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The Cell Cycle and T u r n o v e r  T i m e s  
Marrnosa mit is  

The  Dide lph ids  (opossums) h a v e  severa l  un ique  charac-  
ter is t ics  t h a t  m a k e  t h e m  p o t e n t i a l  e x p e r i m e n t a l  tools  for 
d e v e l o p m e n t a l  a n d  cel lular  biologists .  D e v e l o p m e n t a l l y  
t he  opos sum is cons idered  to  be e q u i v a l e n t  to  a n  8- to  
10-week-old h u m a n  e m b r y o  a t  b i r t h  and  spends,  the re -  
fore, i ts  fe ta l  life in t he  p o u c h  1. I n  addi t ion ,  t he  new-bo rn  
opos sum appea r s  to  be  immuno log ica l l y  i n c o m p e t e n t  
u n t i l  a b o u t  t he  e i g h t h  day  of life 2, a. T he  va lue  of Didel-  
ph ids  for t he  cel lular  b io logis t  resul t s  f rom s imple  ka ryo-  
types .  The  n u m b e r  of c h r o m o s o m e s  in t he  diploid  con-  
d i t i on  h a v e  been  r epo r t ed  a t  e i the r  14 or 22 4-s. I n  addi -  
t ion,  r ecen t  ev idence  suggests  t h a t  ch r om os omes  of 
Didelphis l y m p h o c y t e s  in  v i t ro  b e h a v e  s imi la r  to  h ighe r  
m a m m a l s  w i t h  respec t  to  i n i t i a t i on  of D N A  syn thes i s  and  
dup l i c a t i on  V, s. I n  sp i te  of these  u n i q u e  charac ter i s t ics ,  
r esearch  of t he  l i t e r a t u r e  has  fa i led to revea l  a n y  d a t a  
upon  t h e  cell cycle a n d  t u r n o v e r  t imes  of r enewing  cell 
popu l a t i ons  in opossums.  Therefore ,  th i s  s t u d y  was under -  
t a k e n  in  o rder  to  measu re  t he  ave rage  d u r a t i o n  of t he  
cell cycle a n d  i ts  phases  as well  as t he  t u r n o v e r  t imes  in 
t he  smal l  i n t e s t i n a l  ep i the l i a  of t he  pouchless  opossum,  
Marmosa mills. 

Materials and melhods. Wild  t r a p p e d  a d u l t  Marmosa 
mitis  f rom B a r r e n q u i l t a  (Colombia) were o b t a i n e d  f rom 
the  P e t  F a r m ,  Miami  (Florida).  T he  an i m a l s  were sh ipped  
f rom M i a m i  to Los Angeles  b y  a i r  in c o m p a r t m e n t a l i z e d  
c ra tes  to  avo id  f i gh t ing  in t r ans i t .  The  opossums  were 
q u a r a n t i n e d  a n d  t r e a t e d  for h e l m i n t h  infes ta t ions% The  
a n i m a l s  were  i n d i v i d u a l l y  housed,  fed a n d  p laced  on  a 
l igh t  cycle as p rev ious ly  descr ibed  9,10. 

A t o t a l  of 32 wild t r a p p e d  Marmosa were g iven  a single 
s.c. i n j ec t ion  of t r i t i u m  t h y m i d i n e  (all Tdr) ,  m e t h y l  
labeled,  Sp. Act.  17.4 C / m M  a t  a c o n c e n t r a t i o n  of 1 ~c/g 
b o d y  weight .  The  an i m a l s  were sacr i f iced in  pa i rs  b y  
e the r  anes thes i a  f rom 1/~ to 96 h fol lowing aH T dr  admin i -  
s t r a t ion .  Segmen t s  of the  d u o d e n u m  (0.5 cm below the  
pylorus) ,  j e j u n u m  (mid smal l  i n t e s t i n a l  length)  a n d  i leum 
(0.5 cm a b o v e  t he  cecum) were  r emoved ,  f ixed in Bou in ' s  
fluid, e m b e d d e d  in pa ra f f i n  a n d  processed for  au to-  
r a d i o g r a p h y  as p rev ious ly  descr ibed  11. T he  au to rad io -  
g rams  were scored for a) t he  p e r c e n t a g e  of labeled  mi to t i c  
f igures  f rom 1/2 to  14 h a f t e r  t h y m i d i n e  in jec t ion ,  b) t he  
p e r c e n t a g e  of labeled  c r y p t a l  ceils a t  30 to  60 m i n  a f te r  
aH Tdr  in j ec t ion  a n d  c) t he  p e r c e n t a g e  of t he  v i l lus  
h e i g h t  ( to ta l  of 10 vil l i  counted)  t h a t  labeled  p r ogeny  h a d  
m i g r a t e d  a t  1, 10, 12, 24, 36 a n d  48 h. T he  m e a s u r e m e n t s  
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of the Smal l  Intest inal  Epithel ia of the Pouch les s  O p o s s u m ,  

