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The  pur i f ied  ca rbon ic  a n h y d r a s e  B was immobi l i zed  in 
p o l y a c r y l a m i d e  gel b y  e n t r a p m e n t  process  12. T he  e n z y m e  
was mixed  w i t h  v a r y i n g  a m o u n t s  of monomer ,  c o n t a i n i n g  
5% cross l ink ing  mate r ia l ,  in  0.1 M Tr i s - su lpha te  buffer ,  
p H  7.5. I m m e d i a t e l y  a f t e r  a d d i t i o n  of the  c a t a l y s t  m i x t u r e  
a n d  e n z y m e  p r o t e c t o r  ( N , N , N ' ,  N ' - t e t r a m e t h y l e t h y l e n e -  
d iamine ,  0.005 m l / m l  of gel; a m m o n i u m  pe r su lpha t e ,  
3 m g / m l  of gel; cys te ine  a n d  h i s t id ine  1 m g  e a c h / m l  of 
gel, wh ich  ac t  as t h e  p r o t e c t o r  of t he  e n z y m e  d u r i n g  
p o l y m e r i z a t i o n ;  d issolved in 2.0 ml  of t he  buffer)  t he  
so lu t ion  was poured  in to  t he  r eac t ion  vessel  a n d  poly-  
mer i za t i on  was car r ied  o u t  u n d e r  f luorescent  l igh t  for 
30 m i n  a t  0-5  ~ Af te r  po l ym er i za t i on  the  po l ym er  was 
crushed,  w a s h e d  w i t h  t he  same buffer  a n d  dr ied  in t he  
cold. P r o t e i n  c o n t e n t  of t he  e n z y m e  beads  was e s t i m a t e d  
accord ing  to S p a c k m a n  e t  al. la. T he  assay  of t h e  e n z y m e  
was p e r f o r m e d  b y  d e t e r m i n i n g  i ts  es terase  a c t i v i t y  us ing  
p - n i t r o p h e n y l a c e t a t e  as t h e  s u b s t r a t e  1~. T h e r m o s t a b i l i t y  
of t he  immobi l i zed  e n z y m e  was t e s t ed  as follows : Samples  
of soluble  and  immobi l i zed  enzym es  were p r e i n c u b a t e d  a t  
d i f fe ren t  t e m p e r a t u r e s  f rom 5 ~ to 80 ~ for 90 m i n  pr io r  
to  i n c u b a t i o n  w i t h  p - n i t r o p h e n y l a c e t a t e  a t  25~ for 
10 min .  
Results and discussions. Carbonic  a n h y d r a s e  B m a y  
read i ly  be  pur i f ied  b y  us ing  su lphan i l amide - l i nked  
p o l y a c r y l a m i d e  gel. T he  pur i f i ca t ion  of t he  e n z y m e  was 
n o t e d  b y  c o m p a r i n g  t h e  specific a c t i v i t y  of t he  e n z y m e  

Activity and extent of entrapment of carbonic anhydrase B in 
polyacrylamide gel (average of 2 separate preparations) 

Polymer Added Protein Bound Activity Activity 
(dry wt/100 ml enzyme content enzyme (U/g of (U/rag 
of wet gel) (mg/g of (mg/g of (%) gel) of 

gel) dry gel) bound 
protein) 

