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(BALLARD a n d  OLIVERS), whi le  t h e  h i g h  c o n c e n t r a t i o n  of 
t o t a l  f a t t y  acids p r e s u m a b l y  a c c o u n t s  for a low r a t e  of 
l ipogenesis  in  t h e  l iver  d u r i n g  t h e  i n c u b a t i o n  pe r iod  
(I)uMM a n d  LEVy9). O n  t h e  c o n t r a r y ,  a f t e r  h a t c h i n g  
there  is a h igh  r a t e  of l ipogenesis  (ENTENMAN et  al. x°) a n d  
a low r a t e  of g luconeogenesis .  

L ivers  were excised a n d  qu ick ly  h o m o g e n i z e d  in ice- 
cold 0 . 2 5 M  sucrose.  T h e  h o m o g e n a t e  was  cen t r i fuged  a t  
105,000 g for  60 m i n  a t  0 °C in t h e  Spinco  m o d e l  L cen t r i -  
fuge. The  c lear  s u p e r n a t a n t  was used for  e n z y m e  de te r -  
mina t ions .  P r o t e i n  c o n c e n t r a t i o n  was  d e t e r m i n e d  b y  t h e  
mic rob iu r e t  m e t h o d .  T h e  a c t i v i t y  a s says  were  ca r r ied  o u t  
accord ing  to  KORNACKER a n d  LOWENSTEIN 4. A chro-  
m a t o g r a p h i c a l l y  p u r e  a c e t h y d r o x a m i c  acid,  m.p.  58-59  °C, 
syn thes ized  acco rd ing  to  HANTZSCH 1~ was  used as s t a n d -  
ard. 

Results and discussion. As t h e  F igu re  shows,  t h e r e  is 
l i t t le  or no  c h a n g e  in t he  a c t i v i t y  of t h e  c i t r a t e  c leavage  
e n z y m e  d u r i n g  t h e  i n c u b a t i o n  pe r iod  a n d  t he  a c t i v i t y  is 
c o n s t a n t l y  lower  t h a n  in a d u l t  chickens .  Af te r  h a t c h i n g ,  
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The citrate cleavage enzyme activity in chick embryo and chicken 
liver. The activity is given as nmoles of citrate cleaved/min. Each 
point is the mean of 3 separate experiments on different chick 
embryo and chicken liver preparations. In each assay 3 protein 
dilutions were tested to ensure proportionality of initial reaction 

rates to enzyme amount. 

t h e  a c t i v i t y  increases ,  reach ing ,  va lues  3-4  t i m e s  as h i g h  
as t h e  n o r m a l  a d u l t  v a l u e  in  2 days ,  a n d  15-16  t i m e s  as 
h i g h  as t h e  n o r m a l  e m b r y o  value .  Af t e r  t h e  m a x i m u m  
peak ,  t h e  a c t i v i t y  decreases ,  t e n d i n g  to  t h e  a d u l t  va lue .  

T h e  level  of a c t i v i t y  of t h e  c i t r a t e  c l eavage  e n z y m e  in 
t h e  l iver  of ch ick  e m b r y o  is t h e  lowes t  a m o n g  those  as- 
sayed  b y  SRERE 1 a n d  b y  ourse lves  in d i f fe ren t  t i ssues  a n d  
species, y e t  t h e  r a t e  of p h o s p h o e n o l p y r u v a t e  s y n t h e s i s  of 
t h e  ch ick  e m b r y o  l iver  is 20 t imes  h i g h e r  t h a n  t h a t  of t h e  
a d u l t  r a t  l iver  (]~ALLARD a n d  OLIVe.as), wh ich  needs  for  
t h e  r a t e  of g luconeogenes is  1 # m o l e / m i n / g  of f resh  t i ssue  
(SOLOMON et  al.l*). As s h o w n  in t h e  Figure ,  t h e  c i t r a t e  
c l eavage  e n z y m e  p roduces  in  t h e  ch ick  e m b r y o  l iver  less 
t h a n  0.1 / ,mole  of o x a l o a c e t a t e / m i n / g  of f resh  t issue.  
These  d a t a  sugges t  t h a t  t h e  c i t r a t e  c l eavage  e n z y m e  gives 
a v e r y  l i t t le ,  if any,  c o n t r i b u t i o n  to  t h e  ch ick  e m b r y o  
l iver  g luconeogenesis ,  a n d  are  well  in  a g r e e m e n t  w i t h  i t s  
role in  f a t t y  acids  s y n t h e s i s  in  t h e  l iver  of new b o r n  
ch i ckens  13,14. 

