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Late D N A  Rep l i ca t ion  in the  S e x  C h r o m o s o m e s  of 

T he  N o r t h  A m e r i c a n  opossum Didelphis virgi,ziana is 
a p a r t i c u l a r l y  f avorab le  a n i m a l  for  sex c h r o m o s o m e  
ana lys i s  because  i ts  X a n d  Y are  recognizab le  a t  s igh t  
in  t h e  c h r o m o s o m e  complemen t ,  t he  ac rocen t r i c  Y be ing  
a p p r o x i m a t e l y  one-ha l f  t he  size of t he  s u b m e t a c e n t r i c  X 2. 
The  p r e sen t  s t u d y  was u n d e r t a k e n  to  d e t e r m i n e  if t h e  
sex c h r o m o s o m e s  of t h e  opossum d e m o n s t r a t e  l a te  D N A  
syn thes i s  in  soma t i c  ceils cu l tu red  in vi t ro .  

Materials and methods. 4 male  a n d  5 female  opossums  
(Didelphis virginiana), age 6-8  weeks, were sacr i f iced 
a n d  t h e i r  f e m o r a  dissected.  Bone  m a r r o w  cells were 
cu l t u r ed  in 5 m l  of TC 199 a n d  15% fe ta l  calf  s e rum 
(Grand  I s l a n d  Biological  Supply)  a t  37 ~ for 6 h. T r i t i a t e d  
t h y m i d i n e  (specific a c t i v i t y  1.9c/mM; Schwarz  Bio- 
Research ,  Inc. ,  Orangeburg ,  NewYork ) ,  a t  a concen t r a -  
t ion  of 0.5 y,c/ml of cu l tu re  med ium,  was added  30 ra in  
a f t e r  i ncuba t i on .  2 h p r io r  to  ha rves t i ng ,  colchicine 
(Colcemid, CIBA)  200 ~g/ml  was added.  Chromosome  
p r e p a r a t i o n s  were m a d e  u t i l i z ing  modi f i ca t ions  of t h e  
t e c h n i q u e  of KAjII  a for h u m a n  mate r ia l .  The  slides were 
s t a ined  for 12 h in 2% acet ic- lac t ic  orcein,  and  su i t ab le  
m e t a p h a s e s  were p h o t o g r a p h e d  a n d  t h e i r  loca t ions  
recorded.  K o d a k  AR-10  s t r i pp ing  f i lm was appl ied  
e m p l o y i n g  t h e  t e c h n i q u e  of SCt~MID ~. 

The  G2 for opossum bone  m a r r o w  ceils was  d e t e r m i n e d  
in a n  a d u l t  male  opossum employ ing  t he  above  t echn ique .  
The  G2 per iod  e x t e n d s  f rom t h e  end  of t h e  S per iod  to  
t h e  onse t  of p rophase .  S tudies  were m a d e  of cu l tu res  of 
2, 3, 4, 5, a n d  6 h du ra t ion ,  w i t h  colchicine a d d e d  in 
each  case d u r i n g  t he  f ina l  hour .  A t t e m p t s  a t  cu l tu r ing  
o t h e r  t i ssues  were  unsuccessful .  

Results. The  G2 per iod  in t h e  opos sum was e s t i m a t e d  
to  be  b e t w e e n  3 a n d  4 h. Th i s  e s t i m a t e  was based  on  t h e  
p resence  of label led  m e t a p h a s e s  seen on ly  in cu l tu res  
c o n t a i n i n g  t r i t i a t e d  t h y m i d i n e  for 4 or more  hours ,  w i t h  
colchic ine  a d d e d  d u r i n g  t he  f ina l  hour .  300 female  an d  
300 male  m e t a p h a s e s  were coun ted .  

Female. T r i t i u m  label  was  p r e s e n t  in 30% of t he  m e t a -  
phases  ana lyzed .  Of these  label led  me taphase s ,  27.8% 
(8.3% of to ta l )  d e m o n s t r a t e d  t he  t yp ica l  l a t e - r ep l i ca t ing  
p a t t e r n  of t he  X c h r o m o s o m e  (Figure 1). I n  3% of t h e  
label led  m e t a p h a s e s  (1% of to ta l )  one heav i l y  label led X 
a n d  a second l igh t ly - labe l led  X were noted .  

Male. Of t h e  ana lyzed  m e t a p h a s e s  in  t he  male,  23.3% 
were  label led.  Of t he  label led  me taphase s ,  28.6% (6.5% 
of to ta l )  d e m o n s t r a t e d  la te  l abe l ing  sex chromosomes .  

