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Nuclear DNA of Mouse Hepatoma Studied by ~H-Actinomycin D Binding 

This s tudy.  Was des igned to  compare  the  d i s t r ibu t ion  
of D N A  in normal  l iver  and  h e p a t o m a  cell nuclei, wi th  
special  reference to  h e te rochromat in .  The aH-ac t inomycin  
D used in th is  s t u d y  b inds  to  D N A  on t issue sect ions  
where  it is t h e n  localized and q u a n t i t a t e d  by  radio-  
a u t o g r a p h y  a-4 The pre fe ren t ia l  b ind ing  of th is  c o m p o u n d  
to h e t e r o c h r o m a t i n  was previous ly  r epo r t ed  by  SIMARD 5. 

Mater ials  and  methods. The h e p a t o m a  bear ing  mice 
(Jax code t~W7756) and  tile no rma l  C57L/J  mice  which  
served as controls ,  were  ob ta ined  f rom the  Jackson  
Labora to ry ,  Bar  Harbor ,  Maine. Tile 3 expe r imen ta l  
me thods ,  d i f fer ing in t h e  sequence  of f ixa t ion  and  ~H- 
ac t inomyc in  D incubat ion ,  are out l ined below. 

E x p e r i m e n t  1. One m m  cubes of h e p a t o m a  or no rma l  
l iver were f ixed for 2 h in 3% g lu te ra ldehyde  6, pos t - f ixed  
for 1 h in 1% osmium t e t rox ide  7, e m b e d d e d  in Ara ld i te  s, 
and sec t ioned at  0.5 ~m. One set  of cont ro l  sect ions was 
i ncuba t ed  in DNase,  and  ano the r  in R N a s e  9. Slides were 
r insed  in 5% t r ich lorace t ic  acid a t  4~ to  r emove  hydro -  
lyzed nucleic acid f r agmen t s  ~~ All cont ro l  and  experi-  
menta l  sect ions  were incuba ted  for 4 h in 20 ~xCi/ml 3H- 

ac t inomyc in  D (Schwarz Bioresearch  Inc.,  Orangeburg,  
New York, specific ac t iv i ty  8.4 Ci/mM),  following 
es tab l i shed  m e t h o d s  ~-4. 

E x p e r i m e n t  2. Tissues were incuba ted  as unf ixed  l m m  
cubes for 4 h in Locke solut ion conta in ing  50 ~Ci SH- 
ac t i nomyc in  D. They  were subsequen t ly  fixed,  e m b e d d e d  
and  sec t ioned as descr ibed above.  

E x p e r i m e n t  3. One m m  cubes of t issue a l ready  f ixed in 
g lu te ra ldehyde  and  osmium t e t rox ide  were incuba ted  
wi th  50 IxCi SH-act inomycin  D. The embedd ing  and  
sect ioning procedures  were those  descr ibed above.  

Slides f rom all e x p e r i m e n t s  were d i p p ed  in I l ford  L-4 
emulsion,  developed af ter  10-12 weeks exposure  in 
K o d a k  D-19 and  s ta ined  in 1% to lu id ine  blue, fol lowing 
the  m e t h o d s  of KOPRIWA n. Silver grains,  r ep resen t ing  
8H-act inomycin  D - D N A  b ind ing  sites, were coun ted  
over  10 r a n d o m l y  selected nuclei  for each of 9 h e p a t o m a s  
and  9 l iver  p repara t ions .  The l iver p a r e n c h y m a  nuclei  
could be classed as diploid or t e t r ap lo id  on the  basis  of 
nuclear  d i ame t e r  m e a s u r e m e n t s  made  wi th  a ca l ibra ted  
ocular  micrometer .  

Both nuclear area and grain counts per 100 ~m ~ nuclear area, are 
presented in this table 

Liver 2 N Liver 4 N Hepatoma 
(N = 30) (N = 30) (N = 120) 

Nuclear Area 28.56 ~zm 2 49.94 ~zln 2 115.47 ~zm 2 

Expt. 1 94.33 2~: 3.57 94.02 -r 1.83 200.78 j= 2.40 
Expt. 2 93.04 4- 2.74 91.07 4- 2 . 0 4  202.52 4- 2.05 
Expt. 3 95.21 4- 2.57 92.70 ~= 1 .77  204.44 ~ 2.07 
Expt. 1 RNase 96.13 4- 3.09 94.I8 =t_ 2 . 1 9  204.03 4- 1.97 
Expt. 1 DNase 0.75 4- 0.47 0.33 4- 0.16 0.09 4- 0.04 

