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A B S T R A C T  

To obtain an estimate of the rate of R N A  synthesis by the heterochromatic sex chromatin 
body, human female fibroblasts were labeled with uridine-5-H 3 and radioautographed. 
The  number  of grains over the sex chromatin body was compared with the number  of 
grains over a comparable area ofeuchromatin.  The  ratio was 0.37. When corrected for the 
higher content of D N A  per unit area in heterochromatin, the maximum rate of R N A  syn- 
thesis by the D N A  of the sex ehromatin body was approximately 18% of the rate of R N A  
synthesis by a comparable amount  of euchromatin DNA. The rate of R N A  synthesis by 
the sex chromatin body did not increase significantly with partial despiralization of this 
chromatin at prophase. 

The  hypothesis that in each female mammal ian  
cell one X chromosome is randomly inactivated 
(1, 2) explains a great number  of phenomena 
related to the different behavior in males and 
females of X-linked genes. This inactive X 
chromosome is detected in the interphase cell as 
the sex chromatin body (3). It  is generally assumed 
that this heterochromatic X chromosome is 
inactive in R N A  synthesis. This assumption is 
based, in part, on the observation that hetero- 
chromatin in other organisms is largely inactive 
in the synthesis of R N A  (4-6). There are, however, 
a number of factors which suggest that the in- 
active X chromosome may synthesize some R N A :  
(a) some X-linked loci may not be inactivated 
(7-9); (b) the abnormalities seen in X X Y  and 
in X X X X Y  individuals may be due to in- 
complete inactivation of the X chromosomes; 
(c) in mice there appears to be a gradient of X 
inactivation (10); (d) since heterochromatin may 
undergo D N A  replication without uncoiling (11, 
12), it is possible that some R N A  synthesis may 
also occur; (e) electron microscopy of the sex 
chromatin body reveals it to be considerably less 
condensed than metaphase chromosomes (13), a 
feature compatible with some synthesis of R N A ;  

(f) isolated repressed chromatin is capable of 
some R N A  synthesis (14); and (g) R N A  may 
function as a repressor molecule (15) and thus be 
a necessary part of the inactivated chromosome. 

Thus, although there are valid reasons both for 
suspecting that in humans the inactive X chromo- 
some is completely inactive, as well as for believing 
it to be capable of some R N A  synthesis, there has 
been no direct at tempt to quantitate its capacity 
for R N A  synthesis. In the present study, to a t tempt  
an estimate of this capacity, cultured human 
female fibroblasts were labeled with tritiated 
uridine, radioautographed, and the number  of 
grains over the sex chromatin body was compared 
with the number  of grains over a comparable area 
of euchromatin. 

M A T E R I A L  A N D  M E T H O D S  

Human fibroblasts, obtained from a normal, 46 XX, 
11 yr old girl, were cultured on cover slips in Eagle's 
medium with 10% fetal calf serum, 1-glutamine, 
sodium pyruvate, nonessential amino acids, penicil- 
lin, and streptomycin. The cells were in culture for 
4 months and were in their 13th transfer. Following 
transfer with trypsin, during the log phase of cell 
growth, uridine-5-H 3, 50 /zc/ml (specific activity 
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F m v R s  1 a The  number  of grains over the  sex ehromat in  body (in this case, 0) is compared with the  
number  of grains (3) in an  identical area shifted a constant  distance counterclockwise along the nuclear 
membrane .  
FIGURE 1 b Pre- and  postradioautography of a uridine-5-H3-1abeled fibroblast. 
FIGVRE 1 C The  decrease in the  number  of grains over the sex chromatin body (arrow) persists into pro- 
phase. X 1500. 

