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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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consis t ing of 0.5 M sucrose, 0.066 M phospha t e  and 
0.001 M E D T A ,  p H  7.0. The  homogena te  was centr i fuged 
a t  0°C for 15 rain in a ref r igera ted  centr i fuge a t  500 g. The  
supe rna t an t  was aga in  cent r i fuged for 20 rain a t  18 400 g. 
The  resul t ing pel le t  was washed twice  wi th  cold sucrose 
buffer  and f inal ly  suspended in 1/10 of t he  original  v o l u m e  
of the  buffer  used for ex t rac t ion .  

Resp i ra t ion  was measured  in XYarburg resp i rometers  
and  inorganic  phospha t e  was de te rmined  by  the  m e t h o d  
of FISKE and SUBBAROW Is. Addi t ions  to the  reac t ion  
vessel  and condi t ions  of t he  exper iments  are  g iven in the  
Table.  Hexokinase ,  glucose and fusaric acid were added a t  
zero t ime  f rom the  s ide-arm of the  vessel. 

The  Tab le  shows the  resul ts  of  this  inves t igat ion.  A t  
h igher  concentra t ions ,  fusaric  acid inhibi ts  bo th  the  
oxygen  consumpt ion  and  t h e  coupled phosphoryla t ion ,  
bu t  a t  lower concent ra t ions  the  oxygen  is no t  inhibi ted  a t  
all, a l though  there  is some inhibi t ion of o r thophospha te  
esterif icat ion.  Fusar ic  acid thus  acts as a par t ia l  un- 

• coupler  of ox ida t ive  phosphoryla t ion .  

I t  is no t  cer ta in  h o w  m u c h  of this  p r o p e r t y  of  fusaric 
acid is con t r i bu to ry  to  the  v i v o t o x i c i t y  of  t he  tox in ;  i t  is 
doubt fu l  if i t  has any th ing  to do wi th  the  a u g m e n t e d  
respi ra t ion of the  diseased t o m a t o  p lants  dur ing the  first  
days  a f te r  infection.  This  ini t ial  increase of leaf respi ra t ion 
m a y  be caused by  the  i ron complex  of the  paras i togenic  
tox in  lycomarasmin  s. 

Zusammen/assung. Die FusarinsAure (ein yon  pf lanzen-  
paras i t i schen P i lzen  gebitdetes Toxin)  ve ru r sach t  in Mito-  
chondr ien  eine H e m m u n g  und teilweise E n t k o p p e l u n g  
der  o x y d a t i v e n  Phosphoryl ie rung.  Die Bedeu tung  dieser 
Befunde  ffir die Pa thogenese  pf lanzl icher  Welkekrank-  
he i ten  wird diskut ier t .  
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A Biochemical  Mechanism for the 
Production of Abnormal  Tetrad Ratios 

A b n o r m a l  t e t r ad  rat ios  h a v e  been  m o s t  c lear ly  ob-  
served in Saccharomyces 1,~ and Neurospora s-~. A super-  
ficially s imilar  phenomenon ,  occurr ing  wi th  m u c h  h igher  
f requency,  occurs in Zea mays ~,7. In  Neurospora, w h a t  has 
been observed is a change f rom m u t a n t  to wi ld- type  of a 
gene sect ion (muton) when  a t e t r ad  is p roduced  by  a 
diploid cell  con ta in ing  two  closely-l inked m u t a n t  gene 
sect ions in t he  t rans  conf igurat ion.  The  resu l t an t  t e t r a d  
conta ins  three  m u t a n t  chromosomes  and  a wi ld - type  
ch romosome  wi th  no ch romosome  con ta in ing  b o t h  
m u t a n t  gene sections, as would  be expec ted  if crossover  
accounted  for the  wild- type.  The  f requency  of th is  occur-  
rence is m u c h  larger t h a n  the  back -mu ta t i on  f requency,  
as de te rmined  wi th  asexual  spores, so i t  appears  t h a t  the  
normal  allele is necessary for t he  change to  occur.  There  
has  been, as  far  as  I know, no publ ished t h e o r y  to  accoun t  
for th is  on the  b iochemical  level. 

