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E f f e c t s  of  t h e  a n t i b i o t i c  n e t r o p s i n  on  m o u s e  a s c i t e s  t u m o u r  c h r o m o s o m e s  in  v i t r o  1 
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Summary. The ant ib io t ic  ne t rops in  was found  to induce an increase of the  aber ra t ion  f r equency  of up to  10% and  a 
decondensa t ion  and e longat ion  of cen t romer ic  regions of the  chromosomes  in mouse  ascites t u m o u r  cells cu l t iva ted  
in vitro.  

Net rops in ,  a h ighly  basic o l igopep t ide  ant ib io t ic  isolated 
f rom S t r ep tomyces  Iletropsis, specifically binds,  in a 
non in te rca la t ing  way,  t o  AT base pairs  in double-  
s t r anded  DNA in v i t ro  3, 8. Insp i te  of ex tens ive  b iochemi-  
cal and  biophysica l  s tudies  on DNA-ne t rops in  in te rac t ion  
in vi tro,  p re sen t  knowledge  abou t  the  mode  of ac t ion of 
ne t rops in  in eukaryot ic  cells is r a the r  l imited ~,8. We, 
therefore ,  looked for specific effects of ne t rops in  on chro-  
mosomes  of mouse  asci tes cells cu l t iva ted  in vi tro.  
Materials and methods. 5-day-old Ehr l i ch  ascites t u m o u r  
ceils (s train 'Ber l in-Buch ' )  were cu l t iva ted  in vi t ro  in a 
W a r b u r g  a p p a r a t u s  as s h o r t - t e r m  suspension culture~, 5 
a t  35 ~ for 21 h in the  presence  of d i f ferent  concen t ra t ions  
of ne t rops insu l fa te  (NtS) and  ne t rops inhydroch lo r ide  
(NtHy),  respect ively .  Colchicine (0.002%) was added  3 h 
before f ixa t ion  and the  p roduc t ion  of air-dried slides. 
N t H y  and N t S  were dissolved in sterile Aqua  t r ides t ,  and  
the  NtS-so lu t ion  hea t ed  for 15 min  a t  50 ~ because of i ts  
low solubil i ty.  To es t ima te  the  aber ra t ion  frequencies,  
50 cells per  e x p e r i m e n t  were ana lyzed  for ch roma t id  
breaks  (b), ch roma t id  t rans loca t ions  (t) and mul t ip le  
aber ra t ions  (m.a.). Gaps  (g) were  separa te ly  coun ted  b u t  
no t  inc luded in the  ca tegory  of t rue  aber ra t ions ;  2 ?<50 
cells per  concen t ra t ion  of N t S  or N t H y  were scored wi th  
respec t  for the  presence  and  n u m b e r  of ch romosomes  
showing cen t romer ic  elongat ion.  The Ehr l ich  ascites cell 
s t ra in  used has  a s tem-l ine  of 44 chromosomes  including 
abou t  one me tacen t r i c  B-chromosome.  The o the r  chro-  
mosomes  are te locentr ic .  
Results. Net rops in  a t  the  h ighes t  possible concen t ra t ion  
used resul ted  in an inhib i t ion  of cell mul t ip l ica t ion  and  
mi to t ic  f requency.  Whereas  b o t h  compounds  have  abou t  
the  same cy tos t a t i c  effect  (about  50% inhib i t ion  a t  10 -4 
M), s ignif icant ly  d i f fe rent  pe rcen tages  of ch romosome  

