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b iochemica l  s tudies .  COUPLAND 12 sugges ted  t h a t  e lec t ron-  
dense  bod ies  in r a t  ad r ena l  medu l l a  (which m o r p h o -  
logical ly resemble  those  seen in our  micrographs)  were 
lysosomes.  Our  b iochemica l  work  a n d  h i s tochemica l  
s tud ies  w i t h  the  e lec t ron  microscope conf i rm the  in te r -  
p r e t a t i o n  t h a t  in  t he  ad rena l  medu l l a  t he re  are th ree  dis- 
t i n c t  cell organel les :  mi tochondr i a ,  c h r o m a f f i n  granules  
a n d  lysosomes.  

Zusammen/assung. Die G o m o r i - R e a k t i o n  ftir saure  
P h o s p h a t a s e  wurde  a n  N e b e n n i e r e n m a r k s c h n i t t e n  v o n  
R i n d e r n  durchgef t ih r t .  I h r e  e l ek t ronenmikroskop i sche  
U n t e r s u c h u n g  e rgab  die Loka l i s i e rung  der  E n z y m a k t i v i -  

t ~ t  in  den  Lysosomen .  Chromaf f ine  G r a n u l a  und  Mito-  
c h o n d r i e n  ze ig ten  ke ine  Ak t iv i t~ t .  
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Changes of Chromosome Number  in Cells of 
Drosophila melanogaster C u l t u r e d  i n  v i t r o  

I t  is well  k n o w n  f rom inves t iga t ions  on  m a m m a l i a n  
ch romosomes  t h a t  t h e  k a r y o t y p e  of d ip lo id  cells cu l tu red  
in  v i t ro  t ends  to become  he te rop lo id  as the  cu l tu re  ages 
(Hsu  and  MOORHEAD 1,~). T he  occur rence  of he t e r op lo idy  
m a y  be  r e l a t ed  to t he  o t h e r  changes  in the  growing cells 
as t h e y  become  a d a p t e d  to  t he  ar t i f ic ia l  cond i t ions  of t he  
cul ture .  Obvious ly ,  such  v a r i a b i l i t y  in  ch romosome  n u m -  
be r  is a ser ious l im i t a t i on  to genet ica l  ana lys i s  of cu l tu red  
cells, because  s t a b i l i t y  of t h e  k a r y o t y p e  is a p re requ i s i t e  
for such  s tud ies  (DE CARLI, MAIn, Nuzzo ,  a n d  BENERE- 
CETTI 3). 

Two h y p o t h e s e s  h a v e  b e e n  proposed  to expla in  t h e  
changes  of c h r o m o s o m e  n u m b e r  t h a t  occur  ill cu l tu red  
cells (WEsTWOOD a n d  TITMUSS 4, RUDDLE, BERMAN, a n d  
STULBERGS): (a) he t e rop lo idy  m a y  resu l t  f rom non-  
d i s junc t ions  and  o t h e r  mi to t i c  abnormal i t i e s ,  or (b) 
he t e rop lo idy  m a y  be a s econda ry  p h e n o m e n o n ,  cons is t ing  
of losses of i nd iv idua l  ch romosomes  fo l lowing a p r i m a r y  
occurrence  of polyploidy.  

Since i t  is d i f f icul t  in  m a m m a l i a n  cells to  i den t i fy  all  
c h r o m o s o m e  pai rs  u nam bi guous l y ,  no def in i te  choice be-  
tween  these  a l t e r n a t i v e s  can  be  m a d e  as yet .  

Cells of Drosophila melanogaster could be  f avourab le  
m a t e r i a l  for s t u d y i n g  v a r i a t i o n s  in ka ryo type ,  since the  
iden t i f i ca t ion  of each  of the  4 c h r o m o s o m e  pa i r s  is easy. 
A l t h o u g h  a t t e m p t s  to  o b t a i n  d iv id ing  cells of Drosophila 
in v i t ro  h a v e  been  largely  unsuccessful  for m a n y  years ,  
t he re  is now an  exce l len t  t e c h n i q u e  for cu l t u r i ng  em- 
[ r y o n i c  cells wh ich  con t inue  to  grow and  d iv ide  a t  a h igh  
ra t e  for long per iods  of t i m e  (HORIKAWA and  Fox~).  The  
d a t a  on  v a r i a t i o n s  of c h r o m o s o m e  n u m b e r  of cu l tu red  
cells of th i s  insect ,  however ,  are st i l l  scanty .  