Riassunto. L a  re laz ione  t r a  le m i s u r e  s p e r i m e n t a l i  dei 
livelli  di  a t t i v i t ~  del ~Ci t ra te  c l eavage  enzyme~ (E.C. 
4.1.3.6.) e lo a n d a m e n t o  dei  process i  neogl icogene t ico  e 
l ipogenet ico  nel  fega to  di e m b r i o n e  di pollo e di pol lo a 
va r i  t e m p i  di sv i luppo  esclude c h e l a  scissione e n z i m a t i c a  
del c i t r a t o  pa r t ec ip i  a l la  neogl icogenesi  e c o n f e r m a  il ruolo  
di q u e s t a  reaz ione  nel la  l ipogenesi .  
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Impairments  of RNA Synthesis  in Ehrlich 
Ascites T u m o u r  by Luteoskyrin,  a Hepatotoxic  

P igment  of Penicillium islandicum Sopp 

Luteosky r in ,  a h e p a t o t o x i c  m e t a b o l i t e  of Penicillium 
islandicum Sopp, is a yel low p i g m e n t  of bis-anthra- 
qu inone  1. I n  t he  l o n g - t e r m  feeding e x p e r i m e n t s  w i t h  
lu teoskvr in ,  mice  a n d  r a t s  p r o d u c e d  l iver  diseases in- 
c l u d i n g ' h e p a t o m a  ~,8. I n  t he  b iochemica l  e x a m i n a t i o n s  on  
the  r a t  l iver,  t he  a l t e r n a t i o n s  in  t he  m i t o c h o n d r i a l  f u n c t i o n  
and  m o r p h o l o g y  were  d e m o n s t r a t e d  in v i t ro  a n d  in  
v ivo 4-6. 

As for  t h e  m o d e  of ac t ion  on  a nuc leus  me t ab o l i s m ,  the  
s tud ies  on  t h e  i n t e r a c t i o n  of t h e  p i g m e n t  w i t h  nucle ic  
acids in  v i t r o  h a v e  r evea l ed  t h e  fac t s  t h a t  t h e  p i g m e n t  
c o m p l e x e d  w i t h  D N A  a n d  D N H  (deoxyr ibonuc leoh i s tone )  
in t h e  p resence  of m a g n e s i u m  ion 7-8, a n d  t h a t  i t  mod i f i ed  
t h e  a c t i v i t y  of D N A - d e p e n d e n t  R N A - p o l y m e r a s e  ~°. 
P h y s i c o c h e m i c a l  a p p r o a c h e s  on  t h e  co mp l ex  (DNA- 
Mg++-lu teoskyr in)  h a v e  p r o v e d  t h a t  t h e  p i g m e n t  s t a c k e d  
bes ide  t h e  p y r i m i d i n e - b a s e s  of a hel ical  D N A  a n d  t h a t  
t h e  p l a n a r  c h r o m o p h o r e  was  o r i en t ed  in para l le l  w i t h  t h e  
axis  of D N A  molecule  xl. 

B a s e d  on  these  f indings ,  t h e  a u t h o r s  i n v e s t i g a t e d  t h e  
effect  of t h e  p i g m e n t  on  t h e  syn thes i s  of nucle ic  acids  a n d  
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p r o t e i n  in  a E h r l i c h  asc i tes  t u m o u r  cells w i t h  r e su l t s  
w h i c h  i n d i c a t e d  t h a t  l u t e o s k y r i n  i n h i b i t e d  t h e  syn thes i s  
of a nuc l ea r  R N A  of t h e  cell. 

