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Dissociat ion of RNA-Histone  Complexes by DNA 

His tones  have  been  shown to  form complexes  w i th  
R N A  1-3 as well as w i th  acidic pro te ins  2-7 and  D N A  1, 2, 8, o. 
Acidic pro te ins  can in te rac t  and  form complexes  w i th  free 
h is tones  to  p r even t  h i s tone  inhib i t ion  of the  in v i t ro  
D N A - d e p e n d e n t  R N A  synthes is  2, 3, 6. However ,  exogenous 
RNA,  which  also can form complexes  wi th  free his tones,  
failed to  p r e v e n t  the  h is tone  inhib i t ion  of the  in v i t ro  
R N A  synthes i s  3. This  repor t  describes init ial  resul ts  of an 
inves t iga t ion  in to  the  cause of the  failure of R N A  to pre- 
v e n t  the  h i s tone  suppress ion  of the  DNA templa te .  

Materials and methods. Millipore fil ters (HA 0.45 [x pore  
size f rom the  Millipore Corp., Bedford,  Mass.) were used 
to  analyze  the  complexes  be tween  his tone  and R N A  and 
be tween  h is tone  and D N A  "Whole unf rac t iona ted  h i s tone  
was p repa red  by  acid ex t rac t ion  f rom sal ine-washed calf 
t h y m u s  nucleopro te in  10. This  h is tone  p r epa ra t i on  was 
found to  con ta in  ve ry  l i t t le  if any  nuclease ac t iv i ty .  
Highly  po lymer ized  calf t h y m u s  DNA (Sigma Biochem.  
Corp., St. Louis, Missouri) used in the  expe r imen t s  was 
tes ted  for R N A  and p ro te in  con tamina t ion ,  as well as 
pro tease  and  RNase  ac t iv i ty ,  and  was found to be essen- 
t ia l ly  pure.  The R N A  (total  yeas t  RNA,  Mann  Research  
Lab. ,  14% ni t rogen  and 8.5% phosphorous  on a d ry  
weigh t  basis) was also found to  be essent ial ly  free of 
p ro te in  and  of nuclease and  protease  act iv i ty .  Na t ive  
D N A  was d i lu ted  to 0.5 mg /ml  and was dena tu red  by  
e i ther  hea t ing  for 10 min  at  100~ followed by  quick 
cooling to 4 ~ in an ice b a t h  or by  increasing the  p H  to 
12.5 wi th  N a O H  for 10 rain a t  room t e m p e r a t u r e  and t h e n  
neut ra l iz ing  wi th  HC1 and buffer  0.1 • SSC (0.0152~I 
MaC1 + 0.00152VI Na ci t rate ,  p H  7.0). The degree of de- 
na tu r a t i on  was  measured  by  hype rch romic i t y  a t  260 n m  
and  by  r e t en t ion  by  Millipore filters of the  D N A  (total ly 
dena tu red  D N A  is re ta ined  on these  f i l ters  whereas  
na t ive  D N A  passes t h rough  the  filters). 

S ing le -s t randed  D N A  was p repared  f rom hea t -  
dena tu red  calf t h y m u s  D N A  by  the  me thod  of MCCALLUM 
and  WALKER 11 in which  the  hea t -dena tu r ed  D N A  is 
passed  t h r o u g h  an h y d r o x y a p a t i t e  co lumn a t  60~ in 
p h o s p h a t e  buffer.  The proof  of s ingle-s t randed DNA was 
ob ta ined  wi th  mel t ing  s tudies  on a Zeiss spec t rophoto-  
meter .  The s ing le -s t randed  f rac t ion showed no hyper -  
ch romic i ty  when  hea t ed  up to  95~ and d isp layed  a 
t he rma l  d e n a t u r a t i o n  p a t t e r n  similar  to t h a t  of t he  
r a n d o m  coil polynucleotfdes .  

Results and discussion. Both  DNA and  R N A  can be 
select ively ex t r ac t ed  f rom Millipore filters quan t i t a t i v e l y  
using 0 .5N HC10 4. I n c u b a t i o n  of the  fil ters a t  50~ for 

10 rain in 0 .5N HC104 removes  all the  R N A ;  D N A  is ex- 
t r ac t ed  by  increasing the  t e m p e r a t u r e  to  100 ~ (10 min  
extract ion) .  The se lec t iv i ty  of th is  procedure  is shown in 
Figure 1. In  th is  expe r imen t  the  fi l ters were spo t t ed  wi th  
known  amo u n t s  of nucleic acids and  dried. The ex t rac ted  
R N A  or DNA was de t e rmined  by  reac t ion  wi th  orcinol or 
d ipheny lamine  respect ively .  E x t r e m e  care mus t  be t aken  
t h a t  f r agment s  of the  fil ters are no t  present  in the  
a l iquots  used for orcinol reac t ion  because t h e y  will 
interfere  w i th  t he  color reaction.  

