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SUMMARY: Chromat in  was i s o l a t e d  from the  parenchymal l i v e r  c e l l s  
o f  r a t s  t h a t  were made i n s u l i n  d e f i c i e n t  w i t h  a l l o x a n  and from 
i n s u l i n  d e f i c i e n t  r a t s  t h a t  were t r e a t e d  w i t h  i n s u l i n .  RNA was 
t r a n s c r i b e d  from each ch romat in  in v i t r o  by E . e o l i  DNA-dependent 
RNA po lymerase.  C o m p e t i t i v e  DNA-RNA h y b r i d i z a t i o n s  i n d i c a t e d  
t h a t  t h e r e  were d i f f e r e n c e s  in the RNA t r a n s c r i b e d  from these 
two c h r o m a t i n s .  

By d e t e r m i n i n g  the in v i t r o  r a t e  o f  RNA s y n t h e s i s  in an 

i n c u b a t i o n  m i x t u r e  c o n t a i n i n g  E . e o l i  DNA-dependent RNA polymerase 

Morgan and Bonner found t h a t  the  t emp la te  a c t i v i t y  o f  l i v e r  

ch romat in  from i n s u l i n  d e f i c i e n t  r a t s  was 28% less  than t h a t  from 

r a t s  t r e a t e d  w i t h  i n s u l i n  ( I ) .  T h e i r  i n t e r p r e t a t i o n  o f  these 

r e s u l t s  was t h a t  i n s u l i n  m o d u l a t i o n  o f  enzyme a c t i v i t i e s  in 

l i v e r  c e l l s  (2 ,3 )  is  med ia ted  by d e r e p r e s s i o n  o f  p r e v i o u s l y  

r ep ressed  g e n e t i c  m a t e r i a l  ( 4 ) .  In the e x p e r i m e n t s  d e s c r i b e d  

he re ,  DNA-RNA h y b r i d i z a t i o n  was used to d e t e r m i n e  i f  t h e r e  are 

d i f f e r e n c e s  in the  RNA t r a n s c r i b e d  from ch romat ins  from the 

parenchymal l i v e r  c e l l s  o f  i n s u l i n  d e f i c i e n t  and i n s u l i n  t r e a t e d  

r a t s .  

MATERIALS AND METHODS 

Male r a t s  o f  the  Sprague-Dawley  (Cox) s t r a i n  were used;  

the i n i t i a l  body we igh t s  were 180-200 grams. I n s u l i n  d e f i c i e n t  

r a t s  were p repared  by i . v .  i n j e c t i o n  o f  2% a l l o x a n  monohydr ide 

(Eastman Organ ic  C h e m i c a l s ) ,  40 mg per kg o f  body w e i g h t  ( 5 , 6 ) .  

Blood g lucose  d e t e r m i n a t i o n s  were made w i t h  the a l k a l i n e  

f e r r i c y a n i d e  method as adapted to the  Techn icon  A u t o A n a l y z e r .  
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The a l l o x a n  t r e a t e d  r a t s  had b lood g lucose  l e v e l s  g r e a t e r  than 

300 mg per I00 mls.  Three weeks a f t e r  the a l l o x a n  t r e a t m e n t  

the  l i v e r s  o f  5 r a t s  were removed. Ano the r  5 a l l o x a n  t r e a t e d  

r a t s  was each g i ven  a s i n g l e  s . c .  i n j e c t i o n  o f  4 u n i t s  o f  

i n s u l i n  and 4 u n i t s  o f  p ro tamine  z i n c  i n s u l i n  ( E l i  L i l l y  Co.) 

24 hours b e f o r e  removal o f  the  l i v e r s .  The parenchymal  l i v e r  

c e l l s  ( h e p a t o c y t e s )  were i s o l a t e d  a c c o r d i n g  to the  methods o f  

I n g e b r e t s e n  & Wagle by p e r f u s i o n  w i t h  c o l l a g e n a s e  f o l l o w e d  by 

m i l d  d i f f e r e n t i a l  c e n t r i f u g a t i o n  ( 7 ) .  These h e p a t o c y t e s  were 

s t o r e d  f r o z e n  at  -80 ° u n t i l  the t ime o f  ch roma t i n  p r e p a r a t i o n .  

From the pooled c e l l s  o f  5 i n s u l i n  d e f i c i e n t  r a t s ,  sheared 

ch roma t i n  was p repared  by the  methods o f  Bonner ,  e t  al ( 8 ) .  

Sheared ch romat in  from the pooled c e l l s  o f  5 i n s u l i n  t r e a t e d  

r a t s  was p repared  by the same methods.  Rat DNA was p repared  

from normal l i v e r  ch romat in  by the  p rocedu re  o f  Marmur ( 9 ) .  

