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Inhib i t ion  of Prote in  and D N A  S y n t h e s e s  in Ehr l ich  Asc i tes  T u m o u r  by  Niva leno l ,  a T o x i c  Pr inc ip le  
o f  F u s a r i u m  n i v a l e - G r o w i n g  Rice 

I n  t h e  s u m m e r  of 1954, 25 y o u n g  m e n  of T o k y o  t o o k  
Fusarium sp . -growing  r ice to  suffer  f rom nausea ,  v o m i t i n g  
a n d  drowsiness  x,~. The  s imi la r  po i son ings  due  to  so-cal led 
' s c a b b y  g ra ins '  occur red  a t  t h e  o t h e r  d i s t r i c t s  a t  t h a t  t ime.  
TSUNODA e t  al.  x i so la ted  a tox ic  fungus  Fusarium sp. F2  
f rom a c t u a l l y  d a m a g e d  w h e a t ,  a n d  URAGUCHI 3 m a d e  tox i -  
cological  e x a m i n a t i o n s  on  t h i s  fungus .  Mice w h i c h  a t e  t h e  
m o u l d y  g ra ins  w e n t  off feed, los t  t h e i r  m o v e m e n t s  a n d  
s o m e t i m e s  died.  T h e  tox ic  pr inc ip le ,  w h i c h  was  f rac t ion-  
a t e d  f rom c h a r c o a l - a b s o r b a b l e  m a t e r i a l s  of t h e  f u n g u s  
f i l t ra te ,  ki l led mice  a t  t h e  s.c. dose  of 70 ~g/10 g, t h o u g h  
t h e  c h e m i c a l  cha r ac t e r i s t i c s  of t h i s  i so la te  were  le f t  und i s -  
c losed because  of t h e  r e duced  t o x i c i t y  of t h e  fungus .  

Recen t ly ,  severa l  t e n s  of  Fusarium species were  col lec ted  
f r o m  d a m a g e d  w h e a t  a n d  r e - e x a m i n e d  for  tox ic i ty .  B a s e d  
o n  t h e  l e t h a l  a c t i o n  of t h e  c u l t u r e d  f i l t r a t e  of e ach  s t r a in ,  
F. nivale F n  2 was  se lected as  t h e  s t a n d a r d  s t r a i n  for  t h e  
i so la t ion  of tox ic  agent(s)4 ,  a n d  N i v a l e n o l  was  i so la ted  
f r o m  t h e  c h a r c o a l - a b s o r b a b l e  m a t e r i a l s  of t h e  F. nivale- 
growing  r ice s,~. P a t h o l o g i c a l  e x a m i n a t i o n s  p r o v e d  t h a t  
N iva leno l  gave  necros is  a n d  d e g e n e r a t i o n  of  t h e  in te s t ine ,  
b o n e  mar row ,  l y m p h  nodes ,  t h y m u s  a n d  tes t i s  of mice,  
i n d i c a t i n g  t h a t  a c t i v e l y - d i v i d i n g  cells of these  t i ssues  were 
i n j u r e d  5.~. B iochemica l  i n v e s t i g a t i o n s  r evea l ed  t h a t  t h e  
t o x i n  i n h i b i t e d  po ly  U - d i r e c t e d  s y n t h e s i s  of p o l y p e p t i d e  
in  r e t i cu locy te  r i bosome  ~,*. 

Based  o n  t h e s e  biological  f ind ings  o n  t h e  tox in ,  t h e  
a u t h o r s  i n v e s t i g a t e d  effects  of t he  t o x i n  on  t h e  s y n t h e s e s  
of p r o t e i n  a n d  nucle ic  acids  in  E h r l i c h  t u m o n r  ceils, a n d  
t h e  r e su l t s  o b t a i n e d  i n d i c a t e d  t h a t  N i v a l e n o l  i n h i b i t e d  t h e  
s y n t h e s e s  of p r o t e i n  a n d  D N A  of t he  ceils. 