Silver grains represent aH-actinomycin D binding to DNA. 
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Silver grains represent 3H-actinomycin D 
binding to DNA of hepatoma cells. 3 fields 
are shown. Radioactivity is particularly 
dense over heterochromatic regions. 
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Results and discussion. T he  Tab le  p resen t s  m e a s u r e m e n t s  
of ave rage  nuc lea r  a rea  for b o t h  l iver  a n d  h e p a t o m a  cell 
nuclei .  The  a rea  of t he  te~raploid  l iver  cell nucle i  (49.94 
# m  2) is nea r ly  twice  t h a t  of t h e  diploid  nucle i  (28.56 ~m2), 
while  t he  h e p a t o m a  cell nucle i  are m u c h  la rger  t h a n  
e i t he r  (115.47 tzm2). To c o m p e n s a t e  for these  di f ferences  
in  nuc lea r  size, all  t h e  g ra in  c o u n t  d a t a  on  t h e  Tab le  are 
p r e sen t ed  as a s t a n d a r d  u n i t  measu re :  gra ins  per  100 ~zm ~ 
nuc lea r  area.  

P roof  t h a t  3H-ac t inomyc in  D b inds  specif ical ly to  D N A  
is p rov ided  b y  t he  gra in  c o u n t  d a t a  o b t a i n e d  f rom the  
e n z y m e  t r e a t e d  con t ro l  sect ions.  T he  T a b l e  shows t h a t  
R N A  e x t r a c t i o n  d id  no t  inf luence  3H-ac t i nomyc in  D 
b ind ing ,  b u t  w h e n  t he  D N A  was ex t rac ted ,  no b i n d i n g  
occurred.  

The  gra in  dens i t y  ove r  d ip lo id  a n d  t e t r ap lo id  l iver  
cell nucle i  was a l m o s t  iden t i ca l  in  all  e x p e r i m e n t s  (about  
93 gra ins  pe r  100 ~xm2), showing  t h a t  D N A  d i s t r i b u t i o n  
was n o t  a l t e red  b y  t he  increase  in ploidy.  I n  m a r k e d  
con t ras t ,  t h e  3H-ac t i nomyc in  D b i n d i n g  to  h e p a t o m a  cell 
nuclei  (200 gra ins  pe r  100 ~xm 2) was  more  t h a n  twice  as 
dense  as in  t h e  n o r m a l  l iver  cells. I n  t h e  Figure ,  s i lver  
gra ins  are no t  on ly  v is ib le  over  t he  nuc lea r  area,  b u t  ove r  
t he  c y t o p l a s m  as well, however ,  t h e  l a t t e r  are n o t  
b a c k g r o u n d  fog, E v i d e n c e  t h a t  t h e y  r e p r e s e n t  ~H- 
a c t i n o m y e i n  D b i n d i n g  to cy top la smic  D N A  has  been  doc- 
u m e n t e d  in o the r  pub l i c a t i ons  b y  t he  p r e s en t  a u t h o r s  ~, 12 
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The  mouse  h e p a t o m a  used in t he  p r e sen t  s t u d y  is 
aneup lo id  and  shows wide v a r i a t i o n s  in  t he  t o t a l  a m o u n t  
of D N A  per  nuc leus  4. A n e u p t o i d y  a n d  po lyp lo idy  h a v e  
been  r epo r t ed  in m a n y  types  of t u m o r s  ~a, ~,. However ,  t h e  
increased  aH-ac t i nomyc in  D b i n d i n g  r epo r t ed  above  for 
h e p a t o m a  nucle i  c a n n o t  be  exp l a ined  on  t h e  basis  of 
increased  p lo idy  alone.  

I t  is of p a r t i c u l a r  i n t e r e s t  t h a t  h e a v y  c o n c e n t r a t i o n s  
of s i lver  g ra ins  were obse rved  over  c h r o m a t i n  masses  
nea r  t h e  nuc l ea r  m e m b r a n e  a n d  a r o u n d  nucleoli .  H e a v y  
a H - a c t i n o m y c i n  D b i n d i n g  in these  h e t e r o c h r o m a t i c  
regions  was p a r t i c u l a r l y  p r o m i n e n t  in  t he  h e p a t o m a  
nuclei ,  as shown  in t h e  Figure .  H i g h  levels of he te ro -  
c h r o m a t i n  are cha rac t e r i s t i c  of m a n y  types  of t u m o r  cell 
nucleith,  ~. SIMARD 5 ha s  r epo r t ed  t h a t  a H - a c t i n o m y c i n  D 
b i n d s  exc lus ive ly  to  t he  h e t e r o c h r o m a t i n  in cu l tu red  
h a m s t e r  f ibroblas ts ,  a n d  i n t e r p r e t s  his  resu l t s  in  t e r m s  of 
e i the r  more  D N A  in h e t e r o c h r o m a t i n  or p r e f e r en t i a l  
b i n d i n g  of a H - a c t i n o m y c i n  D to  h e t e r o c h r o m a t i n .  A 
s imi la r  i n t e r p r e t a t i o n  of p re fe ren t i a l  *H-ac t inomyc in  D 
b i n d i n g  to  h e t e r o c h r o m a t i n  in  t he  h e p a t o m a  cell nuclei  
ha s  been  a d o p t e d  b y  t he  p r e s e n t  a u t h o r s  to  exp la in  t he  
resu l t s  r e p o r t e d  here.  

