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cons ide red  t h e  c e n t r o m e r i c  reg ion  unless  t h e  g ra in  w as  
loca ted  v i s ib ly  a t  t h e  t r a b a n t .  Th i s  r eco rd ing  s y s t e m  
is t he r e fo re  b iased  a g a i n s t  t h e  i n t e r s t i t i a l  regions  a n d  
favors  t h e  c e n t r o m e r i c  a n d  t e r m i n a l  regions,  espec ia l ly  
in  t h e  s h o r t  ch romosomes .  A m o n g  longer  ch r om os om es ,  
t h i s  b ia s  is p r o b a b l y  n o t  as s ign i f ican t .  

T h e  F i g u r e  shows  a n  a u t o r a d i o g r a p h  of a n  in s i tu  
h y b r i d  b e t w e e n  h u m a n  c h r o m o s o m e s  a n d  t o t a l  r epe t i t i ous  
DNA.  C o n d e n s a t i o n  of s i lver  g ra ins  ove r  some cen t ro -  
mer ic  a n d  t e r m i n a l  regions  can  be  n o t e d  (arrows). T he  
T a b l e  p r e s e n t s  t h e  d a t a  on  g ra in  d i s t r i b u t i o n  in t he  in  
s i to  h y b r i d s .  Two  genera l  conc lus ions  can  b e  made .  
Fi rs t ,  h i g h l y  r epe t i t i ous  DNA,  as def ined  here,  is n o t  
r e s t r i c t ed  t o  specif ic  ch romosomes .  Second,  t h i s  f r ac t i on  
of D N A  seems  to  be  loca ted  more  in  t he  c e n t r o m e r i c  
( h e t e r o c h r o m a t i n )  a n d  t e r m i n a l  reg ions  t h a n  in t h e  in te r -  
s t i t i a l  zones. However ,  t he  d a t a  is n o t  as c lea r -cu t  as 
t hose  of t i le  mouse  sa te l l i t e  DNA.  Indeed ,  w h e n  t h e  
a u t o r a d i o g r a p h s  were  exposed  long  e n o u g h  (e.g., 4 -6  
weeks),  t he  d i f f e ren t i a l  seen in  t h e  one-week  samples  
b e c a m e  ob l i t e r a t ed ,  t he  c h r o m o s o m e s  be ing  heav i l y  
l abe led  a long  t h e i r  e n t i r e  l engths .  Th i s  i nd ica t e s  t h a t  
r epe t i t i ous  D N A  is n o t  r e s t r i c t ed  to  t he  h e t e r o c h r o m a t i n  
regions.  

I t  shou ld  be  e m p h a s i z e d  t h a t  t he  sa te l l i t e  D N A  does 
n o t  r e p r e s e n t  a l l  r epe t i t i ous  D N A  oI t h e  mouse,  i t  is more  
or less a pu re  f rac t ion .  U n p u b l i s h e d  d a t a  f rom our  
l abo ra to r i e s  show t h a t  r epe t i t i ous  D N A  of m a n  is indeed  
composed  of n u m e r o u s  k i n d s  of molecules ,  some of wh ich  
a p p a r e n t l y  are  d i s t r i b u t e d  over  t h e  i n t e r s t i t i a l  zones as 

wel l  as  in  t h e  c e n t r o m e r i c  a n d  t e r m i n a l  areas .  I n  one  
case a f r ac t i on  of h u m a n  D N A  was  f o u n d  to  local ize in  
t h e  c e n t r o m e r i c  h e t e r o c h r o m a t i n  of 1 p a i r  of ch romosomes .  
Thus ,  p u r i f i c a t i o n  of va r ious  f r ac t i ons  of h u m a n  repe t i -  
t i ous  D N A  a n d  in s i tu  h y b r i d i z a t i o n  shouId  y ie ld  signif i-  
c a n t  i n f o r m a t i o n  c o n c e r n i n g  t h e  d i s t r i b u t i o n  of t h e s e  
molecu les ;  a n d  e v e n t u a l l y  m o l e c u l a r  m a p s  of h u m a n  
c h r o m o s o m e s  can  be  c o n s t r u c t e d  n 

Zusammen[assung. S t u d i e n  yon  in s i tu  D N S / R N S - H y -  
b r i d e n  (oder Mischf l f iss igkei ten)  zwischen  R N S  u n d  ver -  
s ch i edenen  F . rak t ionen  yon  D N S  und  M e t a p h a s e - C h r o m o -  
s o m e n  des M e n s c h e n  e rgaben ,  dass  haup t s / i ch l i ch  die  
w i e d e r h o l t  v o r k o m m e n d e  D N S - F r a k t i o n  Co t = 0 -+ 0.005 
s ich in de r  c e n t r o m e r e n  u n d  t e l o m e r e n  Reg ion  be f inde t .  
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T h e  pu rpose  of t h e  p r e s e n t  work  was  to  m a k e  a com-  
p a r a t i v e  s t u d y  of gene t ic  a n d  a l l ied  effects  of c e r t a i n  
es te rs  of ino rgan ic  ac ids  a g a i n s t  a d o u b l e  b i o c h e m i c a l  
m u t a n t  of Aspergillus nidulans. 

