
EXPERIENTIA 25/8 Specialia 811 

i n h i b i t e d ;  w h e n  I A A  was added  a f t e r  t he  anae rob i c  
per iod  more  of t h e  endogenous ly  fo rmed  l a c t a t e  was  used 
up  b y  t h e  nuc leus  t h a n  in t h e  con t ro l s  w i t h o u t  IAA.  

F r o m  the  ave rage  of t he  3 e x p e r i m e n t s  repor ted ,  we 
m a y  conc lude  t h a t  18% of t h e  t o t a l  endogenous ly  fo rmed  
l a c t a t e  was  used up  in t he  aerobic  per iod  a n d  28% w h e n  
also I A A  was added.  I n  t h e  l a s t  c o l u m n  of t he  Tab le  i t  
is shown  t h a t  w h e n  A T P  c o n t e n t  of f resh nucle i  i s  t a k e n  
as 100%, t h e  r e syn thes i s  of A T P  a f t e r  anae rob i c  t r ea t -  
m e n t  r e ached  a level  of 69%.  Th i s  pe rcen t age  is in  agree- 
m e n t  w i t h  t he  r e s y n t h e t i c  c apac i t y  of A T P  in r a t  t h y m u s  
nucle i  as p u b l i s h e d  b y  B~TEL a n d  KLOUWEN ~. T he  addi -  
t i on  of 0.050 m ~ I  i odoace t a t e  d id  no t  inf luence  t he  resyn-  
thes i s  of A T P  v e r y  much .  H i g h e r  a m o u n t s  of i odoace ta t e  
t h a n  1 m M  gave  a c lear  a n d  r ap id  decrease  of A T P  
con ten t .  

The  poss ib i l i ty  exis ts  t h a t  t he  i n h i b i t i o n  of r e sp i ra t ion  
a n d  A T P  syn thes i s  b y  h ighe r  a m o u n t s  of i odoace t a t e  as 
found  b y  o t h e r  i nves t i ga to r s  ~-~2 is no t  caused  b y  t h e  
i n h i b i t i o n  of g l y c e r a l d e h y d e p h o s p h a t e  dehydrogenase .  I t  
is k n o w n  t h a t  i odoace t a t e  is n o t  a comple t e ly  specific 
inh ib i to r ,  n o t  even  for  c o m p o u n d s  w i th  su l fhydry l  
groups  l~. 

I t  is c lear  f rom own e x p e r i m e n t s  and  f rom those  re- 
p o r t e d  b y  o t h e r  workers  t h a t  glycolysis  is i nvo lved  in 

nuc lea r  ox ida t i ve  phospho ry l a t i on .  A s t r i c t  dependence ,  
however ,  as is sugges ted  b y  McEw~z~n ,  c a n n o t  be  con-  
s idered as es tab l i shed ,  s ince i t  is poss ible  to  i n h i b i t  
glycolysis  b y  a low c o n c e n t r a t i o n  of i 0doace ta t e  (0.050 m M )  
whi le  oxygen  u p t a k e  a n d  A T P  syn thes i s  are h a r d l y  
d imin i shed  is. 

Rdsumd. Les exp6r iences  pr6sent6es  m o n t r e n t  qu ' i l  est  
possible  d ' i n h i b e r  au m a x i m u m  la glycolyse des n o y a u x  
isol6s du  t h y m u s  de ra t ,  sans  in f luencer  la r e sp i r a t ion  et  
la syn th~se  d ' A T P .  El les  sugggren t  a ins i  que, dans  ces 
noyaux ,  la p h o s p h o r y l a t i o n  o x y d a t i v e  ne  d @ e n d  pas  
fo rc6ment  de la glycolyse. 
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Induction of Morphological Aberrations by Enzyme Inhibition in Drosophila melanogaster 

I n d u c t i o n  of morpho log ica l  a b e r r a t i o n s  b y  base  analo-  
gues is r epo r t ed  in Drosophila a n d  in Ephestia. I t  was  
conc luded  t h a t  these  a b e r r a t i o n s  were p r o b a b l y  a con-  
sequence  of soma t i c  m u t a t i o n  fol lowing t he  i n c o r p o r a t i o n  
of t h e  ana logues  in  D N A  1, ~. W e  shal l  r e p o r t  on  abe r r a -  
t ions  i nduced  in Drosophila melanogaster b y  5-fluoro-2- 
d e o x y u r i d i n e  ( F U d R )  a n d  p r o b a b l y  caused  b y  e n z y m e  
inh ib i t ion .  