The ch romat ins  were t r a n s c r i b e d  by E . c o l i  DNA-dependent  

RNA po lymerase p repared  by the  method o f  Chamber l in  & Berg ( I 0 ) .  

Th is  p r e p a r a t i o n  had a DNA dependency o f  233x and no RNAse 

a c t i v i t y .  The n u c l e o t i d e s  f o r  the RNA s u b s t r a t e  were o b t a i n e d  

from Calb iochem.  [14C]ATP, 24 mCi/mmole, was purchased from 

Schwarz/Mann.  Each RNA p r e p a r a t i o n  was s y n t h e s i z e d  in I0 mls 

o f  r e a c t i o n  m i x t u r e  c o n t a i n i n g  I0 0D260 c h r o m a t i n ,  6000 u n i t s  

o f  DNA-dependent RNA po lymerase ,  1 mmole t r i s - H C l  (pH 8 ) ,  

0 . I  mmole MgCI 2, 0 .025 mmole MnCI 2, 0 .3  mmole o f  2 - m e r c a p t o -  

e t h a n o l ,  and 0.02 mmole each o f  ATP, CTP, UTP, and GTP. To 

p repa re  r a d i o i s o t o p e  l a b e l e d  RNA, 40 mic roC i  o f  [14C]ATP was 

added to t h i s  i n c u b a t i o n  m i x t u r e .  I n c u b a t i o n  was at  37 ° f o r  

15 mins ( 8 , 1 1 ) .  The RNA was i s o l a t e d  by phenol e x t r a c t i o n  ( I I ) .  

From each o f  the  two c h r o m a t i n s ,  [14C]RNA and u n l a b e l e d  RNA 

were t r a n s c r i b e d .  
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For the hybridization experiments, rat DNA was denatured 

in alkal i  and 0.2 0D260 applied to each I I  mm nitrocel lulose 

membrane f i l t e r  (Schleicher and Schuell B-6) as described by 

Gillespie and Spiegelman (12). For each concentration of RNA 

two DNA containing f i l t e r s  sandwiching one blank f i l t e r  were 

placed in a small vial with 0.2 ml of hybridization solution 

containing RNA and 30% formamide ( l l ) .  After 48 hours at 24 ° , 

the f i l t e r s  were removed, washed, treated with RNAse, rewashed, 

dried, placed in a s c i n t i l l a t o r  and counted for lO0 mins. 

The RNA transcribed from the chromatins were used in two 

types of hybridization experiments. The f i r s t  consisted of 

adding varying amounts of [14C]RNA to DNA f i l t e r s  and determin- 

ing the % DNA hybridized by the following Equation: 

(cpm hybridized)/(cpm [14C]RNA) x ([RNA])/([DNA]) x lO0. 

In the second type of experiments, l 0D260 [14C]RNA and 

varying amounts of unlabeled RNA were added to a series of 

DNA f i l t e r s .  The % hybrid surviving was calculated by using 

the % DNA hybridized with [14C]RNA alone as I00% and determin- 

ing the relat ive % DNA hybridized with each concentration of 

added unlabeled RNA (13,14). 

RESULTS 

The [14C]RNA transcribed from chromatin from hepatocytes 

of insulin deficient rats had a specific ac t i v i t y  of 13,962 cpm 

per 0D260. As shown in Figure l ,  with 1.2 0D260 of this RNA 

15% of the rat DNA on the f i l t e r  was hybridized, 428 cpm. 

The [14C]RNA transcribed from chromatin from the hepatocytes 

of insulin treated rats had a specific ac t i v i t y  of 12,326 cpm 

per 0D260. As shown in Figure 2, with 1.2 0D260 of this RNA, 

16% of the rat DNA on the f i l t e r  was hybridized, 395 cpm. 

When increasing concentrations of unlabeled RNA transcribed 
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F igu re  I .  DNA-RNA h y b r i d i z a t i o n .  Each f i l t e r  c o n t a i n e d  
0 .2  0D260 normal  r a t  DNA. [14C]RNA was t r a n s c r i b e d  in v i t r o  
from h e p a t o c y t e  c h r o m a t i n  from i n s u l i n  d e f i c i e n t  r a t s ,  Each 
p o i n t  is  the  mean of  two d e t e r m i n a t i o n s .  
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F igu re  2. DNA-RNA h y b r i d i z a t i o n .  Each f i l t e r  c o n t a i n e d  
0.2 0D260 normal r a t  DNA. [14C]RNA was t r a n s c r i b e d  in  v i t r o  
from h e p a t o c y t e  ch romat in  from i n s u l i n  t r e a t e d  r a t s .  Each 
p o i n t  is  the  mean of  two d e t e r m i n a t i o n s .  
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Figure  3. C o m p e t i t i v e  DNA-RNA h y b r i d i z a t i o n .  Each f i l t e r  
con ta ined  0 .2  0D260 normal r a t  DNA. Vary ing  amounts of RNA 
t r a n s c r i b e d  from hepa tocy te  chromat in  from e i t h e r  i n s u l i n  
d e f i c i e n t  (A -D )  or i n s u l i n  t r e a t e d  ( I - T )  r a ts  were added to 
1 0D260 [14C]RNA t r a n s c r i b e d  from hepa tocy te  chromat in  from 
i n s u l i n  d e f i c i e n t  ra ts  ( A - D * ) .  Each p o i n t  is the mean of 
two d e t e r m i n a t i o n s .  