R e s e a r c h  o n  c h e m i c a l  m u t a n t s ,  e i t h e r  c o m p a r a t i v e  or  
q u a n t i t a t i v e  s tudies ,  a re  fu l ly  jus t i f i ed  on  m a n y  grounds .  
T h e  f ac t  t h a t  m o r e  a n d  more  s u b s t a n c e s  a re  used  in 
t h e r a p e u t i c s ,  in  food p r o d u c t i o n  a n d  in  o t h e r  areas ,  g ives  
us  good r e a s o n  to  c h e c k  t h e i r  m u t a g e n i c  p r o p e r t i e s ;  a n d  
r e sea rch  o n  c h e m i c a l  m u t a g e n i c i t y  wil l  be  a r equ i r ed  
p r o t e c t i v e  m e a s u r e  ~. Also, i n d i v i d u a l  s tud ies  on  m u t a -  
t i ons  i n v o l v i n g  m i c r o o r g a n i s m s  p r e s e n t  a n  i n d u s t r i a l  
Value in  t h e  p r o d u c t i o n  of a n t i b i o t i c s  because  more  
p r o d u c t i v e  s t r a i n s  m a y  b e  o b t a i n e d  ~. 

Aspergillus nidula,rs was  chosen  in our  research  because  
i t  is a p r o m i s i n g  m a t e r i a l  for s t u d y i n g  chemica l  m u t a -  
genic i ty ,  s ince  a la rge  n u m b e r  of m u t a t i o n s  can  be  
o b t a i n e d  in a s h o r t  t i m e  w i t h  t h e  aid of r e l a t i ve ly  s imp le  
a n a l y t i c a l  t echn iques .  T h i s  is a r e su l t  of a f a s t  g r o w t h  
cycle  a n d  t h e  presence ,  in  t he  colonies,  of gene t ic  m a r k e r s  
r e l a t ed  to  v i s ib le  morpho log ica l  aspec ts .  T he  t e c h n i q u e s  
u sed  a re  t hose  a t  p r e s e n t  in  use in  s tud ie s  on  Aspergillus 
nidulans 8. 

The  b a c k  m u t a t i o n - t e s t *  was  used  to  t e s t  s u l p h a t e s  
a n d  su lph i t e s  of d i l n e t h y l  and  d i e t h y l  a l r eady  t e s t ed  b y  
KOLMARK s who  worked  w i t h  t he  m u t a n t  of N. crassa. 

The  c o m p a r a t i v e  s tud ies  are based  on  p r ev ious  re- 
searches ,  in  wh ich  homologous  series of es ters  of su lpha te ,  
su lphi te ,  p h o s p h a t e  a n d  p h o s p h i t e  a n d  m e t h y l  iodide 
were  t e s t e d  for m u t a g e n i c  effect  aga i n s t  a doub le  bio-  
chemica l  m u t a n t  of Neurospora crassa, c a r r y i n g  t h e  bio-  
chemica l  m a r k e r s  aden ine less  a n d  inosi tol less.  On ly  the  
m e t h y l ,  e t h y l  a n d  p r o p y l  es te rs  of s u l p h a t e  were found  

to be m u t a g e n i c  a n d  all  t he  ac t ive  m u t a g e n s  i nduced  
more  r eve r s ions  in  t he  a d e n i n e  t h a n  in  t h e  inos i to l  locus. 
The  r a t i o  b e t w e e n  t he  2 k inds  of m u t a t i o n s  were dif-  
f e r e n t  /o r  d i f f e r en t  m u t a g e n s  ( re la t ive  specif ic i ty) .  

I n  t he  series  m e n t i o n e d ,  we s t u d i e d  t h e  m u t a g e n i c  
effects  of d i m e t h y l  su lpha te ,  d i e t h y l  su lpha te ,  d i m e t h y l  
s u l p h i t e  a n d  m e t h y l  iodide.  On ly  t h e  d i m e t h y l  a n d  
d i e t h y l  s u t p h a t e s  p r o v e d  m u t a g e n i c ,  whereas  t h e  d i m e t h y l  
a n d  d i e t h y l  su lph i t e s  a n d  t he  m e t h y l  iod ide  showed  n o  
m u t a g e n i c  p r o p e r t i e s  a g a i n s t  Aspergillus. 

