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tiffed as the substance responsible for the antidiuretic 
effect o1 plasma by means of the inactivation test with 
sodium thioglycolate. Student 's  t-test was used for sta- 
tistical analyses and p values under 0.05 were considered 
significant. Means 4- S.E. are shown in the Figure. 

Results and discussion. In all dogs of the 1st set of 
experiments, the osmotic reactivity of hypothalamo- 
hypophyseal antidiuretic system was higher than that  
of the thirst  mechanism (Figure). Whereas the clear cut 
increase in plasma ADH level was already observed at 
cellular dehydration equal to 1.1 4- 0.01% of intracellular 
water (ICW), the drinking response was observed at 
cellular dehydration equal to 3.1 -¢-0.37% of ICW. The 
difference between these 2 degrees of cellular dehydration 

was statistically significant (p < 0.001). The same results 
have been obtained in the 2rid group of experiments when 
different animals were compared. The values of threshold 
cellular dehydration of 1.4 q- 0.04 and 3.4 4- 0.17% of ICW 
were obtained for the antidiuretic system and for the 
thirst  mechanism, respectively. The difference was stati- 
stically significant (p < 0.001). 

The results indicate that  there is a difference between 
the threshold osmotic react ivi ty of these 2 systems 
involved in body water conservation. The hypothalamo- 
hypophyseal antidiuretic system which protects the 
organism against loss of water and which lowers the 
thirst  threshold is firstly alarmed in conditions of water 
deficit. As the cellular dehydration increases this action 
is not  fully sufficient and then the thirst  mechanism. 
which controls water  intake, is activated. 

Rdsumd. On a examin6 la r6activit6 osmotique du 
syst6me antidiur6tique hypothalamo-hypophysaire et du 
m6canisme de la soil chez des chiens non narcotis6s. 
Chez t o u s l e s  animaux examin6s, le syst~me antidiur6- 
tique s'est montr6 plus sensible aux stimulus osmotiques 
que le m6canisme de la soif. On peut  supposer que c'est 
le syst~me antidiur6tique qui est activ4 ell premier lieu 
lors d 'un d6ficit d'eau. 
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Degree of cellular dehydration at which the antidiuretic system 
(white column) and the thirst mechanism (dashed column) are 
activated. 
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R a n d o m  X-Chromosome Inactivation in Interspecific Hybrids of  Meriones  Ubycus (~) × Mer iones  
s h a w i  (~) (Rodentia:Gerbillinae) 

Dosage compensation for X-linked genes in mammals  
is explained by the single active X-chromosome theory. 
This hypothesis, as originally proposed by several 
authors 1-8 suggests that :  1. One of the X-chromosomes 
in females is inactivated early in embryogenesis; 2. inacti- 
vat ion is a random process with respect to parental  origin 
of the X-chromosomes (maternal vs. paternal);  and, 
3. after inactivation, all subsequent progeny will possess 
the same inactivated X-chromosome (clonal evolution). 
The association of heterochromatinization, late DNA re- 
plication, and gene inactivation has been demonstrated 
in separate systems, each providing partial proof of the 
hypothesis 3-~°. Recently, by use of hybrid animals with 
both suitable chromosomal and enzymatic markers, 
COHEN and RATTAZZI n have shown simultaneous cyto- 
logical and biochemical evidence of genetic inactivation 
of one X-chromosome in the female mule. This report 
presents further supportive cytogenetic data  for the 
LYON ~ hypothesis derived from an interspecific hybrid 
of 2 jird species, Meriones libycus Lichtenstein × M. 
shawl Duvernoy. 

Materials and methods. Tissue culture. 2 adult  hybrid 
females derived from M. libycus (3) × M. shawl (~) crosses 
were studied. The animals were sacrificed and skin biopsies 
were placed in tissue culture. The specimens were minced 
(approximately 1 mm 8) and the explants placed in 60 mm 
Petri  dishes containing 3 ml of Ham's  F-10 nutrient me- 
dium with 20% fetal calf serum. The Petri dishes were 

maintained at 37 °C in an atmosphere of 5% CO S in air. 
When luxuriant fibroblast growth was obvious, the mono- 
layer of cells was trypsinized and replated into 250 ml 
Falcon tissue culture flasks. The cells were allowed to 
grow to confluency with medium exchanged at approxi- 
mately 7-day-intervals. 

