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Trehalase  f rom the  sa l ivary  glands and midgu t  of S. 
in/erens showed o p t i m u m  ac t iv i ty  a t  50 and 60 ~ re- 
spec t ive ly  (Figure 2) and more  t h a n  half  ac t iv i ty  a t  t em-  
pe ra tu re  35-60 and  45-70 ~ respect ively.  As the  larvae  
were reared  a t  32 ~ at  th is  t empera tu re ,  the  ac t iv i ty  of 
gut  t reha lase  will be only  abou t  40% of the  op t imum.  
Trehalase  f rom Trinervitermes trinervoides ~S and Hodoter- 
rues ~nossambicus ~ showed o p t i m u m  ac t iv i ty  a t  52 ~ 
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Fig 5. The trehalose concentrat ion-trehalase ac t i v i t y  curves of the 
larvae of S. inlerens. 

W i t h  the  increase of incuba t ion  period,  the  q u a n t i t y  of 
end -p roduc t  con t inued  increasing in case of sal ivary gland 
t rehalase,  b u t  in case of m i d g u t  t rehalase  there  was a lmos t  
no increase af ter  abou t  100 min (Figure 3). Ra te  of hydro l -  
ysis of t rehalose  increased wi th  the  increase of concent ra-  
t ion of t rehalase  f rom the  gut  and the  sa l ivary  glands of 
S. in/erens (Figure 4). 

The ac t iv i ty  of the  sa l ivary  glands t rehalase  increased 
as the  concen t ra t ion  of t rehalose  increased, bu t  a f te r  
5.0% trehalose  concen t ra t ion  its ac t iv i ty  became a lmos t  
cons tan t  ; however ,  in case of midgu t  t rehalase the  ac t iv i ty  
cont inued increasing even af ter  5.0% trehalose concen-  
t ra t ion  (Figure 5). 

Dialysis did no t  affect  the  ac t iv i ty  of the  midgu t  t re-  
halase. T r y p t o p h a n  accelerated while all o ther  amino 
acids used inhib i ted  the  ac t iv i ty  of t rehalase  (Table II). 
The ac t iv i ty  of t rehalase  was inhibi ted  even when  the  
concen t ra t ion  of glucose was  as low as 0.50/0 . 

I t  m a y  be concluded t h a t  the  ac t iv i ty  of t rehalase  was 
ve ry  low at  the  t e m p e r a t u r e  a t  which  the  larvae of S. in- 
/erens were reared and a t  the  p H  of the i r  gut,  and its 
ac t iv i ty  was lowered even  b y  as low concent ra t ion  of 
glucose as 0.5%. I t  m a y  be added  t h a t  presence of an 
enzyme in abundance  does no t  mean  t h a t  it  funct ions  
effectively.  
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Summary .  In  s y m p a t h e t i c  ganglia s t imula ted  in the  presence of HC-3, the  reduc t ion  in n u m b e r  of synapt ic  vesicles 
was observed to be accompanied  by  a s ignif icant  decrease of the  ganglionic phospha t idy lcho l ine  content .  

The quan ta l  release of t r a n s m i t t e r  a t  nerve  endings  is 
well es tabl ished physiological ly 2, and the re  is a grea t  
deal  of suggest ive evidence t h a t  its morphologica l  basis 
involves the  packaging  of t he  n e u r o t r a n s m i t t e r  in the  
vesicles seen in t he  e lectron micrographs  of nerve  ter -  
minals  s,4. Concerning the  mechan i sm of the  actual  re- 
lease, cur ren t  hypo theses  favour  a process of exocytosis  
and  p resume  some sor t  of recycling process,  w h e r e b y  
the  vesicle m e m b r a n e  is t r ans i en t ly  incorpora ted  into the  
p lasma  m e m b r a n e  and  is subsequen t ly  made  avai lable 
again for t he  manufac tu re  of more intracel lular  vesi- 
clesS, 6. In  such a sys tem,  the  mater ia ls  composing  the  
vesicle m e m b r a n e  would no t  be lost f rom the  nerve  
ending.  A useful approach  for proving th is  would there-  
fore be to  measure  some cons t i tuen t  subs tance  of t he  
vesicle m e m b r a n e  in the  nerve endings a t  t ime when  the i r  
n u m b e r  was diminished.  Al though  there  is no easily 
measured  m e m b r a n e  c o m p o n e n t  which is specific for 
vesicles, i t  is known t h a t  the  synap t ic  vesicle wall is 
especial ly r ich in phospha t idy lcho l ine  (PC)L We  have  
therefore  designed exper imen t s  to  measure  the  PC in 
s y m p a t h e t i c  ganglia, dur ing condi t ions  when  there  is a 
d r ama t i c  fall in t he  vesicle content .  Our exper iments  
involve the  use of hemichol in ium (HC-3) to interfere  

