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I t  has  been  not iced  t h a t  in  some of t he  oocytes  of T.c. 
carni/ex, while  t he  m a j o r i t y  of t he  loops were r e t r ac ted ,  
one loop r e m a i n e d  inse r t ed  on  one of t h e  smal l  b i v a l e n t s  
of t he  c o m p l e m e n t ;  t h i s  loop is c o m p a r a b l e  to  t h e  g i an t  
fusing loops descr ibed  b y  CALLAZr a n d  LLOVI) s on t h e  
b i v a l e n t s  X a n d . X t  (Figure  5). As m a t u r a t i o n  proceeds,  i t  
h a s  also been  obse rved  t h a t  t h e  spheres  t e n d  to  d e t a c h  
t h e m s e l v e s  f rom the  c h r o m o s o m a l  axes. Thus ,  in  add i t i on  
to  oocytes  w i t h  spheres  st i l l  a t t a c h e d  to t h e i r  r espec t ive  
chromosomes ,  we h a v e  also no t iced  oocytes  in which  some 
or all of t he  spheres  were absen t .  The  d e t a c h m e n t  of t h e  
spheres  could no t  be s y n c h r o n o u s  in t he  two homologues  
(Figure 4). 

I n  t he  m a t u r i n g  oocytes  t he  nucleol i  a p p e a r  la rger  in  
size, r o u n d  and  r ich  in vacuol i ,  wh ich  are somet imes  

fused in to  a single large cen t r a l  vacuo le  (Figure 4), As 
regards  t h e  nuc leo lus-organiz ing  regions,  in  T. c. carni/ex 
we h a v e  obse rved  nucleol i  inser ted  a t  t h e  level  of these  
loci, w h e t h e r  in  ch ro mo s o mes  which  s t i l l  m a n t a i n e d  t he  
t yp ica l  l a m p b r u s h  m o r p h o l o g y  12 or  in  ch ro mo s o mes  wh ich  
were s h o r t e n e d  an d  a l m o s t  w i t h o u t  loops (Figure 6). 

Fo r  t h e  m o s t  pa r t ,  t h e  resu l t s  p roduced  agree  w i t h  t he  
o b s e rv a t i o n s  m a d e  on  Triturus viridescens ~,6. Thus ,  a 
m e t h o d  is ava i l ab le  for  i nduc ing  t h e  in  v i t ro  oocy te  
m a t u r a t i o n  b y  p roges t e rone  also in t h e  urodele  a m p h i b -  
ians.  Consequen te ly  i nves t iga t ions  on  t h e  modi f i ca t ions  
of t h e  l a m p b r u s h  ch ro mo s o mes  in t h e  per iod  b e t w een  t he  
h o r m o n a l  i n d u c t i o n  a n d  t h e  f o r m a t i o n  of t h e  f i rs t  meio t ic  
spindle,  become  possible.  Such  o b s e rv a t i o n s  could be  
r e l e v a n t  in r e l a t ion  to t h e  p rob l ems  of s t ruc tu re ,  organi-  
zat ion,  an d  phys io logy  of t h e  ch ro mo s o mes  a n d  of t he  
h o r m o n a l  inf luences  on t h e  genoma.  I t  appea r s  to  be  of 
f u t u r e  i n t e r e s t  t o  ver i fy  t h e  b i o s y n t h e t i c  ac t iv i t i e s  of t h e  
res iduous  s t r u c t u r e s  on  t h e  l a m p b r u s h  c h r o m o s o m e s  dur -  
ing t h e  m a t u r i n g  per iod  and,  even tua l ly ,  in r e l a t ion  to 
t h e  successive s tages  of t h e  e m b r y o n i c  d ev e l o p men t .  

