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Stat i s t ica l  eva lua t ion  was  made  by  S t u d e n t ' s  t-test .  
Results. As is shown in the  Table,  whole blood sero tonin  

of no rma l  blood a m o u n t e d  to  110-142 ng/ml.  Nega t ive  
ionizat ion reduced  these values  to 84-89 ng/ml,  whereas  
posi t ive  ionizat ion raised t h e m  to 194-197 ng/ml.  Blood 
f rac t ionaf ion  in to  plasma,  e ry th rocy te s  and  t h r o m b o c y t e s  
showed a similar  t r end  in all 3 b lood cons t i tuen ts .  Blood 
p lasma  conta ined  40-47 ng /ml  sero tonin ;  nega t ive  ioniza- 
t ion  reduced  these values to 21-23 ng/ml,  while posi t ive  
ionizat ion raised t h e m  to 70-83 ng/ml.  The e ry th rocy t e  
suspension con ta ined  56-69 ng/ml  sero tonin ;  negat ive  
ionizat ion reduced these  values to 29-37 ng/ml ,  while 
posi t ive  ionizat ion increased t h e m  to 103-110 ng/ml.  
The t h r o m b o c y t e  suspension con ta ined  only  10-20 ng /ml  
sero tonin ;  nega t ive  ionizat ion reduced  these  values  to  
5 ng/ml,  whereas  posi t ive  ionizat ion increased t h e m  to 
28-34 ng/ml .  

Discussion. The expe r imen t s  d e m o n s t r a t e  the  pro-  
pens i ty  of posi t ive  ions to cause sero tonin  release f rom the  
blood and t h a t  of nega t ive  ions to  suppress  such release 
in vitro.  Thus  the  t heo ry  of tile 'Kruege r  Ef fec t '  has  been  
well proved.  Krueger  h imsel f  showed in vivo t h a t  big 
concen t ra t ions  of posi t ive  ions raised sero tonin  blood 
levels in mice, while h igh  concen t ra t ions  of negat ive  ions 
lowered t h e m  7. 

These resul ts  also indicate  t h a t  dur ing  the  separa t ion  
of t h e  t h r o m b o c y t e s  f rom the  e ry th rocy t e s  p a r t  of t h e m  
decayed  and released the i r  serotonin.  In  order  to  s t u d y  
the  disposal of th is  serotonin,  we carr ied ou t  the  experi-  
men t s  l is ted in the  Table  w i th  siliconized blood f rac t ions  
of plasma,  e ry th rocy te s  and  t h r o m b o c y t e s ;  fu r the rmore  
wi th  non-si l iconized syringes and Pe t r i  dishes Oil full 
blood. In  the  former  set-up,  pos i t ive  air ionizat ion in- 
creased sero tonin  in the  t h r o m b o c y t e  f rac t ion  only. In  the  
l a t t e r  set-up,  microscopic inspect ion  showed comple te  
decay  of the  t h r o m b o c y t e s  which  had  released the i r  

serotonin.  This  was t aken  up b y  the  p lasma (20-30%) and  
the  e ry th rocy te s  (70-80%);  in o ther  words,  ill the  ab-  
sence of t h rombocy te s ,  sero tonin  t r a n s p o r t  is t aken  over  
by  the  e ry th rocy tes ,  a p h e n o m e n o n  no t  duly  apprec ia ted  
unt i l  now. The decrease in sero tonin  levels af ter  nega t ive  
ionizat ion in vi t ro  is p ro b ab l y  due to its no rmal  break-  
down  b y  monoamine  oxydase  I2. However ,  in v ivo 
serotonin  can also be conver ted  to 5 -hydroxyindole  acetic 
acid (5-HIAA) by  the  cy toch rome  oxidase  sys tem,  as 
shown by  KRUEGXR and  SMITH 3. The mechan i sms  of th is  
b r eakdown  are now s tud ied  by  us in vivo and  in v i t ro  b y  
apply ing  special enzyme inhibi tors .  
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Initial T r a n s d e t e r m i n a t i o n  in the First Leg Discs  of Different Drosophila Species  1 

E. HADORN 2, 3 

Zoologisches Insti tut  der Universitiit Zi~rich, I4i~mtlergasse 76, CH-8006 Zi~rich (Switzerland), 12 January  1976. 