Rdsumd. Le a H - A c t i n o m y c i n  D se f ixe s eu l emen t  sur  
I ' A D N  darts des coupes  h i s to log iques ;  les n o y a u x  de 
l ' h @ a t o m e  en  l i a n t  plus  que  ceux  du  foie normal .  Ces 
o b s e r v a t i o n s  son t  in te rpr~ t6es  en  r e l a t i on  avec  l ' a u g m e n -  
r a t i o n  de l ' h ~ t ~ r o c h r o m a t i n e  de l ' h6pa tome .  
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Radio-Protection of Arousing Ground Squirrels (Citellus tridecemlineatus) by Endogenous 
Catecholamines 

ERadio-protect ion b y  exogenous  ca t echo lamines  has  
been  k n o w n  for  m a n y  years  1 a n d  ha s  r ecen t l y  been  s tud ied  
in g rea te r  de ta i l  on  t he  h i be r na t o r ,  Mesocricetus auratus 2. 
The  r ad io -p ro t ec t i on  is t h o u g h t  to  be  due  to  a vasocon-  
s t r i c t i o n - h y p o x i a  m e c h a n i s m .  T h a t  is, in tense  vasocon-  
s t r i c t ion  leads to  a local t i ssue  h y p o x i a  of t he  bone  m a r r o w  
wh ich  is t h e n  p ro t ec t ed  t h r o u g h  t h e  ' oxygen  effect ' .  The  
q u a n t i t i e s  of ca t echo lamines  necessa ry  to  eIicit  a rad io-  
p r o t e c t i o n  response  (1.5 mg/kg)  are well above  t h e  phys io-  
logical  range,  and  un t i l  now  r ad i o - p r o t ec t i on  b y  endoge-  
nous  ca t echo l amines  has  no t  been  d e m o n s t r a t e d .  

N a t u r a l l y  occur r ing  r ad i o - p r o t ec t i on  in h i b e r n a t i n g  
g r o u n d  squirre ls  has  been  r epo r t ed  a. I t  was  t h o u g h t  t h a t  
r a d i o - p r o t e c t i o n  could also occur  d u r i n g  a rousa l  f rom 
h i b e r n a t i o n  since severe  v a s o c o n s t r i c t i o n  occurs  a t  t h a t  
t ime,  t h u s  i n d i c a t i n g  t he  release of large a m o u n t s  of 
no rep ineph r ine  ~, Vasocons t r i c t i on  is s t rong  enough  to 
al low the  t h o r a x  of t h e  5 ~ C a n i m a l  to  w a r m  qu ick ly  to 
30~ before  t he  r ec ta l  t e m p e r a t u r e  beg ins  to  rise. Fur -  
t he rmore ,  b r e t y l i u m  /3-TM 10 e l imina tes  t he  d i f fe rent ia l  
w a r m i n g  r a t e  a n d  g rea t ly  p ro longs  t he  a rousa l  process  4. 
The  poss ib i l i ty  t h a t  va socons t r i c t i on  of such  seve r i ty  
could cause  r ad io -p ro t ec t ion  due to  t i ssue  h y p o x i a  in  
b lood  fo rming  organs  seems likely.  I n  addi t ion ,  if t he  

r ad io -p ro t ec t i on  were due to  t he  release of no rep inephr ine ,  
i t  should  be  b lockab le  w i t h  a n  g-blocker  such  as p h e n t o l -  
amine .  

Methods. The  r a d i a t i o n  source used in  these  e x p e r i m e n t s  
was a U.S.  Nuc lea r  of Cal i fornia  mode l  G a m m a  12 ~~ 
The  desc r ip t ion  a n d  ca l i b r a t i on  of t he  source has  been  
r epo r t ed  p rev ious ly  3. The  dose r a t e  was  200-185 r ads /  
ra in  due to  the  decay  of t h e  6~ over  t he  t i m e  in which  
t he  e x p e r i m e n t s  were done.  

The  a n i m a l s  used for th i s  s t u d y  were 13 l ined g round  
squirre ls  (Citellus tridecemlineatus) of e i the r  sex. T h e y  
were b o r n  ill our  v i v a r i u m  to  p r e g n a n t  females  t r a p p e d  ill 
Kansas .  The  ages r a n g e d  f rom 11/2 to 21/2 years ,  a n d  i t  was  
t he  f i rs t  exper ience  w i t h  h i b e r n a t i o n  for each  an imal .  
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