Riassunto. J~ s t a t s  i n d o t t a  m a t u r a z i o n e  in v i t ro  
m e d i a n t e  p roges te rone  in ovoci t i  isolat i  p i e n a m e n t e  
accresc iu t i  di  Triturus cristatus carnifex e Triturus 
vulgaris meridionalis. J~ s t a t s  o s se rva ta  la s equenza  
delle modif icaz ioni  morfologiche,  successive a l l ' induz ione  
ormonale ,  i n t e r e s s an t i  i c romosomi  l a m p b r u s h .  
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Fig. 6. Bivalent VI of T. c. carni/ex with nucleoli attached to the 
nueleolns-organizing regions (no). 5 h from the beginning of irieuba- 
tion in progesterone. • 545, 
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Zinc Toxici ty  in Irradiated Bacillus megaterium 

C o m b i n a t i o n  t r e a t m e n t s  of m e t a l  ions w i t h  F-rays 
change  t h e  r a d i a t i o n  effect, b u t  t h e r e  is l i t t l e  i n f o r m a t i o n  
conce rn ing  t he  role of m e t a l  sa l ts  in  m o d i f y i n g  t h e  rad io-  
biological  ac t ion  1-7. I n  a p rev ious  p a p e r  i t  was  r e p o r t e d  
t h a t  tox ic  c o n c e n t r a t i o n s  of zinc chlor ide  c o m b i n e d  w i t h  
F - rad ia t ion  h a d  a synerg is t ic  i n h i b i t o r y  effect  on  t h e  
ab i l i t y  of B. megaterium to  fo rm colonies s. 

I n  t he  p r e s e n t  s t u d y  we f u r t h e r  i nves t i ga t e  t he  rad io-  
s ens i t i v i t y  of b a c t e r i a  a f t e r  a p r e - t r e a t m e n t  w i t h  a tox ic  
c o n c e n t r a t i o n  of zinc chlor ide  a n d  t h e  s ens i t i v i t y  of t h e  
i r r a d i a t e d  ceils to  t he  bac te r i c ida l  ac t ion  of t h e  meta l .  

Cul tures  of B. megaterium ( s t ra in  Els t re)  were g rown  in 
n u t r i e n t  b r o t h  (Difco) a t  35 ~ for  24 h. A t  t h a t  t ime,  t h e  

cu l tu re  was in t h e  l oga r i t hmic  phase  w i t h  a n  op t ica l  den-  
s i ty  of 0.120. 

Samples  c o n t a i n i n g  a p p r o x i m a t e l y  8 • 105 cel ls /ml  were 
used for t h e  fol lowing e x p e r i m e n t s  : 1. I r r a d i a t i o n  w i t h  F- 
rays  in a 3000 Ci cobal t -60  source a t  r oom t e m p e r a t u r e .  
T h e  dose r a t e  was  4,000 r ads /min .  2. I r r a d i a t i o n  as above  
of b a c t e r i a  t r e a t e d  for 1 h w i t h  zinc chlor ide  a t  a tox ic  

�9 c o n c e n t r a t i o n  (4 • 10-SM). The  chemica l  r e m a i n e d  in  con- 
t a c t  w i t h  t h e  b a c t e r i a  d u r i n g  i r rad ia t ion .  3. E x p o s u r e  to  
var ious  c o n c e n t r a t i o n s  of z inc-chlor ide  a n d  d e t e r m i n a t i o n  
of t h e  l e tha l  effect  in  i r r ad i a t ed  a n d  n o n - i r r a d i a t e d  bac ter ia .  

V iab le  coun t s  of all  e x p e r i m e n t a l  samples  were m a d e  b y  
t h e  p l a t i n g  m e t h o d  a n d  t h e  resu l t s  are p r e s e n t e d  in t a b u -  

Percentage of survivors 

Time Zinc chloride 
(min) (4 • 10 -~ M) 

Combination of irradiation and ZnC12 

in pre-treatment in post-treatment 

F-irradiation Dose 
(rads) 

0 100 I00 
60 65 4- 3 38 4- 6 
60 654-3 27 4-4 
60 65 4- 3 11 i 2.5 
60 6 5 i 3  74- 1.5 

100 100 0 
18 4- 6 65 4- 3 7,500 
9 4- 3 48 ::t_ 5 12,000 
2 4- 0.6 27 4- 2 20,000 