Summary .  In i t ia l  t r a n s d e t e r m i n a t i o n  leads f rom la tera l  and  medial  halves  of male f i rs t  leg imaginal  discs a lmos t  
exclus ively  to  s t ruc tu res  of t he  base and the  spread  (blade) of the  wing. Mesono tum never  appeared.  The f requency  of 
t r a n s d e t e r m i n a t i o n  is species-specific and  mos t  p robab ly  cel l -autonomous.  Medial halves  t r ansde t e rmine  more  fre- 
quen t ly  t h a n  lateral  halves.  U n d e r  t he  influence of an equiva len t  a m o u n t  of b l a s t ema  g rowth  D. nigromelanica t rans -  
de te rmine  wi th  a m u c h  h igher  f requency  t h a n  D. virilis. 

Tramdetermination can be def ined as a change  of the  
de t e rmined  s t a te  of cells to  a d i f ferent  s ta te  f rom which  
t h e y  will in i t ia te  a p a t h w a y  of d i f fe ren t ia t ion  t h a t  leads 
to  s t ruc tures  t h a t  no longer cor respond  to  t he  init ial  s t a t e  
of de te rmina t ion .  

T r a n s d e t e r m i n a t i o n  was discovered in b las temas  of 
larval  imaginal  discs t h a t  were first  cu l tured  in t he  ab-  
domen  of adul t  females  4. In  th is  m e d i u m  no di f ferent ia t ion  
b u t  an extens ive  prol i fera t ion occurs. In  order  to  f ind ou t  
w h e t h e r  the  de t e rmined  s ta te  r emained  stable,  t e s t  pieces 
of the  prol i fera ted  b las temas  were t r a n s p l a n t e d  back  into 
me t amorphos ing  larval  hosts .  W i t h  th is  m e t h o d  we found 
t h a t  there  exis ts  for each disc a given p robab i l i t y  for the  
even t  and the  di rect ion of t r ansde te rmina t ionS-% Af te r  
an initial transdetermination event, which would for 
example  lead in Drosophila melanogaster f rom geni tal  
b las temas  to  leg s t ruc tures ,  changes  of second and  th i rd  

order  could lead to  wing or head  and  t h e n  to  the  n o t u m  
of t h e  meso thorax .  T ransde t e rmina t ion  of h igher  orders  
seems to occur only in cultures which have been trans- 
ferred twice or many times from one adult host to another. 
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Table  I. Frequencies  and  directions of ini t ial  t r ansde te rmina t ions  
in la tera l  (L) and  medial(3:[) ha lves  of male  first leg discs af te r  14 
days  of cul tur ing in v ivo  

Series Tests  Direction 
N u m b e r  N t r  = % b sp b + s p  p 

l n n L  50 11 22% 3 6 2 - 
2 n n M  48 16 33% 6 8 2 - 
1 + 2 98 27 27% 9 14 4 - 

3 n m L 74 26 35% 4 15 7 - 
4 n m M  70 29 41% 4 10 10 - 
3 + 4 144 55 38% 13 25 17 - 

1 + 2 + 3 + 4  242 82 34% 22 39 21 - 

5 v v L 96 10 10% 5 4 1 - 
6 v v 3/[ 114 16 14% 9 6 - 1 
5 + 6 210 26 12% 14 10 1 1 

7 v m L  92 10 11% 3 5 2 
8 v m M 91 15 17% 9 3 3 - 
7 + 8 183 25 14% 12 8 5 - 

5 + 6 + 7 + 8  393 51 13% 26 18 6 1 

9 n v L  64 18 28% 6 5 7 2 
l O n v M  72 27 38% 9 6 12 - 
9 + 10 136 45 33% 15 11 19 2 