The  flies were r ea red  in 1/81 c r e a m  bo t t l e s  w i t h  33 ml  
of a s t a n d a r d  food m e d i u m  (1000 ml  water ,  19 g agar,  
54 g suga r  a n d  16 g dr ied  yeast ) .  

I n  5 d i f f e ren t  wild  s tocks  (Argeles, Rivers ide ,  Gron in -  
gen 3, G r o n i n g e n  67 a n d  Pacif ic)  F U d R  induced  t he  fol- 
lowing a b n o r m a l i t i e s  in  h i g h  f r equency :  increase  of 
scu te l la r  a n d  do r socen t r a l  b r i s t le  n u m b e r  a n d  incis ions 
of t h e  wingborde r .  O t h e r  a b e r r a t i o n s  wh ich  a p p e a r e d  in 
lower  f r e q u e n c y  were :  5 th  ve in  i n t e r r u p t i o n ,  sma l l  r ough  
eyes, leg m a l f o r m a t i o n s  a n d  increase  of s t e rnop l eu ra l  
c h a e t a e  n u m b e r .  

I n  T a b l e  I t he  effect  of severa l  c o n c e n t r a t i o n s  of F U d R  
is s h o w n  in  9 ~ of 2 wild  stocks.  I n  th i s  e x p e r i m e n t  a t  
c o n c e n t r a t i o n s  a b o v e  1 mg/1 m o r t a l i t y  increased  con- 
s iderably .  D e v e l o p m e n t  was  a l r eady  r e t a r d e d  a t  t he  
lower concen t r a t i on .  T he  effect  on  d~d~ was s imilar ,  b u t  
t h e  f r equency  of e x t r a  br i s t les  was  lower  and  t he  f r equency  
of wing  no t ches  was h igher .  On  3 of t h e  wi lds tocks  
(Argeles, R ive r s ide  and  G r o n i n g e n  3) c o m p a r a b l e  con- 
c e n t r a t i o n s  of 5-fluorouracil ,  5 -b romourac i l  a n d  azaurac i l  
h a d  no  effect. 

I n  con t ras t ,  t h e  folic acid ana logue  a m i n o p t e r i n  caused  
a s imi la r  s y n d r o m e  of a b n o r m a l i t i e s  (Table  I). Th i s  is in  
a g r e e m e n t  w i t h  resu l t s  of SCHULTZ 3 who  o b t a i n e d  t h e  
same  effect  b y  a d d i n g  a n o t h e r  folic acid ana logue  a m e t h o p -  
ter in .  

I t  has  been  shown  b y  severa l  a u t h o r s  4,5 ill d i f f e ren t  
o rgan i sms  t h a t  F U d R  blocks  t he  syn thes i s  of t h y m i d i n e  
b y  i n h i b i t i o n  of t h y m i d y l a t e  syn the t a se .  T he  folic ac id  
ana logues  i n h i b i t  t h e  e n z y m e  d ihydrofo l ic  acid r educ t a se  
a n d  p r e v e n t  t h e  syn thes i s  o f , t e t r ahydro fo l i c  acid s. T e t r a -  

hydrofo l ic  acid is a cofac tor  of t h y m i d y l a t e  synthe taseT.  
So, b o t h  a m i n o p t e r i n  a n d  F U d R  affec t  t h e  s ame  s tep  in  
t h e  syn thes i s  of t h y m i d i n e .  I f  t h i s  causes  t h e  a b n o r m a l -  
i t ies in  Drosophila, i t  m u s t  be  expec t ed  t h a t  a d d i t i o n  of 
folic acid and  t h y m i d i n e  will p r e v e n t  t h e  effect  of aminop -  
ter in ,  and  t h y m i d i n e  t he  effect  of F U d R .  Resu l t s  of such  
a n  e x p e r i m e n t  are in  a g r e e m e n t  w i t h  th i s  h y p o t h e s i s  
(Table  II) .  P r e l i m i n a r y  resul t s  of e x p e r i m e n t s  in  wh ich  
t he  flies were rea red  on  chemica l ly  def ined  s ter i le  m e d i a  
sugges t  t h a t  also folic acid def ic iency causes  t he  appea r -  
ance  of e x t r a  br is t les .  