aber ra t ions  and  cen t romer ic  e longat ion  have  been found  
af ter  t r e a t m e n t  w i th  equal  concen t ra t ions  (table). Since 
NtS  and  N t H y  have  exac t ly  t he  same q u a n t i t a t i v e  b ind-  
ing effects  on isolated DNA (C. Zimmer,  pers.  comm.) dif- 
ferent  in t ranuc lear  concen t ra t ions  af ter  t r e a t m e n t  of in- 
t a c t  ceils wi th  N t S  and  N t H y  m i g h t  expla in  th is  f inding.  
As shown in the  table,  ne t rops in  t r e a t m e n t  resul ted in a 
low b u t  significant,  c o n c e n t r a t i o n - d e p e n d e n t  increase of 
the  spon taneous  aber ra t ion  f requency.  The ma jo r i t y  of 
t rans loca t ions  were found to be located in the  cen t romer ic  
regions. The mos t  p ronounced  effect  of ne t rops in  was the  
e longat ion and  decondensa t ion  of ch romosome  segments  
(figure) known to  be he t e roch roma t i c  and  to exh ib i t  C- 
band ing  ~. This effect  is s t rong ly  dose -dependen t  and  
special ly p ronounced  in the  me tacen t r i c  B-chromosomes ,  
H e t e r o c h r o m a t i n  of te locent r ic  ch romosomes  was m u c h  
less af fec ted  since, even at  the  h ighes t  concen t ra t ions  used 
(10 -4 M NtS ,  5 x lO -~ M N t H y ) ,  only  18-19% reac ted  
wi th  decondensa t ion  (table). 
Discussion. I t  is wel l -known t h a t  m a n y  compounds  act -  
ing a t  the  DNA level can lead to  chromosome aber-  
rat ions.  This is also t rue  for ne t rops in  as shown in t h i s  
communica t ion .  The mos t  specific and s ignif icant  effect  
of ne t rops in  on ch romosomes  of ascites t u m o u r  ceils of the  
mouse is, however ,  the  ex tens ion  and decondensa t ion  of 
cen t romer ic  ch romosome  regions. At  the  l ight  microscopic 
level, s imilar  k inds  of s egmen t  ex tens ion  in di f ferent  chro-  
mosome regions are known  to  be caused b y  a va r i e ty  of 
factors  (e.g. Fuc ik  et  al. ~ and  Hsu  et  al.S); b u t  no un-  
ambiguous  exp lana t ion  as t o  t he  molecular  mechan i sm 
under lay ing  th is  p h e n o m e n o n  is p re sen t ly  available.  Mouse 
cen t romer ic  h e t e ro ch ro ma t i n  is known  to conta in  satel l i te  
DNA 9,10 wi th  a mean  GC-conten t  of 36}/0, abou t  5% less 
t h a n  to ta l  DNA. However ,  a b o u t  hal f  of the  l ight s t r and  
conta ins  a shor t  r epea t  whose original  sequence included 
wi th  h igh  p robab i l i t y  d(GAsTGA ) 11. This  sequence m u s t  
be an ideal t a rge t  for the  AT-specific ne t rops in  which  
covers abou t  4 AT base pairs12,13. Because of its h igh  

Chromosomes of a mouse ascites tumour cell after 21 h of cultivation 
in the presence of 1 x 10 -4 M netropsinsulfate with centr0meric 
elongation (3000 x ). The arrow points to the metacentric B-chromo- 
some. 
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Chromatid aberrations and centromerie elongation induced by different concentrations of netropsin sulfate (NtS) and netropsin hydrochloride 
(NtHy) in Ehrlich ascites tumour  cells of the mouse in vitro 

Concentration Number  of Metaphases Types of aberrations Cells with Percentage of Percentage of 
tested (Mol[1)  metaphases with per 100 cells centromeric metacentric telocentr~c 
(treatment time analyzed aberrations (%) elongation (%) B-chromosomes chromosomes 
21 h) withcentromeric with centromeric 

elongation (%) elongation (%) 
g b t m,a .  

NtS 1 �9 10 _4 
5 �9 10 -~ 

2.5 - 10 -5 
1 �9 10 -s  

NtHy 1 10 -5 
5 10 -4 
1 10 ~4 

7.5 10 _5 
5 10 -5 
1 10 -5 

Control 

250 9.6 0.8 2.4 2.8 0.4 90.0 100 18.5 
100 8.0 2.0 6.0 3.0 0 20.0 85.0 2.6 
100 2.0 1.0 2.0 0 0 5.0 60.0 2.1 
250 2.4 1.2 2.0 0.8 0 2.0 0 2.3 

No mitosis 
100 4.0 0 0 4.0 0 91.0 100 18.7 
300 4.0 2.0 2.7 2.3 0 33.0 87.9 2.3 
100 2.0 4.0 2.0 0 0 18.5 67.6 2.6 
100 2.0 2.0 2.0 0 0 13.0 69.2 2.1 
200 2.5 0.5 2.5 1.0 0 Not determined 

300 0 0.7 0 0 0 0 0 0 

b i n d i n g  c o n s t a n t ,  n e t r o p s i n  s h o u l d  be  ab l e  t o  r e m o v e  
p r o t e i n s  t h o u g h t  to  be  r e s p o n s i b l e  for  c h r o m a t i n  c o m -  
p a c t n e s s ,  e s p e c i a l l y  h i s t o n  H 1 .  T h i s  e f f ec t  w a s  i n d e e d  de -  
m o n s t r a t e d  in  e x p e r i m e n t s  w i t h  ca l f  c h r o m a t i n  1~ a n d  
c o u l d  be  a m o l e c u l a r  r e a s o n  for  t h e  h e t e r o c h r o m a t i n  de -  
c o n d e n s a t i o n  o b s e r v e d .  N e t r o p s i n  b i n d i n g  to  o t h e r  t h a n  
s a t e l l i t e  D N A  c a n  be  i n f e r r e d  f r o m  t h e  o b s e r v a t i o n  t h a t  
n e t r o p s i n - t r e a t e d  c h r o m o s o m e s  s t a i n  m u c h  less  t h a n  u n -  
t r e a t e d  c h r o m o s o m e s  w i t h  a c e t o - o r c e i n .  I n  t h i s  r e s p e c t  
i t  is  i m p o r t a n t  t o  n o t e  t h a t  t h e  b i b e n z i m i d a z o l  d e r i v a t i v e  
' H o e c h s t  33258 ' ,  a n o t h e r  h i g h l y  A T - s p e c i f i c  c o m p o u n d  

