
15. 1. 1969 Specialia 83 

X X  in  t he  female  and  X Y  in  t he  male.  I n  meiosis  of t he  
l a t t e r ,  a large a n d  a smal l  vesicle could also be  seen in 
seve ra lp  a c h y t e n e  conf igura t ions .  T he  la rger  one  was 
i n t e r p r e t e d  as t he  X c h r o m o s o m e  and  t h e  smal l e r  one  as 
t he  Y. B y  compar i son ,  t he  vesicles in  A. lituratus lituratus 
m a y  be in t e rp re t ed ,  t he  smal le r  one  as t he  I11, cor respond-  
ing to  t h e  or ig ina l  Y, a n d  t h e  larger  one  as c o n t a i n i n g  
t he  r e m a i n d e r  of t he  sex com pl em en t .  T he  second pro-  
t r u s i o n  obse rved  in some p a c h y t e n e  f igures  p r o b a b l y  
co r re sponds  to t he  Y~. 

I n  d ip lo tene  of A. lituratus lituratus, t h e  sex vesicle 
was no  longer  observed .  I n  d iak ines is  t he  t r i v a l e n t  is 
l ong i tud ina l l y  disposed, b o t h  the  Y connec t ed  e n d - t o - e n d  
w i th  t he  ex t r emi t i e s  of t he  X;  t h e  or ig ina l  Y (YI) w i th  
t h e  sho r t  a rm,  a n d  t he  Y2, which  shows nega t i ve  he te ro-  
pycnosis ,  w i th  t h e  long a r m  of t he  X (Figure  3). I n  
N. leporinus t h e  s u b m e t a c e n t r i c  X is d i s tended ,  showing  
n e g a t i v e  heteropycnosis; t h e  Y is connec t ed  end - to -end  
w i t h  t h e  sho r t  a r m  of t he  X .  

I t  is i n t e r e s t i ng  to emphas ize  t h a t ,  whi le  in meiot ic  
p r o p h a s e  of C. perspicillata ~ t h e  Y a n d  1 of t he  a rms  of 
t he  X synapse ,  in A. lituratus lituratus no  Y shows 
synaps i s  b e h a v i o u r  w i t h  t he  X chromosome.  

I n  la te  m e t a p h a s e  I t he  t r i v a l e n t  is folded in an  arch-  
l ike conf igu ra t ion  w i t h  b o t h  t he  Y side-by-side,  b u t  sti l l  

connec t ed  e n d - t o - e n d  w i t h  t he  X .  A p p a r e n t l y  t h i s  con-  
f igu ra t ion  w a r r a n t s  t he  d i s t r i b u t i o n  of b o t h  Y to  t h e  pole  
oppos i te  to  t he  X,  assur ing  t he  p r o d u c t i o n  of b a l a n c e d  
gametes .  

Two k inds  of m e t a p h a s e s  I were found  in A. lituratus 
lituratus, wi th  n = 15 c o n t a i n i n g  1 sex chromosome,  t h e  
X a n d  w i t h  n -  16 c o n t a i n i n g  2 sex ch romosomes ,  t h e  
Y1 a n d  the  Y2. 

Resumen. E n  el murci61ago Artibeus lituratus lituratus 
el nf imero  de c r o m o s o m a s  es de 2n -- 30 en la h e m b r a  y 
de 2n = 31 en  el macho .  E1 m e c a n i s m o  de d e t e r m i n a c i 6 n  
del sexo es X X / X Y ~  Ye. L a  t r ans locac idn  de u n  a u t o s o m a  
al X resu l t6  ell la  d i fe renc iac i6n  del neo-Y.  Son descr i tos  
los aspec tos  del c o m p o r t a m i e n t o  del t r i v a l e n t e  sexua l  
d u r a n t e  la meiosis.  Es to s  son c o m p a r a d o s  a los que  
p r e s e n t a  la  especie Noctilio leporinus (2n = 34) euyo  
m e c a n i s m o  es X X / X Y .  
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Chromosome Preparations of Bovine Leucocytes 