The  conclus ion  seems jus t i f ied  t h a t  F U d R  causes  
morpholog ica l  a b e r r a t i o n s  b y  i n h i b i t i o n  of a n  e n z y m e  
(p robab ly  t h y m i d y l a t e  syn the t a se )  for  t h y m i d i n e  syn-  
thes is  a n d  no t  b y  i n c o r p o r a t i o n  of th i s  ana logue  in D N A  
or RNA.  

I t  seems poss ible  t h a t  RIZKI's resu l t s  i can  be  exp la ined  
in t he  s ame  way.  W h e n  he  a d d e d  5 -b romo-2 -deoxyur id ine  
(BUdR)  and  5-f luorouraci l  (FU) s epa ra t e ly  he  d id  no t  f ind  
a n y  effect. B u t  B U d R  a n d  F U  a d d e d  t o g e t h e r  caused  
a b n o r m a l i t i e s  viz. s u p e r n u m a r y  bris t les .  H e  suggests  t h a t  
F U  causes  a t h y m i d i n e  deficiency,  t h e n  B U d R  would  be  
i nco rpo ra t ed  in D N A  a n d  would  cause  soma t i c  m u t a t i o n .  
However ,  ev idence  o b t a i n e d  on  m a m m a l i a n  cells s sug- 
gests  t he  poss ib i l i ty  t h a t  p a r t i t i o n  of B U d R  could supp ly  
t he  2 - d e o x y r i b o s e - t - p h o s p h a t e  necessa ry  for conve r s ion  
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of  F I J  in  F U d R .  Th i s ,  t h e n ,  w o u l d  r e s u l t  in  i n h i b i t i o n  
of t h y m i d y l a t e  s y n t h e t a s e .  

A n  i m p o r t a n t  p r o b l e m  is h o w  a m i n o p t e r i n  a n d  F U d R  
c a u s e  s i m u l t a n e o u s l y  e x t r a  b r i s t l e s ,  n o t c h i n g  o f  t h e  w i n g -  
b o r d e r  a n d  r o u g h  eyes .  T h e  n o r m a l  d i f f e r e n t i a t i o n  of  
t h e s e  o r g a n s  d e p e n d s  v e r y  m u c h  o n  t h e  o r d e r e d  o r i e n t a -  

t i o n  a n d  t h e  r a t e  o f  m i t o t i c  d i v i s i o n s  9 - n .  I3o th  a m i n o p -  
t e r i n  a n d  F U d R  r e t a r d  m i t o t i c  d i v i s i o n s  ~2,1a. M o r e o v e r ,  
BERTSCIIMANN 1r f o u n d  t h a t  n i t r o g e n  m u s t a r d ,  w h i c h  is  
a lso  a s t r o n g  i n h i b i t o r  o f  cell  d i v i s i o n  xS, c a u s e s  t h e  s a m e  
k i n d  of  a b n o r m a l i t i e s  as  a m i n o p t e r i n  a n d  F U d R .  T h e r e -  
fore,  i t  s e e m s  p o s s i b l e  t h a t  t h e  a b n o r m a l i t i e s  c a u s e d  b y  
a m i n o p t e r i n  a n d  F U d R  a r e  a c o n s e q u e n c e  of  d i s t u r b a n c e  
of  t h e  n o r m a l  p a t t e r n  of  cel l  d i v i s i o n .  