In  RNA-h i s tone  r e t en t ion  exper iments ,  the  mix tu res  of 
h i s tone  and  R N A  were f i l tered th rough  Millipore filters 
and  each fi l ter  was washed  wi th  20 ml  of 0 .030M NaCI+  
0.0030M Na a c i t ra te  buffer,  p H  7.0. Using a cons t an t  
a m o u n t  of RNA,  a l inear increase in R N A  is re ta ined  on 
the  fil ters as t he  ra t io  of h i s tone  to  R N A  is increased 
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Fig. 1. Ex t r ac t i on  of RNA and  DNA fronl Millipore filters (Type HA, 
0.45 b~ pore size) b y  0 .5N HC10~. Tota l  yeas t  RNA (100 [xg) or calf 
t hymus  DNA (100 [*g) were dried on a series of filters. The filters 
were placed in  2.0 ml  of 0 .5N HC104 for 10 rain at  des ignated  tem- 
peratures .  The solut ions were assayed for RNA b y  orcinol and DNA 
b y  diphenyla ln ine .  (Due to the hydro ly t i c  products  of the fil ters 
under  more severe condit ions,  care mus t  be t aken  tha t  f ragments  of 
the f i l ters  are not  included in  the a l iquots  for the orcinol reactions.) 

The effect of R N A  on DNA-his tone  complexes 

[xg RNA added btg DNA/filter b~g RNA/filter 

0 94 0 
25 91 0 
50 90 0 
75 93 0 

100 93 0 
125 90 0 
150 92 0 
175 93 0 
200 93 0 

Histone  (100 [xg) was mixed  wi th  DNA (100 btg) in a series of tubes in  
0.1 • SSC. R N A  (total  yeast)  was added in increas ing amounts  and  
the solut ions passed th rough  Millipore fil ters (see legends of Figures 
2 and  3). The DNA is na t ive  calf thymus .  
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( F i g u r e  2). H i s t o n e  w a s  a l so  f o u n d  to  be  i n c r e a s i n g l y  re -  
t a i n e d  on  t h e  f i l t e r s  u n d e r  t h e s e  s a m e  c o n d i t i o n s .  H e n c e ,  
t h e  e x t e n t  of  c o m p l e x  f o r m a t i o n  b e t w e e n  h i s t o n e s  a n d  
R N A  c a n  be  r e a d i l y  m e a s u r e d  b y  t h i s  t e c h n i q u e .  T h e  
q u a n t i t i e s  o f  R N A  a n d  D N A  in  t h e  0 . 5 N  HC104 e x t r a c t  
o f  t h e  f i l t e r s  c a n  be  m e a s u r e d  b y  i t s  a b s o r b a n c y  a t  260 n m  
o r  b y  t h e  r e a c t i o n  w i t h  o r c i no l  a n d  d i p h e n y l a m i n e  r e s p e c -  
t i v e l y .  T h e  l a t t e r  2 c o l o r i m e t r i c  t e s t s  we re  u s e d  t o  
m e a s u r e  t h e  q u a n t i t i e s  of  n u c l e i c  ac ids .  U s i n g  m o r e  h a r s h  
c o n d i t i o n s ,  e .g.  s t r o n g e r  ac ids ,  l o n g e r  h y d r o l y s i s  p e r i o d s ,  
or  h i g h e r  t e m p e r a t u r e s ,  to  r e m o v e  t h e  n u c l e i c  a c i d s  f r o m  
t h e  f i l te rs ,  c a u s e s  e x c e s s i v e  i n t e r f e r e n c e  w i t h  t h e  co lo r  
r e a c t i o n s  for  D N A  a n d  e s p e c i a l l y  for  R N A .  T h i s  w a s  
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Fig. 2. Retention of RNA on filters by histnne. In a series of reaction 
mixtures, total yeast RNA (100 {zg} was mixed with increasing 
amounts  of histone in 0.1 ," SSC. The solutions were passed through 
5hllipore filters (0.45 D), the filters were washed with 2(/ ml each of 
0.2 \ SSC, dried, and placed in 0.5,V I-tC104 and hydrolyzed at 
50 oC for 10 rain to extract the RNA. RNA was analyzed by orcinol. 

f o u n d  to  be  c a u s e d  b y  t h e  h y d r o l y t i c  p r o d u c t s  o f  t h e  
f i l t e r s  a lone .  T h i s  is a l so  t h e  r e a s o n  for  n o t  a l l o w i n g  a n y  
f r a g m e n t s  of  t h e  f i l t e r s  in  t h e  a l i q u o t s  for  t h e  o r c i n o l  
r e a c t i o n s .  