F u n d a m e n t a l  to  any  such theo ry  is an assumpt ion  
about  the  cha rac te r  of the  mu ta t i ona l  even t  t h a t  can be 
repaired.  One of the  s implest  b iochemical  hypotheses  
would  be  t h a t  the  amine  group of a pur ine  or  pyr imid ine  is 
rep laced  th rough  hydro ly t i c  deamina t ion  by  a h y d r o x y l  
group.  Such a reac t ion  could  be  carr ied o u t  by  ni t rous  
acid  in vitro, as has  been demons t r a t ed  by  SCHUSTER and  
SCHRAMM s. Muta t ions  h a v e  been  produced  by  n i t rous  
acid t r e a t m e n t  of isolated tobacco mosaic  virus*, T ,  
phage 1° and the  D N A  of _Pneumococcus st. An effort  was 
made  in this l abora to ry  to de te rmine  if u l t rav io le t  l ight  
would  also cause deamina t ion .  Solut ions conta in ing  
o.25g/1 adenosine were  i r rad ia ted  wi th  a ' U v i a r e '  u l t ra -  
v io le t  l ight ,  d i lu ted 1/100 in 0.1N HC1 and  ana lyzed  a t  
250, 260, and  270 m~  wi th  a B e c k m a n n  D U  spect rophoto-  
meter .  The  results  are  i l lus t ra ted  in F igure  I. I n  8 N N a O H ,  
considerable  deamina t i on  occurred.  A t  lower pH 's ,  or  
w i th ou t  i r radiat ion,  no deamina t ion  occurred beyond  the  
ini t ial  and prac t ica l ly  ins tan taneous  q u a n t i t y  which can 
be  seen a t  t i m e  'zero '  on the  graph.  I t  seems possible, 
therefore,  t h a t  this  m u t a g e n  m a y  opera te  in pa r t  by  a 
deamina t ion  mechanism.  I t  should be noted,  however ,  
t h a t  there  is no conclusive evidence t h a t  deamina t ion  is 
invo lved  in muta t ion ,  nor  is i t  easy to imagine how such 
evidence  could be obtained.  

Muta t ions  of the  type  pos tu la ted  could be reversed  b y  
rep lacement  of the  hyd roxy l  group by  an amine  group. 
To accord wi th  the  observat ions,  t he  normal  amine  com- 
pound  should be invo lved  in the  react ion.  A s imilar  phe-  
nomenon  migh t  be expec ted  if the  two  bases were  mixed  
in solution.  Fo r  expe r imen ta l  purposes, t he  h y p o x a n t h i n e -  
adenine pair  seemed mos t  appropr ia te ,  since only  one 
hyd roxy l  group was present  and only one p roduc t  would  
be expected .  Mixtures  of adenine and h y p o x a n t h i n e  or  of 
adenosine and  inosine in concen t ra t ions  of 10-500 7 /ml  
were  dissolved in p H  6 buffer  con ta in ing  equ imola r  (I M 
to  5M)  (NH4)~HPO4 and  NH4H~PO 4 and  shaken under  
n i t rogen a t  rOom tempera tu re .  Samples  were  w i thd rawn  
a t  24 h intervals ,  d i lu ted in 0.1 N HC1 or 95 % ethanol ,  and 
analyzed  as before. Typica l  results  are  i l lus t ra ted  in 
F igure  2. U n d e r  these condit ions,  h y p o x a n t h i n e  is con- 
v e t t e d  i r revers ib ly  to adenine and  inosine to  adenosine,  
t he  l a t t e r  reac t ion  being especial ly sensi t ive to  Ov  B o t h  
react ions  appeared  to  be th i rd  order,  depend ing  on the  
concen t ra t ions  of b o t h  pur ines  (or ribosides) and  of 
a m m o n i u m  ion. The  ra te  cons t an t  for the  conversion of 
h y p o x a n t h i n e  to adenine was 1.62 4- 0.69M2/h and for 
the  inosine to adenosine react ion 0.20 4- 0.08/M2h. 

The  mechan i sm proposed for th is  react ion (Fig. 3) is 
the  condensa t ion  of t he  keto form of hypoxan th ine  w i t h  
adenine  to  form a Schiff  base  which is c leaved wi th  t he  
add i t ion  of a m m o n i a  to  give two  molecules of  adenine.  
The  fo rmat ion  of Schiff  bases in the  pyr imid ine  series is 
known ~2 but ,  as far  as I know, there  is no p receden t  for 
add i t ion  of a m m o n i a  thereto.  
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