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induced by the highest concentration of erythromycin 
used in our experiments (10 mg]ml) : such frequency (1.8 %) 
turns out not to be different from the spontaneous (1.5). 

We have successively analyzed the possibility tha t  
erythromycin inhibits cell respiration or ATP synthesis, 
giving rise to respiratory deficient phenocopies. In our 
experimental conditions, erythromycin interferes with the 
endogenous respiration or the oxidation of glucose only at 
high concentration (up to 10 mg/ml) : in the range of the 
concentrations we used there is no effect on the respiration 
during the mitotic reproduction of the diploid or during its 
sporulation (Table I). 

These observations cannot, however, eliminate the 
possibility tha t  erythromycin blocks sporulation inhibiting 
other cellular functions critical for the process, and not the 
mitochondrial  protein synthesis. We have thus studied the 
effects of the antibiotic on the sporulation of erythromy- 
cin-resistant strain (ERR). As shown in the Figure, ErR 
strain sporulates in presence of erythromycin even at  con- 
centrations of the antibiotic tha t  inhibit completely the 
sporulation of the sensitive parent. 

Since the lack of inhibition could depend upon an alter- 
ation of the cell permeabil i ty to the antibiotic, we have 

Table II. Effects of erythromycin on the incorporation of Lx4-C-leu - 
cine by mitochondria isolated from erythromycin-sensitive (ER s) 
and erythromycin resistant (ER a) strain 

Strain Erythromycin 14C-leucine 
(mg/ml) incorporation 

(counts/min/mg 
protein) 

5432 ER s 0 940 
1 50 
2 68 
4 50 
6 88 

5432 ER ~ 0 1241 
1 1041 
2 984 
4 1024 
6 1141 

5432 ErS-PD • 0 640 
2 59 
4 63 

5432 ErR-PD • 0 960 
2 880 
4 981 

analyzed the effect of erythromycin on the mitochondrial 
protein synthesis in mitochondria isolated from the wild 
type and from E R  R strain. As shown in Table II,  erythro- 
mycin inhibits protein synthesis of the mitochondria iso- 
lated from the sensitive parent but  not from E R  R strain. 

LINNANE et al. 10 have demonstrated tha t  ErR phenotype 
does not depend upon a change in the permeabil i ty of the 
mitochondrial membranes to the antibiotic. We have con- 
firmed this observation in our strain by determining the 
effect of erythromycin on protein synthesis of mitochon- 
dria isolated from Er  R cells and part ial ly disrupted by 
sonication 1°. In presence of 4 mg/ml  of erythromycin, 
sonicated mitochondria incorporate 981 cpm/mg protein] 
rain of Ll*-C-leucine whereas the intact  particles show an 
incorporation of 1241 cpm/mg protein/min of Ll*-C-leu- 
cine. According to LINNANE et al. l°, we conclude there- 
fore that  Er  R phenotype rests on a mutat ional  alteration of 
the sensitivity to the antibiotic of a component of the 
mitochondrial protein synthesizing machinery. 

The data  we have obtained could be summarized as 
follows: a) the only difference between the resistant and 
the sensitive strain appears to be the sensitivity of the 
mitochondrial  protein synthesizing system to the anti- 
biotic; b) erythromycin inhibits sporulation of erythro- 
mycin-sensitive parent  but  not  of its erythromycin-re-  
sistant derivative. I t  could therefore be suggested tha t  
the inhibition of the sporulation by erythromycin in eryth- 
romycin-sensitive strain reflects the dependence of the 
process from the mitochondrial protein synthesis. 

Whether  this inhibition indicates that  some of the pro- 
teins critical for sporulation are synthesized on the mito- 
chondrial system, or tha t  mitochondria mediate a coordi- 
nated switch on and off of the synthesis of proteins spe- 
cific for sporulation, remains to be decided. 

We favour at present the lat ter  hypothesis, since it  has 
been shown that  resting cells of S. cerevisiae fail to be in- 
duced for several inducible enzymes in presence of eryth- 
romycin 6. 

Riassunto. Numerosi agenti chimici o condizioni fisiolo- 
giche ledono la funzionalit£ mitocondriale e contempora- 
neamente il processo di sporificazione nel lievito Saccha- 
romyces cerevisiae. L'antibiotico eritromicina inibisce il 
processo di sporificazione nel lievito normale, m a d  inatti-  
vo sulla sporificazione di mutant i  Eri tromicina resistenti. 
Ci6 suggerisce che l a  sintesi proteica mitocondriale svolge 
un ruolo ri levante nel processo di sporificazione. 

P. P. PUGLISI and E. ZENNARO 

PD, mitochondria partially disrupted by sonication according to Istituto di Geneti6a dell'Universit& Borgo Carissimi 10, 
LINNANZ et al. TM. Parma (Italy), 12 February 1971. 