I n  a n o t h e r  e x p e r i m e n t ,  a c o n s t a n t  a m o u n t  of  R N A  a n d  
h i s t o n e  w a s  u s e d  fo l l owed  b y  t h e  a d d i t i o n  of  i n c r e a s i n g  
a m o u n t s  o f  D N A ,  e i t h e r  n a t i v e  o r  d e n a t u r e d ,  to  t h e  i n t e r -  
a c t i o n  m i x t u r e s .  F i g u r e  3 s h o w s  t h a t  a s  t h e  D N A  is a d d e d  
to  t h e  m i x t u r e s  c o n t a i n i n g  c o m p l e x e s  of  h i s t o n e  a n d  
R N A ,  t h e  a m o u n t  of  R N A  r e t a i n e d  o n  t h e  f i l t e r s  is re -  
d u c e d  w h i l e  t h e  a m o u n t  o f  D N A  is i n c r e a s e d .  T h e s e  
r e s u l t s  c a n  be  i n t e r p r e t e d  t h a t  t h e  h i s t o n e - R N A  c o m p l e x  
is d i s s o c i a t e d  in  t h e  p r e s e n c e  of  t h e  D N A .  T h i s  e x p l a i n s  
t h e  f a i l u r e  o f  t h e  R N A  to  p r e v e n t  t h e  h i s t o n e  i n h i b i t i o n  o f  
t h e  in  v i t r o  D N A - d e p e n d e n t  R N A  s y n t h e s i s  a. F u r t h e r  
s t u d i e s  of  t h e  R N A - h i s t o n e  c o m p l e x e s  s h o w e d  t h a t  t h e s e  
c o m p l e x e s  a r e  w e a k  as  c o m p a r e d  to  h i s t o n e - D N A  c o m -  
p l e x e s ;  t h e  h i s t o n e - R N A  c o m p l e x e s  d i s s o c i a t e  a t  0.152~I 
NaC1 a n d  h i g h e r  w h e r e a s  h i s t o n e - D N A  c o m p l e x e s  w e re  
s t a b l e  u p  to  0.43~ r NaC1. T o  t e s t  w h e t h e r  R N A  is c a p a b l e  
of  d i s s o c i a t i n g  c o m p l e x e s  of  D N A  a n d  h i s t o n e ,  100 big o f  
D N A  a n d  100 ~g of  h i s to r i c  we re  m i x e d  f o l l o w e d  b y  
i n c r e a s i n g  a m o u n t s  of  R N A .  D a t a  s h o w n  in  T a b l e  I 
d e m o n s t r a t e  t h a t  R N A ,  e v e n  a t  q u a n t i t i e s  t w i c e  t h a t  o f  
t h e  D N A ,  d o e s  n o t  d i s s o c i a t e  c o m p l e x e s  b e t w e e n  D N A  
a n d  h i s t o n e .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  c o m p l e x e s  be -  
t w e e n  D N A  a n d  h i s t o n e  a r e  m o r e  s t a b l e  t h a n  c o m p l e x e s  
b e t w e e n  R N A  a n d  h i s t o n e .  

