t ion a t  0.5 • 10 -3 M 

8.6 • 10 -9 
3.5 - 10 - s  

• 1 0 - 7  

• 1 0 - 6  

. 1 0 - 6  

. 1 0 - ~  

• l O - S  

• l O - S  

• l O - S  

. 1 0 - 9  

0.19 
2.3 
0.46 
0.202 
0.526 
0.338 
0.885 
0.00275 

4.3 
1.2 
1.0 
4.5 
1.19 
7.6 
2.0 
6.2 

I 3 

0.000016 
0.0000724 
0.00082 
0.01 
0.002 
0•00088 
0•0023 
0.00146 
0.00325 
0•0000119 

1. Molar concentration of the inhibitor causing the 50% inhibition. 2. Absolute concentration of the inhibitor ([xg/ml) causing the 50% 
inhibition. 3. Molar inhibitor -- substrate relation. 

Tab. I I  

Enzyme 

Method of activity 

Antimetabolite 

Aminopte r in  
NlO-Formylaminopter in  
NX°-Formyl te t rahydroamino - 

p te r in  
NS-Formyl te t rahydroamino  - 

p ter in  
Te t r ahyd roaminop te r in  
N 5-1°-Methylentetrahydro-  

aminop te r in  
NlO-Hydroxymethylamino  - 

p te r in  
N l ° - H y d r o x y m e t h y l t e t r a  - 

hydroaminop te r in  
T r ihyd roxyme thy l t e t r a -  

hydroaminop te r in  
Nl°-Methylaminopter in  
Nl° -Methyl te t rahydroamino-  

p te r in  

Serine aldolase + 
hydroxyme thyltetrahydrofolic 

acid dehydrogenase 

zJ E at 355 m~. (anhydroleucovorin) after HC104 deproteinization 

! 

1.8 "10 -41 79.0 
3.2 "10 -4], 142.0 

6.9 "10 -6 I 30.6 
! 

3.7 .10 -5 ] 16.5 
7•3 .10 -s  i 3.2 

3 . I4-10 -4 139.5 

3.25.10 -5 14.1 

I 3 

0.518 
0.93 

0.20 

0.109 
0.0205 

0.911 

0.094 

H'ydrox ymethyltetrahydrofotic 
acid dehydrogenase 

1 . 9  • 10-  4 
2.3 • 10 .4. 

1.7 • 10 -4 

2.2 - 10 -5 
7.4 • I0 -~ 

84.2 
103.0 

73.7 

9.7 
3.3 

38.1 

14.6 

Formiminotransferase + 
cyclodeaminase 

8.5 • 10 -5 

3.28.10 - s  

I 3 I 1 l 

0.549 1•5 -10 .4 
0.67 2.7 - 10 -4 

2.3 • 10.4 

0.48 

0.0634 
0.0209 

0.247 

0.214 

67.0 0.43 
122.0 0.78 
104.0 0.67 

no inhibit ion at  0.4.10 -a M 

3.9 • 10 -5 
8.2 - 10.4 

1.86-10 - s  

3.62- t0  -4 

2.5 • 10 -8 

7.0 • 10 .4 
5.85.10 - s  

173.0 1•106 
365.0 2,34 

82.6 0.53 

160.0 1•02 

1130.0 16 1 

312.0 2,0 
2600.0 16.7 

a 1. Molar concentration of the inhibitor causing the 50% inhibition. ~2. Absolute concentration of the inhibitor (/*g/ml) causing the 50~o 
inhibition'. 3. Molar inhibitor - substrate relation. 

i n h i b i t i o n  m a y  n o t  be  of  c o m p e t i t i v e  n a t u r e •  T h e  e n z y m e  
l e u c o v o r i n - c y c l o d e h y d r a s e  w a s  m o s t l y  i n h i b i t e d  b y  t h e  
s t r u c t u r a l  a n a l o g u e  of  l eucovor in ,  b u t  t h e  i n h i b i t i o n  w a s  
of  t h e  s a m e  o r d e r  as  in  t h e  case  of  t h e  f o r m i m i n o - s y s t e m .  

