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reversed  b y  pressure.  E t h y l e n e  at  12 lb inch -u (80 • 104 nl 
ml -z) s t imula ted  g rowth  jus t  as 100 nl ml  t. Ni t rous  
oxide a t  80 lb inch -2 (ref. 14) was w i thou t  effect  and  the  
appl ica t ion  of 90 a tmosphe res  of pressure  mere ly  caused 
the  usual  g rowth  s t imula t ion .  

In  conclusion i t  seems t h a t  g rowth  6ffects caused in 
p lan t s  by  e thylene  are the  resul t  of a d i f fe rent  mode  of 
ac t ion f rom t h a t  involved in an imal  anaesthesia .  If  
e thy lene  acts  upon m e m b r a n e s  in plants ,  it  seems more  
likely t h a t  it  in te rac t s  wi th  p ro te in  receptors  ~5, ,6 r a the r  
t h a n  wi th  the  whole  lipid phase  of the  m e m b r a n e  ~6, ,v 
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R&umd. Nous avons tent6  d ' inverse r  les effets de 
l '6 thylgne sur la croissance des p lan tes  par  une press ion 
accrue, ainsi  qu ' i l  est  possible de le faire lorsque l%thyl~ne 
agi t  comme anesth6sique chez les an imaux.  Nous n ' avons  
d6couver t  aucun  renversement ,  ce qui impl ique  une 
diff6rence fondamenta le  ent re  la mode  d ' ac t ion  de 
l '6thyl~ne chez les a n i m a u x  et  chez les p lantes .  
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D o p a m i n e  and Noradrenal ine  in the Sal ivary Glands and Brain of the Tick,  Boophilus 
microplus: Effect of Reserpine 

Sal ivary  secret ion has been recognized as the  major  
rou te  of w a t e r  excre t ion  in the  female ca t t le  t ick,  Boo- 
philus microplus 1. The mechan i sm by  which  sa l ivary  
secret ion is control led is therefore  of some in teres t  to those  
concerned wi th  the  des ign of acaricides. Recen t  s tudies  
have  revealed t h a t  the  sal ivary glands of ixodid t icks are 
i nne rva t ed  by  nerves  conta in ing  dense core granules 2. 
I t  is be ing increasingly real ized tha t ,  a l though  cholinergic 
agonists  such as p i locarpine  cause sa l ivary  secret ion in 
t icks ~ and  insects  3, these  agents  act  ind i rec t ly  a 5. I t  has, 
for example ,  been  shown t h a t  while  a n u m b e r  of organo- 
phosphorus  insect icides cause sa l ivary  secret ion in 
t?. microplus, secret ion can be blocked by  p r e - t r e a t m e n t  
w i t h  t he  ca techo lamine-dep le t ing  drug  reserpine  4. Adren-  
ergic agonis ts  are also known  to s t imula te  t ick  sa l ivary  
gland secre t ion bo th  in vivo and  in v i t ro  ~,5. There  is 
now good evidence t h a t  dopamine  is the  t r a n s m i t t e r  a t  a 

Dopamine and noradrenaline in the salivary glands and brain of the 
tick. Effect of reserpine 

SaIivary glands 

Control Reserpinized Decrease (%) 

Dopamine 0.74 4- 0.04 (5) ~ 0.18 (4) b 76 o 
Noradrenaline 0.45 -~ 0.11 (3) 0.07 ~= 0.00 (3) 85 ~ 

Brain 

n u mb er  of insect  sa l ivary glands  a, 6-~. I t  was therefore  of 
in te res t  to ascer ta in  whe the r  a ca techo lamine  was p resen t  
in the  sa l ivary  glands of the  t ick  as well. 

Fed  t icks  (BoophiIus microplus Caneslrini) were 
ob ta ined  f rom the  V~Tellcome Research  Laborator ies ,  
Beckhams tead ,  England .  Reserp in ized  t icks  received 
10 bd of physiological  solut ion conta in ing  10 mg/ml  
reserpine (Sigma Chemical  Co) .  Controls  received 
physiological  solut ion only. Af ter  14 h, sa l ivary glands and 
brains  were dissected out,  weighed and frozen on d ry  ice. 
Tissue f rom at  least  7 t icks  was requi red  for each assay. 
The frozen t issues were t h e n  assayed for dopamine  and 
noradrena l ine  by  an enzymat ic - rad iochemica l  t echn ique  ~0 
in which  bovine  l iver ca techol -o-methyl t ransfe rase  is 
used to cata lyse a l l -me thy l  t r ans fe r  f rom aH-S-adenosyl-  
me th ion ine  to dopamine  and  noradrenal ine .  The 3- 
m e t h o x y t y r a m i n e  and n o r m e t a n e p h r i n e  formed are 
separa ted  f rom the  reac t ion  mi x t u r e  by  organic ex t r ac t ion  
and f rom each other  by  paper  ch roma tography ,  aH-3- 
m e t h o x y t y r a m i n e  and  aH-norme tanephr ine  are e luted 
f rom the  c h r o m a t o g r a m  and the  r ad ioac t iv i ty  de t e rmined  
by  l iquid scint i l la t ion counting.  D o p a m i n  e and  noradren-  
aline are q u a n t i t a t e d  by  compar ison  wi th  s t anda rds  carr ied 
th rough  the  above procedure.  The results  for r i ck ' sa l ivary  
glands and bra in  are summar ized  in t he  Table.  

Sal ivary  glands and bra in  conta in  b o t h  dopamine  and  
noradrenal ine .  D o p ami n e  is the  major  ca techolamine  in 
the  sa l ivary  glands of the  t ick  as in o ther  inver tebra tes ,  

Control Reserpinized Decrease (%) 

Dopamine 0.32 4- 0.05 (4) 0.21 4- 0.11 (3) 34 N.S. 
NoradrenaIine 0.36 -L 0.21 (4) 0.22 ~: 0.04 (3) 39 N.S. 

Values shown are means ({zg/g 4- S.E.M., number of determinations 
in brackets) of determinations on salivary glands from at least 
7 ticks, b 2 of the 4 determinations were below the detection level of 
the assay (0.11 b~g/g). ~ p < 0.05; N.S., not significant. 
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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 . ,  
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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-. 