15 6.65 4.25 64 35.3 8.3 
20 6.25 4.05 77 43.8 10.8 
25 4.27 2.95 69 24.1 8.2 

1 unit (U) is expressed as ~mole of p-nitrophenol liberated per rain 
at 25 ~ 

before a n d  a f t e r  c h r o m a t o g r a p h i c  pur i f ica t ion .  The  
specific a c t i v i t y  was  increased  f rom 1.2 U / r ag  p ro t e in  t o  
18 U / m g  pro te in .  The  t ab l e  i l l u s t r a t e s  t h e  o p t i m u m  
c o n c e n t r a t i o n  of t he  po lymer  (20%) for t he  e n t r a p m e n t  
process.  A t  th i s  c o n c e n t r a t i o n  of t he  gel, t h e  ' enzyme  
beads '  show o p t i m u m  a c t i v i t y  of t he  enzyme.  P a r t  of 
t h i s  a c t i v i t y  m a y  be  lost  in  t he  process  of po lymer iza t ion .  
The  r ecove ry  of some of the  a c t i v i t y  was found  a f t e r  
add i t i on  of cys te ine  a n d  h i s t i d ine  a t  t he  t i m e  of poly-  
mer iza t ion .  I t  is k n o w n  f rom t h e  3 d imens iona l  s t r u c t u r e  
of the  e n z y m e  t h a t  a n u m b e r  of h i s t id ine  molecules,  in  
t he  s u r r o u n d i n g s  of t he  zinc ion of t he  ac t ive  centre ,  p l a y  
a n  i m p o r t a n t  role in  i ts  a c t i v i t y  15. I t  m a y  so h a p p e n  
t h a t  t he  e x t e r n a l l y  added  h i s t id ine  p ro t ec t s  the  free 
rad ica l  d a m a g e  of t he  enzyme-h i s t i d ine  in t he  process  of 
po lymer iza t ion .  The  va lues  of K m  (5.9 mM for soluble a n d  
5.6 mM for immobi l i zed  enzyme)  and  of p H  o p t i m u m  
(8.0 for soluble a n d  7.7 for immobi l i zed  enzyme)  were 
comparab le .  These  sugges t  t h a t  t he  a f f in i ty  to  t he  s u b -  
s t r a t e  m a y  n o t  be  affected b y  t he  e n t r a p m e n t  process. I t  
was  found  t h a t  2 •  -6 M su lphan i l amide ,  a p o t e n t  
i n h i b i t o r  of t he  enzyme,  h a d  no  i n h i b i t o r y  effect  on t h e  
immobi l i zed  enzyme,  b u t  50% of t he  a c t i v i t y  of t h e  
soluble  e n z y m e  was des t royed  a t  t he  same c o n c e n t r a t i o n  
of t he  inh ib i to r .  A t  t he  c o n c e n t r a t i o n  of 5 •  .4 M 
su lphan i l amide ,  t he  a c t i v i t y  of t h e  soluble e n z y m e  was  
comple t e ly  des t royed ,  b u t  t he  immobi l i zed  e n z y m e  st i l l  
showed 40% of t he  ac t iv i ty .  The  f igure i l lus t ra tes  t h a t  
a b o u t  50% of t he  a c t i v i t y  of t he  immobi l i zed  e n z y m e  was 
m a i n t a i n e d  even  a f t e r  p r e i n c u b a t i o n  a t  80 ~ for 90 min,  
whi le  u n d e r  t he  same cond i t ion  no  a c t i v i t y  of t he  soluble  
e n z y m e  was found.  Thus  t h e  e n t r a p m e n t  process  in 
p o l y a c r y l a m i d e  gel m a y  p r o t e c t  t he  ac t ive  site of t h e  
ca rbonic  a n h y d r a s e  B f rom t h e  effects  of t e m p e r a t u r e  
and  s u l p h a n i l a m i d e  act ion.  
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S t u d i e s  o n  p e r i p h e r a l  n e u r o n s  and  n e u r o h a e m a l  t i s s u e  in t h e  t h o r a x  of  the  s t i c k  i n s e c t  
(Carausius m o r o s u s )  1 
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Summary. The  d i s t r i b u t i o n  of pe r iphe ra l  neu rosec re to ry  a n d  n o n - n e u r o s e c r e t o r y  neurons ,  a n d  t r a n s v e r s e  ne rve  
n e u r o h a e m a I  swellings,  is descr ibed  in t he  t h o r a x  of Carausius morosus. The  electr ical  a c t i v i t y  of t he  i so la ted  t r ansve r se  
ne rves  ha s  been  recorded.  

The  presence  of neu r os ec r e t o r y  a n d  n o n - n e u r o s e c r e t o r y  
n e u r o n s  ly ing  on  p e r i p h e r a l  ne rves  in  insec ts  ha s  now 
been  desc r ibed  in severa l  orders  2-~. The  m o s t  ex tens ive  
s t u d y  of th i s  s y s t e m  has  b e e n  m a d e  in t h e  a b d o m i n a l  
s egmen t s  of t he  s t i ck  insect ,  C~rausius morosus 2, 8. I n  t h i s  
insec t  t h e  2 t ypes  of cells h a v e  a v e r y  d i f fe ren t  morpho l -  
ogy  a n d  u l t r a s t r u c t u r e ,  a n d  c o n s e q u e n t l y  i t  is easy  to  
d i s t i n g u i s h  b e t w e e n  t h e m  us ing  m e t h y l e n e  b lue  s t a in  a. 