wi th  the  choline up take  s, coupled wi th  repea ted  s t imula-  
t ion of the  nerve ;  th is  readi ly  produces  a deple t ion of 
vesicle n u m b e r  9 in the  super ior  cervical  ganglion (SCG) 
of the  cat.  

Cats of b o t h  sexes (weighing 1.5 3 kg) were anaes-  
the t i zed  wi th  40 mg/kg pen tobarb i t a l ,  and ganglia of 
e i ther  side were expe r imen ted  on in a va r i e ty  of ways.  
In  the  1st group of animals,  the  ganglion on one side was 
s imply  s t imula ted  t h ro u g h  its pregangl ionic  nerve t r u n k  
for 5 min;  in a 2rid group the  s t imula t ion  was identical ,  
b u t  t he  animals  had  been  previous ly  given 10 mg/kg  
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HC-3 i.v. In  a 3rd group, I-IC-3 was adminis tered ,  bu t  
there  was no s t imula t ion  of the  pregangl ionic  t runk.  
P a r a m e t e r s  of s t imula t ion  were:  f requency  = 20/sec, 
dura t ion  = 1 msec, ampl i tude  : 6 8 V. Contrac t ions  
of the  n ic t i t a t ing  m e m b r a n e  were  recorded  on a kymo-  
graph.  Detai ls  of the  electron microscopic processing 
have  been descr ibed elsewhere 9. The lipids of the  ganglia 
were ex t rac ted  according to  the  m e t h o d  of FOLCH et al. ~~ 
and separa ted  by  two-d imens iona l  th in- layer  ch romatog-  
r a p h y  on silica gel 11. The spots  were char red  wi th  50% 
sulfuric acid and  inorganic phosphorus  was de t e rmined  
by  the  m e t h o d  of KAHOVCOVA and  ODAVlC 12. Resul ts  
were expressed as [zg P/10 mg wet  weight .  The PC con ten t  
and  the  n u m b e r  of synap t ic  vesicles agree to wi th in  a 
few pe rcen t  in the  left and  r igh t  ganglia  of the  same cat ;  
therefore  the  changes  in the  exper imenta l  ganglia (left 
side) are expressed as the  pe rcen tage  of the  un t r ea t ed  
(right side) control .  S ta t i s t ica l  analysis  was  per formed 
by  using the  double  t-test .  Resul ts  of phospha t idy lcho l ine  
de te rmina t ions  in re la t ion to the  changes  of synap t ic  
vesicles are summar ized  in the  Figure.  Electr ic  s t imula-  
t ion  alone did no t  cause signif icant  changes  e i ther  in the  
t ransmiss ion  capac i ty  of in t ragangl ionic  synapses  or in 
the  s t ruc tu re  of mi tochondr i a  and  the  number  of synap t ic  
vesicles (106 • 11% of control  value). No signif icant  
changes  were found in the  PC con t en t  of s t imula ted  
ganglia (94 • 10%). He t e rogen i ty  in size and shape of 
synap t ic  vesic les  however  was readi ly  establ ished.  Fol- 
lowing HC-3 t r e a t m e n t  the  s t ruc tu re  of mi tochondr i a  
remained  normal  and  the  n u m b e r  of synap t i c  vesicles 
va ry  close to  those  of control  side (92 • 40%) while PC 
con t en t  decreased s l ight ly  (91 • 12%). W h e n  the  pre- 
ganglionic t r u n k  was s t imula ted  in the  presence of HC-3 
the  t ransmiss ion  de te r io ra ted  rap id ly  and ceased com- 
ple te ly  wi th in  1-2 min.  Mi tochondr ia  became to a large 
e x t e n t  swollen and considerable  decrease similar to  
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Correlation between the number of synaptie vesicles and the phos- 
phatidylcholine content of superior cervical ganglia. Each column 
represents an average value • SE of the content of synaptie vesicles 
and phosphatidylcholine in the percentage of control. The number 
of independent experiments with different animals is given in pa- 
rentheses. Open eolmnns: synaptic vesicles; hatched columns: 
phosphafidylcholi~le. *The number of synaptic vesicles and the PC 
content in ganglia stimulated in the presence of HC-3 differs signifi- 
cantly from any of the other groups (p<0,02). 