20 c / m ~  Nuclear -Chicago  Corporat ion,  Des Plaines, 
Illinois) was added  to the  culture.  After 5 m in  the  
cul ture  m e d i u m  was poured  off and  the  cells were 
fixed for 30 rain in several changes  of 1-'3 glacial 
acetic acid and  methanol .  Ur id ine-5-H 3 was used 
since any  conversion to thymidyl ic  acid removes  the  
H 8 label and  prevents  incorpora t ion into D N A  by 
this route  (16). However ,  because there  is some in- 
corporat ion of label into D N A  by conversion to 
deoxycyt idine (17), the  ceils were t reated with deoxy- 
r ibonuclease,  100 ~ g / m l  in 5.0 mM MgSO4, phos- 
pha te  buffer  p H  6.7, at 37°C for 2 hr. H3-thymidine - 
labeled control  slides demons t r a t ed  tha t  D N A  was 
complete ly  removed.  T he  cells were s ta ined in aceto- 
orcein. T o  avoid selection bias, the  cells were photo-  
g r aphed  before rad ioau tography .  37 cells conta in ing  
a distinct sex ch roma t i n  body located at the  nuclear  
per iphery,  14 cells conta in ing  nei ther  a sex ch roma-  
t in body  nor  o ther  he te rochromat in ,  and  23 cells in 
p rophase  were pho tographed  with a Zeiss Photo-  
scope. T h e  cells were covered with K o d a k  A R  10 
fine gra in  s tr ipping film (18), exposed for 40 days, 
and  developed in K o d a k  19b developer.  T h e  ceils 
pho tographed  before r ad ioau tog raphy  were located 
by coordinates and  repho tographed  by phase-con-  
t rast  microscopy. 30 addi t ional  pos t rad ioau tography  
chromat in-pos i t ive  cells were photographed .  Ribo-  
nuclease,  150 /zg /ml  (Sigma), p H  6.7 at 37¢C for 2 
hr,  r emoved  all radioactivity.  

To  evaluate  R N A  synthesis of the  sex c h r o m a t i n  
body in relat ion to nuc lear  euchromat in ,  the  pre-  
r ad ioau tog raphy  pho tographs  were projected,  and  
the  sex ch roma t in  was out l ined on paper.  T h e  radio-  
au tog raphed  cell was t hen  projected;  the  outline of 
the  sex ch roma t in  body  was super imposed on the  
r ad ioau tographed  ch roma t in  body;  and  the n u m b e r  
of  grains wi thin  the  outl ine were counted.  The  out-  
line was then  moved  a cons tant  interval  (5 cm  on the  
projected image) counterclockwise along the nuc lear  
m e m b r a n e ,  and  the  n u m b e r  of  grains wi th in  the  
outl ine was aga in  counted.  This  gave  the  n u m b e r  of  
grains over the  sex c h r o m a t i n  body  and  the n u m b e r  
of  grains over a comparab le  area  of e u c h r o m a t i n  
selected wi thout  bias (Fig. 1 a). Similar  counts  were 
made  for the  ceils pho tographed  only after radioautog-  
raphy .  

R E S U L T S  

T h e  resul ts  o b t a i n e d  f r o m  cells p h o t o g r a p h e d  

before  r a d i o a u t o g r a p h y  a n d  f r o m  cells p h o -  

t o g r a p h e d  on ly  af ter  r a d i o a u t o g r a p h y  a re  c o m -  

p a r a b l e  a n d  are  s h o w n  in T a b l e  I A. T h e  ra t io  of  

t he  n u m b e r  of  g ra ins  over  t he  sex c h r o m a t i n  b o d y  

to t he  n u m b e r  of  g ra ins  over  a c o m p a r a b l e  a r ea  

of  e u c h r o m a t i n  was  0.37. T h e  d i s t r i bu t i on  of 

g ra ins  is s h o w n  in  Fig. 2. 
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FIGURE ~ The  distribution of the  num-  
bers of grains over the  sex ehromat in  
body and over a comparable area of eu- 
chromat in  in cells labeled with uridine-5- 
H 3. 

T A B L E  I 

Uridine-5-HLLabeled Human Female Fibroblasts 

A Grains over the sex chromatin body in relation to grains over a comparable adjacent area 

Grains over 
Grains over sex chromatin comparable adjacent Ratio* 

(SC) area (AA) SC/AA 

Avg Avg 
grain grain 

No. count SD count SO 

Cells  p h o t o g r a p h e d  before  37 0.946 0 .94  2 .54  1.42 0.372 
r a d i o a u t o g r a p h y  

Cei ls  p h o t o g r a p h e d  af ter  30 1.03 1.13 2 .76  1.50 0.373 
r a d i o a u t o g r a p h y  

B Total numbers of grains over nuclei of cells with sex chromatin, of cells without sex chromatin, and of 
cells in prophase 

No. Avg grain count sD 

Cells  wi th  sex c h r o m a t i n  37 337 160 
Cel ls  w i t h o u t  sex c h r o m a t i n  14 320 104 
Cells  in p r o p h a s e  23 354 137 

* SC g r a i n  c o u n t  s ign i f ican t ly  d i f fe rent  f r om AA g r a i n  c o u n t s  P <  0.001. 