Cloning. Clones of fibroblasts were established from 
animal No. 1 by the method of PUCK et al. 1~. Following 
monolayer trypsinization, 10-fold serial dilutions of the 
cell suspensions were made. Suspensions of 50 cells/ml 
to 0.05 cells/ml were then plated into separate Petr i  
dishes. Single cells were located by phase contrast  micro- 
scopy and surrounded by a glass cylinder (1/4 inch diame- 
ter) made adherent with stopcock grease. When clones 
became established, they were transferred to Petri  dishes 
and subsequently to Falcon flasks by trypsinization. 

Cytogenetic studies. Chromosome preparations were 
obtained from the mixed population of cells as well as 
clones derived thereof by a modification of the method 
Of MOORHEAD et al. 13. When approximately 60-709o con- 
fluency was reached, colcemide (0.05 ~zg/ml) was added 
for the final 4 h of culture. The cells were then removed 
from the flasks by gentle scraping with a rubber police- 
man. After centrifugation, the cells were suspended in 
1% sodium citrate for 30 min at 37°C followed by fixa- 
tion in 3 : 1 absolute methanol : glacial acetic acid (at least 
2 changes of 10 min each). Several drops of cell suspension 
were placed on a microscope slide, pre-wet in 70% metha- 
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nol, and passed th rough  a f lame for blaze drying.  Sta in ing 
was ach ieved  by  2 %  acet ic  orcein and  the  cells were 
examined  b y  means  of phase cont ras t  microscopy.  

Autorad iograph ic  analysis  of la te  D N A  repl ica t ion 
pa t t e rns  of the  X-ch romosomes  was achieved by  adding  
3H- thymidine  (final concen t ra t ion  1.0 tzC/ml) for the  last  
6 h pr ior  to harves t .  Colcemide was present  for the  f inal  
4 h. Ha rves t i ng  of the  cells and slide p repara t ion  was 
per formed  as descr ibed above.  The  slides were t h e n  
d ipped  in Nuc lea r  Track  emuls ion (Kodak  NTB3) and  
incuba ted  a t  4°(;  for  10-14 days.  Af t e r  d e v e l o p m e n t  of  
the  s i lver  grains, the  slides were s ta ined wi th  buffered 
Giemsa  as suggested by  SCHMID 4. Cells w i th  in fo rma t ive  
label l ing pa t t e rns  were located and photographed .  Si lver  
grains were then  r emoved  by  t r e a t m e n t  w i th  30% potas-  
s ium fer r icyanide  (30 min) and several  rinses in 24% 
sod ium th iosulphate .  Those  cells p rev ious ly  s tudied  were 
located and repho tographed  w i thou t  the  over ly ing  s i lver  
grains. I n  th is  way  di rec t  compar isons  and def ini te  iden- 
t i f ica t ion  of the  labelled chromosomes  were possible. 

E n z y m a t i c  studies. Cellulose ace ta te  gel (Cellogel) elec- 
t rophoresis  was per formed on lysates  of f ibroblasts  by  
the  m e t h o d  of RATTAZZI e t  al. iL Par t i cu la r  emphas is  was 
p laced on the  pa t t e rns  of g lucose-6-phosphate  dehydro-  
genase (G-6-PD) migra t ion ,  as th is  enzyme  is X- l inked  
in mos t  animals .  

Results .  The  k a r y o t y p e  of the  M ,  libycus × M .  shawl  
hybr id  is presented  in F igure  1 and  agrees wi th  t h a t  
p rev ious ly  repor ted  by  LAY and lXlADLER 15. The  diploid 
n u m b e r  is 44 wi th  20 metacent r ic ,  11 submetacen t r i c  
and 11 acrocentr ic  autosomes.  The  sex chromosomes  are 
a large acrocentr ic  (M.  libycus) and  a large me tacen t r i c  
(M. shawl). The d is t inc t  morpho logy  of each  X - c h r o m o -  
some al lows its i m m e d i a t e  ident i t ica t ion  and ass ignment  
as to pa ren ta l  origin. F igure  2 i l lustrates  the  late  D N A  
pa t t e rns  for each of the  paren ta l  X-chromosomes .  