those  found earlier 9 was observed in the  n u m b e r  of syn-  
apt ic  vesicles (18 • 8%). The analysis  of the  ganglionic 
phosphol ip ids  showed a s ignif icant  decrease in phospha -  
t idyI choline con ten t  (69 • 12%). No signif icant  changes  
were found  in the  con ten t  of o ther  phosphol ip ids  in- 
cluding lysophosphat idylchol ine .  I t  should be no ted  t h a t  
m e m b r a n e s  o ther  t h a n  t h a t  of synapt ic  vesicles con ta in  
PC and therefore  its decrease a l though sl ighter  pro-  
po r t iona te ly  t h a n  t h a t  of the  synap t ic  vesicles number ,  
would seem to correlate  w i th  t h a t  change. The fact  t h a t  
apa r t  f rom the  above -men t ioned  changes  in the  pre-  
synap t ic  terminals ,  there  was no o ther  m e m b r a n e  al tera-  
t ion observed  in s t imula ted  and HC-3 t r ea ted  ganglia, 
fu r ther  suppor t s  th is  correlat ion.  

In  th is  exper iment ,  the  decrease in n u m b e r  of synap t ic  
vesicles and  in the  ganglionic PC con ten t  was observed in 
a physiological  s ta te ,  wken  the  up take  of t h e  precursor  
for the  increased acetylchol ine  (ACh) synthes is  was 
blocked by  HC-3. As the  degrada t ion  of PC is shown 1~ 
to lead, among  other  products ,  to the  format ion  of choIine, 
it  is conceivable t h a t  in such c i rcumstances  the  choline 
der ived f rom the  intracel lular ly  available PC m a y  be used 
for suppor t ing  the  ACh synthesis .  The recent  observa-  
t ions of MANN l~ have  p rov ided  evidence in favour  of our  
a ssumpt ion  as to the  exis tence of a PC-choline-ACh pa th -  
way.  I t  was shown t h a t  the  enzyme g lycerophosphoryl -  
choline diesterase,  which  releases choline f rom glyeero- 
phosphorylchol ine ,  can  make  a subs tan t ia l  con t r ibu t ion  
to the  pool of free choline in ra t  brain.  As its subcellular 
d i s t r ibu t ion  was associated wi th  the  nerve  endings,  
s imilarly to t h a t  of choline acetyl t ransferase ,  the  choline 
released was suggested to be util ized for the  ACh syn- 
thesis  in cholinergic neurons.  As the  synap t ic  vesicle 
wall is known  to be rich in PC, the  decrease in n u mb er  
and s t ruc tura l  a l te ra t ion  of synapt ic  vesicles in act ive 
synapses  m a y  be the  result  of the  s t ruc tura l  changes  
which take  place in the  vesicles following the  fall of i ts  
i m p o r t a n t  m e m b r a n e  cons t i tuent .  The exac t  mechan i sm 
whereby  choline def iciency tr iggers the  decomposi t ion  of 
PC from s t ruc tures  in p resynap t i c  nerve  te rmina ls  is un-  
known a t  present ,  b u t  the  effect  of phosphol ipase  A on 
the  s t ruc ture  of synap t ic  vesicle wall and  the  ACh release 
has been  a l ready evidenced 15. I t  is possible t h a t  by  
mobil izing choline f rom its esterif ied form, ACh is pro-  
duced and  stored,  as suggested earlier 16 on the  surface 
of synap t i c  vesicles. 

On the  o ther  hand,  the  impor tance  in normal  t rans -  
mission of the  vesicular  ' bound '  ACh pool has  jus t  been  
published~L Decompos i t ion  of the  wall of synap t ic  
vesicles, observed in our  in vivo exper iments ,  m a y  provide  
higher  permeabi l i ty  for the  acetylchol ine to  be exchanged  
from ' b o u n d '  to  ' f ree '  pooN s upon depolar izat ion.  I t  is 
t emp i n g  to  assume t h a t  dur ing  neurohumora l  t rans -  
mission the  vesicular ACh m a y  be released as a f irst  s tep  
into t he  cy top la sm by  a similar mechan i sm involving the  
above-men t ioned  pe rmeab i l i ty  change. 
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