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Regress ion  ana lys i s  ind ica tes  t h a t  log cell vo lume  is 
l inea r ly  r e l a t ed  to  log nuc lea r  v o l u m e  a n d  t h e  slope of t he  
l ine ( +  0.990) is no t  s ign i f i can t ly  d i f fe ren t  f rom + 1 . 0  
(p = 0.78) (Figure).  The  d a t a  of BAETCI~E et  al. ~ r e l a t i ng  
nuc lea r  v o l u m e  to  D N A  c o n t e n t  f i t  a para l le l  regress ion 
l ine (Figure).  

Nuc l ea r  a n d  cell vo lumes  were  d e t e r m i n e d  for  4 
a d d i t i o n a l  species, a g y m n o s p e r m ,  a s u b s h r u b b y  angio-  
spe rm a n d  two p t e r i d ophy t e s .  The  same  N V / C V  correla-  
t i on  was observed ,  e x t e n d i n g  t h e  d a t a  i n to  a f o u r t h  o rder  
of m a g n i t u d e  for  b o t h  p a r a m e t e r s .  Th i s  would  sugges t  
t h a t  t he  obse rved  r e l a t i onsh ip  p r o b a b l y  ho lds  for p l a n t  
g roups  o t h e r  t h a n  t he  he rbaceous  angiosperms.  

Fac to r s  o t h e r  t h a n  D N A  c o n t e n t  such  as age of t h e  
mer i s t em,  loca t ion  of t he  m e r i s t e m  on t he  pIant ,  degree of 
h y d r a t i o n ,  t i m e  of year ,  phys io logica l  a c t i v i t y  of the  
t issue, a n d  n u t r i t i o n a l  s t a t e  of t he  p l a n t  are  k n o w n  to  
inf luence  c h r o m o s o m e  size a n d  nuc lea r  volume=O, 2~-~7 
The  cy tonuc l ea r  r a t io  var ies  a m o n g  t issues  of t he  same  
p l a n t  ~s-a0 m a y  change  d u r i n g  cell' e longa t ion  a n d  differ- 
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Relationship between nuclear volume and cell volume in apical 
meristems of 14 herbaceous angiosperms. Numbered points corre- 
spond to data in the Table. Dashed line represents correlation be- 
tween nuclear volume and DNA content per cell as reported by 
BAETCKE et al. ~~ 

e n t i a t i o n  2s-30, a n d  is in f luenced  b y  physiological ,  genet ic  
a n d  e n v i r o n m e n t a l  fac tors  31. H e n c e  t he  s imple  re la t ion-  
ship  shown  above  for t he  two size p a r a m e t e r s  and  D N A  
c o n t e n t  m a y  no t  a lways  hold  for  d i f f e r en t i a t ed  cells. 

A l inear  r e l a t ionsh ip  also exis ts  in  diploid p l a n t s  be- 
tween  nuc lea r  v o l u m e  a n d  mi to t i c  cycle t i m e  a2, be tween  
D N A  c o n t e n t  pe r  cell a n d  mi to t i c  cycle t i m e  a=-a4 a n d  
be tween  D N A  c o n t e n t  a n d  t he  d u r a t i o n  of meiosis~L 
BENNET as r e p o r t e d  a r e l a t ionsh ip  b e t w e e n  D N A  c o n t e n t  
a n d  m i n i m u m  gene ra t i on  t i m e  in he rbaceous  ang iosperms .  
S tudies  os nuc lea r  p a r a m e t e r s  and  cell size in  r e l a t i on  to  
g r o w t h  fo rm a n d  ecological a d a p t a t i o n s  a p p e a r  to  be  a 
p romis ing  a p p r o a c h  to a b e t t e r  u n d e r s t a n d i n g  of t he  
e v o l u t i o n a r y  s ignif icance of t he  wide v a r i a t i o n  in D N A  
c o n t e n t  pe r  cell a m o n g  h igher  p lan ts .  