11 v n L 61 6 10% 4 2 - - 
12 v n iV[ 70 13 19% 11 2 - - 
11 + 12 131 19 14% 15 4 - - 

13 m a m a  L 16 1 6% - 1 - - 
14 m a m a  M 27 7 26% - 4 3 - 
13 + 14 43 8 19% - 5 3 - 

15 m a  m L 25 3 12% - 2 1 - 
16 m a  m M 26 5 19% - 3 2 - 
15 + 16 51 8 16% - 5 3 - 

1 3 + 1 4 + 1 5 + 1 6  94 16 17% - 10 6 - 

1 7 f m L  21 2 10% 2 - - - 
1 8 f m M  15 5 33% 4 1 - - 

17 + 18 36 7 19% 6 1 - - 

N, n u m b e r  of tes t  implan t s ;  t r  and  %, n u m b e r  and  % of tes t  im- 
plants  in which t r ansde t e rmina t ion  occurred.  Direct ion to base (b), 
spread (sp), base and  spread (b + sp) and  palpus  (p). Species used 
in the  series 1-16 : D.  n igromeIanica  = n;  D .  viril is = v ;  D.  maur i t ia -  
ne  = m a ;  D . / u n e b r i s  = f; D.  melanogc~ster = m (only as adul t  hosts). 
The  first symbol  refers to the  species of the tes ted  leg b l a s t ema  (e.g. 
n in series 3) ; the  second symbol  s tands  for the  adul t  host  ill which 
proliferat ion occurred (e.g. m in series 3). 

A case of init ial  t r ansde t e rmina t ion  in a la tera l  half of a leg disc to 

wing (series 9 of Table  I). a) shows the  r a t h e r  smal l  au to typ ic  leg 

p a r t  (L) in contac t  wi th  a huge  allotypic wing, which includes a 

small  a r e a  of the  wing base (WB) besides the m u c h  ex tended  spread 

of the  wing (WS). b) Details of wing a rea  ( indicated in Figure a) 

showing the  bristles of a no rma l  wing border  with double row (DR) 

and  tr iple row (TR). 

Table  I I .  Relat ion be tween  a m o u n t  of g rowth  (G in % of original 
size) and  f requency  of t r ansde t e rmina t i on  (Tr in %) in the  series 
1-8 of Table  I.  

Series N G T r  
(%) (%) 

C T 

1 + 2 n n L  + M 109 99 70,5 27 
3 + 4  n m L + M  128 105 123 38 
5 + 6  v v L + M  133 60 68 12 
7 - t - 8  v m L + M  51 62 117 14 

N, n u m b e r  of measured  b las temas ;  C, controls wi thout  cul tur ing;  
T, tests  a f te r  cul tur ing dur ing  14 days.  
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W e  are howeve r  no t  ce r t a in  w h e t h e r  such  s econda ry  
changes  are a l r eady  possible  in  t h e  f i r s t  t r a n s f e r  genera-  
t ion ,  in  wh ich  t he  b l a s t e m a s  grow for  2 weeks  in t he  a d u l t  
host .  Moreover ,  we need  more  exac t  i n f o r m a t i o n  a b o u t  
t h e  in i t i a l  t r a n s d e t e r m i n a t i o n  occur r ing  in t h e  f i rs t  t r a n s -  
fer  genera t ion .  I n  t i le p r e s e n t  e x p e r i m e n t s  wh ich  deal  
w i t h  b l a s t e m a s  of t h e  f i r s t  leg only,  we t r y  to  answer  the 
fol lowing ques t ions :  a) Can cells of t he  leg disc t r a n s -  
d e t e r m i n e  in to  wing as well  as in to  a n t e n n a l  s t ruc tu re s  
d u r i n g  t he  in i t ia l  t r a n s d e t e r m i n a t i o n  e v e n t ?  Such  a 
poss ib i l i ty  has  been  sugges ted  b y  t he  resu l t s  of ear l ier  
e x p e r i m e n t s  h - t  b) Do d i f fe ren t  p a r t s  of t he  disc t r a n s -  
d e t e r m i n e  in d i f fe ren t  d i rec t ions  a n d  w i t h  d i f fe ren t  
f requencies  ? c) Is t he  f r equency  a n d  d i rec t ion  of t r a n s -  
d e t e r m i n a t i o n  in leg b l a s t e m a s  species-specific, as ha s  
been  found  for l ab ia l  discs 10 ? 

