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Dur ing  the  3 h of s ta rva t ion ,  the  d i s t r ibu t ion  of radio- 
act ive mater ia l  spread  as the  cell l eng th  increased 
(Figure 3a). A similar  p ic ture  was given by  electron 
microscopic observa t ion  of E. coli 15 T -  undergoing 
t h y m i n e  depr iva t ion  11. Dur ing  recovery,  we observed 
t h a t  the  n u m b e r  of grains migra t ing  towards  the  end of 
the  f i lament  is so small  t h a t  the  presence  of original D N A  
in the  small  cell is uncer ta in  (Figure 3b). Anyway,  af ter  
this  f i rs t  abor t ive  divis ion an ex t ra  cell divis ion is 
needed to genera te  a comple te  l iving cell, suggest ing t h a t  
damage  caused by  t h y m i n e  s t a rva t ion  has been repaired.  

Rdsumd. Dans un milieu d6pourvu de thymine ,  des 
bact6ries (E. coli) exigeant  la t h y m i n e  pour  lent  crois- 
sance s 'a l longent ,  sans qu ' i l  aft  c ependan t  de re la t ion 
directe  ent re  ]a longueur  a t t e in te  et  le t aux  de mortal i t6.  
Toutes  les cellules don t  la synthbse  d ' A D N  reprend  aprbs 
addi t ion  de t h y m i n e  ne d o n n en t  pas ob l iga to i rement  de 
colonies, sugg6rant  ainsi que la mor t  par  carence en 
t h y m i n e  n ' e s t  pas  la cons6quence du blocage d6finitif  de la 
synthbse  d 'ADN.  Pour  cer ta ins  f i laments ,  ce n ' e s t  qu '~  la 
seconde division que se forme une cellule con t enan t  de 
I 'ADN n6oform6 capable  de se mul t ip l ier  ac t ivement .  
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H o m o e S t i c  T r a n s d e t e r m i n a t i o n  Caused  by J u v e n o i d  in Larvae  of Pieris brassicae L.1 

In  the  course of normal  deve lopmen t  of insects,  all ceils 
become 'de te rmined ' ,  i.e. c o m m i t t e d  to form a given 
pa t t e rn ,  organ or pa r t  of it. Dur ing  th is  process  the  cells 
or organs change f rom a stage of h igh morphogene t i c  
potency,  when  t h e y  are still capable  of ' regulat ion ' ,  to 
the  'mosaic '  s ta te  wi th  a na r rowly  res t r ic ted  morphogene t i c  
potency.  De te rmina t ion  takes  place in an order ly  sequence,  
and long before the  growth  and d i f fe ren t ia t ion  processes 
pu t  the  morphogene t i c  p lan into effect, some cells 
be ing de te rmined  at  an early, o thers  at  a later  s tage of 
ontogenesis .  However ,  de t e rmina t i on  is no t  a lways  
absolute.  U n d e r  expe r imen ta l  condit ions,  t r ansde t e r -  
ruinat ion is possible;  i.e. one cell type  can be t r ans fo rmed  
into ano the r  2, 3 A famil iar  example  of t r an sde t e rmin a t i o n  

is homoe6sis  or ' h e t e romorphous '  regenerat ion,  i.e. the  
r ep lacemen t  of an appendage  by  one belonging to  ano the r  
region of the  body,  e.g. regenera t ion  of a leg in the  place 
of a b u r n t  or a m p u t a t e d  antenna4,  ~. As WIGGLESWORTH 6 
po in t s  out, t r a n s d e t e r m i n a t i o n  is a na tu ra l  p h e n o m e n o n  
at  me tamorphos i s  of the  Hemimetabo la ,  when  the  epi- 
dermal  cells lay down a di f ferent  cuticle and  form dif ferent  
s t ruc tures  in the  absence of juveni le  h o rmo n eL  I t  is 
con lmonly  bel ieved t h a t  t he  t r a n s d e t e r m i n a t i o n  of a cell 
consists  in the  ac t iva t ion  of new sets of genes. 

E x p e r i m e n t s  on the  act ion of juvenoids  appl ied topi-  
cally to  last  ins ta r  larvae  of Pieris brc~ssicae have  been 
descr ibed in a recent  publ ica t ion  8. In  the  course of those  
exper imen t s  a large n u m b e r  of t r ea t ed  larvae unde rwen t  
an abor t ive  supe rnumera ry  larval  moult% These insects  
were no t  able to  ecdyse the  old head  capsule proper ly .  
However ,  it  could be r emoved  wi th  forceps. 