E h r l i c h  asc i tes  t u m o u r  cells, s t r a i n  4N, were  m a i n t a i n e d  
in  d d S - m a l e  m o u s e  a n d  h a r v e s t e d  8-10  days  a f t e r  i.p. 
i nocu la t ion .  Af t e r  wash i ng  t h e  cells w i t h  0 .9% NaC1 solu- 
t i o n  u n t i l  c o n t a m i n a t e d  re t i cu locy tes  were  r emoved ,  t h e  
p a c k e d  ceils were  d i l u t ed  w i t h  a n  equa l  v o l u m e  of t h e  
sa l ine  a n d  s to red  in a n  ice-cold b a t h .  F o r  t h e  u p t a k e  of 
r a d i o a c t i v e  p recurso r s  i n to  mae lomoleeu les  of t h e  ceils, 
0.2 m l  of t h e  cell su spens ion  was  m i x e d  w i t h  0.6 m l  of 
L o c k e - R i n g e r ' s  so lu t ion  a n d  p r e i n c u b a t e d  w i t h  s h a k i n g  
a t  37 °C for  15 m i n  in t h e  p resence  or  absence  of t h e  tox in .  
A t  t h e  end  of t h e  p r e i n c u b a t i o n ,  0.1 vC of 1-C~4-1eucine, 
2-C14-uracil or  2-Cl~- thymidine  was  a d d e d  to  t h e  cell sus- 
pens ion ,  m a k i n g  a t o t a l  v o l u m e  of 1.0 ml,  to  c o n t i n u e  t h e  
i n c u b a t i o n .  Af t e r  40 ra in  of i n c u b a t i o n ,  t h e  so lu t ion  was 
m i x e d  w i t h  a n  equa l  v o l u m e  of 10% PCA  to  f r a c t i o n a t e  
ac id - inso lub le  p r e c i p i t a t e  in to  p ro te in ,  R N A  a n d  D N A  
accord ing  to  t he  m e t h o d  of REICH et  al.9. 

As for  t h e  p o l y m e r i z a t i o n  r eac t i on  of D N A  in  v i t ro ,  t h e  
s u p e r n a t a n t  of o s m o t i c a l l y - r u p t u r e d  t u r n o u t  ceils was  
p r e p a r e d  acco rd ing  to  t he  m e t h o d  of S~tEI.I.IE e t  al.x0 a n d  
a s t a n d a r d  as say  s y s t e m  c o n t a i n e d  t h e  fo l lowing com-  
p o n e n t s  (in ~moles  unless  o the rwise  specified) ; Tris buf fe r  
( pH  7.6) 5, KC1 15, MgC12 1, E D T A - K  0.1, 2 - m er cap to -  
e t h a n o l  1.5, d X T P  0.05, D N A  50 ~g a n d  0.1 ~zC H3-TTP.  
T o t a l  v o l u m e  was  0.25 ml.  A f t e r  30 ra in  of t h e  i n c u b a t i o n  
a t  37 °C, t h e  r e a c t i o n  was  s t o p p e d  b y  t h e  a d d i t i o n  of 1.0 m l  
of  cold PCA, a n d  t h e  ac id - inso lub le  m a t e r i a l s  were  f i l t r a t ed  
o n  a disc p a p e r  of W h a t m a n  3MM t o  c o u n t  t h e  r ad io -  
a c t i v i t y  w i t h  a sc in t i l l a t ion  coun te r .  

VChen t h e  cells were  p r e i n c u b a t e d  for  15 ra in  in  t h e  
p re sence  of t h e  t ox in ,  as s h o w n  in  T a b l e  I ,  N i v a l e n o l  a t  t h e  
c o n c e n t r a t i o n  of 1 -10  vg /ml  i n h i b i t e d  m a r k e d l y  t h e  up-  
t a k e s  of  C14-1eucine a n d  C l* - thymid ine  w i t h o u t  a f f ec t ing  
s ign i f i can t ly  t h e  u p t a k e  of  Cl*-uracil.  E x p e r i m e n t s  o n  t h e  
t i m e  course  i n d i c a t e d  t h a t  t h e  t o x i n  a t  t h e  c o n c e n t r a t i o n  