In  th i s  p a p e r  we descr ibe  t he  presence  of b o t h  neuro-  
secre tory  a n d  n o n - n e u r o s e c r e t o r y  neu rons  ly ing  on m a j o r  
ne rves  in  t he  t h o r a x  of the  s t i ck  insect ,  as wel l  as neuro -  
h a e m a l  swel l ings w h i c h  occur  on  t h e  l a t e ra l  b r anches  of 
t h e  m e d i a n  n e r v o u s  sys tem.  F i n l a y s o n  and  Osborne  8 h a v e  
shown  t h a t  s p o n t a n e o u s l y  g e n e r a t e d  ac t ion  po t en t i a l s  
can  be  recorded  f rom the  i so la ted  n e u r o h a e m a l  t issue on  
t he  a b d o m i n a l  t r a n s v e r s e  nerves ,  a n d  t h e y  h a v e  suggested  
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Fig. 2. Diagram of the distr ibution of neurosecretory neurons (A), 
non-neurosecretory neurons (| and transverse nerve neurohaemal 
swellings (tns) lying on peripheral nerves in the thorax of the stick 
insect, Carausius morosus, na, nat, na~, rip, Nerves labelled according 
to Marquhardt 's  terminology1~; G1, prothoracic ganglion; G2, 
mesothoracic ganglion; G3 + Abd G1, metathoracie ganglion fused 
with abdominal ganglion 1; Abd G2, abdominal ganglion 2; mn, 
median nerve; SOG, sub-oesophageal ganglion; tn, transverse 
nerve. The left and right sides show examples of the variation in 
absolute position. 

t h a t  t h e  e l e c t r i c a l  a c t i v i t y  o r i g i n a t e s  in  t h e  n e u r o s e c r e t o r y  
e n d i n g s .  S i m i l a r l y ,  e l e c t r i c a l  a c t i v i t y  h a s  b e e n  r e c o r d e d  
f r o m  t h e  n e u r o s e c r e t o r y  a n d  n o n - n e u r o s e c r e t o r y  n e u r o n s  
w h i c h  lie in  t h e  a b d o m e n  9, t0. 
Materials and methods. A d u l t  a n d  l a r v a l  s p e c i m e n s  o f  t h e  
s t i c k  i n s e c t  Carausius morosus were  p r e p a r e d  for  m e t h -  
y l e n e  b l u e  s t a i n i n g  a n d  e l e c t r o n  m i c r o s c o p y  as  p r e v i o u s l y  
d e s c r i b e d 3 .  N e u r o p h y s i o l o g i c a l  r e c o r d i n g s  w e r e  o b t a i n e d  
f r o m  s e m i - i s o l a t e d  or  c o m p l e t e l y  i s o l a t e d  p r e p a r a t i o n s  of  
t h e  m e s o t h o r a c i c  t r a n s v e r s e  n e r v e s  in  s a l i n e  u s i n g  g l a s s  
s u c t i o n  e l e c t r o d e s ,  t h e  s i g n a l s  b e i n g  a m p l i f i e d  a n d  d is -  
p l a y e d  c o n v e n t i o n a l l y .  
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Fig. 2. Transverse section through the neurohaemal organ on the 
mesothoracic transverse nerve of Carausius. 3 types of neurosecre- 
tory axons are present containing either tubulous (T), irregular (I) 
or spherical (S) granules. The neuroseeretory axons are separated 
from the haemolymph space (H) by only a thin layer of basement 
membrane material (BM). Scale bar: 2 [zm. 
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Resu l t s  a n d  d i scuss ion .  T he  d i s t r i b u t i o n  of pe r iphe ra l  
neu rosec r e to ry  and  n o n - n e u r o s e c r e t o r y  cells in t he  t h o r a x  
of the  s t i ck  insec t  is shown  in f igure 1. T he  n o n - n e u r o -  
sec re to ry  m u l t i p o l a r  n e u r o n s  lie superf ic ia l ly  on t he  
p e r i p h e r a l  ne rves  in  fa i r ly  wel l-def ined posi t ions ,  a l t h o u g h  
t h e i r  exac t  pos i t ions  is s ub j ec t  to  i n d i v i d u a l  v a r i a t i o n  
(figure 1). I n  t he  meso-  a n d  m e t a - t h o r a c i c  segments ,  up  to 
6 a n d  11 n o n - n e u r o s e c r e t o r y  neu r ons  r e spec t ive ly  were 
found  in each  ha l f  segment ,  b u t  in t he  m u c h  sho r t e r  
p r o t h o r a c i c  s egmen t  on ly  2 n o n - n e u r o s e c r e t o r y  neu rons  
were found .  I n  p a r t i c u l a r  we h a v e  n o t e d  t h e  presence  of 
n o n - n e u r o s e c r e t o r y  neu r ons  ly ing  on  t he  t r a n s v e r s e  ne rves  
in  t he  meso-  and  m e t a - t h o r a c i c  segments .  S imi la r  neu rons  
h a v e  been  found  on  t he  t r a n s v e r s e  ne rves  in  a b d o m i n a l  
s egmen t s  3-8  3. 
The  neu rosec re to ry  m u l t i p o l a r  neu r ons  lie as a group in  
each  ha l f  s e g m e n t  (figure 1). T h e y  lie on t he  l ink  ne rve  in 
t he  meso tho rac i c  segment ,  b u t  in t he  pro-  a n d  m e t a -  
t ho rac i c  s egmen t s  t h e y  h a v e  m o v e d  on to  ne rves  na  a n d  
naz, as indeed  t h e y  h a v e  done  also in t he  v e r y  r educed  
1st a b d o m i n a l  s e g m e n t  (figure 1). Processes  pass  f r o m  all  
of t he  neu rosec r e t o r y  n e u r o n s  in n u m e r o u s  d i rec t ions  
f rom the  cell bodies  a long a v a r i e t y  of s e g m e n t a l  nerves ,  
inc lud ing  t h e  t r a n s v e r s e  nerves .  
Me thy l ene  blue  p r e p a r a t i o n s  of t he  t h o r a x  also revea l  t he  
ex is tence  of typical ,  pai red,  s egm en t a l l y  a r ranged ,  neuro -  
h a e m a l  swell ings on t he  l a t e ra l  b r a n c h e s  of t he  m e d i a n  
ne rve  ( t r ansve r se  nerve) .  These  swellings lie well  ou t  in  
t he  p e r i p h e r y  a t  t he  j u n c t i o n  w i t h  t he  l ink  n e r v e  (figure 1). 