of t he  d u r a t i o n  of G 2, D and  S phases  were m a d e  f rom 
cons t ruc t ed  mi to t i c  curves  11,,2. The  d u r a t i o n  of t he  cell 
cycle was e s t i m a t e d  f rom the  fo rmu la  T = S/Ii1,1a. G1 
was m e a s u r e d  b y  s u b t r a c t i n g  t h e  t o t a l  of G 2, D a n d  S 
f rom the  d u r a t i o n  of t h e  cell cycle. E s t i m a t e s  of t he  
t u r n o v e r  t i m e  of t h e  3 por t ions  of t he  s m a l l  i n t e s t i ne  
were m a d e  accord ing  to t he  m e t h o d  of LORAN a n d  ALT- 
HAUSEN 14 

Results. Kine t ics  of labeled  mi to t i c  figures.  Curves  
r ep re sen t ing  t he  pe rcen t age  of labeled  mi to t i c  f igures in  
t he  d u o d e n u m ,  j e j u n u m  a n d  i l eum are g iven  in F igure  1. 
The  k ine t ics  of labeled  mi to t i c  f igures were s imi la r  in  t he  
3 regions  of t he  smal l  in tes t ine .  Labe l ed  mi toses  f i rs t  
appea red  a t  30 m i n  (duodenum)  a n d  1 h ( j e j u n u m  a n d  
i leum) a f t e r  3H Tdr  in jec t ion .  The  p e r c e n t a g e  of l abe led  
mi to t i c  f igures  rose r ap id ly  t h e r e a f t e r  a n d  a p p r o a c h e d  
100% b y  21/2h, r e m a i n i n g  a t  th i s  p l a t eau  u n t i l  8 h  
( d u o d e n u m  a n d  j e j u n u m )  a n d  10 h (ileum) fol lowing 
isotope in ject ion.  The  labe l ing  fell, t he rea f t e r ,  r each ing  
lower va lues  b e t w e e n  12=14 h. 

Labe l i ng  index ;  cell cycle a n d  i ts  phases ;  t u r n o v e r  
t imes.  D a t a  for t he  va lues  o b t a i n e d  for  t h e  l abe l ing  index,  
t he  cell cycle a n d  i ts  phases  as well  as t u r n o v e r  t.imes for 
t he  3 regions  of t h e  smal l  i n t e s t ine  are s u m m a r i z e d  in  t he  
Table .  The  r a t e  of m i g r a t i o n  cf labe led  p r o g e n y  is 
presen ted  in F igure  2. E s t i m a t e s  for t he  m i n i m u m  dura -  
t ion  of G~ were 0.5 h (duodenum)  a n d  1 h ( j e j u n u m  a n d  
i leum).  Div is ion  t i m e  was a p p r o x i m a t e d  to  be  2 h 
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Fig. 1. Curves that demonstrate the percentage of labeled mitotic 
figures at 1/~ to 14 h after aH Tdr injection in the duodenum, jejunum 
and ileum of the pouchless opossum, Marmosa mitis. 
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(duodenum)  a n d  1.5 h ( j e junum and  ileum). The  ave rage  
d u r a t i o n  of the  S-phases,  as m e a s u r e d  f rom t he  50% 
level  on  the  mi to t i c  curve,  were 8.5, 8.6 a n d  9.7 h, 
respect ively .  The  d u r a t i o n  of the  cell cycle was ca lcu la ted  
to  be  20, 28 a n d  37 h for each  region of t he  smal l  in tes t ine .  
The  difference ill t h e  d u r a t i o n  of t h e  cell cycle for t he  
3 por t ions  of t he  smal l  in t e s t ine  was abso rbed  b y  var ia -  
t ion  in G~: 9, 16.4 a n d  24.8 h for t he  d u o d e n u m ,  j e j u n u m  
and  i leum, respect ively .  

