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b u t  the  presence of n o r a d r e n a l i n e  is i n t e r e s t i ng  as t h i s  
c a t echo l amine  has  n o t  been  d e m o n s t r a t e d  in insect  
sa l iva ry  g lands  9,11. P r e - t r e a t m e n t  of t i cks  w i t h  reserp ine  
resu l ted  in large decreases  in sa l iva ry  g land  d o p a m i n e  and  
no rad rena l i ne  levels whi le  t he re  was no s ign i f ican t  effect  
on c a t e c h o l a m i n e  levels in  t he  b ra in .  These  resul t s  add  
weigh t  for t he  model  for insec t ic ide- induced  sa l iva ry  
secret ion p roposed  earl ier  ~ in  wh ich  chol inergic  agonis ts  
act  ind i rec t ly  to  a c t i v a t e  t he  adrenerg ic  s a l i va ry  g land  
nerves.  I n  th i s  model  reserp ine  ac ts  d i rec t ly  on  t h e  sa l iva ry  
g land  ne rves  to  deple te  t h e m  of t r a n s m i t t e r .  Our  resu l t s  
conf i rm t h a t  reserp ine  g rea t ly  reduces  the  ca t echo lamine -  
c o n t e n t  of t h e  s a l iva ry  glands.  T h u s  a l t h o u g h  t he  lack  
of effect of reserp ine  on  b r a i n  ca t echo lamines  is un-  

11 J .  p .  FRY, C. R. HOUSE a n d  D. F. SHARIVIAN, Bri t .  J .  P h a r m a c o l . ,  
in press. 
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expla ined,  t h e  resul t s  s t rong ly  sugges t  t h a t  c a t echo l amines  
p lay  a role in  t he  r egu la t ion  of sa l iva ry  secre t ion  in the  
ixod id  t icks.  

F u r t h e r m o r e ,  t he  fac t  t h a t  a c a t echo l amine  appea r s  to  
be  t he  t r a n s m i t t e r  a t  t he  s a l iva ry  g lands  of t i cks  as well 
as a t  insec t  s a l i va ry  g lands  a, 8-, suggests  t h a t  ca techol-  
amines  m a y  be  the  t r a n s m i t t e r s  a t  m a n y  a r t h r o p o d  
sa l iva ry  glands.  Since chol inergic  agonis ts  induce  sa l iva ry  
secre t ion  in b o t h  t icks  ~, 4 and  insects  a, t he  basic  n e u r o n a l  
p a t h w a y s  i nvo lved  m a y  also be  s imilar .  F u r t h e r  work  is 
u n d e r w a y  to  a sce r t a in  w h i c h  of t he  ca t echo l amines  is t he  
ac tua l  t r a n s m i t t e r  r egu la t ing  t h e  secre t ion of sal iva.  

Zusammenfassung. D o p a m i n  u n d  N o r a d r e n a l i n  w u r d e n  
,in den  Speicheldr i i sen  u n d  im G e h i r n  der  gef f i t t e r ten  
Zecken Boophilus mieroplus gefunden.  V o r b e h a n d t u n g  
der  ZeckeI1 m i t  Rese rp in  f t ihr t  zu e iner  s t a r k e n  R e d u k t i o n  
dieser  K a t e c h o l a m i n e  in den  Drtisen,  h a t  a b e t  ke inen  
b e d e u t e n d e n  Einf luss  auf  den  D o p a m i n -  oder  Norad-  
r ena l i ngeha l t  im  Gehirn .  
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Morphology and DNA Synthesis of Cells Recovering from Thymineless Death in E. coli K12 

Since its d i scovery  i n  19541, t hym i ne l e s s  d e a t h  in 
t h y m i n e - r e q u i r i n g  bad te r i a  has  been  s tud ied  ex tens ive ly .  
I n  t h e  absence  of t h y m i n e ,  cy top la smic  syn theses  
p roceed  a l t h o u g h  D N A  syn thes i s  has  s topped.  Some 
e x p e r i m e n t s  sugges t  t h a t  t h e  D N A  of s t a r ved  ceils is 
a l te red :  t he  t r a n s f o r m i n g  a c t i v i t y  of B. subtilis D N A  
decreases  du r ing  s t a r v a t i o n  2 a n d  t he  ab i l i t y  of E. coli 
D N A  to serve as a t e m p l a t e  for R N A  po lymerase  is 
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reduced  a. Tl~is m i g h t  be  r e l a t ed  to  ~ n e  changes  in t he  
DNA, such as b r e a k s  in t he  molecules.  Indeed ,  single- 
s t r a n d  b reaks  h a v e  been  found  in r e l a t i on  w i t h  a s t imula -  
t i on  of a nuclease  in E coli undergo ing  t h y m i n e l e s s  
d e a t h  ~. There  is howeve r  no  necessa ry  r e l a t i onsh ip  
be tween  v i a b i l i t y  loss and  D N A  breakage  ~. 