! ! 

Fig. 3. 'Spontaneously' generated action potentials recorded from 
2 preparations of isolated mesothoracic transverse nerve of Carausius 
in the immediate vicinity of the neurohaemal swelling. Time mark: 
0.5 see. 
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T r a n s v e r s e  n e r v e  n e u r o h a e m a l  swellings (pe r i sympa-  
t h e t i c  organs)  h a v e  p rev ious ly  been  r epo r t ed  a b s e n t  f rom 
the  t h o r a x  of t he  s t i ck  insec t  n and  so c o n f i r m a t i o n  of 
t h e i r  neu rosec re to ry  n a t u r e  was o b t a i n e d  w i t h  t he  elec- 
t r o n  microscope.  F igu re  2 shows p a r t  of a sec t ion  t h r o u g h  
t he  swell ing on t h e  t r a n s v e r s e  n e r v e  of t he  meso thorac i c  
segment ,  a n d  i l lus t ra tes  t yp i ca l  n e u r o h a e m a l  t issue. 
3 t ypes  of neu rosec re to ry  f ibres  m a y  be  recognized b y  
t h e i r  neu rosec re to ry  granules ,  and  these  are t h e  same 3 
t ypes  as are found  in t he  a b d o m i n a l  t r a n s v e r s e  ne rves  2, 3. 
T h e y  are :  spher ical ,  i r r egu la r  a n d  t u b u l o u s  granules .  The  
spher ica l  g ranu les  are  ch rac te r i s t i c  of t he  l ink  n e r v e  
neu rosec re to ry  n e u r o n s  ~ and  conf i rm the  ear l ier  observa-  
t ion  t h a t  these  cells h a v e  processes  pass ing  in to  t h e  
t r a n s v e r s e  nerve .  T h e  i r regu la r  a n d  t u b u l o u s  g ranu les  
arise in axons  be long ing  to neu rosec re to ry  cells found  
inside t he  cen t r a l  ne rvous  s y s t e m  (CNS). 
Record ings  f rom the  i so la ted  n e u r o h a e m a l  swell ings 
showed  s p o n t a n e o u s l y  g e n e r a t e d  ac t ion  p o t e n t i a l s  of 
smal l  a m p l i t u d e  a n d  wide d u r a t i o n  (5-10 msec, f igure 3). 
These  ac t ion  p o t e n t i a l s  c a n n o t  be  r ecorded  f rom the  n e r v e  
excep t  in  t he  i m m e d i a t e  v i c in i ty  of t he  swell ings because  
a t  a d i s t ance  t he  smal l  d i a m e t e r  neu rosec re to ry  axons  lie 
w i t h i n  t he  n e r v e  b u n d l e  r a t h e r  t h a n  superf ic ia l ly  as t h e y  
do a t  t he  swelling. The  resu l t s  are cons i s t en t  w i t h  t he  
hypo thes i s  of F i n l a y s o n  a n d  Osbornea  t h a t  these  ac t ion  
p o t e n t i a l s  are  g e n e r a t e d  b y  t he  neu rosec re to ry  t e rmina l s .  
Record ings  f rom the  meso thorac i c  t r a n s v e r s e  ne rve  nea r  
t he  CN S revea led  t he  ex is tence  of 2 large a m p l i t u d e  ac t ion  
p o t e n t i a l s  of sho r t  d u r a t i o n  (1-2 msec) wh ich  are  p r e sen t  
w h e n  t he  n e r v e  is i so la ted  f rom the  CNS and  also w h e n  i t  