As  for  t h e  h y d r o x y m e t h y l a t i n g  s y s t e m s ,  t h e  m a n o -  
m e t r i c  m e t h o d  for  t h e  s e r ine -a ldo la se  d e t e r m i n a t i o n  de-  
s c r ibed  b y  BLAKLEY 8, a p p e a r e d  to  be  u n s u i t a b l e  for  t h e  
i n h i b i t i o n  s tudies•  T h u s ,  t h e  a c t i v i t y  of  t h e  h y d r o x y -  
m e t h y l t e t r a h y d r o f o l i c  acid  d e h y d r o g e n a s e  w a s  de t e r -  
m i n e d  w i t h  se r ine  a n d  t e t r a h y d r o f o l a t e  a s  s u b s t r a t e s .  
T h e  a c t i v i t y  of  b o t h  t h e  se r ine -a ldo la se  a n d  t h e  d e h y d r o -  
g e n a s e  h a s  b e e n  d e t e r m i n e d  in  t h e s e  e x p e r i m e n t s .  F o r  t h e  
d e t e r m i n a t i o n  of  t h e  d e h y d r o g e n a s e  a c t i v i t y  on ly ,  N 5-x°- 

m e t h y l e n t e t r a h y d r o f o l i c  acid  w a s  u sed  as  t h e  s u b s t r a t e .  
F r o m  t h e  c o m p a r i s o n  of  t h e  i n h i b i t i o n  of  b o t h  e n z y m e s  
t e s t ed ,  i t  c a n  be  c o n c l u d e d  t h a t  t h e  s e r i ne - a ldo l a se  m a y  
n o t  b e  i n h i b i t e d  b y  l o w e r  c o n c e n t r a t i o n s  of  t h e  i n h i b i t o r s  
t h a n  t h e  d e h y d r o g e n a s e .  

I n  t w o  e n z y m e  s y s t e m s  t e s t ed ,  i t  w a s  f o u n d  t h a t  t h e  
s t r u c t u r a l  4 - a m i n o - a n a l o g u e  of  t h e  s u b s t r a t e  w a s  a t t a c k e d  
b y  t h e  enzyme•  T h e  e n z y m i c  f o r m y l a t i o n  of a m i n o p t e r i n  
i n t o  N 1 0 - f o r m y l a m i n o p t e r i n  15 w a s  d e s c r i b e d  earl ier .  I n  t h e  
c o u r s e  of  t h e  s t u d i e s  o n  t h e  se r ine -a ldo lase ,  t h e  c o n v e r s i o n  

IS K. SLAVIK, H. ToMkgovk, and V. SLAViKOVA, Coll. Czech. Chem. 
Commun. 23, 1387 {1958). 
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jedoch deutlich schw/~chere Hemmung von nonkompeti- 
t iver Natur  wurde bei der Hydroxymethyl te t rahydrofol-  
sAuredehydrogenase, Formiminotransferase und Leuko- 
vorincyclodehydrase festgestellt, Weiter wurde die enzy- 
matische Hydroxymethyl ierung yon Tetrahydroamino- 
pterin durch Serinaldolase aus der Taubenleber beobachtet.  

MICRA SLAVfKOVA, and K. SLAVfK 

Institute o/ Hematology and Laboratory o/ Protein Meta- 
bolism, Charles' University (Prague), 8. November 1960. 

1, K. MOTY(~KA and J. ~OCHMAN, in press. 

1 2 3 4 5 

The chromatogram of the incubation mixture of serine aldolase from 
pigeon liver with tetrahydroaminopterin (0.5% sodium carbonate, 

ascending technique). 
Samples: 1. serine aldolase + tetrahydroaminopterin + serine. 
2. sample without enzyme. 3. sample without serine. 4. synthetic 
NV-Z°-methylentetrahydroaminopterin. 5. the mixture of sample 1. 

with the synthetic NS-l°-methylentetrahydroaminopterin. 
Zones: a)light-green fluorescent decomposition product of tetra- 
hydroaminopterin, probably 2,4,6-triaminopteridine. b) tetrahydro- 

aminopterin, c) N~-l°-methylentetrahydroaminopterin. 

of te trahydfoaminopterin into NS-i°-methylentetrahydro- 
aminopterin was detected by means  of paper chromato- 
graphy of the reaction mixtures. The product showed 
identical behaviour with tha t  prepared by the non- 
enzymic hydroxymethylat ion of te t rahydroaminopter in 
by low concentrations of formaldehyde. However, the 
dehydrogenation of the substance mentioned to the 
NS-10-methylen-tetrahydroaminopterin could not be ob- 
served. From the results presented here, it can be sup- 
posed tha t  from the enzyme systems of folic acid turnover  
the hydrogenases are most strongly inhibited by the 
4-amino-analogues of folic acid derivates. Even the hydro- 
genated and N s or N 1° substituted 4-amino-analogues, 
which are much less active than aminopterin or ametho- 
pterin themselves, show the strongest act ivi ty  on the 
folic acid hydrogenases. However, in the case of the last- 
mentioned substances, the inhibition of the hydroxy- 
methyltetrahydrofolie acid dehydrogenase should be con- 
sidered. 