Didelphis virginiana 1 

B o t h  X a n d  Y were  l a t e - r ep l i ca t i ng  in 15.7% of t h e  
label led  m e t a p h a s e s  (3.6% of t o t a l ) ;  t h e  Y a lone  was  
l a t e - r ep l i ca t ing  in 10% (2.2% of to ta l )  ; t h e  X a lone  was  
l a t e - rep l i ca t ing  in 2.9% of label led  m e t a p h a s e s  (0.7% of 
to ta l )  (Figures 2-4).  

Discussion. A un ique  sexua l  d i m o r p h i s m  based  on  sex 
c h r o m a t i n  is seen i n  soma t i c  cells of t h e  opossum,  
Didelphis virgi~ziana. B o t h  sexes possess a sex c h r o m a t i n  
body  w i t h  a b o u t  t h e  same  f r equency  5, 8. T h e  d i m o r p h i s m  
is based  on  t h e  di f ference in size of t h e  sex c h r o m a t i n ,  
i t  be ing  consp icuous ly  la rger  in  t h e  female.  I t  has  been  
sugges ted  t h a t  t h e  smal l  l a t e - l abe l ing  Y a n d  even  t h e  
smal le r  au to somes  are r e l a t ed  to t h e  v e r y  smal l  reg ions  
of dense  c h r o m a t i n  seen in t h e  i n t e r p h a s e  nucle i  of some  
m a m m a l s 7 ,  s, Thus ,  i t  is t e m p t i n g  to r e l a t e  t h e  s ingle  
l a te - l abe l ing  Y in t h e  o p o s s u m to t h e  smal le r  sex chro-  
m a t i n  b o d y  seen in t h e  i n t e r p h a s e  nucle i  of ma le  s o m a t i c  
cells. 

T h e  p r e s en t  work  ind ica tes  t h a t  sex c h r o m o s o m e s  of 
t h e  bone  m a r r o w  cells of t h e  opossum syn thes i ze  D N A  

Fig. 1. Metaphase from a female opossum labelled in late S period. 
Arrows indicate sex chromosomes. 

Fig. 2. Metaphase from a male opossum 
showing both the X and Y chromosome 
heavily labelled. Arrows indicate sex chro- 
mosomes. 
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Fig. 3. Metaphase from a male opossum 
showing a heavily labelled Y-chromosome 
(arrow). 

Fig. 4. Metaphase from a male opossum with 
a heavily labelled X chromosome (arrow). 

la ter  t h a n  do the  autosomes.  Fur the r ,  the  sex chromo-  
somes of bo th  male and female comple te  D N A  synthes is  
asyuchronous ly  in re la t ion to one another .  In  a recent  
s t u d y  oI opossum l y m p h o c y t e s  cul tured  in vitro,  con t r a ry  
da t a  were reportedg.  These inves t iga tors  f o u n d  a simul- 
t aneous  comple t ion  of DNA synthes is  of the  sex chromo-  
somes of b o t h  male  and female. This was s l ight ly la ter  
t h a n  the  comple t ion  Of au tosomal  replication.  The con- 
clusions f rom the  da t a  of ano the r  publ ica t ion  by  SINHA 1~ 
also differ w i th  those  of the  p resen t  s tudy.  SINI~A con- 
cludes t h a t  the  au tosomes  of the  opossum comple te  
repl icat ion la ter  t h a n  the  sex chromosomes  and  therefore  
t h a t  the  opossum au tosomes  con ta in  more  he te rochro-  
m a t i n  t h a n  the  sex chromosomes .  We  believe t h a t  t he  
differences in our resul ts  as con t ra s t ed  wi th  the  two 
previous  inves t iga t ions  can be expla ined  by  differences 
in methodology.  B o t h  of the  former  s tudies  uti l ized p h y t o -  
hemagg lu t in in - s t imu la t ed  l y m p h o c y t e  cul tures  of peri- 
phera l  blood. Our inves t iga t ion  employed  ins tead the  
sho r t - t e rm  cul ture  of bone  mar row  leucocytes  w i thou t  the  
presence  of a mi to t ic  s t imulant .  This  l a t t e r  t echn ique  5 
would  seem to be more  likely to reflect  t he  in vivo con- 
di t ion since no mi togenic  subs tance  has  been addect.~~ 6 
W h e t h e r  or no t  the  source of cells used in the  s tudies  ~: 
(bone m ar row  vs. per iphera l  blood leucocyte  cells) could 
account  for the  differences in resul ts  m u s t  awai t  fu r the r  
s tudy .  

Zusammen/assung. Autorad iograph i sch  wurde  die sprite 
D N S - S y n t h e s e  der  X-  und  Y-Chromosomen  von  Didel- 
phis virginiana (Virginia Opossum) in Knochenmarkze l l en  

un te rsuch t .  Die weibl ichen Tiere zeigen typ i sche  sprite 
Redup l ika t i onsmus te r  in e inem X, die mgnnl ichen  das 
sp~te IRedupl ikat ionsmuster  in X und Y und  in Y allein. 
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