The  t e c h n i q u e  used in th i s  s t u d y  was t h a t  of I-IORIKAWA 
a n d  F o x  s. Eggs of t he  Varese  wild s t r a in  la id  ove r  a 
per iod  of 6 h were used for o b t a i n i n g  t he  e m b r y o n i c  
cells. These  were p laced  in H-5 m e d i u m  s u p p l e m e n t e d  
w i t h  10% new-bo rn  calf serum,  and  cu l tu red  a t  30 ~ The  
c h r o m o s o m e  ana lyses  were m a d e  on  squashes  p r epa red  
12, 18, 21, 24, 48, 72, 96 a n d  120 h a f t e r  the  cu l tu res  were 
begun.  The  cells f rom each  cu l ture  were p r e t r e a t e d  in a n  
h y p o t o n i c  so lu t ion  of 1% s o d i u m  c i t r a t e  for 10 min,  t h e n  
s t a ined  in aceto- lac t ic  orcein (OsTER a n d  BALABAN 7) for  
25-30 rain.  Chromosome  coun t s  were m a d e  on  m e t a -  
phases ;  on ly  those  wh ich  could be d r a w n  u n a m b i g u o u s l y  
h a v e  been  considered.  

One to  four  cu l tu res  were m a d e  for each  t i m e  in te rva l ,  
and  because  of the  h o m o g e n e i t y  of resu l t s  f rom repl ica tes  

t he  d a t a  o b t a i n e d  h a v e  been  pooled (Table). I n  a n y  case 
the  n u m b e r  of cells ana lysed  is more  i m p o r t a n t  t h a n  t he  
n u m b e r  of cul tures ,  since each  cu l tu re  con ta ins  cells de- 
r ived  f rom 2000-3000 eggs. I n  t he  f i rs t  ana lys is  (12 h), 
some he te rop lo id  cells (11.9%) are a l r eady  p r e sen t  in  t he  
cul ture .  The  f r equency  of he te rop lo id  cells increases  to  
29.7% a t  18 h, b u t  no t e t r ap lo id  cells were found.  This  
va lue  r ema ins  nea r ly  c o n s t a n t  for 48 h. D u r i n g  the  in te r -  
va l  be tween  48 a n d  72 h, t he  pe rcen t age  of he t e rop lo idy  
increases  to  78.5% a n d  t h e n  r e m a i n s  p rac t i ca l ly  s tab le  
u n t i l  120 h (Figure 1). Po lyplo id  cells were v i r t u a l l y  ab- 
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Fig. 1. Changes in percentage of abnormal metaphases of embryonic 
cultured cells at different stages of culture. 
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Percen tage  of m e t a p h a s e s  showing  va r ious  c h r o m o s o m e  n u m b e r s  a f t e r  in v i t ro  cu l tu re  of Drosophila melanogaster e m b r y o n i c  cells 

D u r a t i o n  N u m b e r  of ch romosomes  No. of 
of cu l tu re  m e t a p h a s e s  
in h a n a l y s e d  

4 5 6 7 8 9 10 11 12 13 14 15 16 

12 - - - 3.0 88.1 5.2 3.0 0.7 . . . . .  135 
18 1.6 - 1.6 6.3 71.9 7.8 4.7 - 1.6 4.7 - 64 
21 - 1.7 10.3 79.3 1.7 3.4 - - 1.7 - - 1.7 58 
24 - 1.3 2.5 7.5 72.5 10.0 3.8 1.3 1.3 - - - 80 
48 1.6 1.6 8.2 70.5 6.6 3.3 6.6 1.6 - - - 61 
72 12.3 4.6 29.2 24.6 15.4 7.7 - - 3.1 3.1 - 65 
96 5.0 11.7 26.7 20.0 15.0 6.7 5.0 6.7 - - 1.7 1.7 60 
120 10.0 3.3 38.3 20.0 20.0 - - 1.7 3.3 3.3 - 60 

Fig.  2. D. melanogaster e m b r y o n i c  cu l tu red  cells, s t a ined  wi th  aceto-  
lac t ic  orcein.  N o r m a l  m e t a p b a s e  a f t e r  24 h cul ture .  