20 :~ 1.5 26,000 
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lar  fo rm or as plot .  The  lower curves  in  b o t h  f igures  are 
n o r m a l i z e d  to  100% so t h a t  t he  slopes in  each  f igure  are 
d i r ec t ly  comparab le .  

y - i r r ad ia t ion  of B. megaterium caused  a s ign i f ican t  de- 
crease of su rv ivors  e x p o n e n t i a l l y  r e l a t ed  to  t h e  dose. Ex-  
posure  for 1 h to  ZnC12 a t  a c o n c e n t r a t i o n  of 4 • 10-5M 
decreased  t h e  su rv ivo r s  to  65%.  

W h e n  b a c t e r i a  t r e a t e d  w i t h  zinc ch lor ide  were i r rad ia -  
t ed  in t he  p resence  of zinc, t he  n u m b e r  of su rv ivo r s  was  
f u r t h e r  r educed  to  38, 27, 11 and  7%.  The  i r r a d i a t i o n  doses 
were 7.500, 12,000, 20,000 a n d  26,000 rads  respect ive ly .  

The  resu l t s  c lear ly  sugges t  a synerg is t ic  effect  of t he  me t -  
al  a n d  t he  i r r a d i a t i o n  for doses h ighe r  t h a n  12,000 rads.  
Af te r  i r r ad i a t i on  w i t h  doses equa l  or be low 12,000 rads,  
t h e  obse rved  va lues  are t he  expec t ed  ones f rom c o m b i n e d  
t r e a t m e n t  of m e t a l  a n d  i r r ad ia t ion .  

T h e  synerg i s t i c  effect  is more  in t ense  in  a pos t - t r e a t -  
m e n t  w i t h  ZnCI~ t h a n  in a p r e - t r e a t m e n t .  E v e n  w i t h  
7,500 rads  w h e n  t h e r e  was no  syne rg i sm in  p r e - t r e a t m e n t  
(38%) t he  su rv ivo r s  were  r educed  to  18% in a p o s t - t r e a t -  
m e n t  (Figure 1 a n d  Table) .  

The  i r r ad i a t ed  su rv ivors  are  cons ide rab ly  more  sensi- 
t i ve  to  t h e  de le ter ious  effect of z inc chlor ide  t h a n  are t he  

100 

o 1C 

1 ' ~ ' 1'6 ' 2~4 
D o s e ( k r a d s )  

Fig. 1. Survival curves of B. megaterium, irradiated with y-rays (upper 
curve) pretreated with ZnCI~ (middle curve) and post-treated (lower 
Curve). 

0 

Concentration ZnCI 2-~• lO-5H 

Fig. 2. Zinc toxicity on different concentrations in non-irradiated 
(upper curve) and irradiated (lower curve) cultures of B. megaterium 
(dose of irradiation sufficient to reduce the population initially to 
25% and after 1 h to 10%). 

n o n - i r r a d i a t e d  ones. The  s ens i t i v i t y  to  zinc depends  on  t he  
i r r a d i a t i o n  dose. 

N o n - i r r a d i a t e d  bac te r ia ,  i m m e r g e d  to  t h e  a b o v e  con-  
c e n t r a t i o n  of ZnC12, showed  65% surv ivors .  W h e n  bac-  
t e r i a  were f i r s t  i r r a d i a t e d  w i t h  7,500, 12,000 a n d  20,000 
rads ,  t h e n  t r e a t e d  w i t h  t he  same c o n c e n t r a t i o n  of zinc, t h e  
su rv ivors  were 18, 9 a n d  2% respect ive ly .  The  s ens i t i v i t y  
of i r r a d i a t e d  b a c t e r i a  t o w a r d s  ZnCI~ va r i e s  also w i t h  t he  
c o n c e n t r a t i o n  of t h i s  subs tance .  