I n d u c t i o n  of  m o r p h o l o g i c a l  a b e r r a t i o n s  (o f t en  p h e n o -  
cop i e s  o f  m u t a n t s )  in  Drosophila c a n  b e  a c h i e v e d  b y  a 
v a r i e t y  of  e n v i r o n m e n t a l  m a n i p u l a t i o n s ,  e .g.  t e m p e r a t u r e  
s h o c k s  a n d  al l  k i n d s  of t e r a t o g e n i c  a g e n t s ~ - ~ s .  O f t e n  t h e  
p e r c e n t a g e  of  a n i m a l s  a f f e c t e d  is r a t h e r  l ow  a n d  t h e  
r e s u l t s  a r e  d i f f e r e n t  in  d i f f e r e n t  s t o c k s ,  b o t h  in  t e r m s  of  
f r e q u e n c y  a n d  t y p e s  of  a b n o r m a l i t i e s .  I n  o u r  e x p e r i m e n t  
a m i n o p t e r i n  a n d  F U d R  s h o w  a v e r y  spec i f i c  a c t i o n :  t h e  
s a m e  s y n d r o m e  is f o u n d  i n  w i l d  s t o c k s  of  d i f f e r e n t  o r ig in .  
H o w e v e r ,  t h i s  m u s t  be  e x p e c t e d  in  v i e w  of  t h e  a c t i o n  
o n  spec i f i c  e n z y m e s ,  w h i c h  c a n  o n l y  be  c o m p a r e d  w i t h  
t h e  a c t i o n  of  m u t a n t  genes .  A n t i m e t a b o l i t e s  w h i c h  i n h i b i t  
spec i f i c  e n z y m e s  a r e  in  f a c t  t h e  idea l  p h e n o c o p y i n g  a g e n t s  
a n d  wil l  b e  u s e f u l  t oo l s  in  e l u c i d a t i o n  o f  t h e  r e l a t i o n  
b e t w e e n  d i f f e r e n c e s  o n  t h e  g e n i e  l eve l  a n d  t h e i r  e f fec t .  

The n u m b e r  o f  s c u t e l l a r  a n d  d o r s o c c n t r a l  b r i s t l e s  i n  
Drosophila h a s  b e e n  u s e d  as  a q u a n t i t a t i v e  c h a r a c t e r  in  
n u m e r o u s  s e l e c t i o n  e x p e r i m e n t s  ~9-2~. T h e  g e n e t i c  v a r i a -  
b i l i t y  for  t h i s  m o r p h o l o g i c a l  c h a r a c t e r ,  r e v e a l e d  b y  t h e  
l a r g e  s e l e c t i o n  r e s p o n s e s ,  m u s t  be  b a s e d  o n  m o l e c u l a r  
v a r i a b i l i t y  viz .  v a r i a b i l i t y  in  t h e  a m o u n t  or  a c t i v i t y  o f  
e n z y m e s .  T h e  c o n n e c t i o n  b e t w e e n  m o l e c u l a r  v a r i a b i l i t y  
a n d  g e n e t i c  v a r i a b i l i t y  i n  q u a n t i t a t i v e  m o r p h o l o g i c a l  
c h a r a c t e r s  is a c e n t r a l  p r o b l e m  in  p o p u l a t i o n  g e n e t i c s .  
U n t i l  now ,  t h e  h o p e  t o  e s t a b l i s h  t h i s  c o n n e c t i o n  h a d  t o  
r e l y  on  a g r a d u a l  i n c r e a s e  in  o v e r l a p  o f  g e n e s  r e s p o n s i b l e  
for  q u a n t i t a t i v e  v a r i a t i o n  w i t h  g e n e s  c a u s i n g  i s o e n z y m i c  
v a r i a t i o n  ~3. I f  o u r  i n t e r p r e t a t i o n  o f  t h e  a c t i o n  of  a m i n o p -  

Table I. The effect of different concentrations of fluorodeoxyuridine 
(FUdR) and aminopterin (A) in ~ of D. melanogaster 

Stock FUdR rag/1 0.0 0.5 1.0 2.0 3.0 4.0 
Pacific No. 252 195 225 74 44 52 

sc. br. % 6.35 29.23 36.00 5.41 36.37 46.15 
mean sc. br. 4.07 4.37 4.59 4.09 4.4i 4.63 
notch % 0.00 0.51 2.67 2.71 18.19 7.69 