D i s t r i b u t i o n  o f  R e p e t i t i o u s  D N A  i n  H u m a n  C h r o m o s o m e s  

One approach to the study of chromosome anatomy 
is the application of D N A / R N A  or DNA/DNA hybridiza- 
t ion principles to cytological preparations. This tech- 
nique involves using the DNA molecules in cell nuclei 
or metaphase chromosomes as the immobilized 'receptors'  
and radioactive DNA or RNA as the mobile component 
for hybridization. 

The 'satellite DNA'  of the laboratory mouse which is 
easily separated by density gradient centrifugation is 
highly repetitious in base sequence 1. This was one of 
the first DNA molecules exploited by PARDUE and 

GALL ~, and JONES s for in situ hybridization. These 
investigators found tha t  the satellite DNA fraction is 
distributed in the heterochromatic regions near all 
centromeres with the exception of the Y chromosome 
which does not possess centromeric heterochromatin. 
I t  appears, therefore, tha t  in other mammal ian  species 
some of the repetitious DNA also may  be located in the 
heterochromatin regions. In most mammals,  no specific 
satellite DNA fractions can be detected by cesium 
chloride density gradient analysis in an analytical ultra- 
centrifuge*, s. However, all eukaryotes so far examined 
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c o n t a i n  r e p e a t e d  D N A  sequences  6. Since t he se  D N A  
f r ac t i ons  can  be  i so la ted  b y  f r a c t i o n a t i o n  on  h y d r o x y -  
a p a t i t e  co lumns ,  t h e i r  d i s t r i b u t i o n  a m o n g  c h r o m o s o m e s  
can  be  i n v e s t i g a t e d  b y  t h e  in s i tu  h y b r i d i z a t i o n  t echn ique .  

I n  o rde r  to  t e s t  w h e t h e r  r e p e a t e d  D N A  sequences  
co r re l a t e  w i t h  h e t e r o c h r o m a t i n ,  we se lec ted  a m a m m a l i a n  
species,  t h e  f ie ld  vo le  Microtus agmstis, in  w h i c h  m o s t  
h e t e r o c h r o m a t i n  is c o n d e n s e d  in t h e  e x t r e m e l y  la rge  sex 
ch romosomes .  I n  s i tu  h y b r i d s  us ing  r a d i o a c t i v e  R N A  
c o m p l e m e n t a r y  to  t he  r epe t i t i ous  D N A  f r ac t i on  of 
Microtus agrestis r evea l ed  t h a t  a la rge  a m o u n t  of r e p e a t e d  
D N A  sequences  is indeed  loca ted  in t h e  he t e rochro -  
m a t j n L  T h i s  w o r k  p r o m p t e d  us to  t e s t  t h e  d i s t r i b u t i o n  
of  t h e  r epe t i t i ous  D N A  of m a n  s ince h e t e r o c h r o m a t i n  
in  h u m a n  c h r o m o s o m e s  is p r i m a r i l y  local ized in  t h e  
c e n t r o m e r i c  reg ions  s imi l a r  to  t h a t  of t h e  mouse  8. 

Th i s  r e p o r t  p r e sen t s  p r e l i m i n a r y  resu l t s  on  in s i tu  
h y b r i d s  fo rmed  us ing  c o m p l e m e n t a r y  H S R N A  syn thes i zed  
f r o m  va r ious  h u m a n  D N A  f r ac t i ons  a n d  h u m a n  ch romo-  
somes.  H u m a n  D N A  was  i so la t ed  b y  t h e  m e t h o d  of 
KIRBY a n d  COOK s f rom l y m p h o c y t e s  of p a t i e n t s  w i t h  
ch ron ic  l y m p h o c y t i c  l eukemia .  F o u r  f r ac t ions  were used 
in ou r  e x p e r i m e n t s :  1. T o t a l  r epe t i t i ous  D N A ;  Cot = 
0 -+ 8, a p p r o x i m a t e l y  28% of t h e  t o t a l  genome.  2. H i g h l y  
r epe t i t i ous  D N A ;  Co t = 0 --> 0.005, 12 .4%.  3. I n t e r -  
m e d i a t e  r epe t i t i ous  D N A ;  Co t = 0.005 -+ 1.0, a b o u t  8%.  
4. S ingle  copy  or  u n i q u e  D N A ;  C o t >  500, a b o u t  56%.  
E a c h  f r ac t ion  a n d  a n  u n f r a c t i o n a t e d  h u m a n  D N A  s a m p l e  
were  used  as  t e m p l a t e  for  c o m p l e m e n t a r y  R N A  syn thes i s  
us ing  HSATP,  H3CTP,  H s U T P ,  n o n r a d i o a c t i v e  GTP ,  a n d  
D N A - d e p e n d e n t  R N A  p o l y m e r a s e  pu r i f i ed  f r o m  Esche- 
richia coli B. T h e  de t a i l s  of t h e  s y n t h e s e s  were  as  pre-  
v ious ly  desc r ibed  L 

S q u a s h  p r e p a r a t i o n s  were  m a d e  f rom s h o r t - t e r m  
l y m p h o c y t e  cu l tu res  of n o r m a l  vo lun tee r s .  T h e  in s i tu  
h y b r i d i z a t i o n  p rocedu re  fol lowed t h a t  of PARDUE et  al. 1°. 
T h e  a u t o r a d i o g r a p h s  were  exposed  for  1 week  or  longer .  

