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T h e  O x y g e n  Effect in Irradiated Mature and 
Meiotic Germ Cells of Drosophila melanogas t e r  

Anoxia has been regarde d as a radiation protector ~. 
This finding started a series of investigations still in 
process which have revised the very  nature of mutations. 
Previous workers 2,~ had noticed tha t  irradiated water  
produces peroxides. I t  was argued tha t  the cell, being a 
colloid in water, where the solutes are in small concen- 
trations, should produce peroxides which cause mutations. 
Soon radiomimetic substances Of this type were found 4. 

By studying the different stages of spermatogenesis, 
from meiotic to mature sperm cells, and their mutabi l i ty  
under different atmospheric conditions with X rays, we 
axe able to:  a) analyze the chromosome behaviour under 
these conditions as condensed and full with water  in 
meiotic stages, and as uncondensed elements in the resting 
stage. At  these two general periods of development, the 
chromosomes behaved differently with respect to the 
mutations induced by the irradiation, b) Furthermore,  
our data  demonstrate the presence of an oxygen effect in 
meiotic stages only when lower doses are given. This 
differential response to oxygen is discussed in the light of 
a chromosome rejoining hypothesis. 

2klaterials and methods. 0-10 h old D. melanogaster 
Oregon R males were irradiated with doses of 150, 300, 
600, 1200, and 2400 r an intensity of 200 r/rain and 12 mA 
with a Ghilardoni Therapy X-ray machine using a 4 mm 
A1. inherent filtration and a Siemens dosimeter. Three 
days old Base females were used to facilitate the count  of 
recessive lethals. The males irradiated were the laboratory 
stock of Oregon R, The F x females from the cross of Base 
females and wild type males were bred singly with Basc 
males from the stock cultures, not  with their own broth- 
ers because of the low fertil i ty of males with irradiated 
chromosomes 5. The absence of the wild type males in the 
F 2 indicated the presence of a lethal in the paternal X 
chromosome. 

The mat ing scheme was daily crosses of the irradiated 
males to the virgin females for a period of 10 days. Thus, 
the males copulate daily to fresh 3 days old Base females 
while the female is left another period of several days to 
lay eggs. The results of the first copulations represent the 
most mature  and old samples  of sperms, while the last 
samples represent the stages which were irradiated as 
meiotic stages. AUERBACH s, on the other hand, changed 
her flies every 3 days in which one male copulated with 
3 females, thus disregarding crowding effects upon the 
developing zygotes; with her method she reaches the 
stage of highest mutat ion rate in her second brood. With  
our method tha t  stage is reached only after the 6th day 
and even the 9th day after irradiation. This fact points to 
a perfect or near perfect agreement between ours and 
AUERBACH'S stage of highest mutat ion rate, as one of her 
males mating with 3 females releases the amount  of sperm 
in one day that  one of ours with a single female releases in 
3 days. Since she kept her males mating for 3 consecutive 
days, in her first brood she reaches the equivalent  of our 
6 th-gth  days of mating depending upon a regular sperm 
ejaculation. 

The gases given (O, and N,) are passed directly to a 
bottle from the gas source. The bottle containing the 
males treated with the gas is then closed with a plast ic  
cove r  top which maintains the gas in the bottle without  
loss during the irradiation time. The gases are given for 
45 min before and after the X-ray treatment .  The flies are 
in the same gas during the irradiation. During the pre and 
post t reatment ,  the gas is allowed to flow through a 
cylindrical container, where t h e  males remain, into an 
Erlenmeyer  flask where it  bubbles at  a constant rate. 

No combination of gases was tried in the present work. 
The 02 used was 99.6~o pure, the rest were traces of water, 
N 2 was 99.9% pure and free of oils. 