The results of the toxicity determination of the above- 
mentioned 4-amino-analogues for mice ze do not agree with 
the enzyme inhibition observed. Thus another mechanism 
of action might  be supposed ; i.e., the interference with the 
natural  folic acid coenzymes in the single carbon transfer 
reactions. The inhibition of the thymidylate  synthetase 
and the glycinaminoribotide and aminoimidazolcarb- 
oxamide ribotide transformylases will be reported later. 

Zusammen/assung, Der Einfluss einiger 4-Aminoana- 
logen der coenzymatisch aktiven FolsAurederivate auf die 
Enzyme der Folsiiureumwandlungen wurde verfolgt. Die 
stiirkste Hemmung zeigen alle 4-Aminoanaloge auf die 
Hydrogenase der Fols/iure, wobei die Hydrierung des 
Pyrazinringes dieselbe deutlich vermindert.  Eine mAssige, 

E s t a b l i s h m e n t  of  an Epithel ia l  Cell Stra in  
f r o m  Calf Liver  in C o n t i n u o u s  Culture 

Calf liver cells were isolated in September 1958 for 
various researches in the following way. Fetal  calf liver 
was minced and the fragments were explanted on glass 
without plasma in a culture medium containing 25% calf 
serum and 0.5% lactalbumine hydrolysate (N.B.C.) in 
Hanks balanced salt solution 1. The cultures were in- 
cubated at 37°C. Media were changed every 2-3 days. 
Subcultures were made after about a month by trypsiniz- 
ing (0.5% trypsin in a salt solution deficient in Ca++ and 
Mg++). In the beginning growth of the cells was slow, but  
after the 5th subculture (March 1959) the growth was 
more regular, quicker and clearly epithelial as a close 
packed pavement  epithelium. Cells from various explants 
were kept in culture. In the early stages most explants 
often formed epithelial cells, but  after prolonged culture 
the cells were fibroblastlike. One of the subcultures how- 
ever grows as a sheet of cells on the glass wall. After 
establishment of these cells in continuous culture the 
serum percentage of the medium was reduced gradually 
to 5%. The doubling time for this strain is two to three 
days and the mitotic index 2-3%. The shape of the ceils 
from this strain (KaLe) is polygonal (see Fig.). The mean 
nuclear size, measured in a culture fixed with formol- 
alcohol-aceticacid and stained with iron hematoxylin, is 
16 ~. (The mean nuclear size of liver tissue fixed and 
stained on the same manner is 7 [~.) There are some 
'giants ' ,  6-7~o, whose nuclear size varies from 23-42 ~z. 
The number of nucleoli per nucleus varies from 1-7. There 
is no relation between number of nucleoli and size of the 
nucleus. The number of chromosomes is 70 4- 2 (normal 
fetal liver cells 60). The cells on the photograph were 
fixed and stained with 2% AgNO3 ~. Between the cells a 
'cement substance' is clearly visible, which is stained by 
the silver. (Cultures of cartilage ceils, stained with AgNOn, 
never gave staining of such 'cement substance' although 
some aneuploid strains grow as epithelial sheets as well.) 
The mitochondria of the liver cells are mostly spherical, 
some are filamentous. The plasma of the liver cells fixed 
with alcohol 70% and stained with the PAS reaction is 
clearly PAS positive. Physiologically they are thus liver 
cells. Up to now it was impossible to cult ivate this KaLe 
strain as separate cells in suspension. We tried it  with 
shake and stir cultures, but  always groups of cells were 
found. I t  is probable tha t  the cells are held together by the 
cement substance, Biochemical research on this strain will 
be published elsewhere. 

z j .  PAUL, Cdl and Tissue Culture (E. and S. Livingstone Ltd., 
Edinburgh and London 1959). 
B. Ro~z~ts, Mikroskopische Technik, 15th Ed. (R. Oldenbourg, 
M~nchen 1948). 