Cul tures  i r r a d i a t e d  w i t h  20,000 rads  c o n t a i n e d  25% 
surv ivors .  The  same  b a c t e r i a  lef t  for one  h o u r  in  t he  i r ra-  
d i a t e d  m e d i u m  were f u r t h e r  r educed  to  10%. If  ZnC12 was 
a d d e d  a n d  left  in  c o n t a c t  w i t h  t h e  i r r a d i a t e d  cu l tu res  for 
t he  same  pe r iod  of t ime,  in  c o n c e n t r a t i o n s  as h igh  as 
2 • 10-SM, 1 • 10-SM, 2,8 • 10-~M a n d  4 • 10-SM t h e  re- 
su l t ing  r educ t ions  were  8, 6.5, 3.2 and  2 % respec t ive ly  
(F igure  2). 

T h e  synerg i s t i c  i n h i b i t o r y  effect  exe r t ed  b y  ZnCI~ a n d  
y - i r r ad ia t ion  on  B. megaterium w h e n  zinc was  p r e s e n t  
du r ing  i r rad ia t ion ,  could be  a t t r i b u t e d  to  a rad iosens i t i za -  
t ion  b r o u g h t  up  b y  zinc. This  a p p a r e n t  sens i t i za t ion  m a y  
also resu l t  f rom tox ic  in jur ies  to  t he  cells, i nduced  b y  t he  
m e t a l  a n d  t h e  r ad ia t ion .  

I r r a d i a t e d  cu l tu res  lef t  for  some t i m e  w i t h o u t  a n y  
f u r t h e r  t r e a t m e n t  a l r eady  show a decrease  of surv ivors .  
Toxic  subs t ances  p roduced  b y  i r r a d i a t i o n  poss ib ly  con- 
t i n u e  t h e i r  l e tha l  effect  as long  as t he  cells r e m a i n  in con- 
t a c t  w i t h  t h e  i r r a d i a t e d  med ium.  Zinc a d d e d  to  i r r a d i a t e d  
cu l tu res  for t h e  s ame  pe r iod  of t i m e  enhances  t h i s  l e tha l  
effect.  T h e  las t  r e d u c t i o n  of su rv ivo r s  is due  to  t he  toxi -  
c i ty  of t he  me ta l .  

Zinc  t o x i c i t y  m a r k e d l y  increases  in i r r ad i a t ed  ceils as 
c o m p a r e d  to  n o n - i r r a d i a t e d  ones. Th i s  e n h a n c e m e n t  of 
t ox i c i t y  is r e l a t ed  b o t h  to t h e  i r r ad i a t i on  dose and  to  zinc 
chlor ide  concen t r a t i on .  I r r a d i a t i o n  e v e n t u a l l y  sensi t izes  
t he  b a c t e r i a  t owards  zinc. I t  is also poss ib le  t h a t  i r radia-  
t ion,  b y  mod i fy ing  m e m b r a n e  pe rmeab i l i t y ,  al lows more  
zinc to  e n t e r  i n to  t h e  cells, as is sugges ted  b y  t he  u p t a k e  
of t he  m e t a l  b y  i r r a d i a t e d  b a c t e r i a  s 

Rdsumd. Des cu l tures  de B. megaterium t r a i tdes  p e n d a n t  
1 h avec  du  ZnC12 et  i r radides  a u x  r a y o n s  g a m m a  en  prd- 
sence du  zinc sub i s sen t  une  ac t ion  16tale syne rg ique  de 
ces deux  fac teurs .  Ces effets  son t  plus  in t enses  lors d ' u n  
p o s t - t r a i t e m e n t  au  zinc que  lots  d ' u n  p r d - t r a i t e m e n t .  Les  
Surv ivan t s  i r radids  se m o n t r e n t  b ien  plus  sensibles  & l 'ac-  
t i on  nocive  du  ch lorure  de zinc que  les n o n  irradids.  La  
sensibi l i t6  des bac tdr ies  i r radides  vis-&-vis du  md ta l  aug-  
m e n t e  avec  la dose d ' i r r a d i a t i o n  e t  la  c o n c e n t r a t i o n  du  
zinc. 
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