The  Table  shows the  results  of au torad iograph ic  studies 
on mixed  popula t ions  of f ibroblas ts  f rom the  2 an imals  
examined .  In  ne i the r  ind iv idua l  case was the  expec ted  
I : 1 ra t io  ob ta ined  ( P  < 0.01 and P < 0.05, respect ively) .  
An ima l  No. 1 had  62.6% la te  repl ica t ing  M .  libycus 
X-chromosomes ,  while  an imal  No. 2 had 63.4% la te  
repl ica t ing  M .  shawl  X-chromosomes .  However ,  when 
pool ing the  d a t a  f rom bo th  animals ,  a r andom inact iva-  
t ion  p a t t e rn  is obvious  (0.75 > P >  0.50). 3 clones were 
successfully establ ished f rom an imal  No. 1 and  y ie lded 
suff icient  cells for au torad iographic  studies. I n  clone 
No. 1, 48 cells were examined,  all  possessing the  late  
repl ica t ing M .  shawi  X-chromosome,  while  in clones 2 
and 3, only  M .  libycus X-chromosomes  were late  repli-  
ca t ing  in 26 and 38 cells respect ively.  

Unfor tuna te ly ,  efforts  to uti l ize the  G-6-PD electro- 
phoresis  as an  independen t  b iochemical  marke r  failed, 
since lysates  of t he  mixed  popula t ions  of cells y ie lded a 
single e n z y m e  band.  W i t h o u t  individual ,  separable  elec- 
t rophore t ic  units,  each specific for 1 pa ren ta l  species, 
b iochemical  conf i rmat ion  of the  cytologic observa t ions  
was impossible.  

Discussion.  The  use of interspecif ic hybr id  animals  wi th  
unique X-ch romosomes  and  X- l inked  biochemical  markers  
der ived f rom each  pa ren ta l  species has  p roven  va luab le  in 
the  inves t iga t ion  of m a m m a l i a n  dosage compensat ion .  B y  
using the  d i s t inc t  X-ch romosoma l  morphology  coupled 
wi th  paren ta l  differences in G-6-PD elec t rophore t ic  pa t -  
terns  in the  female  mule,  COHEN and RATTAZZ111 demon-  
s t ra ted  a h igh ly  s ignif icant  corre la t ion be tween  gene 
inac t iva t ion  and  late  X - c h r o m o s o m e  replicat ion.  I t  
was hoped  t h a t  t he  interspecif ic  hybr id  gerbils s tudied 
in these  expe r imen t s  would  p rov ide  an addi t iona l  sys tem 
to d e m o n s t r a t e  th is  phenomenon .  Unfor tuna te ly ,  the  
ident ical  e lec t rophore t ic  mobi l i t ies  of G-6-PD in the  
paren ta l  species obv ia t ed  the  b iochemical  studies. None-  
theless, the  cy togene t ic  inves t iga t ions  p rov ide  suppor t  
for the  LYON 1 hypothesis .  

I t  is genera l ly  accepted  t h a t  la te  X - c h r o m o s o m e  repli-  
ca t ion  indica tes  genet ic  inac t iva t ion .  Therefore,  t he  d a t a  
presented  in t he  Tab le  demons t r a t e  t h a t  on ly  a single 
X - c h r o m o s o m e  is ac t ive  in a g iven cell. A l though  nei ther  
an imal  a lone showed the  expec ted  1:1 rat io,  i t  is of 
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Fig. 1. The karyotype of the female hybrid 
between M. Iibycus (c~) × M. shawi (~) (2N - 
44). Note the distinct X-chromosomes in 3rd 
row (M. shawl - metacentric; M. libycus - 
acrocentric). 
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Fig. 2. Autoradiographs of late DNA 
replication patterns in M. libycus 
(~) × M. shawl (~). Top, M. skawi 
X-chromosome (metacentric) heavily 
labelled; bottom, M. tibycus X-chro- 
mosome (acroeentrie) heavily labelled. 

Late replication patterns of the X-chromosome in female hybrids 
of M. libycus × M. shawi 

Late replicating 

Animal Xlib#cus Xshawi Total Z * P 
cells 

No. 1 72 43 115 7.32 P < 0.01 
No. 2 30 52 82 5.90 P < 0.05 
Total 102 95 197 0.12 0.75 > P > 0.50 

i n t e r e s t  t h a t  t h e  d e v i a t i o n  f rom r a n d o m n e s s  was  n o t  t h e  
s ame  in  b o t h  an imal s .  A n i m a l  No. 1 showed  a p r e p o n d e r -  
ance  of M. libycus (62.6%) X - c h r o m o s o m e s  l a t e  rep l i -  
ca t ing ,  whi le  a n i m a l  No. 2 d e m o n s t r a t e d  a n  a l m o s t  iden-  
t i ca l  p e r c e n t a g e  of M. shawl r ep l i ca t i ng  X - c h r o m o s o m e s  
(63.4%).  U p o n  poo l ing  these  da t a ,  t h e  la te  r ep l i ca t ion  
p a t t e r n  of t h e  2 a n i m a l s  was  en t i r e ly  r a n d o m  (M. lybi- 
cus - 51 .8% vs.  M. shawl - 49.2%) .  P e r h a p s  l a rger  
n u m b e r s  of  cells in  t h e  m i x e d  p o p u l a t i o n s  a re  neces sa ry  
to  d e m o n s t r a t e  r a n d o m  i n a c t i v a t i o n  p a t t e r n s  w i t h i n  t h e  
i n d i v i d u a l  an ima l s .  