Gronin- No. 295 241 243 25 12 57 
gen67 se. br. % 0.00 12.03 22.63 8.00 8.33 66.67 

mean sc. br. 4.00 4.i6 4.35 4.12 4.85 5.11 
notch % 0.00 3.73 6.58 4.00 33.33 50.88 

Stock A ing/1 0.0 1.0 2.5 5.0 7.5 10.0 
Pacific No. 189 140 97 131 52 95 

se. br. % 6.87 4.0.00 54.64 80.91 88.46 89.47 
mean so. br. 4.04 4.63 4.91 6.30 7.19 6.89 
notch % 0.00 0.00 12.86 10.00 48.00 30.00 

The FUdR figures are averages of 3 cultures, each stocked with 
200 eggs. The aruinopterin figures are averages of 3 cultures in which 
flies had lakt an unknown nulnber of eggs. No., number  of flies 
scored; so. br. %, percentage of flies with more than the normal 
number  of 4 scutellar bristles; mean so. br., the mean number  of 
scutellar bristles per fly; notch %, percentage of flies with notches 
along the wingborder. 

t e r i n  a n d  F U d R  b y  i n h i b i t i o n  of  e n z y m e s  is co r r ec t ,  t h i s  
k i n d  of  s u b s t a n c e s  c a n  b e  u s e f u l  fo r  a s y s t e m a t i c  a p -  
p r o a c h  to  t h i s  p r o b l e m .  "When b y  i n h i b i t i o n  of  a n  e n z y m e  
a c h a n g e  o c c u r s  o f  a q u a n t i t a t i v e  c h a r a c t e r ,  i t  s e e m s  
p r o b a b l e  t h a t  a c h a n g e  of  t h e  g e n e  p r o d u c i n g  t h e  e n z y m e  
c o n c e r n e d ,  c a n  c a u s e  a s i m i l a r  c h a n g e .  T h e n ,  i t  wi l l  b e  
w o r t h  wh i l e  to  l ook  for  i s o e n z y m e s  a n d  t h e i r  r e l a t i o n  to  
t h e  q u a n t i t a t i v e  c h a r a c t e r  c o n c e r n e d  0-~. 

Table II. The effect of fluorodeoxyuridine (FUdR), aminopterin (A), 
thymidine (T) and folic acid (F) in $0 of the Groningen 67 wildstock 

No. se. br. d. br. Notch 
% % % 

Control 253 0.40 0.00 0.00 
FUdR 1 179 1.12 1.12 1.12 
FUdR 2 137 0.73 11.76 20.44 
A 2 144 60.42 93.06 27.08 
T 2000 198 0.00 1.52 0.00 
FUdR 1 + T 1000 227 0.00 0.00 1.32 
FUdR 1 + T 2000 191 0.00 0.00 2.62 
FUdR 2 + T 1000 230 0.43 0.00 0.87 
FUdR 2 + T 2000 197 0.00 0.51 0.51 
A 2 -i- T 1000 206 4.85 6.80 0.00 
A 2 + T 2000 231 0.43 2.60 0.00 
A 2 - F 5 226 3.10 4.42 1.77 
A 2 - 1" 100 222 0.90 0.45 0.45 

Concentrations in mg/1. Figures arc averages of 
culture was stocked with 200 eggs. Aberrations 
percentage of individuals showing increase of 
(so. br.), increase of dorsocentral bristles (d. br.) 
the wingborder. 

3 cultures. Each 
are given as the 
scutellar bristles 
or notches along 

Zusammenfassung. Z u s a t z  z u m  F u t t e r  y o n  Drosophila 
melanogaster v o n  5 - F l u n r o - 2 - d e o x y u r i d i n  o d e r  A m i n o p t -  
e r i n  i n d u z i e r t  i iberz~ihl ige S k u t e l l a r -  u n d  D o r s o z e n t r a l -  
b o r s t e n  sowie  g e k e r b t e  Fl i igel .  D i e se  M o d i f i k a t i o n e n  w u r -  
d e n  a l s  K o n s e q u e n z  y o n  E n z y m h e m m u n g  i n t e r p r e t i e r t .  
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