Fig.  4. D. melanogaster e m b r y o n i c  c u l t u r e d  cells s t a ined  wi th  ace to-  
lac t ic  orcein.  A b n o r m a l  m e t a p h a s e  wi th  on ly  one e lement  (X) of the  

f irst  pa i r  (12 h cul ture) .  

Fig.  3. D. melanogaster e m b r y o n i c  c u l t u r e d  ceils s t a ined  wi th  aceto-  
lac t ic  orcein.  A b n o r m a l  m e t a p h a s e  wi th  three  e lements  of the  f irst  

pa i r  (24 h cul ture) .  

Fig.  5. D. melanogaster e m b r y o n i c  c u l t u r e d  cells s t a ined  wi th  ace to-  
lac t ic  orcein.  A b n o r m a l  m e t a p h a s e  wi th  five e lements  of the  f irst  

pa i r  (48 h cul ture) .  

s e n t  i n  a l l  s t a g e s .  H e n c e  t h e r e  a r e  t w o  p e r i o d s  o f  s t r i k i n g  
i n c r e a s e  i n  h e t e r o p l o i d y ,  t h e  f i r s t  b e t w e e n  12  a n d  18  h 
a n d  t h e  s e c o n d  b e t w e e n  4 8  a n d  7 2  h o f  c u l t u r e .  

T h e  m a i n  f e a t u r e s  o f  t h e s e  r e s u l t s  m a y  b e  i n t e r p r e t e d  
i n  t h e  f o l l o w i n g  w a y :  (1) T h e  a b n o r m a l  m e t a p h a s e s  

f o u n d  a t  12  h m a y  i n d i c a t e  t h a t  s o m e  a b n o r m a l i t i e s  o c c u r  

u n d e r  n o r m a l  c o n d i t i o n s ,  a n d  t h a t  p o s s i b l y  c e l l s  w i t h  
a b n o r m a l  c h r o m o s o m e  n u m b e r s  d i v i d e  m o r e  o f t e n  i n  
v i t r o  t h a n  i n  s i t u .  (2) T h e  i n c r e a s e  i n  f r e q u e n c y  o f  h e t e r o -  
p l o i d  k a r y o t y p e s  m a y  b e  t h e  r e s u l t  o f  t h e  a r t i f i c i a l  c o n -  
d i t i o n s ,  w h i c h  f a v o u r  h e t e r o p l o i d  ce l l s .  (3) T h e  r a p i d  
i n c r e a s e  i n  h e t e r o p l o i d  k a r y o t y p e s  b e t w e e n  4 8  a n d  72  h 
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m a y  be caused by  sudden  changes  in t he  cul ture  medium,  
involving nu t r i t iona l  deficiencies. Af te r  th is  t ime (from 
72 to 120 h) ch romosomes  appear  m u c h  cont rac ted .  As 
we have  a l ready  po in ted  out,  the  abnormal i t i es  are ex- 
clusively numer ica l ;  s t ruc tu ra l  changes  have  been  
found,  bu t  are no t  considered here. The f irs t  and four th  
pairs  are involved pr imar i ly  when  supernumera r ies  are 
p resen t  or w h e n  chromosomes  are lost  (84.4%), while in 
on ly  15.6% of the  cells are the  two major  au tosomes  in- 
volved  (Figures 2-5). This  f inding is wor th  no t ing  in view 
of fu r the r  b iochemical  s tudies  on cells in vi tro.  In  fact ,  a 
d i f ferent  gene dosage is expec ted  for genes located in the  
second and  in t he  th i rd  pair,  if compared  wi th  those  
located in the  f i rs t  and  the  four th  pair.  

We m a y  conclude t h a t  in Drosophila he te rop lo idy  com- 
mon ly  occurs in cul tured  cells, b u t  t h a t  th is  condi t ion  
does no t  follow a p r i m a r y  acquis i t ion of te t raplo idy .  Non-  
d i s junc t ions  and  errors of ch romosome d is t r ibu t ion  are 
p r e sumab ly  the  causes of the  numer ica l  abnormal i t ies  
described.  The p re sen t  da ta ,  owing to  the  scope of th is  
inves t igat ion,  do no t  allow any  compar i son  wi th  those  
found  by  HORIKAWA and  F o x  s. We wish only  to  empha-  
size t h a t  these  au tho r s  d is t inguish  two t y p e s  of ceils ( the 
large and  the  small  ones). Our observat ions ,  since t h e y  
refer  to sho r t - t e rm  cultures,  have  deal t  ma in ly  wi th  
large cells; only  be tween  72 and 120 h m a y  we have  found 
also mitoses of small  cells. Using our s ta in ing technique ,  

however ,  the  p rob lem of d is t inguishing the  two cell t y p e s  
remains  unsolved 8,9. 