Results. Our results should be considered in the light of 
previous investigations which a t tempted to discover the 
sensitivity to  X-rays in Drosophila spermatogenesis. The 
present preliminary report, as well as others here referred 
to, can get from mature spermatozoa down to the earlier 
stages of sperm development by using the sperm release 
successively in a series of copulations of the irradiated 
males. Thus, we may get to the stage of highest sensitivity 
(more mutability), amply demonstrated by others to 
correspond to the meiotic stage. With  our daily mating 
scheme we are able to demonstrate, as shown in Tables 
I - I I I ,  tha t  i t  is the late meiotic stage which is most 
sensitive to the different doses of X-rays. That  is, the 
most sensitive period is the one immediately after the 
mature sperm supply is exhausted. The mature sperm are 
represented by the first sperm batches which are utilized, 
and which, according to the extend of the sperm ejacu- 
lations (which, by the way, are not  uniform), are in store 
for the first 4-5 days of copulations in the mating con- 
ditions here established. The spectrum of mutat ion rate 
which we got can be divided in two clear zones: one 
formed by the most resistant spermatozoa and a second 
zone, immediately before the lest one, formed by the most 
sensitive products of late meiosis. 

Our second type of results consists in the different 
behaviour which spermatogenesis displayed in the pres- 
ence of different gases. While oxygen increases the 
mutat ion rate, nitrogen serves as a protector from X-rays. 
The effect of oxygen on the two zones, genetically dis- 
tinguished by their X-ray sensitivity, was the same. How- 
ever, the results force us to make a distinction between 
the oxygen effect at  lower doses (150 and 300 r) and its 
effects at higher doses (600, 1200, anal 2400 r). While at  
lower doses there is no apparent oxygen effect for the 
s t age  of mature spermatozoa (the first 5 days of sperm 
release), although there is a clear oxygen effect in meiotic 
germ cells (50~o + greater mutat ion rate in O 2 than in the 
corresponding stage in air or N2), there is, at  higher doses, 
an oxygen effect in both spermatozoa and meiotic stages. 

Discussion. When we irradiate D. melanogastdr germ 
cells which are undergoing spermatogenesis, we induce 
mutat ions a t  different stages of sperm development, the 
nature of which can be analyzed by the results we get 
from the mutabi l i ty  under certain conditions. 

From our results we may discuss the following points 
concerning the incidence of mutat ions under certain 
conditions: a ) t h e  sensitivity spectrum observed during 
the first 10 days after irradiation; b) the effect of oxygen 
in the mutat ion frequencies. 

The sensitivity spectrum corresponded, counting for 
the differences in the mat ing  procedures, to the spectrum 
observed by AtmRBACrI s using crossing over and muta-  
tional data. Her  peak of highest mutat ion rate was in the 
second brood. With  a mating scheme of 1 male to 3 fe- 
males, she quickly reached the sensitive stage because 
more copulations brought about  a greater amount  of 
sperm release than if I male is coupled with 1 female every 
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Tab. L Spectrum sensitivity of recessive lethals over a 10 day period of Drosophila melanogaster irradiated in air with 150, 800, 600, 
1900, and 2400 r at 900 r/rain 

Dose Days 
I 9 3 4 5 6 7 8 9 10 

150 r X Chromosomes 
% Mutations 

300 r X Chromosomes 
% Mutations 

600 r X Chromosomes 
% Mutations 

1200 r X Chromosomes 
% Mutations 

2400 r X Chromosomes 
% Mutations 

249 124 252 236 248 270 346 243 337 302 
0.8 0.0 1.2 0.8 0.4 0.0 0.8 0.8 1.8 0.6 

212 142 201 218 249 253 283 274 338 266 
1.4 0.0 0.9 1.4 1.2 2.4 2.1 1.4 2.9 1.9 
I00 126 244 216 253 218 205 222 200 222 
5.0 2.4 1.2 0.9 1.2 3.2 3.9 2.2 3.5 3.1 

219 205 239 216 217 236 246 369 314 276 
2,7 3,9 2.9 6.5 2.3 5.9 5.7 8.1 7.0 8.3 
155 232 276 263 239 142 150 209 124 152 
7.1 7,7 6.1 4,6 7.5 10,5 11.3 12.9 16.9 6.6 

