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The Occurrence of an Intermediate Didelphid Karyotype in the Short-Tailed Opossum (Genus 
Monodelphis ) 

Two di f ferent  k inds  of ch romosome  c o m p l e m e n t s  have  
been descr ibed so far for d ide lph id  marsupia ls .  Didelphis 
virginiane (=  D. marsupialis virginiana auctorum) is 
known  to  have  2n = 22 chromosomes ,  compr is ing  6 pairs  
of subte locent r ic  and 4 pairs  of te locentr ie  au tosomes  and  
a sexual  pa i r  fo rmed by  a m inu t e  subme tacen t r i c  X and  
an even smaller  y1-8.  Didelphis marsupialis 4, 5, Didelphis 
azarae 6 (= D. paraguayensis), Lutreolina crassicaudata 7 
and  Philander opossum s, 9 share  a s imilar  2n = 22 karyo-  
t y p e  s l ight ly  differ ing f rom t h a t  of D. virginiana in t he  
fully te locent r ic  na tu re  of all t h e  au tosomes  and the  X.  
Species of Caluromys 9, lo and  Marmosa 9,11 share a qui te  
s imilar  k a r y o t y p e  of 2n = 14 chromosomes  composed  of 
3 pairs  of large submetacen t r i c s  (Group A), one pa i r  Of 
medium-s ized  metacen t r i c s  (Group B) and 2 pairs  of 
small  acrocentr ics  (Group C), plus an X Y  sexual  sys t em 
essent ial ly  like t h a t  of D. virginiana. 

Therefore,  and  as far as the  p resen t  in fo rmat ion  allows 
us to conclude (only 8 out  of a to ta l  n u m b e r  of 66 l iving 
species of d ide lphids  are known as regards  chromosomes) ,  
d idelphides  r epea t  the  d i s t r ibu t ion  of ch romosome  num-  
bers  of Aus t ra las ian  marsupia ls  1~,13. In  these  la t ter ,  
however ,  t he  n u m b e r  of 2n = 16 was found  ill 4 out  of 56 
species s tudied,  b u t  t he  n u m b e r  of 18 chromosomes ,  
r ep resen t ing  the  average to t he  neares t  whole  n u m b e r  
be tween  all t he  s tudied  Aus t ra l ian  forms, has no t  been  
repor ted  so far for any  marsupia l .  

The  k a r y o t y p e  of 2 species of Monodelphis recen t ly  
inves t iga ted  b y  us, show th is  i n t e rmed ia t e  n u m b e r  of 
2n = 18 chromosomes .  We  h a v e  s tud ied  the  chromo-  
somes of Monodelphis brevivaudata palliolata (Osgood) 
f rom n o r t h e r n  Venezuela  and  M.  dimidiata (Wagner) 
f rom Argent ina .  Of the  former,  we inves t iga ted  4 males  
and 1 female  f rom R a n c h o  Grande  (Aragua), and  1 female  
f rom K a s h m e r a  (Zulia), all t he  6 specimens  being de- 
pos i ted  in t he  collection of m a m m a l s  of the  In s t i t u t e  of 
Tropical  Zoology in Caracas. Only 1 male  and  1 female  of 
M. dimidiata were s tudied,  b o t h  coming  f rom Arroyo 
Brusqui tas ,  General  Pueyr red6n ,  Buenos  Aires Province  ~. 
Bo th  bone -mar row and  spleen ceils were used, fol lowing 
the  co lchic ine-hypotonic  p r e t r e a t m e n t - a i r  d ry ing  se- 
quence  descr ibed elsewhere ~5, is. W i t h  these  2 species, it  
was diff icult  to get  good ch romosome  spreads,  the  
success ob ta ined  using d i f ferent  t echniques  was far less 
t h a n  t h a t  achieved for o ther  didelphids .  Never theless ,  
the  ka ryo types  descr ibed below were  conf i rmed in 53 
m e t h a p h a s e s  of M.  dimidiata and  58 of M.  b. palliolata. 

The Figure  shows the  ka ryo types  of a male  M.  b. 
palliolata and  a female 7VL dimidiata. The au tosomes  have  
been  a r ranged  in 3 groups for a be t t e r  compar i son  wi th  
the  ka ryo types  of Caluromys 0,1~ and  Marmosa 11. The 
2 species of Monodelphis have  qui te  a s imilar  k a r y o t y p e  
composed  of a single pai r  of large submetacen t r i c s  (A-l),  
1 pai r  of medium-s ized  metacen t r i c s  (B-l),  2 pairs  of 
medium-s ized  acrocentr ics  (A'-I ,  A'-2), 4 pairs  of small  
acrocentr ic  or subte locent r ie  au tosomes  (A'-3, A'-4, C-I, 
C-2), and  a sexual  pai r  composed  of a minu te  te locentr ic  
X and  a dot-Iike Y chromosome.  The only appreciable  
difference be tween  the  2 species lies in the  A ' - I  pairs :  
t h a t  of M. dimidiata is fo rmed by  chromosomes  wi th  a 
ve ry  minu te  shor t  arm, whereas  those  of M. b. palliolata 
have  sl ight ly longer shor t  a rms and  hence  a r abb i t - ea r  
appearance .  