I t  c a n  be  s p e c u l a t e d  t h a t  n a t i v e  D N A  c a n  d i s s o c i a t e  t h e  
h i s t o n e - R N A  c o m p l e x  d u e  to  t h e  h i g h e r  a f f i n i t y  o f  h i s -  
t o n e s  for  d o u b l e - s t r a n d e d  D N A  t h a n  for  s i n g l e - s t r a n d e d  
D N A  9. H o w e v e r ,  t h e  f a c t  t h a t  d e n a t u r e d  D N A  ( h e a t  o r  
a l k a l i  d e n a t u r e d )  is a l so  ab l e  to  d i s s o c i a t e  f h e  h i s t o n e -  
R N A  c o m p l e x  c o n t r a d i c t s  t h i s  p o s s i b i l i t y .  E x p e r i m e n t s  
u s i n g  s i n g l e - s t r a n d e d  D N A  p r e p a r e d  f r o m  h y d r o x y -  
a p a t i t e  c o l u m n  c h r o m a t o g r a p h y  s h o w e d  s i m i l a r  r e s u l t s  
( F i g u r e  4). I f  t h e  h i s t o n e s  b i n d  to  n u c l e i c  a c i d s  m a i n l y  
t h r o u g h  t h e  p h o s p h a t e  g r o u p s ,  t h e  d i s s o c i a t i o n  of  t h e  
h i s t o n e - R N A  c o m p l e x  b y  n a t i v e ,  d e n a t u r e d ,  or  i s o l a t e d  
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Fig. 3. The effects of native and (alkali or heat) denatured I)NA oll 
RNA-histone complexes. To a series of tubes was added 100 big of 
total yeast RNA and 200 [x~ histone in 0.1 " SSC. Then native or 
denatured DNA was added in increasing amounts  to the series of 
inixtnrea. The solutions were passed through filters and the filters 
treated as described in the legend of Figure 2. DNA (extracted by 
0 . 5 N  HC104, 10 rain at 100"C) was analyzed by diphenylaiuine. 
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Fig. 4. The effect of single-stranded DNA on the histone-RNA 
complex, t t istone (100 ~xg) was mixed with 50 big of total yeast RNA 
in a series of tubes. Increasing amounts  of (1) Q--O, native double- 
stranded DNA, or (2) .: - - >,, single-stranded DNA from the hydroxy- 
apatite column were added to the mixtures. The sampIes were 
treated as indicated in the legends of Figures 2 and 3 and 'Methods'. 
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s ingle-s t randed  D N A  indicates  much  weaker  b ind ing  of 
h is tones  by  the  p h o s p h a t e  groups of RNA.  The exis tence  
of h i s t o n e - R N A  complexes  in cell nuclei is still uncer ta in  ; 
the  in v i t ro  dissociat ion of these  complexes  by  low ionic 
s t r eng th  (0 .15M NaC1 and higher) and  by  DNA suggests  
t h a t  such complexes  based on e lect ros ta t ic  bonding,  m a y  

wird die H e m m u n g  der  R N S - S y n t h e s e  in vi t ro  mi t  
His ton,  die unabh/ ingig yon der  Gegenwar t  der R N S  im 
Reak t ionsgemisch  ist, erkl/irt. 

T. C. SPELSBERG, P. E. KIZER 
and L. S. HNILICA 

not  exis t  under  in vivo condit ions.  In  addi t ion,  the  failure The University of Texas at Houston, 
of R N A  to p r even t  t he  h is tone  inhib i t ion  of the  in v i t ro  M . D .  Anderson Hospital and Tumor Institute, 
synthes is  of R N A  is p robab ly  due to  the  dissociat ion of Department of Biochemistry, 
h i s t o n e - R N A  complexes  by  the  t emp la t e  DNA ~. Houston (Texas 77025, USA), 21 21Jay 1969. 

Zusammen/assung. Eine  B e s t i m m u n g s m e t h o d e  fiir die 
In t e r ak t i on  zwischen His ton  und Nukleins~uren (RNS 
oder  DNA) wurde  beschr ieben.  Beide Nukleins~uren kom- 
plexieren mi t  His ton  ; 1RNS-Histonkomplexe sind 
schwach  und  dissozieren in Gegenwar t  yon DNS.  D a m i t  

1,~ This investigation was supported by the U.S. Public Health Ser- 
vice Grant No. CA07746, American Cancer Society Grant No. 
E388, by The Robert A. Welch Foundation Grant No. G-138 and 
by the Institutional Grant No. FR5511-IN-87. 

3 - M e t h o x y t y r a m i n e ,  a Catecholamine  Catabol i te  

In  1958 AXELROD, StgNOH and  WITKOP 2 could demon-  
s t ra te  by  p a p e r c h r o m a t o g r a p h y  t h a t  ra t s  given i.p. in- 
jec t ions  of dopamine  excre te  3 - m e t h o x y t y r a m i n e  in the  
urine. This observa t ion  suggested t h a t  dopamine  can 
serve as subs t r a t e  for the  ca techo lamine-O-methy l t r ans -  
ferase no t  only  in v i t ro  as shown previously  by  AXELROD 3, 
b u t  also in vivo. Since subsequent ly  3 - m e t h o x y t y r a m i n e  
was found by  f luor imetr ic  me thods  to be p resen t  in b ra in  
honmgena tes  of var ious  m a m m a l s  4-n, no doub t  remained  
t h a t  p a r t  of the  dopamine  formed in the  organism is O- 
m e t h y l a t e d  under  physiological  condit ions.  