Riassunto.  Cellule embr ional i  di D. melanogaster, colti-  
va te  in v i t ro  fino a 120 h, p resen tano  un progressivo 
au men t o  delle var iazioni  dei numer i  cromosomici  in teres-  
sant i  p r inc ipa lmen te  il I e i l  IV  paio di cromosomi.  
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9 Added to the proofs. During the last months two additional 
evidences have been found, which substantiate the viability of 
the cultured cells: growth curves (till 192 h) and incorporation 
of tritiated thymidine (the latter finding in collaboration with 
the Euratom Unit for Human Radiation and Cytogeneties, Pavia, 
directed by Prof. M. FRACCARO). 

About  a Poss ib le  M e c h a n i s m  Involved in the 
Shedding  of S e a - U r c h i n s  

In  spi te  of ex tens ive  inves t iga t ions  concerning the  
s t imulus  which  causes the  spawning  of r ipe sea-urchins  1-7, 
the  p rob lem of shedd ing  in na tu ra l  condi t ions  is far f rom 
being under s tood  as yet .  In  the  exper imen t s  described,  we 
therefore  t r ied  to  e lucidate  the  influence of spawning  sea- 
urchins  on o the r  m ember s  of a sea-urchin  popu la t ion  in 
the i r  na tu ra l  env i ronment .  

A colony of Paracentrotus l iv idus (Lam.) inhabi t ing  
rocky  b o t t o m  at  a d e p t h  of 2-3 m was  chosen for the  
e x p e r i m e n t s  in si tu.  The  average dens i ty  of popu la t ion  
was  e s t ima ted  to be abou t  5 sea-urchins  per  m 2. This  
expe r imen ta l  area was in the  Nor th  Adria t ic  near  Figarola  
Island.  U n d e r w a t e r  observa t ions  and the  removal  of sea- 
urchins  dur ing  the  expe r imen t s  were accompl ished by  
free d iv ing  technique .  

Dense suspensions  (about 10%) of homogenized  ripe 
male and f e m a l e  gonads  f rom Paracentrotus I ividus were 
prepared .  The suspension was t aken  in a syringe of  200 ml. 
By  diving, 5-10 ml of th is  suspension was del ivered f rom 
the  syringe close to the  sea-urchins.  The suspension was 
never  del ivered neare r  t h a n  10 cm to the  animals.  The 
effects  of the  in jec t ion  of the  gonad suspension were in- 
spec ted  by  diving. The shedding  which  occurred in some 
animals  could easily be registered.  F r o m  the  colour of 
ex t ruded  gametes  it was easy to  conclude whe the r  the  
reac t ing  animal  was a male or a female. No animal  was 
t e s t ed  twice. Dur ing  the  whole procedure  descr ibed pre-  
viously  the  animals  were ne i ther  touched  nor  d i s tu rbed  
in any  o the r  way. Abou t  5 min af ter  the  gonad  suspen-  
sion was injected,  the  animals  were l i f ted f rom the  b o t t o m  
wi thou t  regard  as to w h e t h e r  t h e y  reac ted  to t he  in jec t ion  

wi th  shedd ing  or not.  They  were opened wi th  a circular  
cut  and the i r  sex and m a t u r i t y  were establ ished.  

In  these  exper iments ,  more  t h a n  a h u n d r e d  an imals  
were t e s t ed  : 51 males and 50 females. The results  of these  
inves t iga t ions  are summar ized  in the  Table. 

The shedding reaction in sea-urchins (Paracentrotus lividus Lam.) 
tested with the suspension of homogenized male and female gonads, 

respectively 

Suspen- Reaction Sex and maturity of tested animals 
sion 
applied Male Female 

Ripe Unripe Ripe Unripe 

Male Shedding - - 24 - 
No shedding 22 2 1 4 

Female Shedding 23 - 3 - 
No shedding 4 - 14 4 
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