B iochemica l  s tud ies  u t i l i z ing  t h e  e n z y m a t i c  m a r k e r s  in  
3 h u m a n  X - l i n k e d  c o n d i t i o n s  h a v e  d e m o n s t r a t e d  t h e  
c lona l  c o n c e p t  of t h e  LYON h y p o t h e s i s  s-l°. B y  s t u d y i n g  
females  possess ing  2 e l ec t rophore t i c  G - 6 - P D  p a t t e r n s ,  
DAVIDSON e t  al. 8 d e m o n s t r a t e d  t h e  expres s ion  of b o t h  
fo rms  in  lysa tes  of m i x e d  p o p u l a t i o n s  of f ib rob las t s .  How-  
ever ,  on ly  s ingle b a n d s  of e n z y m a t i c  a c t i v i t y  (e i ther  t h e  
A or  B form)  was  p r e s e n t  in  lysa tes  of clones.  S imi l a r  
s tud ies  h a v e  b e e n  u n d e r t a k e n  u t i l i z ing  female  he te ro -  
zygotes  w i t h  H u r l e r ' s  9 a n d  t h e  L e s c h - N y h a n  s y n d r o m e s  10. 
2 t y p e s  of cells, n o r m a l  a n d  def ic ient ,  were  obse rved  in  
m i x e d  popu l a t i ons ,  b u t  o n l y  one  or  t h e  o t h e r  t y p e  was  
p r e s e n t  in  c lones  de r i ved  f r o m  such  cells. T h e  3 c lones  
d e r i v e d  f r o m  a n i m a l  No. 1 in  ou r  s tud ies  i n d i c a t e  t h a t  
w h e n  X - c h r o m o s o m e  i n a c t i v a t i o n  occurs  i t  is  i r revers ib le ,  
a n d  t h a t  de r i ved  p r o g e n y  of t h a t  cell  m a i n t a i n  t h e  s a m e  
rep l i ca t ion  p a t t e r n .  W i t h i n  e a c h  c lone  s tud ied ,  o n l y  a 

s ingle  X - c h r o m o s o m e  la te  r ep l i ca t ion  p a t t e r n  was  ob-  
served.  However ,  a m o n g  t h e  3 clones,  t h e  X - c h r o m o s o m e  
of each  p a r e n t a l  species  was  i n a c t i v a t e d .  These  s tudies ,  
exp lo i t i ng  t h e  cy togene t i c  u n i q u e n e s s  of t h e  in te rspec i f ic  
hyb r id s ,  i n  w h i c h  e a c h  p a r e n t a l  species X - c h r o m o s o m e  
c a n  b e  iden t i f i ed  w i t h o u t  error ,  s u p p o r t  t h e  bas ic  t e n e t s  
of t h e  LYON h y p o t h e s i s  is. 

R~sumd. Des cu l tu re s  o b t e n u e s  k p a r t i r  d ' h y b r i d e s  
femel les  e n t r e  d e u x  esp~ces de  Meriones ~ 44 c h r o m o -  
somes  e t  d i f f 6 r a n t  p a r  l ' a c rocen t r i e  (M. shawi) ou la  
m 6 t a c e n t r i e  (M. libycus) de I ' X  o n t  p e r m i s  l ' 6 tude  de  
clones cel lula i res .  C 'es t  c lo ts  t a n t 6 t  I ' X  m b t a c e n t r i q u e ,  
t a n t 6 t  I ' X  a c r o c e n t r i q u e  qu i  se r6v~le i nac t i v6  ( , la te-  
repl ica t ing~) .  B i en  que  la p r o p o r t i o n  1/1, s ign i f i ca t ive  
d ' u n e  i n a c t i v a t i o n  due  u n i q u e m e n t  au  hasa rd ,  n ' a i t  p a s  
6t6 r i g o u r e u s e m e n t  observ6e,  ces rSsu l t a t s  son t  n e t t e -  
m e n t  en  f a v e u r  de l ' h y p o t h 6 s e  de  LYON. 
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