A cr i t i ca l  e x a m i n a t i o n  of T a b l e s  I - I i  a l lows us  to  d r a w  
the  fo l lowing conc lus ions :  T h e  m u t a t i o n a l  s y s t e m  s tud ied  
is one  which  a m e t h i o n i n e  d e p e n d e n t  s t r a i n  of A. niduIans 
(bi-X; m e t h  -1, r e q u i r i n g  b i o t i n  a n d  m e t h i o n i n e )  m u t a t e s  
b y  b a c k - m u t a t i o n  to m e t h i o n i n e  i n d e p e n d e n c e  a f t e r  
m u t a t i o n  a t  a n y  severa l  i n d e p e n d e n t  supressor  gene  loci. 

A t  f i r s t  s ight ,  we can  r e p o r t  p r e l i m i n a r y  o b s e r v a t i o n s  
on  t h e  s eeming  speci f ic i ty  of c e r t a i n  chemica l  m u t a g e n s  
to  va r i ous  r e l a t e d  gene loci in  t he  fungus  _/1. nidulans 
a n d  N. crassa. Howeve r ,  i t  is n o t  poss ib le  to  ass ign  a 
m u t a n t  to  a p a r t i c u l a r  gene locus  b y  t h e  p h e n o t y p e  
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Table I. Control of spontaneous mutat ion on bi-~; meth  -a of strain of Aspergillus nidulans 

9 6 7  

Experiment  Survival No. No. No. and class Frequency Relative frequency 
(%) conidia plates of revertant  types of mutan t s  of revertants × 10 -~ 

plated used x 10 -e 
x l 0 6  A B C ( A + B + C }  A B 

Control 1 92 9.5 40 70 37 13 12.63 7.36 3.89 1.36 
Control 2 87 2.3 10 18 8 5 13.46 7.82 3.47 2.17 
Control 3 95 8.7 30 65 27 16 12.41 7.47 3.10 1.84 
Total I 91 20.5 80 153 72 34 12.63 7.46 3.51 1.65 
Total II 91 20.5 80 155 74 39 12.63 7.56 3.60 1.45 
Z 2 (4) = 0.16 P < 0 . 9 8  

Total II :  corrected for pseudo-B phenotypes. (4) = degrees of freedom 

"['able II. Mutagenic effects of dimethyl and diethyl sulphates on the reversion of methionine dependent  (metht} strain of Aspergillus nidulans 

Experiment  Molarity Sur- No. No. 
and duration vival surviving plates 
of t reatment  (%) conidia used 

plated 
x 10 ~ 

No. and class Frequency Relative frequency 
of revertant types of fever- of revertants  x I0 -~ 

tan ts  x 10 -~ 
A B C ( A + B + C )  A B 

D.M.S. 1 0.005/20 rain 49 5.3 60 3,900 117 13 760.37 735.85 22.07 
D.M.S. 2 0.005/20 rain 50 6.0 80 2,870 602 328 633.33 478.33 100.33 
D.M.S. 3 0.005]20 rain 48 4.5 50 2,380 719 147 721.33 528.88 159.77 
D.M.S. 4 0.005]30 rain 35 3.1 50 2,250 350 100 870.96 725,80 112.90 
Total I 18.9 240 11,400 1,780 588 
Total II 18.9 240 11,517 1,780 588 
Total III  18.9 240 11,374 1,710 588 

D.E.S. 1 0.05/20 min 30 4.5 80 3,050 390 160 800.00 677.77 86.66 
D.E.S. 2 0.05/20 min 31 3.2 80 2,230 451 19 843.75 696.87 140.93 
D.E.S. 3 0.05/20 min 27 5.0 50 3,700 214 100 802.80 740.00 42.80 
D.E.S. 4 0.05/30 min 17 5.4 80 4,517 565 318 999.99 863.48 104.62 
Total  I 18.1 290 13,497 1,620 597 
Total  II 18.1 290 13,513 i~610 597 
Total  III  18.1 290 13,370 1,540 597 

D.M.S. Z 2 (6) = 58.52 P < 0.005 
D.E.S. Z 2 (6) = 11.53 P < 0 . 0 5  

2.45 
54.66 
32.66 
32.25 

35.55 
5.93 

20.00 
58.88 

Total II :  corrected for pseudo-B phenotypes and others. Total I I I :  corrected for spontaneous mutat ion.  (6) = degrees of freedom. 