E h r l i c h  asc i tes  t u m o u r  cells, s t r a i n  4 N, were  m a i n t a i n e d  
in dd-male  mouse  a n d  h a r v e s t e d  8 days  a f t e r  i.p. inocula-  
t ion.  As  for  t h e  u p t a k e  of r a d i o a c t i v e  p recurcors  in to  
macromolecu les ,  t u m o u r  cells (4 × 10 ~) were  p r e i n c u b a t e d  
in  2 m l  of  0.9~/o NaC1 so lu t ion  w i t h  s h a k i n g  a t  37 °C for  
10 ra in  in  t h e  p resence  or  ab s ence  of l u t eosky r in .  A t  t h e  
e n d  of t h i s  p r e i n c u b a t i o n ,  L o c k e - R i n g e r ' s  so lu t ion  con-  
r a i n ing  0.5 /tC of 2-Ca-urac i l ,  2 - C ~ - t h y m i d i n e  or  L-C ~-  
leucine  was  a d d e d  to  t h e  cell suspens ion ,  m a k i n g  a f ina l  
v o l u m e  of 8.0 ml,  to  con t inue  t he  i n c u b a t i o n .  Af te r  40 
m i n  of t h e  i n c u b a t i o n ,  t he  i n c u b a t e d  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  acid-  
inso lub le  p r ec ip i t a t e s  i n t o  R N A ,  D N A  a n d  p ro te in ,  
a cco rd ing  to  t h e  m e t h o d  of REmH e t  al. xz, F o r  t h e  cha r -  
a c t e r i z a t i o n  of t h e  cel lu lar  R N A s ,  t h e  m e t h o d  of Ro~ggw ~a 
was  a d o p t e d  for t h e  f r a c t i o n a t i o n  of R N A s  in to  a n u c l e a r  
a n d  cy top l a smic  R N A .  As in  t h e  case  of a g lycolyt ic  
me t abo l i sm ,  t h e  t u m o u r  cells (8 × l0  s) were  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 oC for 10 min ,  ae rob ica l ly  or anae rob ic -  
al ly ,  in  1.0 m l  of 0 .9% NaC1 so lu t ion  in t h e  p resence  or  
a b s e n c e  of t h e  p i g m e n t .  A t  t h e  end  of t h e  p r e i n c u b a t i o n ,  

Table I. Effects of luteoskyrin on the synthesis of RNA, DNA and 
protein in turnout cells 

Luteoskyrin (M) Incorporation (counts/rain) 

2-C~-uraeil 2-C~-thymidine 
into RNA into DNA 

1 -CI*-leucine 
into protein 

0 560 (100)- 10532 (100) 2998 (100) 
1 × 10-' 260 (51) 9780 (98) 2511 (85) 
1 × 10 -~ 84 (15) 8162 (78) 1874 (62) 

Parentheses indicate the % activities of the control. 

L o c k e - R i n g e r ' s  so lu t ion  was  a d d e d  to  t h e  cell  suspension,  
m a k i n g  a f ina l  v o l u m e  of 3,0 ml,  a n d  t h e  i n c u b a t i o n  
c o n t i n u e d  for  50 rain.  