The head  appendages  of all individuals  had  more  or less 
d i f fe ren t ia ted  in the  pupa l / adu l t  direction,  as shown in 
Figure  lb .  Though  the  mandib les  had  ma in t a ined  the i r  
larval  character ,  the  an t en n ae  were much  longer t h a n  
the  larval  an t ennae  and of d i f ferent  shape  (compare wi th  
Figure  la).  The mos t  charac ter i s t ic  fea ture  of these  
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Fig. 1. a) Head and mouth parts of normal 5th instar larva of Pieris 
brassicae, b) Same of abnormal 6th instar larva with large maxillae 
(long galeae and relatively large laciniae and palpi) and elongated 
antennae. Magnification in a) and b) is the same. AN, antennae; 
GA, galea; LA, laeinia; LB, labium; LR, labrum; MD, mandible; 
MP, maxillary pMpus; MX, maxilla; ST, stemmata (larval eyes). 
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insects,  however ,  were t he  e longa ted  galeae of t he  maxi l lae .  
Since in t he  n o r m a l  a d u l t  t he  galae fo rm t h e  proboscis ,  
t he  s t rong  e longa t ion  of the  galeae in 6 th  i n s t a r  l a rvae  
m u s t  be  r ega rded  as a d e v e l o p m e n t  in  t he  d i rec t ion  of 
proboscis  d i f fe ren t ia t ion .  I t  is i n t e r e s t i ng  to  no te  t h a t  th i s  
d e v e l o p m e n t a l  t r e n d  of t he  galeae could in no  case be  
ful ly  suppressed  d u r i n g  Ls /L  6 m o u l t s  of Pieris, no t  even  
w h e n  h i g h  doses of j uveno ids  were app l ied  a t  a v e r y  
ear ly  s tage  (dur ing  or sho r t l y  before  t he  p reced ing  L4/L 5 
moul t )  no r  w h e n  t he  h e a d  capsule  was shed  no rma l ly .  
Thus  per fec t  L6 of Pieris h a v e  n e v e r  been  ob ta ined .  T h e y  
all d ied  of s t a rva t ion ,  because  t h e i r  a b n o r m a l l y  shaped  
max i l l ae  p r e v e n t e d  p r o p e r  feeding.  

A n u m b e r  of t he  L 6 who could no t  get  r id  of t h e  old 
head  capsules  showed,  a t  t he  ex t r emi t i e s  of t he  galeae, 
heav i ly  sclerot ized mand ib l e - l i ke  s t r u c t u r e s  (Figure  2). 
T h u s  the  appendages  of t he  m a x i l l a r y  s egmen t  h a d  pro-  
duced  s t ruc tu re s  wh ich  n o r m a l l y  are r e s t r i c t ed  to t h e  
m a n d i b u l a r  segment .  Th i s  p h e n o m e n o n  m u s t  be  r ega rded  

as a case of homoe6s i s  a n d  involves  t r a n s d e t e r m i n a t i o n  
of t h e  cells s i t u a t e d  in t h e  ap ica l  region of t h e  galeae. I t  
ind ica tes  t h a t  t h e  j u v e n o i d  Ro 20-3600, if app l ied  a t  t he  
r i g h t  t i m e  a n d  in p rope r  concen t r a t i on ,  can  a c t i v a t e  t he  
genes respons ib le  for m a n d i b u l a r  d i f f e r en t i a t i on  in cells in 
wh ich  these  genes n o r m a l l y  would n e v e r  be  ac t i va t ed .  