The  r a t e  of m i g r a t i o n  was ve ry  slow in all  3 po r t i ons  
of t he  smal l  i n t e s t ine  (Figure 2). The  labeled  p rogeny  
m i g r a t e d  most r ap id ly  in t h e  d u o d e n u m  reach ing  approxi -  
m a t e l y  63% of t h e  vi l lus  h e i g h t  b y  48 h a f te r  3H T d r  
inj ection.  I n  con t ras t ,  t he  wave  of labeled p r ogeny  r eached  
only  58% ( je junum) a n d  33% (ileum) of t he  vi l lus  he igh t  
b y  48 h in the  2 lower por t ions  of t he  smal l  in tes t ine .  
P r e l i m i n a r y  va lues  for the  t u r n o v e r  t imes,  as e s t ima ted  
f rom e x t r a p o l a t i o n  of F igure  4, were 75, 82 and  120 h 
for t he  d u o d e n u m ,  j e j u n u m  a n d  i leum, respect ively .  

Discussion. The  es t ima tes  for t he  m i n i m u m  d u r a t i o n  
of G 2 and  D phases  of t he  cell cycle in  the  d u o d e n u m ,  
j e j u n u m  and  i leum of M. mitts fall  w i t h i n  t he  t imes  
r epor ted  for e u t h e r i a n  m a m m a l s  11, 15-17 and  ch ickens  18, 19. 
However ,  t he  va lues  o b t a i n e d  for t he  ave rage  d u r a t i o n  
of t he  S-phase  (8.5-9.7 h) are s l ight ly  longer  t h a n  cor- 
r e spond ing  t i m e s  (7-8 h) r epo r t ed  for  t h e  mouse  11-1a,2~ 
and  r a t  21 smal l  in tes t ine .  T he  longer  S-phase  in 214rarmosa 
i n t e s t ina l  epi the l ia l  ceils co r robora t e  obse rva t ions  m a d e  
on t he  S-phase  d u r a t i o n  of Didelphis l y m p h o c y t e s  (9 h) 
and  t he  gas t r ic  ep i the l ium (10h)  of young  Virg in ia  
opossums 7,~2. Therefore ,  a t  t he  p r e s en t  t i m e  i t  appea r s  
t h a t  S-phases  in excess of 8 h are a rea l  p h e n o m e n o n  in 
m a r s u p i a l  :cells b o t h  in  v ivo  and  in v i t ro .  The  longer  
S-phases  obse rved  in m a r s u p i a l  cells m a y  be  a func t i on  
of e i the r  t h e  lower b o d y  t e m p e r a t u r e  (34~ c o m m o n l y  
observed  33 or t he  low moda l  n u m b e r  of ch romosomes  7, s. 
In  addi t ion ,  t he  g rea t  a m o u n t  of a u t o s o m a l  he te rochro -  
m a t i z a t i o n  a n d  t h e  la te  rep l ica t ion  of au tosomes  m a y  
also be i m p o r t a n t  w i t h  regards  to  t he  longer  S -phase s3  
However ,  more  d a t a  is needed  in order  to  d e t e r m i n e  t he  
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Fig. 2. A graph that shows the percentage of the villus height that 
labeled progeny have migrated a t l  :to 48 h after injection of ~H Tdr 
in the duodenum, jejunum and ileum of the pouchless opossum, 
Marmosa mitis. 

Organ Labeled Time (h) 
Ceils 
(%) S D G 2 G 1 Cell T u r n -  

Cycle over  

D u o d e n u m  42.3 8.5 2 0.5 9 20 75 
J e j u n u m  31.1 8.6 1.5 1.0 16.4 28 82 
I l eum 26.4 9.7 1.5 1.0 24.8 37 120 

role t h a t  c h r o m o s o m e  rep l ica t ion  m a y  h a v e  in t h i s  
p h e n o m e n o n  as well as t he  va r i ab i l i t y  in  the  m a r s u p i a l  
cell cycle u n d e r  var ious  e n v i r o n m e n t a l  cond i t ions  a n d  
in o the r  t issues.  