Since the  supp re s so r  o f  R N A  syn thes i s  in  t he  

h e t e r o c h r o m a f i n  m i g h t  be  a d i f fus ib le  factor ,  t he  

dens i ty  of  g ra ins  a r o u n d  t he  sex  c h r o m a t i n  was  

c o m p a r e d  w i t h  t h a t  a r o u n d  t he  c o m p a r a b l e  a r ea  

of  e u c h r o m a t i n .  A l t h o u g h  s o m e  of  the  sex c h r o -  
m a t i n  bodies  s h o w e d  a dec rease  in  the  n u m b e r  o f  

p e r i p h e r a l  gra ins ,  in  o t he r s  th is  dec rease  was  n o t  

seen  a n d  was  no t  suf f ic ient ly  c o m m o n  to be  

s igni f icant .  
T h e r e  was  no  s ign i f i can t  d i f fe rence  (P  = 0.65) 

b e t w e e n  the  to ta l  n u m b e r  o f  g ra ins  over  the  nuc le i  

of  cells c o n t a i n i n g  sex c h r o m a t i n  a n d  the  to ta l  

n u m b e r  of  g ra ins  over  t he  nuc le i  of  cells w i t h o u t  

sex  c h r o m a t i n  ( T a b l e  I B).  
T o  e v a l u a t e  t he  possibi l i ty tha t ,  w i th  par t i a l  

desp i ra l i za t ion  o f  the  sex c h r o m a t i n  b o d y  d u r i n g  

p rophase ,  this  c h r o m a t i n  m i g h t  b e c o m e  act ive  in  

R N A  synthes is ,  23 cells in p r o p h a s e  were  also 

p h o t o g r a p h e d  before  r a d i o a u t o g r a p h y .  I n  those  

cells w h i c h  s h o w e d  a n  ident i f iab le  p r e s u m p t i v e  
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heterochromat ic  X chromosome, the n u m b e r  of 
grains overlying it was again  less t han  tha t  over 
adjacent  chromat in  (Fig. 1 c). The  total n u m b e r  
of grains over the nuclei of prophase cells was not  
significantly different (P = 0.55) f rom tha t  over 
the nuclei of interphase cells (Table  I B), in- 
dicat ing tha t  the suppression of R N A  synthesis 
which occurs dur ing  mitosis (19, 20) has not  yet 
begun  at prophase.  

D I S C U S S I O N  

Even though the sex ch romat in  body is located at  
the th inned-out  edge of the nucleus, it is possible 
tha t  some euchromat in  may  lie above or below it. 
Electron micrographs of the sex ch romat in  body 
show it to be l iberally interspersed with euchro-  
ma t in  mater ial  (13). Whe t he r  this is euchromat ic  
X chromat in  mater ial  or autosomal ch romat in  
is not  known. Since some n o n - X  euchromat in  is 
p robably  present in the area of the sex chromat in  
body, and  because t r i t ium has a beta  track of up  
to 5 #, the ratio of 0.37 for grains over the sex 
ch romat in  body in relat ion to grains over a com- 
parable  adjacent  area of euchromat in  is a maximal  
figure. Since the amoun t  of D N A  in hetero- 
ch romat in  is approximately  twice tha t  in a com- 
parab le  area of euchromat in  (21), t he  m a x i m u m  
rate of synthesis of R N A  by sex chromat in  D N A  
becomes approximately  18% of the rate of R N A  
synthesis by a comparable  amoun t  of euchromat in  
DNA. Again, since some autosomal euchromat in  
may be present in this area, the true percentage 
may  range anywhere  between 0 and  18%. 
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b imodal  curve with most counts  zero and  wi th  a 

smaller n u m b e r  of counts of 2 or more grain~ 

suggests tha t  whatever  activity is present  is not  

due to the synthesis by a few sex ch romat in  bodies 

of significant amounts  of R N A  and  the absence of 

synthesis by others in a different port ion of the 

cell cycle. A minor  degree of b imodal i ty  could, 

however, be missed. The  existence of some cells 

with fairly h igh grain counts over the sex chro- 

mat in  body suggests tha t  the lower l imit  of R N A  
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The  absence of a significant difference between 

the total n u m b e r  of grains over the nuclei of cells 

wi thout  a sex ch romat in  body and  the total  

n u m b e r  of grains over the nuclei of cells with a 

sex chromat in  body suggests tha t  cells wi thout  sex 

ch romat in  are not  merely dying or degenerate  

cells. 

Due to the conditions of the exper iment ,  

utilizing a short pulse of a h igh concent ra t ion  of 

ur idine-5-H 3, R N A  with a more  rapid  ra te  of 

turnover  would be preferentially labeled. Studies 

are in progress to detect  the possible synthesis of 

a stable R N A  as an  integral  par t  of the sex 

chromat in  body. 
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