Compar ing  the  ka ryo types  of Monodelphis wi th  those  
of Caluromys and  Marmosa, it  is easy to  conclude t h a t  
ch romosomes  of groups B and  C are qui te  s imilar  in b o t h  

Karyotypes from bone marrow cells of: (a) Monodelphis brevicaudata 
palliolata (0sgood), male individual from Rancho Grande, Aragua 
(Venezuela); (b) Monodelphis dimidiata (Wagner), female individual 
from Buenos Aires Province (Argentina). 
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cases, p r o b a b l y  compr i s ing  t he  s ame  e lements .  Pa i r  A-1 
of Monodelphis agrees in  size and  a r m  ra t io  w i t h  t he  
second pa i r  of g roup  A of Marmosa a n d  Caluromys, 
w h e r e a s , t h e  4 pa i rs  of g roup  A '  of Mqnodelphis can  be  
c o m b i n e d  t o  r e su l t  in  t he  2 r e m a i n i n g  pa i rs  of large 
s u b m e t a c e n t r i c s  of g roup  A of Marmosa and  Caluromys. 
Therefore ,  t he  k a r y o t y p e  of t he  shor t - t a i l ed  opossums  
can  be  der ived  f rom t h e  2n - 14 k a r y o t y p e  of Marmosa 
a n d  Caluromys b y  t he  t r a n s f o r m a t i o n  b y  cen t romer i c  
f ission of 2 pa i rs  of large s u b m e t a c e n t r i c s  in to  4 pa i rs  of 
te locentr ics .  F u r t h e r  pe r icen t r i c  invers ions  are also to be  
a s s u m e d  to  exp la in  t he  sho r t  a rms  in 2 or 3 pairs  of t he  
A '  g roup  of Monodelphis. I t  could  be  alleged, however ,  
t h a t  t h e  change  was in t he  oppos i te  di rect ion.  The  
2n = 14 t y p e  should  t h u s  be  der ived  f rom t h a t  of Mono- 
delphis b y  t he  we l l -known process  of cen t r i c  fusion. 
Monodelphis could h a r d l y  be  considered,  however ,  as a 
genus  more  p r i m i t i v e  t h a n  e i the r  Marmosa or t he  ear ly  
s e p a r a t e d  b r a n c h  of t h e  Mic rob io the r i inae  iv to  wh ich  
Caluromys belongs.  I t  is m u c h  more  l ikely t h a t  t h e  shor t -  
t a i l ed  opossums  (Monodelphis a n d  Lestodelphis), which  
show te r res t r i a l  modi f i ca t ions  a n d  severa l  a d v a n c e d  
cha rac te r s ,  are de r iva t i ve s  of t he  ear ly  a rbo rea l  m a r m o -  
sold s tock,  f rom wh ich  all  t h e  d ide lph id  r a d i a t i o n  m i g h t  
h a v e  t a k e n  i ts  origin.  B y  t he  same  a s sumpt ion ,  t he  
2 n  = 22 k a r y o t y p e s  s h a r e d  b y  a g roup  of large-sized 
genera  of d ide lph ines  m i g h t  be  t h o u g h t  of as de r ived  f rom 
t h e  2n = 14 p a t t e r n  b y  t h e  full t r a n s f o r m a t i o n  of 4 pa i rs  
of b i a r m e d  c h r o m o s o m e s  in to  8 pa i r s  of t e locen t r ic  ones. 

Resumen. Se h a n  e s tud iado  los c romosomas  de dos 
especies de did61fidos del g6nero Monodelphis: M. 
brevicaudata palliolata del no t r e  de Venezue la  y M.  
dimidiata de la Prov .  de Buenos  Aires, Argen t ina .  
A m b a s  especies t i enen  u n  car io t ipo  m u y  similar ,  com- 
pues to  de 18 c romosomas .  E s t e  car io t ipo  es i n t e r m e d i o  
en t re  el que  p r e s e n t a n  Caluromys y Marmosa (2n = 14) 
y el de Didelphis, Philander y Lutreolina (2n = 22). Se 
pos tu l a  la f isi6n c6nt r ica  en dos pares  de s u b m e t a -  
cent r icos  del p r i m e r  t ipo,  p a r s  expl icar  el or igen del 
car io t ipo  de Monodelphis. 
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A N e w  Stra in  of Aspergillus niger P r o d u c i n g  Citr ic  