Materials and methods. D u r i n g  t h e  l a s t  few yea r s  we m e t  
serious diff icul t ies  b r i ng ing  t h r o u g h  m e t a m o r p h o s i s  
l a rvae  of Drosophila melanogaster i n to  wh ich  a piece 
cu l tu red  in an  a d u l t  hos t  h a d  been  t r a n s p l a n t e d .  I t  is n o t  
c lear  to  w h a t  an  e x t e n t  a v i rus  in fec t ion  m a y  be  re- 
spons ib le  for t h i s  p rob lem.  Since t he  t r a n s p l a n t a t i o n  of 
b l a s t e m a s  in o the r  species did  n o t  suffer  f rom th i s  
diff icul ty ,  we used for  our  s tud ies  ma le  f i rs t  leg discs of 
Drosophila nigromelanica, D. virilis, D. /unebris a n d  D. 
mauritiana. 

The  discs were  d issec ted  f rom m a t u r e  l a rvae  a n d  
long i tud ina l ly  f r a g m e n t e d  in to  a l a t e ra l  a n d  a med ia l  half .  
These  ha lves  were i m p l a n t e d  in to  a d u l t  hos t s  of t he  same  
or a d i f fe ren t  species, for  wh ich  purpose ,  D. melanogasler 
could be  used  too. Af te r  a cu l tu re  pe r iod  of 14 days  t h e  
en la rged  b l a s t e m a s  were i m p l a n t e d  in to  m a t u r e  l a rva l  
hos t s  of t h e i r  own  species; Some b l a s t e m a s  could be  
i m p l a n t e d  in to to ,  o the r s  h a d  become  too  large a n d  were 
d iv ided  in to  severa l  pieces. The  carr iers  of these  i m p l a n t s  
were  opened  sho r t l y  a f t e r  h a t c h i n g  as adul ts .  All  m e t a -  
m o r p h o s e d  i m p l a n t s  were  s t ud i ed  u n d e r  a d issec t ing  
microscope.  

Since we know t h a t  t r a n s d e t e r m i n a t i o n  is a f unc t i on  
of t h e  e x t e n t  of p ro l i f e ra t ion  7, we m e a s u r e d  t h e  g r o w t h  of 
t he  disc ha lves  in  d i f fe ren t  a d u l t  hos t s  (Table  I I ) .  A 
m e t h o d  p rev ious ly  used in our  l a b o r a t o r y  n was appl ied.  
The  l iv ing  b l a s t e m a s  were compressed  to  a c o n s t a n t  
t h i ckness  b e t w e e n  a slide a n d  a coversl ip.  The  a rea  of t h e  
b l a s t e m a s  was  p ro jec t ed  on to  p a p e r  a n d  measured .  I n  one 
series t he  b l a s t e m a s  were m e a s u r e d  before  cu l tur ing ,  in  
a n o t h e r  series a f t e r  cu l tu r ing .  G r o w t h  is g iven  as a per-  
cen tage  of increase  in a rea  (Table  I I ) .  All  f ly  cu l tu res  were 
k e p t  a t  25 ~ 4- 1 ~ on  s t a n d a r d  Drosophila food. 