from hepa tocy te  chromat in  from i n s u l i n  d e f i c i e n t  r a t s  were 

added to 1 0D260 of  [14C]RNA t r a n s c r i b e d  from the same chromat in  

the % DNA h y b r i d i z e d  to the [14C]RNA was decreased more than 

when i n c r e a s i n g  c o n c e n t r a t i o n s  of  u n l a b e l e d  RNA t r a n s c r i b e d  

from hepa tocy te  chromat in  from i n s u l i n  t r e a t e d  ra ts  was added, 

F igure  3. 

S i m i l a r l y ,  using [14C]RNA t r a n s c r i b e d  from hepa tocy te  

chromat in  from i n s u l i n  t r e a t e d  r a t s ,  u n l a b e l e d  RNA t r a n s c r i b e d  

from the same chromat in  decreased the % DNA h y b r i d i z e d  to 

the [14C]RNA to a g r e a t e r  e x t e n t  than did the un labe led  RNA 

t r a n s c r i b e d  from the h e p a t o c y t e  chromat in  from the i n s u l i n  

d e f i c i e n t  r a t s ,  F igure  4. 
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F igu re  4. C o m p e t i t i v e  DNA-RNA h y b r i d i z a t i o n .  Each f i l t e r  
c o n t a i n e d  0.2 0D260 normal r a t  DNA. Vary ing  amounts o f  RNA 
t r a n s c r i b e d  from h e p a t o c y t e  ch roma t i n  from e i t h e r  i n s u l i n  
t r e a t e d  ( I - T ]  or  i n s u l i n  d e f i c i e n t  (A-D) r a t s  were added 
to 1 0D260 ~ ~I4C]RNA t r a n s c r i b e d  from h e p a t o c y t e  ch roma t i n  
from i n s u l i n  t r e a t e d  r a t s  ( I - T * ) .  Each p o i n t  is  the  mean 
of  two d e t e r m i n a t i o n s .  

DISCUSSION 

I t  has been demons t ra ted  t h a t  r a t s  t r e a t e d  w i t h  40 mgs 

a l l o x a n  per kg body we igh t  which respond w i t h  b lood g lucose  

l e v e l s  in excess o f  300 mgs/ lO0 mls are i n s u l i n  d e f i c i e n t ,  

i . e . ,  w i t h  plasma i n s u l i n  l e v e l s  l ess  than 20% of  normal and 

p a n c r e a t i c  i n s u l i n  c o n t e n t  l ess  than 10% o f  normal ( 6 ) .  

S ince on l y  60% o f  the c e l l s  in r a t  l i v e r  are parenchymal  

c e l l s  ( h e p a t o c y t e s ) ,  i t  was i m p o r t a n t  to s tudy  the RNA 

t r a n s c r i b e d  from h e p a t o c y t e  ch romat in  r a t h e r  than from t o t a l  

l i v e r  ch romat in  (15 ) .  

The p e r c e n t  o f  r a t  DNA h y b r i d i z e d  was a p p r o x i m a t e l y  the  same 

w i t h  [14C]RNA t r a n s c r i b e d  from h e p a t o c y t e  ch roma t i n  from i n s u l i n  

d e f i c i e n t  or  from i n s u l i n  t r e a t e d  r a t s .  Th is  would i n d i c a t e  

3 4 7  
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t h a t  the amount of  DNA a v a i l a b l e  f o r  t r a n s c r i p t i o n  was 

comparable in the two chromat in  p r e p a r a t i o n s .  However, i t  does 

not enable one to determine i f  d i f f e r e n t  p o r t i o n s  of  the 

chromat in  DNA are t r a n s c r i b e d .  

The r e s u l t s  of  c o m p e t i t i v e  DNA-RNA h y b r i d i z a t i o n  shown 

in  F igures 3 and 4 demonstrate t h a t  there  are d i f f e r e n c e s  in 

the RNA t r a n s c r i b e d  from these two chromat in  p r e p a r a t i o n s . T h i s  

i n d i c a t e s  t h a t  the mechanism of a c t i o n  of  i n s u l i n  in l i v e r  c e l l s  

i n v o l v e s  the d e t e r m i n a t i o n  of  which segments of  chromat in  DNA 

are a v a i l a b l e  f o r  t r a n s c r i p t i o n  (4 ) .  
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