Tab. II. Spectrum sensitivity of recessive lethals over a 10 day period of Drosophila melanogaster irradiated in Na with 150, 300, 600 
1200, and 2400 r at 200 r/min 

Dose Days 
1 9 3 4 5 6 7 8 9 10 

150 r X Chromosomes 
% Mutations 

300 r X Chromosomes 
% Mutations 

600 r X Chromosomes 
% Mutations 

1200 r X Chromosomes 
% Mutations 

2400 r X Chromosomes 
% Mutations 

260 273 258 261 268 224 256 241 209 223 
0.0 0.0 0.0 0.0 0.0 0.44 0.4 0.4 0,9 0.4 
175 137 181 171 179 188 193 171 226 152 
0.6 1.4 1,1 0.6 1.7 0.0 0.5 0.6 1.3 0.0 
291 256 266 272 271 267 266 269 257 190 
1,0 1,2 0,7 1,8 1.1 1.5 2.6 2.6 2.3 1.1 
198 227 263 146 223 179 284 200 249 239 
1.5 1.7 2.6 2.1 2.2 2.2 2.1 4.5 3.2 2.1 

148 261 252 250 224 238 225 154 123 182 
2.7 4.6 5.5 6.8 6.7 4.2 4.8 3.9 12.2 5.5 

Tab. III. Spectrum sensitivity of recessive lethals over. a 10 day period of Drosophila melanogaster irradiated in O, with 150, 300~ 600, 
1900, and 9400 r at 900 r/rain 

Dose Days 
1 2 3 4 5 6 7 8 9 10 

150 r X Chromosomes 
% Mutations 

300 r X Chromosomes 
% Mutations 

600 r X Chromosomes 
% Mutations 

1200 r X Chromosomes 
% Mutations 

2400 r X Chromosomes 
% Mutations 

219 215 212 178 231 326 339 209 182 299 
0.0 0.5 1.0 1.0 0.4 2.7 1.7 1.9 4.4 1.3 
56 203 214 211 168 135 241 216 142 196 

0.0 0.5 0.9 1,4 2.9 2.2 2.9 3.7 3.5 3.5 
90 71 64 37 123 64 63 50 42 24 

1.1 4.2 1.5 8.1 1.6 3.1 3.1 2.0 4.7 0.0 
108 125 115 102 86 92 104 97 27 21 
6.5 5.6 6.9 5.9 5.8 7.6 9.6 4.1 3.7 19.4 
29 93 120 104 90 26 32 33 16 6 

3.4 12.9 10.0 11.6 t0.0 0.0 9.4 18.2 6.2 0.0 

day ,  as in our  p r e s e n t  m a t i n g  sys t em.  W i t h  our  p rocedure  
we  reach  t h e  h ighes t  m u t a t i o n  r a t e  on  t h e  6 - 9 t h  day .  
T h a t  p e a k  is p r e s e n t  in air, Nz and  O v F u r t h e r m o r e ,  we 
are  able to  not ice  t h a t  t h e  sens i t ive  zone is exhaus t ed  in 
2-3 days .  F r o m  AUERBACH 6, AUERBACH a n d  ~IOBER~ and  
I~HISHIN s we learn  t h a t  t h e  meio t ic  p r o d u c t  ex t ends  over  
severa l  d a y s  of s p e r m  release, as t h e y  used a male  to  t h r e e  
females  for  th ree  days  per  brood,  i.e. a t  least  6-7  days  b y  
our  s y s t e m  of mat ing .  Therefore ,  we are incl ined to  bel ieve 
t h a t  o u r h i g h e s t  m u t a t i o n  per iod involved  on ly l a t e  meiosis.  