I t  is p r o b a b l e  t h a t  t h e  effect  is n o t  specific for Ro 
20-3600, b u t  t h a t  t h e  ap p l i c a t i o n  of t h e  j u v e n o i d  leads 
to  an  a b n o r m a l  s t a t e  of r e l a t ive ly  h igh  c o n c e n t r a t i o n  of 
juven i l e  hormone .  Il l  n o r m a l  ontogenesis ,  t h e  t i t e r  
of juven i l e  h o r m o n e  becomes  low in t h e  5 th  l a rva l  ins tar .  
U n d e r  th i s  cond i t ion  t h e  m a n d i b l e s  d i s in t eg ra t e  an d  t he  
maxi l lae ,  especial ly  t h e  galeae, e longa te  d u r i n g  t h e  n e x t  
m o u l t i n g  process. T h e  l a rvae  w i t h  abo r t i ve  L J L  6 eedysis  
d e m o n s t r a t e  t h a t  i t  is easy  to  p r e v e n t  t h e  loss of t he  
mand ib les ,  an d  t h a t  i t  is d i f f icul t  to  p r e v e n t  t h e  p u p a l  
o u t g r o w t h  of t h e  galeae b y  t h e  top ica l ly  app l ied  juveno id .  
Th i s  m a y  ind ica te  t h a t  a r e l a t ive ly  low t i t e r  ot juven i l e  
h o r m o n e  is suff ic ient  to  m a i n t a i n  t h e  f o r m a t i o n  of 
m a n d i b u l a r  s t ruc tures ,  b u t  t h a t  a h i g h  t i t e r  of t he  
h o r m o n e  is needed  in las t  i n s t a r  l a rvae  in order  to  l n a i n t a i n  
t h e  l a rva l  c h a r a c t e r  of t h e  max i l l ae  d u r i n g  a f u r t h e r  
moul t .  I n  t h e  few ind iv idua l s  in wh ich  t h e  d i f f e ren t i a t ion  
of m a n d i b u l a r  s t ruc tu re s  on  the  max i l l ae  h a d  been  induced,  
the  j u v e n o i d  was obv ious ly  p r e s en t  in  an  i n t e r m e d i a t e  
concen t r a t i on ,  i.e. a c o n c e n t r a t i o n  h igh  e n o u g h  to 
m a i n t a i n  m a n d i b u l a r  s t ruc tures ,  b u t  n o t  h i g h  enough  
ful ly to  p r e v e n t  d i f f e r en t i a t i on  of t h e  galeae in p u p a l  
di rect ion,  ye t  suf f ic ien t ly  h i g h  to  induce  t h e  genes in  t he  
cells of t h e  ap ica l  region of t h e  galeae to fu rn i sh  t h e  
i n fo rma t i o n  needed  to  p roduce  s t rong ly  sclerot ized 
organs  of mand ib l e - l i ke  shape.  Th i s  p r o b a b l y  ind ica tes  
t h a t  juven i le  hormone ,  if a c t ing  d u r i n g  a per iod  in wh ich  i t  
would n o r m a l l y  be  a b s e n t  or p r e s en t  a t  a lower t i te r ,  c a n  
a c t i v a t e  ce r t a in  genes wh ich  would  n o t  become  ac t ive  
in n o r m a l  d e v e l o p m e n t  an d  t h a t  a specific t i t e r  of 
juven i le  h o r m o n e  is crucial  for t h e  rea l i za t ion  of each  s tep  
an d  each s tage of d i f fe ren t ia t ion .  

Zusammen/assung. Topica le  B e h a n d l u n g  des l e t z t en  
L a r v e n s t a d i u m s  v o n  Pieris brassicae n i t  e inem J u v e n o i d  1 
e rg ib t  Raupen ,  die eine a b o r t i v e  zusXtzliche La rvenh / iu -  
t u n g  zu m L 6 d u r c h m a c h e n ,  wobei  sie die a l te  Kopfkapse l  
n i c h t  abs t r e i f en  k6nnen ,  well  die A n t e n n e n  u n d  besonders  
die Galeae der  Maxi l len  s t a r k  ve r l~nge r t  werden.  I n  
e in igen I n d i v i d u e n  w u r d e n  an  den  E n d e n  der  Galeae  
m a n d i b e l a r t i g e  S t r u k t u r e n  ausdi f ferenzier t .  Es  wird  
a n g e n o m m e n ,  dass  diese h o m6 o t i s ch e  T r a n s d e t e r m i n a t i o n  
der  ap ica len  Galeazel len  d u r c h  den  a b n o r m e n ,  in te r -  
medi / i ren  J u v e n i l h o r m o n s p i e g e l  b e w i r k t  wurde.  
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Fig. 2. Two examples of L 6 similar to the one shown in Figure lb, but 
with less strongly developed galeae bearing mandible-like structures 
at their extremities. Same symbols as in Figure 1. 
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The Mode of Act ion of Four Anthe lmint i c s  

F r o m  pha rmaco log ica l  e x p e r i m e n t s  w i t h  i so la ted  tissue, 
VAN NEUTE~ 1 conc luded  t h a t  t he  b r o a d  s p e c t r u m  
a n t h e l m i n t i c  l evamiso le  (1-2, 3, 5, 6 - t e t r ahyd ro -6 -p h en y l -  
imidazo[2,  l -b]  th i azo le  hydroch lor ide)  causes  c o n t r a c t i o n  
of m a m m a l i a n  muscle  b y  n e r v e  gangl ion  s t imu la t ion .  He 
sugges ted  t h a t  t h e  c o n t r a c t i o n  of dscaris lumbricoides 
caused  b y  levamiso le  could also be due to gangl ion  
s t i m u l a t i o n  as t he  c o n t r a c t i o n  was less p ronounced ,  b u t  

n o t  inh ib i t ed ,  in  t h e  presence  of h e x a m e t h o n i u m ,  a n d  
because  i t  h a s  been  r epo r t ed  t h a t  l evamiso le  causes  a 
r educed  m e m b r a n e  p o t e n t i a l  of A. lumbricoides muscle  
cell bell ies ~. 
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