Rdsumd. Les vo lumes  cel lulaires et  nucl6aires  de 14 
esp&ces herbac6es  d ' a n g i o s p e r m e  ou t  &6 mesur6s  dans  les 
m6r is t~mes  apicaux.  P o u r  un  acc ro i s semen t  de 100 lois, 
le v o l u m e  cellulaire es t  d i r e c t e m e n t  p r o p o r t i o n n e l  au 
vo lume  nucl6aire  et, sur  une  6chelle d o u b l e m e n t  loga- 
r i t hmique ,  d o n n e  une  r6gression l in6aire  de p e n t e  ~quiva-  
len te  g + 1 .  
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E n h a n c e m e n t  of E t h y l e m e t h a n e  Sul fonate -Induced  Mutat ion Frequency  in Drosophila by 
D i m e t h y l  Su lphox ide  

D i m e t h y l  su lphox ide  (DMSO) is a dipolar ,  ap ro t i c  
s u b s t a n c e  1, possess ing  a h i g h  die lectr ic  c o n s t a n t  s (3.9), 
wh ich  m a k e s  t h i s  r e ag en t  a n  exce l len t  so lven t  for m o s t  of 
t he  inorganic  and  organic  c o m p o u n d s L  JACOB et  al. 4, ~ re- 
p o r t e d  a h igh  p e n e t r a b i l i t y  of D M S O  t h r o u g h  biological  
m e m b r a n e s .  O t h e r  i nves t i ga to r s  also d e m o n s t r a t e d  t h a t  
in biological  sys t ems  D M S O  is a v e r y  good ca r r i e r  for  
drugs*-S, e lec t ro ly tes  as well  as non-e lec t ro lytes~,  po l a r  
a n d  poIar izab le  molecules  i0. I t s  role ha s  been  sugges ted  to  
be  to  e n h a n c e  t h e  p e n e t r a b i l i t y  for  dyes  11 bac te r ioc ides  i~, 
n u t r i e n t s  13 a n d  also to  t r a n s f o r m  a c t i v i t y  of p o l y o m a  vi- 

rus ii. It has been shown to be a useful carrier for chemical 
m u t a g e n s  15; 16 and  colchinc ine  z: in  p lan t s .  ALEXANDER 18 

did  no t  obse rve  a n y  i n d u c t i o n  of m u t a t i o n s  in  Drosophila 
b y  DMSO alone. 

The  p r e sen t  i nves t i ga t i ons  were u n d e r t a k e n  to s t u d y  t h e  
c o m b i n e d  t r e a t m e n t  of DMSO a n d  e t h y l e m e t h a n e  sul- 
p h o n a t e  (EMS) on m u t a t i o n  r a t e  in  Drosophila melano- 
gader. Male flies of Oregon  K s t r a ins  were g iven  in t r a -  
a b d o m i n a l  i n j ec t ion  of 1% DMSO,  0115% E M S  in 0 . 7 N  
sal ine so lu t ion  and  0 .15% E M S  so lu t ion  m a d e  in 1% solu- 
t i on  of DMSO.  Flies in j ec ted  w i t h  0 . 7 N  sal ine so lu t ion  
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s e r v e d  a s  con t ro l .  A f t e r  24 h f o l l o w i n g  t h e  i n j e c t i o n ,  e a c h  
m a l e  w a s  c r o s s e d  w i t h  3 v i r g i n  M ul l e r -5  f e m a l e s .  O n l y  t h e  
e g g s  l a id  w i t h i n  t h e  f i r s t  3 d a y s  a f t e r  m a t i n g  we re  u s e d  for  
d e t e r m i n i n g  t h e  r a t e  of  s e x - l i n k e d  r e c e s s i v e  l e t h a l s .  A l l  ex -  
p e r i m e n t s  w e r e  c a r r i e d  o u t  a t  c o n s t a n t  t e m p e r a t u r e  of  
25 -4- I~  

T h e  f r e q u e n c y  of s e x - l i n k e d  r e c e s s i v e  l e t h a l s  is s h o w n  in  
t h e  T a b l e .  T h e s e  d a t a  s h o w  t h a t  e v e n  t h o u g h  D M S O  a l o n e  
is  n o t  c a p a b l e  of  i n d u c i n g  m u t a t i o n s ,  i t  i n c r e a s e d  t h e  
m u t a t i o n  i n d u c t i o n  u p  to  4 6 . 3 %  o v e r  t h e  r a t e  i n d u c e d  b y  
E M S  a lone .  