of 5 ~g /ml  i n h i b i t e d  t h e  u p t a k e s  of C~4-thymidine a n d  C ~4- 
leucine  w i t h  a n d  w i t h o u t  a lag-phase ,  respectively, as 
s h o w n  in F i g u r e  1. T h e  i n h i b i t o r y  effect  of t h e  t o x i n  on  
t h e  u p t a k e  of l abe l led  a m i n o  acid was also obse rved  w i t h  
C1Mysine, C14-proline a n d  C14-phenylalanine,  as s h o w n  in  
T a b l e  I I .  Howeve r ,  t h e  i n h i b i t o r y  effect  of N i v a l e n o l  on  
t h e  u p t a k e  of C14- thymidine  was  n o t  s ign i f i can t  w h e n  t h e  
t o x i n  was  a d d e d  to  t h e  r e a c t i o n  m i x t u r e  a t  0 t i m e  or  a f t e r  
15 ra in  of t h e  i n c u b a t i o n ,  as s h o w n  in  F i g u r e  2. 

Table I. Effects of Nivalenol on the syntheses of protein, DNA and 
RNA in turnout cells 

Nivalenot Incorporation (cpm) 
Qxg/ml) 

1-CXi-leueine 2-C14-thymidine 2-C*4-uracil 
into protein into DNA into RNA 

0 4179 (100) '~ 753 (100) 1296 (100) 
1.0 3924 (94) 622 (83) 1176 (90) 
2.5 3505 (84) 575 (76) - 
5.0 2793 (67) 481 (64) 1087 (84) 
7.5 2119 (51) 438 (-47) - 

10.0 1383 (33) 319 (42) 923 (71) 

Numbers in parentheses indicate the % activities of the control. 

Table II. Effects of Nivalenol on the uptake of various kinds of 
C~4-1abelled amino acids into protein in tumour cells 

Nivalenol Incorporation (cpm) 

(~eg/ml) Cl~-leucine cla-ly sine C14-P roline Ci4-pheny 1- 
alanine 

0 552 (100)~ 968 (100) 244 (100) 1546 (100) 
2.5 269 (49) 610 (63) 65 (27) 1123 (73) 
7.5 94 (17) 247 (25) 36 (15) 332 (21) 

Numbers in parentheses indicate the % activities of the control. 
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Fig. 1. Time courses of the incorporation of labelled 
precursors in tumour cells, o o control, • . . . . .  • 
Nivalenol (5 tzg/ml). 
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Fig. 2. Effects of the addition time of Nivalenol on the 
uptakes of O4-1cucine and Ca4-thymidinc. o o con- 
trol, • . . . . .  • Nivalcnol (5 ptg/ml). 

Table I I I .  Effects of Nivalenol on DNA polymerase of tumour cells 

Nivalenol Incorporation (epm/mg protein) 
([zg/ml) 

Exp. 1 Exp. 2 Exp. 3 

0 749 562 660 

I - 547 670 

5 674 550 - 

i0 - - 629 

50 738 - - 

synthesis is presumably caused by inactivation of the 
ribosome system of the cells as in the case of reticulocyte 7,s. 
The inhibit ion of DNA synthesis in vivo is assumed to be 
caused by an inhibition of synthesis of enzymes required 
in DNA synthesis, as i~l case of cyclohexamide n,z~. 

Rdsumd. La Nival6nole, principe toxique, synth6tis6 par 
le Fusarium nivale, inhibe les synth6ses de la prot4ine et 
du DNA darts la cellule de la tumeur  Ehrlich. 

Y. UENO and K. FUKUSHIMA 

Further  experiments conducted with DNA polymerase 
of the cells revealed tha t  Iqivalenol at the concentration of 
1-50 ~g/ml did not  affect the incorporation of H3-TTP into 
DNA in vitro, as shown in Table III .  

Summing up the above experiments, it is concluded that  
Nivalenol, the toxic agent of F. nivale-growing rice, inter- 
feres with the syntheses of protein and DNA of Ehrlich 
ascites tumour  cells, and the observed inhibition of protein 
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(Japan), 70 June 1968. 

n M. R. SIEOEL and H. D. SISLER, Biochcm. biophys. Acta 87, 70 
(1964). 
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