I n  p r e l i m i n a r y  e x p e r i m e n t s  car r ied  o u t  w i t h  t h e  t u m o u r  
cells in  t he  absence  of lu t eoskyr in ,  C14-uracil, C14-thymi - 
d ine  a n d  CX~-leucine were  i n c o r p o r a t e d  i n to  R N A ,  D N A  
a n d  p r o t e i n  of t h e  cell, respec t ive ly ,  l i nea r ly  w i t h  the  
i n c u b a t i o n  t i m e  u p  to  60 min .  I n  t h e  p resence  of lu teos-  
kyr in ,  as  s h o w n  in T a b l e  I, t h e  tox ic  p i g m e n t  a t  t h e  
c o n c e n t r a t i o n  of 1 × 1 0 - ~ M  m a r k e d l y  i n h i b i t e d  t h e  up-  
t a k e  of CX4-uracfl w i t h o u t  a f fec t ing  s ign i f i can t ly  t he  up-  
t a k e s  of C14-thymidine a n d  C14-1eucine. T h e  ae rob ic  and  
a n a e r o b i c  p r o d u c t i o n  of lac t ic  ac id  was  also p r o v e d  to  be  
i nd i f f e r en t  to  lu t eoskyr in ,  as s h o w n  in T a b l e  I I .  These  
resu l t s  i nd i ca t e  t h a t  t he  toxic  p i g m e n t  specif ical ly  in- 
h i b i t s  t h e  s y n t h e s i s  of R N A  w i t h o u t  i n t e r f e r r i ng  w i t h  t he  
e n e r g y  m e t a b o l i s m  of t h e  t u m o u r  cells. 

F u r t h e r  e x p e r i m e n t s  c o n d u c t e d  w i t h  t h e  p h e n o l  m e t h o d  
revea led  t h a t  l u t e o s k y r i n  a t  t h e  c o n c e n t r a t i o n  of 
1.2 × 10-S- l .2  × 1 0 - S M  i n h i b i t e d  t h e  i n c o r p o r a t i o n  of 
CX4-uracil i n to  R N A  of ' nuc l ea r  f r ac t ion '  of t h e  cell, as 
s h o w n  in T a b l e  I I I .  Accord ing  to  ROBERT ls, ove r  90% of 
t h e  r ap id ly - l abe l l ed  R N A  of a t u m o u r  cell was found  in the  
nuclei .  I n  t h i s  respect ,  t h e  i m p a i r m e n t  of R N A  syn thes i s  
b y  l u t e o s k y r i n  r e p r e s e n t s  t h e  depressed  a c t i v i t y  of t h e  
s y n t h e s i s  of r ap id lyAabe l l ed  R N A  in  t h e  nuclei .  

S u m m i n g  u p  t h e  a b o v e  discussion,  i t  is conc luded  t h a t  
t he  ca r t i nogen ic  l u t e o s k y r i n  in te r feres  w i t h  t he  s y n t h e s i s  
of t h e  nuc l ea r  R N A  of E h r l i c h  asci tes  t u m o u r  cells, and  
t h i s  i n h i b i t o r y  effect  of t h e  tox ic  p i g m e n t  is p r e s u m a b l y  
caused  b y  t h e  b i n d i n g  of l u t e o s k y r i n  to  D N A  ~'8 a n d  also 
b y  t h e  i n h i b i t i o n  of R N A - p o l y m e r a s e  1°. 

Rdsum& L a  lu t6oskyr ine ,  p i g m e n t  ca r t i nog~ne  syn th~ -  
t is6 p a r  le P¢nicillium islandicum Sopp,  i nh ibe  la  syn th~se  
du  R N A  nucl~ai re  d a n s  la cellule de la t u m e u r  Ehr l i ch .  

Y. UENO, I. UENO, 
K. ITo and T. TATSUNO 

Table II. Effects of luteoskyrin on the glycolysis in tumour cells 

Luteoskyrin (M) Lactic acid (/t moles) 

aerobic anaerobic 

Microbial Chemistry, Faculty o/ Pharmaceutical 
Sciences, Science University o/ Tokyo, Ichigaya, 
Tokyo (Japan), 29 June 7967. 

0 3.2 3.4 
1 × 1 0 - '  3.3 3.6 
1 × 10 -B 3.7 4.1 

Table III. Inhibition of nuclear RNA synthesis by luteoskyrin 

Luteoskyrin (M) Incorporation (eounts/min/mg RNA) 

nucleic RNA cytoplasmic RNA 

0 4250 (100) ~ 760 (100) 
1.2 × 10 -~ 2640 (58) 690 (91) 
3.0 × 10 -6 1770 (42) 780 (103) 
6.0 × 10-' 1200 (28) 670 (88) 
1.2 × 10 -~ 1040 (24) 690 (91) 

Parentheses indicate the % activities of the control. 
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