I t  is recognized t h a t  e s t ima tes  of the  cell cycle d u r a t i o n  
b y  the  S / I  m e t h o d  give va lues  in excess of those  o b t a i n e d  
b y  t he  labeled  mi to t i c  me thod .  However ,  such  d a t a  are 
t a k e n  as r ep re sen t ing  a fa i r  e s t i m a t e  of t h e  cell cycle 
t imes l l - l a .  Thus ,  i t  appea r s  t h a t  t he  d u r a t i o n  of t he  cell 
cycle in  t he  duodena l  ep i the l i um of Marmosa fails w i t h i n  
the  r ange  of e s t ima tes  m a d e  on  mice  11-1a. The  va lues  for 
t he  j e j u n u m  and  i leum, on  t he  o the r  hand ,  are con- 
s ide rab ly  longer  t h a n  co r re spond ing  d a t a  pub l i shed  on 
roden t s  13, 21, 2a. I n  spi te  of t he  longer  t imes  e s t i m a t e d  for 
t he  cell cycle in  Marmosa, t h e  va r i ab i l i t y  t h a t  exis ts  in  
t he  cell cycle is ab so rbed  b y  G v 

The  t u r n o v e r  t imes  of t he  3 regions of the  smal l  i n t e s t ine  
(Table) also ind ica te  t h a t  p o p u l a t i o n  k ine t ics  of renewing  
cell popu l a t i ons  in Marmosa are cons ide rab ly  s lower t h a n  
e u t h e r i a n  m a m m a l s .  For  compar ison ,  t he  t u r n o v e r  of t h e  
mouse  smal l  i n t e s t ina l  ep i the l i a  occurs  as follows: duo-  
denum,  54 h25; j e j u n u m ,  50 h 26 a n d  ileum, 38-44 h 27. 
The  values  ob t a ined  for the  t u r n o v e r  t i m e  in Marmosa 
smal l  in t e s t ine  are a t  leas t  21, 32 and  76 h longer  for 
each  respec t ive  region.  Thus,  no t  on ly  are the  cell cycle 
a n d  S-phases  ex tended ,  t he  t u r n o v e r  of t he  smal l  i n t e s t i n a l  
ep i the l ium is cons ide rab ly  slower. E x p l a n a t i o n  of t h i s  
p h e n o m e n o n  m u s t  a w a i t  f u r t h e r  d a t a  on domes t i c  
genera t ions  p roduced  in th i s  l abo ra to ry .  

I n  conclusion,  t he  d u r a t i o n  of t h e  cell cycle a n d  t he  
S-phases  of m a r s u p i a l  cells are on t he  ave rage  longer  
t h a n  co r re spond ing  t imes  r epo r t ed  for e u t h e r i a n  m a m m a l s .  
However ,  insp i re  of these  differences,  i t  appea r s  t h a t  
marsup ia l s  can  be  used as a model  to  i nves t i ga t e  t he  
effects of r ad ia t ion ,  carcinogens,  drugs, etc., upon  t h e  
cell cycle a n d  t u r n o v e r  t imes  of the  smal l  in tes t ine .  These  
s tudies  become  pa r t i cu l a r l y  in t e re s t ing  f rom the  fac t  t h a t  
t he  Genus  Marmosa has  a v e r y  s imple  k a r y o t y p e  a n d  
only  seven pa i rs  of chromosomes6.  

Zusammen/assung. Es wird  e r s tma l s  der  in v ivo  Zell- 
zyklus  yon  i n t e s t i na l en  Zellen des Marsupia l ie rs  Marmosa 
mitis beschr ieben .  Die bei  d iesem beute l losen  Opossum 
b e o b a c h t e t e n  l~ngeren  Gene ra t ionsze i t en  gehen  gleich- 
zeit ig m i t  15ongeren E r n e u e r u n g s z e i t e n  der  Ep i the lze l l en  
in obe ren  D a r m a b s c h n i t t e n  i iberein.  
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