I t  is unneces sa ry  to  discuss t he  negligible inf luence 
wh ich  germina l  select ion m a y  have  in t h e  sens i t iv i ty  
spec t rum.  For  th is  purpose  we refer  t he  r eader  to  PONTE- 
CORVO 9, who  re legates  t h e  role p layed  b y  germina l  selec- 
t ion  to  i m m a t u r e  spermatogonia .  

The  effect  of oxygen  a u g m e n t i n g  the  effect iveness  of 
X - r a y s  m u t a g e n i c i t y  is well es tab l i shed  10 However ,  t he  

m e c h a n i s m  b y  which  t h e  oxygen  effect  t akes  p lace  is st i l l  
u n k n o w n .  Some bel ieve t h e  effect  of oxygen  is on  t h e  
p r i m a r y  b reakage  of  t he  ch romosomes  a t  t h e  t i m e  of  
i r radia t ion .  This  hypo thes i s  is well g r o u n d e d  in exper i -  
m e n t s  b y  THODAY a n d  I~EAD 11. Never the less ,  r e c e n t  
resul ts  la-14 of oxygen  me tabo l i sm ac t ing  on the  re jo in ing  
m e c h a n i s m  of b roken  ends,  r eopen  the  p rob lem.  

C. AUERBACR and H. MOSER, Z. Vererbungslehre 85, 479 (1958). 
s A. F. E. Kmsm~, Z. Vererbungslehre 87, 97 (1955). 
9 G, PONTECORVO, D. I. S. 18, 54 (1944). 

10 H, J. MULLER, Radiation Biology (McGraw-Hill Co. 1954), vol. I, 
p. 565. 

tt j .  M. TXODAY and J. READ, Nature 163, 133 (1949). 
13 S. WOLFF, Radiation Res. 1,453 (1959). 
13 S. WOLFF, Genetics 39, 356 (1954). 
t~ S. WOLFF and K. C. ATWOOD, Prod. Nat. Acad. Se. 40, 187 (1954). 



174 Br6ves communications - Kurze Mitteilungcn EXP~.RIENTIA XVII]4 

I n  ou r  d a t a  on  t h e  oxygen - expos ed  males ,  before,  
d u r i n g  a n d  a f t e r  X i r r a d i a t i o n  a t  va r i ous  doses, we found  
t h e  o x y g e n  effect  p r e s e n t  in  t he  lower  doses  150 a n d  300 r 
b u t  on ly  in  t he  h i g h e s t  m u t a t i o n  r a t e  s tage  (Table  I ! I ) .  
W e  f o u n d  for  t h e  600 r dose a n  o x y g e n  ef fec t  s p r e a d  here  
a n d  t h e r e  in  t h e  m a t u r e  s p e r m  zone a n d  in t h e  meio t ic  
zone.  A t  h ighes t  doses (1200 a n d  2400 r) t h e  effect  is 
s p r e a d  t h r o u g h o u t  t he  whole  s p e c t r u m  of s pe r m a t ogenes i s  
s tud ied .  

T h e  e x p l a n a t i o n  of th i s  r e su l t  t h r o u g h  t h e  f o r m a t i o n  of 
pe rox ides  is u n t e n a b l e ,  s ince t h e r e  was o x y g e n  effect  in  
t h e  anox ic  zone of m a t u r e  s p e r m a t o z o a  a t  h ighe r  doses,  
O n  t h e  o t h e r  h a n d ,  if t h e  ef fec t  of o x y g e n  was  due  to  
d i f fe ren t i a l  r e jo in ing  of a f fec ted  ch romosomes ,  t h e n  i t  
wou ld  be  s u b j e c t e d  to  t h e  dose  ~ a l t h o u g h  i t  cou ld  be  
i n d e p e n d e n t  of t h e  n u m b e r  of b r e a k s  i nduced .  Therefore ,  
o x y g e n  af fec ts  n o t  t h e  p r i m a r y  b r e a k a g e  b u t  some  m e c h a -  
n i s m  w h i c h  con t ro l s  t h e  r e jo in ing  of b r o k e n  ends.  W o r k  is 
in  process  w h i c h  will  a t t e m p t  to  c la r i fy  t h e  n a t u r e  of s u c h  
a m e c h a n i s m  of damage .  