Direc t  o b s e r v a t i o n  of t he  cells shows t h a t  t h e y  grow in 
l e n g t h  du r ing  t h y m i n e  s t a r v a t i o n  a n d  d u r i n g  t h e  pre-  
d iv i s ion  recovery  per iod  6 W e  t h e n  s tud ied  t he  inc idence  
of cell size on  cell su rv iva l  and  we h a v e  obse rved  newly  
syn thes ized  D N A  in  i nd iv idua l  s t a rved  cells a f te r  add i t i on  
of r ad ioac t ive  t h y m i n e  b y  m e a n s  of l igh t  microscope  
a u t o r a d i o g r a p h y .  

Materials and methods. E x p e r i m e n t s  were pe r fo rmed  on 
E. coli nol l lysogenic  Kla T h y - A r g - T h i  -7. Bac t e r i a  were 
inocu la t ed  in  p h o s p h a t e  sa l t  m i n i m a l  m e d i u m  supple-  
m e n t e d  w i t h  t h y m i n e  (2 ag/ml) ,  t h i a m i n e  (1 ~zg/ml) and  
a rg in ine  (30 ~zg/ml). Ceils g rown e x p o n e n t i a l l y  (5 x 107 
cells/ml) were cent r i fuged ,  w a s h e d  and  r e suspended  in 
t he  same m e d i u m  w i t h o u t  t h y m i n e .  Samples  were t a k e n  
a t  d i f fe ren t  t imes  to  d e t e r m i n e  t he  n u m b e r  of v iab le  
bac t e r i a  a n d  to  m a k e  microscopic  obse rva t i ons  of in- 
d iv idua l  cells. Ceils were sp read  on to  comple te  solid 
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Fig. 1. Effect of thymine starvation on viability of E. coli Kxz 
Thy-Arg-Thi-. 
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m e d i u m  in a Pe t r i  dish placed under  the  microscope in a 
37~ room. Observa t ions  were made  every  15 min  to  
follow the  evolut ion  of each ceil. Tr i t i a ted  t h y m i n e  
(20 ~zCi/ml, specific ac t iv i ty  25 Ci /mM) was added  e i ther  
a t  the  t ime  of inocula t ion or af ter  3 h of s ta rva t ion ,  and 
a l iquots  were t aken  for cell f ixa t ion  dur ing  s t a rva t ion  or 
recovery.  The techniques  of l ight  microscope autoradiog-  
r a p h y  descr ibed by  CARO and vAI~ TIJBERGEN 8 were 
followed. I l ford L4  emuls ion was used and  deve lopmen t  
was made  af ter  all 8-day exposure.  P h o t o g r a p h s  were 
t a k e n  at  a f ixed magni f ica t ion  of • 650. 

Results and discussion. The effect  of t h y m i n e  deficiency 
on the  v iab i l i ty  of T h y -  ceils is shown in Figure  1. Af ter  
3 h of s ta rva t ion ,  the  cell v iab i l i ty  decreases by  77%. 
The loss of v iab i l i ty  is accompan ied  by  an increase in the  
cell length.  F i l amen t s  up to 4 t imes  the  size of uns t a rved  
cells were found,  while there  is a decrease in the  n u m b e r  of 
small  cells. We  then  d i s t r ibu ted  the  ceils into 4 classes 
(Table, a). Surviv ing  cells are found  among  each size 
group, bu t  there  is no s t r ic t  corre la t ion be tween  cell 
size and  cell survival  (Table, b). Af te r  2 h of s ta rva t ion ,  
i n t e rmed ia te  l eng th  cells (2c-3c) have  a h igher  percen tage  
of recovery  t h a n  e i ther  long f i laments  or small  cells. 

Cell size and cell survival after thymine starvation of E. coil KI~ 
Thy-Arg-Thi- 

Thymine a) Cells in b) Colony-forlning cells in 
starvation (h) each group (%) each group (%) 

0 c 90 85 
2c 10 90 

2 c 55 55 
2c 27 68 
3c 13 75 
4c 5 60 

3 c 29 17 
2e 38 30 
3e 20 27 
4e 13 13 

4 groups have been distinguished at the time they are plated, accord- 
ing to their length. The unit of length is the size of an unstarved cell, 
c = 3 ~m. 300 bacteria have been observed for each sample. 