In  view of the  fact  t h a t  the  m e t h o x y d e r i v a t i v e s  of nor-  
ep inephr ine  and  epinephr ine ,  i.e. n o r m e t a n e p h r i n e  and 
me tanephr ine ,  are a lways excre ted  in cer ta in  a m o u n t s  in 
the  urine of normal  individuals ,  we wondered  whe the r  th is  
was no t  t rue  also for 3 -me thoxy ty ramine ,  which,  up to  
now, was rarely assessed and  no t  a lways found in the  
urine 7 n.  Assuming  t h a t  ch roma tograph ic  t echn iques  
m i g h t  no t  be sensi t ive enough and t h a t  the  procedure  of 
CARLSSON and  WALDECK 13 for the  de t e rmina t i on  of 3- 
m e t h o x y t y r a m i n e  in t issue homogena te s  was inappro-  
pr ia te  for our  purposes ,  we developed a f luor imetr ic  
m e t h o d  12 for q u a n t i t a t i v e  measu remen t s  of 3-methoxy-  
t y r a m i n e  in urine and used th is  procedure  for the  es t ima-  
t ion  of 3 - m e t h o x y t y r a m i n e  excret ion in hea l thy  individ-  
uals. 

Materials and method. To 20 ml of a 24 h urine spec imen 
1 ml of 0.2 M E D T A  (ethylene d iamine  t e t r aace t a t e  �9 2H20 ) 
solution, 0.25 ml of a 2% ascorbic acid solut ion and 1 ml  
of 0 .13I  p h o s p h a t e  buffer  p H  6.5 (S6rensen) are added.  
Af te r  t i t r a t ion  to p H  6.5 the  urine is passed at  25~ 
th rough  a t he rm os t a t i z ed  column wi th  an inner  d i ame te r  
of 4 m m  conta in ing  Dowex AG 50W • 8, 200-400 mesh,  in 
Na "-form, up to a he igh t  of 35 ram. This co lumn adsorbs  the  
ca techolamines  and  the i r  me thoxyde r iva t i ve s  and,  a f te r  
r ins ing wi th  a mix tu re  consis t ing of 10 ml  of p h o s p h a t e  
buffer,  1 ml  of ascorbic acid solut ion and  40 ml water ,  
norep inephr ine  and  ep inephr ine  can be eluted wi th  7 ml  
1 N HC1 (flow-rate 7-9 drops/min) .  If  t he rea f t e r  25 ml  of 
5 N HC1 are used for elut ion at  the  same flow-rate,  a frac- 
t ion conta in ing  dopamine  and  3 - m e t h o x y t y r a m i n e  is 
obta ined.  To 5 ml  of th is  f rac t ion 3 ml  of 0.521/1 c i t ra te-  
boric acid buffer  p H  6.5 and 3 ml  of 10N N a O H  are 
added.  By hea t ing  th is  alkaline solut ion to 50 ~ dur ing  
20 rain dopamine  b u t  no t  3 - m e t h o x y t y r a m i n e  will be 

regularly  present  in H u m a n  Urine 1 

des t royed  quan t i t a t ive ly .  The same is t hen  ad jus ted  to  
p H  6.5 w i th  HC1 (-- solut ion for oxidat ion) .  3 ml f rom this  
solut ion are t h e n  oxidized according to the  scheme given 
in Table I, the  3 - m e t h o x y t y r a m i n e  being conver ted  there-  
by  into a f luorescent  indole. A n o t h e r  sample  of the  afore- 
men t ioned  solut ion for ox ida t ion  is used as b lank  and  
processed as shown in Table  I. 

If the  in t ens i ty  of f luorescence is de te rmined  as de- 
scribed above in a sample  of pla in  urine (F 1 -  B1) as well 
as in a second sample  of the  same urine to which a known  
a m o u n t  of 3 -me t h o x y t y r ami n e  (Q) was added  (F~--B,,),  
the  q u a n t i t y  of 3 - m e t h o x y t y r a m i n e  ini t ial ly present  can 
be calcula ted according to 

(F 1 --  B1) V 
3-methoxytyramine ([xg/24 h) = (F2--B2) -- (F l - B 1 )  Q ' 20 

where : Fx -- f luorescence uni ts  of the  urine to be analyzed ; 
B x =  f luorescence uni ts  of t he  cor responding  b lank;  
F 2 = f luorescence uni ts  of the  same urine to which 3- 
m e t h o x y t y r a m i n e  was added ;  B~ ~ fluorescence uni ts  of 
the  cor responding  b lank;  Q -  a m o u n t  of 3-methoxy-  
t y r a m i n e  added  (vg) ; V = 24 h urine volume (ml). 
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