T h e  r ecen t  d e v e l o p m e n t  of ref ined t e c h n i q u e s  ha s  
e n a b l e d  t he  d e t e r m i n a t i o n  of somat i c  k a r y o t y p e s  of a 
v a r i e t y  of animals ,  e i the r  d i rec t ly  f ronl  bone  m a r r o w  
or  o the r  t i ssues  e s t ab l i shed  in cul ture .  U n f o r t u n a t e l y ,  
t he  re l iab i l i ty  of these  var ious  t echn iques  is unsa t i s fac -  
t o r y  since, t he  p rob l ems  of ten  encoun t e r ed  w h e n  ut i l iz ing 
such  t echn iques  h a v e  no t  been  discussed no r  m e n t i o n e d  
in t h e  l i t e ra tu re .  The  purpose  of th i s  p a p e r  is to p r e sen t  
a suf f ic ien t ly  re l iable  t e c h n i q u e  for b o v i n e  c h r o m o s o m e  
p r e p a r a t i o n s  f rom cu l tu red  pe r iphe ra l -b lood  leucocytes  
a n d  to  c o m m e n t  on  some of t he  t e c h n i q u e ' s  i n h e r e n t  
p rob lems .  The  t e c h n i q u e  is essent ia l ly  s imi la r  to  t he  ones 
sugges ted  b y  HUNGERFORD et  al. 1 a n d  BASRUR a n d  
GILMAN 2. 

Materials and methods. Blood samples  were col lected 
in sterile,  1 5 m l  g r a d u a t e d  conical  cen t r i fuge  tubes ,  
c o n t a i n i n g  0.5 ml  of an  a n t i c o a g u l a n t  (hepar in ,  0.4 rag/  
10 m l  blood) a n d  0.25 ml  of a n  an t ib io t i c  m i x t u r e  (peni- 
c i l l in - s t rep tomycin) ,  cen t r i fuged  a t  800 r p m  for  5-7 nf in  
(at  room t e m p e r a t u r e )  and  t h e n  s to red  in t he  r e f r ige ra to r  
a t  4~ for 40-48 h. This  p rocedure  was  found  to yield 
a h i g h  mi to t i c  index.  

T h e  cu l t u r i ng  p rocedure  was car r ied  ou t  u n d e r  e thy l ene  
glycol  cond i t ions  as a p r e c a u t i o n  aga i n s t  c o n t a m i n a t i o n .  
All  e q u i p m e n t  used in t he  p rocedure  was a u t o c l a v e d  for 
20 rain.  

A p p r o x i m a t e l y  1.5 ml  p l a s m a  a long  w i t h  t h e  b u f f y  
coa t  ( layer  of l ymphocy te s )  was  w i t h d r a w n  w i t h  a s ter i le  
p ipe t te ,  f rom the  s tored  samples  a n d  d i lu ted ,  in  sterile,  
p las t i c  T-f lasks  (Falcon),  w i t h  a so lu t ion  m a d e  up  as 
follows: To 5 ml  TC m e d i u m  199 were added  2 ml  b o v i n e  
s e r u m  (heat  i n a c t i v a t e d  a t  58~ for 3 0 m i n ) ,  0 . 2 5 m i  
pen i c i l l i n - s t r ep tomyc in  (100 U and  100 txg respect ive ly)  
a n d  0.25 ml  b a c t o - p h y t o h e m a g g l u t i n i n  (M or  P), Difco 
Labora to r i e s ,  De t ro i t .  

The  cu l tu res  were swirled a t  r oom t e m p e r a t u r e  to  
ensure  t h o r o u g h  m i x i n g  a n d  t h e n  ho r i zon ta l l y  i n c u b a t e d  
a t  38 C ~ ( •  0.5 ~ Swir l ing of t he  cu l tu res  was c o n t i n u e d  
per iodica l ly  for a b o u t  2 h. T e m p e r a t u r e  c o n s t a n c y  was  
found  to be a n  abso lu te  p re requ i s i t e  for ach iev ing  desi red 
resul t s  and  the re fore  m a i n t a i n e d  t h r o u g h o u t  t he  incu-  
b a t i o n  period.  

Fol lowing 70I/2 h of i ncuba t ion ,  colchicine (1 inl  of 
0.008 g + 100 ml  water )  was  added  to  the  cul tures .  Ster-  
ile p r ecau t ions  b e y o n d  th i s  s tage  of t he  p rocedure  were 
found  unnecessa ry .  The  p rocedure  of h y p o t o n i c  pre-  
t r e a t m e n t  was  b e g u n  i m m e d i a t e l y  fol lowing t he  per iod  
of i n c u b a t i o n  in colchicine (4 5 h a t  38 • 0.5~ The  
c o n t e n t s  of each  f lask were t r an s f e r r ed  to 15 ml  g r a d u a t e d  
conical  cen t r i fuge  t u b e s  and  cen t r i fuged  a t  800 r p m  for  
15 rain  (room t e m p e r a t u r e  app rox ima te ly ) .  

H y p o t o n i c  p r e t r e a t m e n t  in syne rgy  w i t h  colchicine 
t r e a t m e n t  is necessa ry  for  t he  swell ing of cells a n d  t h e  
d ispers ion  of m e t a p h a s e  chromosomes .  There fore  a f resh  
so lu t ion  of 0 .8% of sod ium c i t r a t e  was  used as t he  
h y p o t o n i c  solut ion.  