Some small  ceils never  divide,  whereas  some f i lamentous  
cells (4c or greater) under t ake  a f irst  division giving rise to 
a non-viable  small  cell and a remain ing  f i l ament  which  
will genera te  a t  the  second division a small  cell which 
mul t ip l ies  actively.  These results  suggest  t h a t  dea th  is no t  
res t r ic ted  to  f i lamentous  cells and can occur even wi thou t  
any  elongation.  

To correlate cell division wi th  synthes is  oI DNA in 
indiv idual  cells, we per fo rmed  au to rad iographs  of 
s ta rved  cells recover ing in t he  presence of t hymine .  
Tr i t i a ted  t h y m i n e  was added  to  unlabel led 3-h-s tarved 
cells dur ing  90 min.  The average n u mb er  of grains was 
7 grains per  labelled cell; 150 out  of 192 cells showed 
grains i.e. 78% of the  popu la t ion  were mak ing  new DNA. 
However ,  the  n u mb er  of viable  cells de t e rmined  in the  
cul ture at  the  t ime  radioac t ive  mater ia l  was added,  was 
23% of its init ial  value. This  indica tes  t h a t  d e a t h  is not  
the  resul t  of a def ini te  block of D N A  synthes is  bu t  t h a t  
cells which  resume D N A  synthes is  do not  a lways recover.  
P a r t  oI th is  resumed synthes is  could be non-conserva t ive  9 
suggest ing a repair  repl icat ion.  

Autorad iographic  grains were found  clustered in the  
center  of the  ceils (Figure 2a). By  the  t ime  of the  f i rs t  
divis ion of one f i lament ,  the  rad ioac t ive  mater ia l  had  no t  
ye t  filled the  f i l ament  and  the  small  cell a t t ached  did not  
conta in  any  grain (Figure 2b). Af ter  fu r ther  incubat ion,  
grains appeared  in e m p t y  regions along the  cell l eng th  
and  the  second division took place, giving grain-covered 
cells (Figure 2c). Au to rad iographs  ex t en d ed  the  di rect  
observa t ion  of the  d iv id ing  f i l ament  : the  cell issued f rom 
the  first  division, which did no t  conta in  any  newly  
synthes ized  DNA, did not  divide. These mini  cell-like 
bac ter ia  1~ migh t  have  some of the  original  DNA. Expo-  
nent ia l ly  grown bacter ia  were exposed to a l l - t hymine  
and washed  free of rad ioac t ive  label dur ing  t h y m i n e  
deficiency. After  3 h of s ta rva t ion ,  cold t h y m i n e  was 
added  to the  medium.  Samples  were r emoved  for auto-  
r ad iog raphy  dur ing  s t a rva t ion  and dur ing  recovery.  

s L. CARO and R. VAN TUBERGEN, J. Ceil biol. 75, 173 (1962). 
9 C. PAIJLI~G and P. C. HANAWALT, Proe. natn. Acad. Sci., USA 5d, 

1728 (1965). 
10 H. I. ADLER, W. D. FISHER, A. COHEN and A. A. HARDIGREE, 

Proc. natn. Acad. Sci., USA 57, 321 (1967}. 

| | 
Fig. 2. Localization of de novo synthesized DNA in cells recovering from thymineless death. Autoradiographs are taken 15 rain (a), 45 min (b) 
and 90 rain (c) after addition of 3H-thymine to 3 h-starved cells. • 3000. 

Fig. 3. Localization of original DNA in cells recovering from thymineless death. Autoradiographs are taken 0 rain (a) and 45 min (b) after 
addition of cold thymine to 3 b-starved cells prelabelled witb all-thymine during exponentiaI growth. • 3000. 
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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 .  

j .  VIDAL, A. PERRELET 12 a n d  N.  SICARD 
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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  

1 Ro 20-3600 = isomere mixture of 6,7-epoxy-3,7-dimethyl-1- 
[3,4-(methylenedioxy)-phenoxy~-2-nonene. The author thanks 
Hoffmann-La Roche Ltd., Basle for a sample of the juvenoid. 

2 E. HADORN, Rev. suisse ZooI. 71, 99 (1964); Devel. Biol. 13, 424 
(1966); Scient. Am. 219, 110 (1968). 
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4 H. PRZlBRAM, Arch. EntwMeeh. Org. 45, 69 (1919}. 
5 L. BRECHER, Arch. mikrosk. Anat. EntwlVfech. 702, 549 (1924). 
6 V. B. WIGGLESWORTH, The Principles o/ Insect Physiology, 7th 

edn. (Chapman and Hall, London 1972). 
"~ V. B. WIGGLESWORTH, Insect Hormones (Olivier and Boyd, 

Edinburgh 1970). 
s G. BENZ, Experientia 29, 1437 (1973}. 
9 For details concerning rearing of insects and application of 

juvenoid the reader is referred to the afore mentioned paper s. 
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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). 