A u t o r a d i o g r a p h s  of t h e  in  s i tu  h y b r i d s  m a d e  f rom 
R N A  s y n t h e s i z e d  f rom t o t a l  r epe t i t i ous  D N A  a n d  exposed  
for  1 week  were  used to  e s t i m a t e  t h e  b a c k g r o u n d  radio-  
ac t iv i ty .  S i lver  g ra ins  were  c o u n t e d  ove r  30 nucle i  a n d  
o v e r  a d j a c e n t  e m p t y  areas  of s i m i l a r  size. The  m e a n  
g ra in  c o u n t s  o v e r  t h e  nuc le i  were  42.1 a n d  those  of t h e  
b a c k g r o u n d ,  2.4. 

W h e n  c o m p l e m e n t a r y  R N A  syn the s i zed  f rom single-  
copy  D N A  was  used  for  in  s i tu  h y b r i d z a t i o n ,  no  labe l  
a b o v e  t h e  b a c k g r o u n d  level  was  found  ove r  t h e  nuclei .  
I n  t h a t  p a r t i c u l a r  sar~ple,  t h e  m e a n  nuc l ea r  g ra in  c o u n t s  
were  8.6 as  c o m p a r e d  w i t h  b a c k g r o u n d  g ra in  c o u n t s  of 8.9. 
T w e n t y  nuc le i  a n d  a d j a c e n t  a reas  were  used  for  t h i s  
compar i son .  

Fo r  microscopic  r ecord ing  of g ra in  local iza t ion ,  we 
v i sua l l y  d iv ided  each  m e t a p h a s e  c h r o m o s o m e  in to  cen t ro -  

meric ,  t e l omer i c  (or t e rmina l )  a n d  i n t e r s t i t i a l  s egmen t s .  
Th i s  s y s t em,  a l t h o u g h  n o t  precise,  g ives  a n  e s t i m a t e  of 
t h e  g ra in  d i s t r i b u t i o n  a long  t h e  ch romosomes .  I n  m e t a -  
cen t r i c  a n d  s u b m e t a c e n t r i c  ch romosomes ,  t h e  cen t ro -  
mer ic  reg ion  covers  a p p r o x i m a t e l y  1 [~m o n  e a c h  side 
of t h e  p r i m a r y  cons t r i c t ion .  S imi la r  s y s t e m  was  used  
for t h e  t e r m i n a l  regions.  Thus ,  in  s m a l l  m e t a c e n t r i c  
e l e m e n t s  (e.g., c h r o m o s o m e s  19 a n d  20), t h e r e  was  
p r ac t i c a l l y  no  i n t e r s t i t i a l  s egment .  I n  ac rocen t r i c  chro-  
mosomes  (Groups  D a n d  G), t h e  s h o r t - t e r m  a r ea  was  

• . i ~  o . ~ l t  ¢ 

• - - - 7  " • ~ J g  

" " " - ' 0 "  " - -  " 

- . 

In situ hybrid of a human cell showing grain distribution on chromo- 
somes hybridized with human total repetitious DNA. Short arrows 
show localization of grains over centromeric regions and long arrow 
shows grains over terminal regions. Exposure time, 1 week. 
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Percentage of silver grains over human chromosomal regions in in situ hybrids using H s RNA complementary to various fractions of human DNA 

Receptor DNA Exposure Centromeric Terminal Interstitial Total No. of 
chromosomes fraction time regions regions regions grains chromo- 

(weeks) somes 

Human Total genome 
Human Total repetitious 

Mouse Mus musculus Total repetitious 
Human Intermediate repetitious 
Human Highly repetitious 
Human Highly repetitious 

1 20.9 20.9 58.2 698 168 
1 32.4 35.9 31.6 212 160 
2 28.2 39.9 31.8 666 247 
2 8.9 22.1 69.0 403 398 
1 7.5 22.0 70.5 1185 230 
1 35.4 47.5 17.1 469 549 
1 34.7 34.7 30.6 568 250 
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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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Genetic a n d  A l l i e d  E f f e c t s  o f  C e r t a i n  E s t e r s  o f  I n o r g a n i c  A c i d s  i n  A s p e r g i U u s  n i d u l a n s  

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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