The  s u p e r n a t a n t  was  d e c a n t e d  f rom each  cen t r i fuge  
t u b e  w i t h  a p ipe t te .  The  ' b u t t o n '  of cells a t  t h e  b o t t o m  
of each  t u b e  was r e suspended  b y  t a p p i n g  t he  ou t s ide  
wal l  of t h e  t u b e  v igorous ly  a n d  b y  a g radua l  a d d i t i o n  
of 4-5  ml  of h y p o t o n i c  solut ion.  Af te r  30 min  in h y p o t o n i c  
so lu t ion  t h e  cells were cen t r i fuged  a t  800 r p m  for 15 rain.  

Since o p t i m a l  f i xa t ion  was ach ieved  when  tile a m o u n t  
of h y p o t o n i c  s u r r o u n d i n g  t h e  cells was  min imal ,  m o s t  of 
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the  s u p e r n a t a n t  was  decan ted ,  w i t h o u t  d i s t u r b i n g  t h e  
cell ' b u t t o n ' .  To avo id  t he  c lumping  of cells, approx i -  
m a t e l y  4 ml  f resh ly  p r e p a r e d  f ixat ive ,  cons is t ing  of 3 
p a r t s  abso lu t e  m e t h a n o l  (4~ and  1 p a r t  glacial  acet ic  
acid were t h e n  a d d e d  w i t h  a c o n t i n u o u s  a g i t a t i o n  of t h e  
cell ' b u t t o n ' .  Th i s  p rocedure  of cen t r i fuga t ion ,  decan-  
t a t i o n  a n d  add i t i on  of f i xa t ive  was r epea t ed  2 more  t imes.  
Resuspens ion  was be s t  ach ieved  b y  t a p p i n g  t he  outs ide  
wall  of t h e  t u b e  r a t h e r  t h a n  b y  a sp i r a t i ng  w i t h  a p ipe t te .  
The  t o t a l  t i m e  in f i xa t ive  could be va r i ed  f rom 90 m i n  
to 24 h or longer,  w i t h o u t  de t e r io ra t ion  in t h e  prep-  
a ra t ion .  

F ina l l y  a suspens ion  of cells was  m a d e  in a smal l  
a m o u n t  (1/2 ml) of f resh f ixa t ive .  A d rop  or two  of th i s  
' h a z y '  suspens ion  was  t h e n  p laced  on  a m e t h a n o l -  
immersed ,  p rec l eaned  glass slide. The  cells were al lowed 
to  sp read  on  t he  slide a n d  t he  m e t h a n o l  was  ign i ted  a n d  
al lowed to  b u r n  off. 

P r e p a r a t i o n s  were s t a ined  w i t h  Feu lgen  since such  
p r e p a r a t i o n s  r evea led  a b e t t e r  m o r p h o l o g y  of t h e  chro-  
mosomes .  The  p rocedure  was as follows: Ign i t ed  slides 
were i m m e r s e d  in dist i l led H 2 0  for 5 min .  The  slides 
were d ra ined  a n d  t h e n  p laced  in 5 N HC1 (room t e m p e r a -  
ture)  for  40 ra in  in a covered  con t a ine r  3. The  slides were 
qu ick ly  r insed  in dis t i l led w a t e r  and  t h e n  p laced  in 
Feu lgen  s t a in  in  a dark ,  s toppe red  c o n t a i n e r  for 30 min.  
F ina l ly  t h e  slides were  r insed  in t a p  w a t e r  u n t i l  t h e  w a t e r  
r e m a i n e d  c lear  of p u r p l e  s t a in  4 and  t h e y  were t h e n  
m o u n t e d  in Gur r ' s  w a t e r - m o u n t i n g  med ium.  

Results and discussion. The  c o m m o n  exper ience  w i t h  
p e r i p h e r a l  b lood cu l tu res  is t h a t  t h e y  are no t  a lways  
re l iable  a n d  successful  - n n r e l i a b i l i t y  a n d  fai lure  o f ten  
be ing  a resu l t  of a n  unawarenes s  of t he  p rob lems  invo lved  
in t he  t echn ique .  