Riassunto. Gli e spe r i m en t i  qu i  r i fer i t i  sono  di due  t ip i :  
a) pe r  la  d e t e r m i n a z i o n e  dello s p e t t r o  di  sens ib i l i t~  d i  
cellule ge rmina l i  masch i l i  d u r a n t e  le fasi  me io t i che  e 

m a t u r e  ( spermatozoi )  di  Drosophila melanogaster, i r r a d i a t e  
con  5 d i f f e ren t i  dosi  di  raggi  X in  cond iz ion i  d i f f e ren t i ;  
b) p e r  lo s tud io  de l l ' e f f e t t o  det l 'oss igeno,  t l  r i s u l t a t o  fu 
u n a  a u m e n t a t a  m u t a b i l i t A  in  O~, m a  n o n  in  t u t t i  gli s t ad i  
del la  spe rma togenes i s ,  po iche  le fasi  me io t i che  d iedero  
magg io r i  f r equenze  di  m u t a z i o n i  recess ive  che  n o n  gli 
s p e r m a t o z o i  ma tu r i .  Q u a n d o  l ' e f f e t to  del l 'oss igeno si com-  
b i n a  con  basse  dosi  di raggi  X la  mu tab i l i tA  a u m e n t a  solo 
nel le  cellule che  si t r o v a n o  in  fasi  me io t i che .  Q u e s t a  n u o v a  
osse rvaz ione  v iene  i n t e r p r e t a t a  come  e f fe t to  dell 'O~ sul la  
possibi l i tA di r i a t t a c c o  f r a  r o t u r e  p i u t t o s t o  che  come  
e f fe t to  p r i m a r i o  sulle t o r t u r e  stesse.  
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T h e  E f f e c t  o f  F u s a r i c  A c i d  o n  t h e  
O x i d a t i v e  P h o s p h o r y l a t i o n  o f  P l a n t  M i t o c h o n d r i a  

F u s a r i c  ac id  (5-buty l -2-p icol in ic  acid) is a t o x i n  pro-  
duced  b y  Fusarium lycopersici Sacc.  in vitroL I t  h a s  also 
b e e n  iden t i f i ed  in  d iseased p l a n t s  in fec ted  w i t h  t h i s  
fungus  2 and ,  there fore ,  fulfi ls a l l  t h e  c r i t e r i a  la id  d o w n  
for a v i v o t o x i n  a. Fusa r i c  ac id  also shows v i v o t o x i c i t y  in  
t he  c o t t o n  Wilt d isease  ~. 

Fusa r i c  acid exh ib i t s  a p le io t rop ic  m o d e  of act ion~,  s, 
i .e. i t  a f fec ts  t he  hos t  cells in  more  t h a n  one  way.  T h u s  
t h e  t o x i n  causes  a d i s t u r b a n c e  in  t h e  p e r m e a b i l i t y  of t h e  
h o s t  cells ~,v a n d  a t  h i g h e r  c o n c e n t r a t i o n s  (10-a M to  
10 -~ M)  i nh ib i t s  r e sp i r a t i on  s. T h e  i n h i b i t i o n  of r e s p i r a t i on  
a t  h i g h e r  c o n c e n t r a t i o n s  is no  d o u b t  caused  b y  a n  in-  
h i b i t i o n  of t h e  c y t o c h r o m e  ox idase  s y s t e m L  I n  d i seased  
p l an t s ,  howeve r ,  t h e  c o n c e n t r a t i o n  of fusa r ic  ac id  * 
p r o b a b l y  does  n o t  r e a c h  10 -~ M a n d  t h e r e  is no  s ign i f i can t  
decrease  in t h e  o x y g e n  u p t a k e  of t h e  d i seased  t o m a t o  
l eaves  s, lo. 