is i so la ted  f rom the  p e r i p h e r y  b y  i ts  d i s ta l  b r a n c h e s  be ing  
severed  nea r  to  t he  spiracles  (figure 4). The  2 ac t ion  
po t en t i a l s  h a v e  s l igh t ly  d i f fe ren t  f requencies  of f i r ing (in 
t he  r ange  of 4 -8  Hz) wh ich  resul t s  in ove r l ap  a n d  con-  
s equen t ly  t he  p r o d u c t i o n  of a bea t i ng  r h y t h m  (figure 4). 
The  p a t t e r n  of f i r ing  m a y  change  w h e n  t h e  ne rve  is 
i so la ted  a t  t h e  pe r iphe ry ,  p r o b a b l y  as a resu l t  of in te r -  
ference w i t h  t he  dendr i tes .  W e  bel ieve t h a t  t h e  2 ac t ion  
p o t e n t i a l s  arise in  axons  f rom the  2 m u l t i p o l a r  neurons ,  
a n d  record ings  w i t h  2 suc t ion  e lec t rodes  revea led  t h a t  
t h e i r  d i rec t ion  of p r o p a g a t i o n  is t o w a r d s  t he  CNS. 
The  t r a n s v e r s e  n e r v e  neu rons  s h o w  no cons i s t en t  response  
to  s t r e t c h i n g  of t he  n e r v e  u p o n  which  t h e y  lie. T h e y  are,  
however ;  sens i t ive  to  m a n i p u l a t i o n s  of t he  spiracles  a n d  
o f t en  cease to  fire a b r u p t l y  w h e n  t he  spiracles  are in te r -  
fered w i t h  mechan ica l ly .  
W e  c a n n o t  s t a t e  f rom our  s tud ies  t he  func t ion  of t h e  
t r a n s v e r s e  ne rve  n e u r o n s  a l t h o u g h  t he  poss ib i l i ty  of t h e i r  
be ing  coupled  p a c e m a k e r s  ex i s t ing  ou t s ide  t he  cen t r a l  
ne rvous  s y s t e m  c a n n o t  be ignored.  W e  do feel i t  necessa ry  
to p o i n t  ou t  t h e i r  exis tence ,  especia l ly  on the  t r a n s v e r s e  
nerves ,  as t h e y  m a y  well  compl ica te  the  i n t e r p r e t a t i o n  of 
neurophys io log ica l  record ings  f rom pe r iphe ra l  nerves .  
The  d i s t r i b u t i o n  of neu rosec re to ry  a n d  non-neurosec re -  
t o r y  neurons ,  and  n e u r o h a e m a l  swell ings in  t he  t h o r a x  is 
essen t ia l ly  v e r y  s imi la r  to  t h a t  r epo r t ed  for t he  abdo-  
m e n  2,~, and  emphas izes  t he  obv ious  i m p o r t a n c e  of such  
a pe r iphe ra l  con t ro l  comp lex  to  t h e  insect .  

11 htl lill~l [It i a | t t i l t d ~ m m l l l  I dndth It I l l  l i l t ]  [ L 

I n m n  

�9 l l III li lillillitillquulqqqil ip i lqUUiiU I t i t  i i] i i-i I 
Fig. 4. 'Spontaneous' activity recorded from three isolated prepara- 
tions of the mesothoracic transverse nerve of Carausius close to 
where, in the intact animal, the transverse nerve joins the median 
nerve. Note the apparent 'beating' rhythm caused by the 2 neurons 
firing with different frequencies: Time mark: 1 sec. 
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