I t  is i n t e r e s t i n g  t h a t  D M S O  p r o v i d e s  p r o t e c t i o n  a g a i n s t  
r a d i a t i o n  in  p l a n t s  ~ a n d  a n i m a l s  ~0. I t  is a l so  a n  e f f i c i e n t  
c r y o p r o t e c t i v e  s u b s t a n c e  =*. T h e  p o s s i b l e  c a u s e s  for  t h e s e  
p r o p e r t i e s  h a v e  b e e n  i n d i c a t e d  as  h y p o x i a  2~, o s m o t i c  
s h o c k  2a a n d  r e m o v a l  of  w a t e r  s h e a t h  ~ f r o m  b i o p o l y m e r s .  
H o w e v e r ,  s p e c i f i c a l l y  p l a n n e d  e x p e r i m e n t s  h a v e  n o t  con-  
f i n n e d  a d i r e c t  r e l a t i o n s h i p  b e t w e e n  r a d i o p r o t e c t i o n  b y  
D M S O  a n d  o x y g e n  t e n s i o n  2s=~ or  h y p o t h e r m i a  ~s. M o r e -  
ove r ,  if t h e  r a d i o p r o t e c t i v e  a n d  c r y o p r o t e c t i v e  e f f ec t s  we re  
d u e  to  a c t i o n  on  m o l e c u l e s  of  g e n e t i c  s i g n i f i c a n c e ,  D M S O  
w o u l d  d e c r e a s e  a n d  n o t  i n c r e a s e  t h e  e f f e c t i v e n e s s  of  a che -  
m i c a l  m u t a g e n .  T h e r e f o r e  t h e  e n h a n c e m e n t  of  E M S -  
m u t a g e n e c i t y  w o u l d  r e q u i r e  s o m e  o t h e r  e x p l a n a t i o n s .  

I t  is s i g n i f i c a n t ,  in  t h i s  r e s p e c t ,  t h a t  E M S  is n o t  e a s i l y  
m i x a b l e  in  w a t e r  a n d  e v e n  a f t e r  t h o r o u g h  s h a k i n g  i t  
m a k e s  a s u s p e n s i o n  o f  f ine  p a r t i c l e s .  I t  s e e m s  r e a s o n a b l e  
t o  e x p e c t  t h a t  s o l u b i l i t y  of  E M S  is i n c r e a s e d  in  a s o l u t i o n  
o f  D M S O .  S e c o n d l y ,  e v e n  a f t e r  i n t r a - a b d o m i n a l  i n o c u l a -  
t i o n  of  t h e  m u t a g e n i c  s o l u t i o n ,  t h e  c h e m i c a l  h a s  to  p a s s  
t h r o u g h  t h e  b io log i ca l  b a r r i e r s  of  t e s t i s - w a l l  a n d  ce l l -wal l s  
of  m a t u r e  s p e r m a t o z o a .  T h e s e  b a r r i e r s  m a y  be  m a d e  m o r e  
p e r m e a b l e  b y  t h e  d i r e c t  a c t i o n  of  D M S O  Oil t h e  ce l l u l a r  
m e m b r a n e s .  A n o t h e r  p r o p e r t y  of D M S O  is t o  i n h i b i t  t h e  
a c t i v i t y  o f  s e v e r a l  e n z y m e s  l ike  t r y p s i n  ~9, ~0, c h o l i n e s t e r -  
a s e  3~ u r e a s e  a n d  c h y m o t r y p s i n  a2, p h o s p h o m o n o e s t e r a s e ,  
f l - g a l a c t o s i d a s e ,  p e r o x i d a s e ,  c a t a l a s e ,  d e h y d r o g e n a s e  3a, 
a n d  i n c r e a s e s  t h e  a c t i v i t y  of  d e s t r u c t i v e  e n z y m e s  l ike  de-  
o x y r i b u n o c l e a s e  ~ .  D M S O  a lso  a c t i v a t e s  l y s o s o m e s  a~ a n d  
l e a d s  t o  t h e  r e l ea se  of  a c i d  p h o s p h a t s e s  a6. T h e s e  c h a n g e s  a re  
c a u s e d  d u e  t o  c o n f o r m a t i o n a l  c h a n g e s  i n d u c e d  i n  t h e  p r o -  
t e i n  m o l e c u l e s .  T h e  s t r u c t u r a l  c h a n g e s  in  e n z y m e  m o l e -  
cu l e s  l e a d  t o  a l t e r e d  i n t e r a c t i o n  b e t w e e n  s u b s t r a t e  a n d  
a c t i v e  s i t e  of  t h e  e n z y m e  a7 a n d  s i m i l a r  c h a n g e s  in  s t r u c -  
t u r a l  p r o t e i n s  i n c r e a s e  t h e  p e r m e a b i l i t y  of  ce l lu l a r  m e m b r -  
a n e s  as. S i m i l a r  a c t i o n  is  s h o w n  t o  a l t e r  t h e  s e c o n d a r y  
s t r u c t u r e  of  D N A  a n d  R N A  a9 b y  d e n a t u r a t i o n  *~ E M S  is 
k n o w n  to  i n d u c e  m u t a t i o n s  t h r o u g h  a l k y l a t i o n .  KORN- 
~LU~ et al .  ~ h a v e  d e m o n s t r a t e d  that M k y l a t i o n  a t  o x y -  
g e n  a t o m  is  i n c r e a s e d  in  t h e  p r e s e n c e  of D M S O .  