Our  exper ience  w i t h  pe r iphe ra l -b lood  cu l tu res  ind ica tes  
t h a t  t h e  en igmat i c  fac tors  of t h e  t e c h n i q u e  are  essen- 
t i a l ly  t h e  cr i t ical  factors,  o f ten  respons ib le  for t h e  fai lure  
of t h e  g r o w t h  of the  cul tures .  T h e  necess i ty  for b o t h  
p h y t o h e m a g g l u t i n i n  (PHA) (an e x t r a c t  of the  red  k i d n e y  
b e a n  Phaseolus vulgaris) an d  ' h e a t  i n a c t i v a t e d '  s e rum 
in t h e  cu l tu re  m e d i u m  r ema i n s  an  enigma.  However ,  
fa i lure  to  inc lude  t h e  f o r e m e n t i o n e d  c o n s t i t u e n t s  in  t he  
cu l tu re  m e d i u m  resu l t s  in  a fai lure  of t h e  g rowth  of t he  
cul tures .  Tile e x a c t  m e c h a n i s m  of ac t ion  of P H A  in 
p e r i p h e r a l  b lood cu l tures  sti l l  r ema i n s  undec iphered .  The  
precise  chemica l  n a t u r e  of t h e  ' ac t ive  fac tor '  in t h e  b e a n  
ex t rac t ,  caus ing  b o t h  a t r a n s f o r m a t i o n  in l y m p h o c y t e  
m o r p h o l o g y  an d  s u b s e q u e n t  mitosis ,  has  y e t  to  be  defined.  
Some  s t a t e  t h a t  t h e  t r a n s f o r m a t i o n  in m o r p h o l o g y  
( 'b las togenesis ' )  is t h e  d i rec t  consequence  of P H A  a t t a c h -  
m e n t  to  a specific s t r u c t u r e  of t h e  smal l  l y m p h o c y t e  ~,6. 
The  mi togen ic  effects  are p r o b a b l y  due  to t h e  ab i l i ty  
of t h e  e x t r a c t  to  cause  a r e j u v e n a t i o n  of t h e  l ymphocy te s .  
Th i s  in  t u r n  causes  a genera l  increase  in m e t a b o l i s m  and  
D N A  synthes is ,  u l t i m a t e l y  r e su l t ing  in t h e  d iv is ion  of 
some cells L 

E v i d e n c e  seems to  sugges t  t h a t  t h e  serum, w h e n  inac-  
t i va t ed ,  con ta ins  a b r o a d  s p e c t r u m  of g rowth  fac tors  
( p robab ly  prote ins) ,  t h a t  can  sa t i s fy  t h e  r e q u i r e m e n t s  of 
cell g r o w t h  an d  are ac tua l ly  u t i l ized in the  course of 
t i s sue  cu l tu res  ~,9. 

Fo r  increased  re l iab i l i ty  a n d  success, modi f i ca t ions  are 
c o n s t a n t l y  be ing  a d o p t e d  for u t i l i za t ion  of t h e  t e c h n i q u e  
w i t h  d i f fe ren t  an imals .  However ,  se ldom is a m e n t i o n  
m a d e  of t h e  va r ious  modif ica t ions .  Therefore  i t  was  felt  
necessa ry  to r e p o r t  our  modi f ica t ions  in  t he i r  en t i re ty .  
T h e  modi f ied  t e c h n i q u e  p roves  to  be  a d e p e n d a b l e  one, 
for  t h e  cu l tu re  of leucocytes  of b o v i n e s  a n d  o t h e r  ver-  
t e b r a t e s  as well. I t  p roduces  ample  wel l -spread rec ta-  
phases  (see Figure)  for more  t h o r o u g h  cy togene t i c  and  
k a r y o t y p i c  d iagnoses  a0. 

Rdsumd. Les t e c h n i q u e s  per fec t ionn6es  de la cu l tu re  
des t i ssus  o n t  r e n d u  possible  l ' 6 tude  des ch ro mo s omes  
des ver t6br6s .  Cependan t ,  les r6su l t a t s  o b t e n u s  pa r  
l ' emp lo i  de ces t e c h n i q u e s  son t  t r 6 q u e m m e n t  su je t s  
c au t i o n  pa rce  q u e  les diff icul t6s i nh6 ren t e s  5~ ces pro-  
b l6mes ne sont  pas  su f f i s emmen t  discut6es.  Cer ta ines  mo- 
d i f ica t ions  qui  o n t  donn6  de bons  r6su l t a t s  son t  ici sugg6- 
r6es p o u r  la m 6 t h o d e  de p r 6 p a r a t i o n  des ch ro mo s omes  
b o v i n s  u t i l i s an t  les leucocytes  p6rif6r iques du  sang.  La  
t e c h n i q u e  en  ques t ion  p e u t  ~tre auss i  b i en  appl iqu6e  aux  
au t res  ver t6br6s .  
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Bovine mitotic metaphase spreads obtained by the technique 
described. (a) Female cattle. • 1000. (b) Female bison. • 1000. 
(c) Male bison. • 1000. (d) Male cattle. • 700. 
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