A pro jec t  for t he  d e v e l o p m e n t  of super io r  s t r a ins  was 
u n d e r t a k e n  in t h i s  l a b o r a t o r y  w i t h  t he  ob jec t  of i m p r o v i n g  
t h e  yie ld  of c i t r ic  acid b y  t a k i n g  re so r t  to  t he  t e c h n i q u e  of 
i nduced  m u t a t i o n  and  s t r a i n  selection.  A s t r a in  of A sper- 
gillus niger was t r e a t e d  w i t h  va r ious  m u t a g e n i c  agen t s  
l ike UV- i r r ad i a t ion ,  y- ray  i r r ad i a t i on  f rom Co-60 a n d  
n i t r ogen  m u s t a r d  1, 3. F e r m e n t a t i o n s  were  r u n  in s t a t i o n a r y  
f lask  cu l tu res  a t  28-29~  and  b r o t h  was h a r v e s t e d  on  
t h e  10 th  d a y  of i ncuba t ion .  The  f e r m e n t a t i o n  m e d i u m  
c o n t a i n e d  glucose, NHaNO3, KH~PO 4 a n d  MgSO4.7H20 ,  
a n d  t he  pFI was a d j u s t e d  to  2.0. 

The  p a r e n t  s t r a i n  used in t h e  e x p e r i m e n t  is dspergillus 
niger s t r a i n  'C' wh ich  p roduced  a n  ave rage  of 28.0 m g  
of c i t r ic  ac id /ml  of the  f e r m e n t a t i o n  med ium.  Th i s  s t r a i n  
was  sub j ec t ed  t o  t h e  ac t ion  of mu tagens .  U V - r a y s  of 
2537 A were used wh ich  e m i t t e d  ene rgy  a t  100 ergs /mm2/  
sec. Spores  were t r e a t e d  for 8, 12, 16, 24, 28 a n d  32 rain.  
T h e  doses a d m i n i s t e r e d  in p - ray  e x p e r i m e n t  were 
10,000 r, 20,000 r a n d  30,000 r. N i t rogen  m u s t a r d  was  used 
in  t h e  s t r e n g t h  of 0 .1% a n d  1.0%. However ,  fol lowing 
each  expe r imen t ,  500 s u b s t r a i n s  were g rown in f e r m e n t a -  
t ion  m e d i u m  to t e s t  for t h e i r  ci t r ic  acid y ie ld ing  capac i ty .  
Citr ic  acid was e s t i m a t e d  color imet r ica l ly  b y  t he  m e t h o d  
of MARIER and  BOULET 3. Of t he  s u b s t r a i n s  s tudied,  the  
selected m u t a n t  was  C G l l 0  p roduc ing  56.1 m g  of ci t r ic  
ac id /ml  of t h e  med i um .  Th i s  m u t a n t  was  de r ived  f rom 
y - i r r ad ia t ion  expe r imen t ,  a n d  was n e x t  sub jec t ed  for the  
second t i m e  to  UV- i r r ad ia t ion .  S u r v i v i n g  500 s u b s t r a i n s  
were aga in  t e s t ed  for c i t r ic  acid p roduc t ion .  The  be s t  of 
th i s  p o p u l a t i o n  was  CGU163 wh ich  p roduced  an  ave rage  
of 72.1 m g  of ci t r ic  ac id /ml .  

Acid  

Deta i led  f e r m e n t a t i o n  s tud ies  were n e x t  m a d e  w i t h  t h e  
s t r a in  CGU 163 a n d  i t  r evea led  t h a t ,  u n d e r  o p t i m u m  
f e r m e n t a t i o n  condi t ions ,  t he  m u t a n t  showed  i tself  4.3 
t imes  super ior  to  t he  or ig inal  p a r e n t  s t r a i n  A. niger 'C', 
as i t  p roduced  119.2 m g  of c i t r ic  ac id /ml  in  c o n t r a s t  to  
28.0 m g / m l  of ci t r ic  acid p roduced  b y  t h e  pa r en t .  

The  f ina l  compos i t i on  of t he  m e d i u m  was found  to be  
(g/l) sucrose 150.0; NH4NO 3 2.3; K 2 H P O  4 1.0; 
M g S O 4 . 7 H 2 0  0.25; F e ( F e S O 4 . 7 H 2 0  ) 10.0; Mn(MnSOa.  
4H20  ) 10.0. The  d e v e l o p m e n t  of t he  second s tep  m u t a n t  
CGU163 w i t h  a cons ide rab le  increase  in t he  ci t r ic  acid 
yield m a y  t h u s  be  cons idered  as a p a r t i a l  success in  a 
v e n t u r e  to  explore  the  poss ib i l i ty  of evo lv ing  o u t s t a n d i n g  
m u t a t i o n s  in  mic roorgan i sms .  

Zusammen/assung. D u r c h  B e h a n d l u n g  eines Z i t r o n e n -  
s/iure p roduz i e r enden  S t a m m e s  yon  Aspergillus niger 
m i t  7 -S t rah len ,  N-Los t  u n d  U V - S t r a h l e n  k o n n t e  die 
Z i t ronens / iu reausbeu te  u m  ungef~ihr das  Vie r fache  ge- 
s te iger t  werden.  
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