Al l  t h e  a b o v e  f i n d i n g s  m a k e  i t  p o s s i b l e  to  p r o p o s e  t h a t  
D M S O  c a n  f a c i l i t a t e  m u t a t i o n  i n d u c t i o n  b y  c h e m i c a l s  in  
m a n y  w a y s :  i n c r e a s e d  s o l u b i l i t y ,  p e n e t r a t i o n ,  d e n a t u r a -  
t i o n  of  D N A ,  i n h i b i t i n g  r e p a i r a t i v e  e n z y m e s ,  r e l e a s i n g  
d e g r a d a t i v e  e n z y m e s ,  i m p r o v i n g  e f f i c i e n c y  of a l k y l a t i o n  
p r o c e s s .  Al l  t h e  a b o v e - m e n t i o n e d  e f f ec t s  of  D M S O  a re  a l -  
m o s t  c o m p l e t e l y  r e v e r s i b l e .  B u t  in  t h e  p r e s e n t  e x p e r i m e n t  

Frequency of induced sex-linked recessive lethal mutat ions 

Treatment  No. of No. of Mutations 
chromosomes mutations (%) 
analysed 

Control (0.7N saline) 1161 6 0.52 
DMSO (1%) 433 3 0.69 
EMS {0.15%) 652 106 16.25 
DMSO + EMS 656 156 23.78 

D M S O  a n d  E M S  were  a p p l i e d  t o g e t h e r ,  a n d  p e r h a p s  t h e  
i n c r e a s e d  m u t a t i o n  i n d u c t i o n  w a s  b r o u g h t  a b o u t  u n d e r  
t h e  d i r e c t  i n f l u e n c e  o f  D M S O  b e f o r e  i t  c o u l d  be  m e t a -  
b o l i z e d  to  d i m e t h y l  s u l p h i d e  or  d i m e t h y l  s u l p h o n e  41, ~2. 

Zusammenfassung.  Die  m u t a g e n e  W i r k u n g  y o n  A e t h y -  
l e n m e t h a n s u l f o n a t  i n  Drosophila-M~nnchen w i r d  d u r c h  
D M S O  u m  4 6 %  e r h 6 h t .  D M S O  Mle in  k a n n  k e i n e  M u t a t i o n  
i iber  d ie  S p o n t a n r a t e  h i n a u s  i n d u z i e r e n .  
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