a l o n e ,  s i n c e  t h e  m e t h  -1 s u p r e s s o r  s y s t e m  is t e c h n i c a l l y  
l i m i t e d  t o  s c o r i n g  i n d i v i d u a l  s u p r e s s o r  p h e n o t y p e s ,  a n d  
t h e s e  m a y ,  o f  c o u r s e ,  s h o w  d i f f e r e n t i a l  i n t e r l o c u s  m u t a -  
t i o n a l  s p e c i f i c i t i e s  w i t h i n  t h e m s e l v e s  s. N e v e r t h e l e s s ,  t h e  
r e s u l t s  r e p o r t e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  d e m o n s t r a t e  
a g e n e r a l  d i f f e r e n t i a l  s p e c i f i c i t y  fo r  m u t a t i o n  a t  t h e  
m e t h  1 s u p r e s s o r  l o c u s  a f t e r  t r e a t m e n t  w i t h  c h e m i c a l  
m u t a g e n s L  

T h e  v a r i o u s  r e c o r d e d  m u t a g e n i c  t r e a t m e n t s  o b v i o u s l y  
s h o w  s t r i k i n g  i n t e r l o c u s  s p e c i f i c i t i e s  fo r  t h e  m e t h  -x s u p r e s -  
s o r  p h e n o t y p e s ,  d e s p i t e  t h e  i m p r a c t i c a b i l i t y  o f  a s s i g n i n g  
t h e  m u t a n t  t y p e s  t o  a p a r t i c u l a r  g e n e  locus ,  a n d  d e s p i t e  
t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  h e t e r o g e n e i t i e s  of  t h e  m e t h  -1 
s u p r e s s o r  d i s t r i b u t i o n s  a f t e r  t r e a t m e n t  o f  c o n i d i a  w i t h  
s u c h  s t r u c t u r a l l y  s i m i l a r  c h e m i c a l s  a s  d i m e t h y l  a n d  
d i e t h y l  s u l p h a t e  s. 

T h e  m e c h a n i s m  of  i n d u c t i o n  is  d i s c u s s e d ,  a n d  t h e  
h y p o t h e s i s  is s u g g e s t e d  t h a t  t h e  p o s i t i v e  e f f e c t  o f  t h e  
s u l p h a t e  e s t e r s ,  a s  o p p o s e d  t o  t h e  n e g a t i v e  r e s u l t s  w i t h  
t h e  s u l p h i t e ,  m a y  b e  e x p l a i n e d  b y  d i f f e r e n c e  in  c h a r g e  
o f  t h e  c a r b o n i u m  o f  t h e  a l k y l  g r o u p s  9. T h i s  i s  i n  c o n f o r m i t y  
w i t h  t h e  h y p o t h e s i s  p r o p o s e d  fo r  s o m e  m o n o f u n c t i o n a l  
e p o x i d e s  a l so .  

A g e n e r a l  c o n c l u s i o n ,  h o w e v e r ,  m a y  b e  d r a w n  f r o m  
t h e s e  e x p e r i m e n t s ,  n a m e l y  t h e  n e e d  fo r  m o r e  d a t a  o n  

t h e  r e s p o n s e  o f  s i n g l e  loci  t o  m u t a g e n i c  t r e a t m e n t  ( w i t h  
p h y s i c a l  a s  we l l  a s  w i t h  c h e m i c a l  m u t a g e n s ) s 0 .  

Resumen. F u e r o n  i n v e s t i g a d o s  los e f e c t o s  m u t a g d n i c o s  
d e  c i n c o  e s t e r e s  d e  a c i d o s  i n o r g ~ n i c o s  s o b r e  el  m u t a n t e  
b i -1 ;  m e t h  -1 de l  Aspergillus nidulans. E1 m 6 t o d o  e m p l e a d o  
fu6  el t e s t e  d e  r e t r o c r u z a m i e n t o  c o n  a l g u n a s  v a r i a c i o n e s .  
E1 d i m e t i l  s u l f a t o  se  h a  m o s t r a d o  c o m o  el m a s  p o d e r o s o  
m u t a g 6 n i c o ,  s e g u i d o  p o r  el  d i - e t i l  s u l f a t o .  E1 m e c a n i s m o  
d e  i n d u c c i o n  m u t a c i o n a l  f u e  d i s c u t i d o  y se  e s t a b l e c i 6  u n a  
h i p 6 t e s i s  p a r a  e x p l i c a r l a .  
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