ALLEN Xl h a d  ear l ie r  p o s t u l a t e d  t h e  role  of p h y t o t o x i n s  
in  genera l  as  uncoup le r s  of o x i d a t i v e  p h o s p h o r y l a t i o n .  

Effect of different concentrations of Fusaric acid on the oxidative 
phosphorylation and respiration of mitochondria isolated from 

tomato hypocotyls. 
Mitochondria isolated in 0.5 M sucrose + 0.066 M phosphate + 10 -~ M 
EDTA, pH 7,0. Warburg vessels contained ~20 I~M ATP, 100 ~M 
glucose, 2 mg hexokinase, 25 ~M K2HP04, 20 ~M EDTA, 5 ~M 
MgS04, 20 t~M NaF, 0.33 mg DPN, 0.1 mg eytochrome C, 0.5 ml 
mitochondria, Fusarc iacid and distilled water to make up a total of 

2.8 ml, pH 6.8. Respiration measured for 30 rain. 

Concentration 
of inhibitor , 

t~M P 
esterified[ 
mg N]h 

P:O 

Control 236 41.6 1.98 
1 x 10 -a M Fusaric acid 152 18.2 1.35 
5 x 10 -4 M Fusaric acid 200 25.8 1.45 
2 .5x 10-SMFusar icac id  232 35.0 1.70 

% 
inhibition 

31.2 
26.0 
13.4 

P e r h a p s  some  ev idence  in  f a v o u r  of t h i s  h y p o t h e s i s  h a s  
come  f rom s tud ies  whe re  i t  h a s  b e e n  d e m o n s t r a t e d  t h a t  
d i seased  t i s sues  do  n o t  r e s p o n d  to  t h e  u n c o u p l i n g  ef fec t  of 
2 , 4 - d i n i t r o p h e n o l  t o  t h e  s a m e  e x t e n t  as  t h e  h e a l t h y  
t i ssues  u-~a. I n  some in s t ances  i t  h a s  also been  d e m o n -  
s t r a t e d  t h a t  ino rgan ic  p h o s p h a t e  a c c u m u l a t e s  d u r i n g  
disease  deve lopmentXL BACHMANN 14, s t u d y i n g  t he  effect  
of fusar ic  acid on  t h e  p e r m e a b i l i t y  of p l a n t  cells, c a m e  to  
t h e  conc lus ion  t h a t  t he  py r id ine  r ing  in t he  fusar ic  acid 
molecule  is r espons ib le  for  t h e  i n h i b i t i o n  of o x i d a t i v e  
p h o s p h o r y l a t i o n  a n d  c o n s e q u e n t l y  t h e  n o n - o s m o t i c  w a t e r  
u p t a k e  m e d i a t e d  b y  t h i s  sys tem.  

W e  h a v e  n o w  been  able  to  d e m o n s t r a t e  t h e  i n h i b i t i o n  of 
o x i d a t i v e  p h o s p h o r y l a t i o n  in  i so la ted  p l a n t  m i t o c h o n d r i a  
b y  fusar ic  acid.  M i t o c h o n d r i a  were i so la ted  f rom b o t h  
t o m a t o  h y p o c o t y l s  g a n d  caul i f lower  b u d s  1~. F o r  t h e  
i so la t ion  of  t o m a t o  m i t o c h o n d r i a ,  sur face  s ter i l ized  seeds  
of B o n n y  B e s t  v a r i e t y  were  g r o w n  on s ter i l ized  Vermicu l i t e  
t r a y s  in  t h e  d a r k  a t  25°C for  four  days .  T h e  e t i o l a t ed  
seedl ings  were  h a r v e s t e d  a n d  t h e  h y p o c o t y l s  s e p a r a t e d  
f rom t h e  c o t y l e d o n s  a n d  t h e  roots .  T h e  chi l led  m a t e r i a l  
was  m a c e r a t e d  a t  2°C a n d  e x t r a c t e d  w i t h  5 vol  of a bu f f e r  
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