Results and discussion. 1. L o n g i t u d i n a l  ha lves  of f i rs t  
leg discs t r a n s d e t e r m i n e d  almost exclusively to wing 
b las temas .  A m o n g  t h e  1033 t e s t  i m p l a n t s  of al l  species 
l i s ted  in Tab le  I were 219 cases of t r a n s d e t e r m i n a t i o n  to  
wing (21.2%) a n d  on ly  3 cases (0.3%) w h i c h  showed  
s t r u c t u r e s  of t h e  pa lpus ,  i.e. d e r i va t i ve s  of t h e  a n t e n n a l  
disc. 

Ear l i e r  s tud ies  on  leg discs of D. melanogaster h a d  also 
revea led  a h i g h  pre fe rence  for t h e  c h a n g e  f r o m  leg to  
w i n g V - t  B u t  t r a n s d e t e r m i n a t i o n  to  a n t e n n a l  s t r u c t u r e s  
was also f o u n d  in a b o u t  10% of t h e  cases. T he  m u c h  lower 
f r equency  obse rved  in our  p r e s e n t  e x p e r i m e n t s  m a y  be  
due  to  t e chn i ca l  dif ferences  in  t h e  e x p e r i m e n t s  or  to  
species differences.  The re  is h o w e v e r  a n o t h e r  poss ib i l i ty  
wh ich  m u s t  be  cons idered  : I t  is possible  t h a t  t he  a n t e n n a l  
s t ruc tures ,  t h o u g h  found  in t e s t  pieces of t he  f i rs t  t ransfe r ,  
h a d  f i r s t  passed  t h r o u g h  a wing  s tage  before  a t r a n s -  
d e t e r m i n a t i o n  of second order  h a d  led to  a n t e n n a  or  
palpus .  Indeed ,  in  two  of t h e  t h r e e  cases w i t h  pa lpus ,  
m e n t i o n e d  above ,  t h e  t r a n s p l a n t s  c o n t a i n e d  wing  p a r t s  
as well  as pa lpus  s t r u c t u r e s ;  u n f o r t u n a t e l y ,  we were  

u n a b l e  to  examine  t he  s is ter  t e s t  piece of t he  t h i r d  case 
since i t  was lost  as a r e su l t  of d e a t h  of t he  hos t  la rva .  

2. I n  all series t he  medial halves (M) t r a n s d e t e r m i n e d  
more/requently than the lateral (L) halves : e v e n - n u m b e r e d  
series versus  a d d - n u m b e r e d  series in  Tab le  I. Th i s  dif- 
ference h a d  also been  obse rved  in e x p e r i m e n t s  w i t h  D. 
melanogaster 12. The  h i g h e r  f r e q u e n c y  in  med ia l  ha lves  
m a y  be  r e l a t ed  to t h e  fac t  t h a t  th i s  region of t he  disc has  a 
d i s t inc t  t e n d e n c y  for  r egene ra t i on  of t he  miss ing  p a r t s  
whereas  t he  l a te ra l  ha lves  p re fe ren t i a l ly  fo rm mi r ro r  image  
dup l i ca t ions  12. 

3. The  t e s t  i m p l a n t s  v e r y  of ten  c o n t a i n e d  on ly  s t ruc-  
tu res  o/ the wing base or only o/ the wing spread. B u t  in 
m a n y  i m p l a n t s  (Figure) both wing  areas  were represen ted .  
I n  m o s t  of t he  series 1-12 (Table  I) all  t h r e e  types  were 
found.  The  lack  of pu re  wing  base  in D. mauritiana (series 
13-16) m a y  n o t  be  s igni f icant .  F r o m  t h e  m a t e r i a l  as a 
whole  we can  conc lude  t h a t  all wing  p a r t s  can  resu l t  f r om 
t r a n s d e t e r m i n e d  f i rs t  leg b l a s t e m a s  regardless  of w h e t h e r  
t h e y  s t e m  f rom la te ra l  or med ia l  ha lves ;  m e s o n o t u m  
( thorax)  was  n e v e r  found.  