w h i c h  c a u s e s  c e n t r o m e r  u n c o i l i n g  in  s o m e  m o u s e  cell  
l i nes  ls,~6 b u t  n o t  in  h u m a n  c h r o m o s o m e s  ~,  is  w i t h o u t  
d e t e c t a b l e  e f f ec t  o n  a s c i t e s  c h r o m o s o m e s  of  cel ls  g r o w n  in  
a p e r m a n e n t  o r  t h e  s h o r t - t e r m  s u s p e n s i o n  c u l t u r e  d e -  
s c r i b e d  h e r e  u n d e r  t h e  c o n d i t i o n s  u s e d  b y  K i m  a n d  
G r z e s c h i k  16 ( u n p u b l i s h e d  r e s u l t s ) .  
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N e u r a l  i n d u c i n g  capac i ty  of cyc l i c  A M P  o n  p o s t - n o d a l  p i ece s  of ear ly  c h i c k  b l a s t o d e r m s  1 
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Summary. Cyc i i c  A M P  (0.5 m M )  i n d u c e d  n e u r a l  d i f f e r e n t i a t i o n  in  p o s t - n o d a l  p i e c e s  o f  e a r l y  c h i c k  b l a s t o d e r m s ,  a t  l e a s t  
in  p a r t ,  t h r o u g h  p r o m o t i n g  cel l  m o v e m e n t ,  t i s s u e  c o n d e n s a t i o n ,  a n d  a s s e m b l y  of  m i c r o t u b u l e s .  

H e n s e n ' s  n o d e  h a s  l o n g  b e e n  r e c o g n i z e d  as  t h e  c e n t e r  fo r  
t h e  p r i m a r y  o r g a n i z a t i o n  o f  t h e  c h i c k  e m b r y o .  P i e c e s  
i s o l a t e d  f r o m  r e g i o n s  m o r e  t h a n  0.5 m m  p o s t e r i o r  t o  t h e  
n o d e ,  r e g a r d l e s s  o f  c u l t u r e  t e c h n i q u e s  a n d  d u r a t i o n  o f  
c u l t i v a t i o n ,  do  n o t  d e v e l o p  w e l l - d e f i n e d  a x i a l  s t r u c -  
t u r e s  2-10. T h u s  p o s t - n o d a l  p e i c e s  ( P N P s )  h a v e  f r e q u e n t l y  
b e e n  u s e d  for  t e s t i n g  t h e  i n d u c i n g  c a p a c i t y  o f  v a r i o u s  
a g e n t s .  
E x p e r i m e n t s  p r e v i o u s I y  c o n d u c t e d  in  o u r  l a b o r a t o r y  11 
s h o w e d  t h a t  cyc l i c  A M P  a n d  s e v e r a l  r e l a t e d  n u c l e o t i d e s  
c o u l d  i n d u c e  d i f f e r e n t i a t i o n  in  P N P s .  T h e  i n d u c i n g  ca -  
p a c i t y  o f  t h e s e  n u c l e o t i d e s  v a r i e d  a n d  w a s  c o n c e n t r a t i o n  
d e p e n d e n t .  D i f f e r e n t i a t i o n  w a s  u s u a l l y  m a n i f e s t  b y  t h e  
f o r m a t i o n  of  n e u r a l  t i s s u e ,  b u t  c o n c e n t r a t i o n s  u s e d  w e r e  
u n p h y s i o l o g i c a l l y  h i g h  ( 3 - 1 8  m M )  a n d  m a n y  P N P  cel ls  
s h o w e d  s i g n s  of  m i l d  c y t o l y s i s .  T h u s  a q u e s t i o n  w a s  r a i s e d  
w h e t h e r  t h e  o b s e r v e d  d i f f e r e n t i a t i o n  w a s  a c o n s e q u e n c e  
of  cyc l i c  A M P  t r e a t m e n t  o r  s u b l e t h a l  d a m a g e .  S o m e w h a t  
d i f f e r e n t  r e s u l t s  w e r e  r e c e n t l y  r e p o r t e d  b y  D e s h p a n d e  
a n d S i d d i q u i  1~ w h o  f o u n d  t h a t  cyc l i c  A M P ,  a t  a l o w e r  
c o n c e n t r a t i o n  (0.5 m M ) ,  i n d u c e d  t h e  f o r m a t i o n  o f  h e a r t -  

l ike  p u l s a t i l e  t i s s u e s  in  7 4 %  of  t h e  P N P s .  T h e  p r e s e n t  
s t u d y  w a s  u n d e r t a k e n  t o  r e i n v e s t i g a t e  t h e  i n d u c i n g  
c a p a c i t y  of  cyc l i c  A M P  o n  P N P s .  
Materials a n d  methods. U n i n c u b a t e d  f e r t i l e  W h i t e  L e g h o r n  
e g g s  w e r e  o b t a i n e d  f r o m  t h e  S h a m r o c k  P o u l t r y  a n d  
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