4. Each species has its characteristic/requency o/ trans- 
determination. This  was a l r eady  i nd i ca t ed  in e x p e r i m e n t s  
w i t h  lab ia l  discs 10. I n  t he  p r e sen t  e x p e r i m e n t s  t he  h ighes t  
f requencies  were found  for  D. nigromelanica (series 1-4, 
9-10) ; m u c h  lower  f requencies  were t yp i ca l  for D. virilis 
(series 5-8, t1 -12) .  D. mauritiana (series 13-16) a n d  D. 
/unebris (series 17-18) t r a n s d e t e r m i n e d  w i t h  f requencies  
i n t e r m e d i a t e  be tween  those  of nigromelanica a n d  virilis. 
This  las t  s t a t e m e n t  is based,  however ,  on  r a t h e r  smal l  
n u m b e r s  of t e s t  i m p l a n t s  a n d  is the re fo re  p re l imina ry .  
Fo r  f i rs t  leg discs of D. melanogaster a t r a n s d e t e r m i n a t i o n  
f r equency  of 34% has  been  r epo r t ed  s. Th i s  is of t he  same  
order  of m a g n i t u d e  as t he  f r e q u e n c y  in D. nigromelanica. 

5. W i t h i n  a g iven  species t he  f r e q u e n c y  of t r a n s -  
d e t e r m i n a t i o n  is co r re l a t ed  w i t h  t h e  amount o~ growth 7. 
For  D. nigromelaniea and D. virilis pro l i f e ra t ion  was  h i g h e r  
in  adu l t s  of D. melanogasler t h a n  in t h e i r  own  hos t s :  
Tab le  I I ,  series 3 + 4 a n d  7 + 8 versus  1 + 2 a n d  5 + 6. 
Correspondingly ,  we found  h ighe r  f requencies  of t r a n s -  
d e t e r m i n a t i o n  a f t e r  c u l t u r i n g  in  D. melanogastee t h a n  in a 
h o s t  be long ing  to t he  same  species as t he  cu l tu red  b las t e -  
ma.  B u t  such  a n  inf luence  of t he  hos t  seems to  be  of a 
t r i v i a l  q u a n t i t a t i v e  n a t u r e  wh ich  does no t  in te r fe re  w i t h  
t he  species-speci/ic autonomy/or transdetermination in t i le  
cu l tu red  b las temas .  Such  a n  a u t o n o m y  is i nd i ca t ed  w h e n  
series 1 + 2 of t a b l e  I a re  c o m p a r e d  w i t h  series 9 + 10, 
or series 5 + 6 w i t h  series 11 + 12 (Table  I). Moreover ,  
f rom Tab le  I I  follows t h a t  nigromelanica (series 3 + 4) 
t r a n s d e t e r m i n e  w i t h  a m u c h  h ighe r  f r equency  t h a n  
virilis (series 7 + 8) a l t h o u g h  b o t h  b l a s t e m a s  en jo ied  t h e  
same a m o u n t  of g r o w t h  s t i m u l a t i o n  in melanogaster. A 
s imi la r  a u t o n o m y  n o t  d e p e n d e n t  Oil t h e  a m o u n t  of g r o w t h  
was ear l ier  found  for l ab ia l  discs 10. 

6. In  m a n y  cases t he  a l lo typ ic  wing  areas  c o n t a i n  more  
cells t h a n  t h e  a u t o t y p i c  leg s t r u c t u r e s  (Figure).  Since i t  
seems un l ike ly  t h a t  a single wing cell could  h a v e  m u l t i -  
pl ied to  such  a n  ex t en t ,  our  new  f ind ings  s u p p o r t  t h e  
sugges t ion  t h a t  t r a n s d e t e r m i n a t i o n  occurs  s imu l t aneous -  
ly  in groups o~ cells 5, la 
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