
15.11. 1977 Specialia 1439 

animals  in which  the  vag ina  opened  on day  32, assumed 
to  be ex t r em e  lower t ime  l imit  charac ter i s t ic  of our  
s t ra in ,  or before t h a t  day,  were considered to  show an 
a d v a n c e d  opening  of the  vagina.  
Results. As can be seen f rom the  figure, i t  is clear t h a t  
a d v a n c e d  opening  of the  vagina,  appear ing  af ter  the  

Mean values for the first litter size of animals belonging to all filial 
generations 

Vaginal opening No. of Litter size Range 
rats (mean 4- SE) 

Advanced 114 7.0 -9 0.2 2-14 
Littermates within 
the normal values 122 7.0 4- 0.2 2-13 
Controls 620 7.0 • 0.1 2-12 

exposure  of F 2 embryos  to  X-rays ,  has  p roved  to be 
(figure, E2) and inher i tab le  p h e n o m e n o n  which  for 7 sub- 
sequen t  generat ions ,  so far s tudied,  showed no signs of 
even gradual  r e tu rn  to  the  s ta te  charac ter i s t ic  of normal  
animals .  Af te r  t he  3rd exposure  (figure, E3) the  mean  
values  for opening  of t he  vagina  shi f ted  for a 2nd t ime  in 
the  same di rec t ion  to  a new pos i t ion  and  the  precoc i ty  
reached  w h a t  appea red  to be its ex t r eme  t ime  limit,  i.e., 
day  19, recorded in 2 animals.  At  the  same t ime,  cases of 
ex t r eme  precoc i ty  of opening  of t he  vag ina  (days 22, 21, 
20, 19) increased in number .  The m e a n  age at  vaginal  
opening of 540 no rma l  rats,  recorded  in our s tock over  a 
per iod of the  last  6 years,  was found to  be 41.5 • 0.9 days,  
ranging f rom 33 to  66 days.  
The b .wt  of ra t s  in which  the  vag ina  opened precociously,  
as would be expected ,  was below normal ,  b u t  wi th  aging 
i t  reached its n o rma l  value.  I t  is wor th  not ing  t h a t  
r epea ted  exposure  to  X- rays  on the  whole  in no w a y  
affected the  reproduc t ive  capac i ty  of animals  wi th  pre-  
coci ty  or the i r  l i t ter  ma tes  (table). 
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Summary. H u m a n  e ry th rocy t e  carbonic  anhydrase  B was purif ied and immobi l ized  in po lyac ry lamide  gel. As compared  
to  t he  soluble enzyme,  the  immobi l ized  enzyme  was cons iderab ly  more  r e s i s t an t  to  h e a t  and su lphani lamide  act ion.  

R e c e n t l y  t he  s t u d y  of the  theore t ica l  and  prac t ica l  
aspec t s  of m a t r i x  bound  enzymes  has gained a lot  of 
in t e res t  2-4. A n u m b e r  of enzymes  and i soenzymes  have  
been  puri f ied by  biospecific a f f in i ty  c h r o m a t o g r a p h y  by  
using d i f ferent  t ypes  of ma t r ixes  a. Because of the  non-  
ava i lab i l i ty  of p reex is t ing  func t iona l  groups,  the  use of 
po lyac ry l amide  gel ma t r i x  has  been  limited~. Fa lkbr ing  
e t  al. ~ pur i f ied  carbonic  anhydra se  B and C by  using 
su lphany lamide - l inked  Sepharose  as the  specific matr ix .  
I t  is k n o w n  t h a t  the  ra te  of the  ca ta ly t ic  react ion of 
e r y t h r o c y t e  carbonic  anhydrase  is h igh af ter  isolat ion 
f rom the  cells. Chang f irs t  no t ed  tha t ,  a f ter  encapsula t ion,  
t h e  enzyme  in ny lon  microcapsules  the  ra te  can be 
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Preincubated temperature 

Effect of heat on soluble and immobilized carbonic anhydrase B 
activity. The soluble and immobilized enzymes were preincubated 
at different temperatures for 90 min prior to incubation at 25~ 
for 10 min. Enzymatic activity was expressed as percentage of the 
respective controls (5~ preincubation for 90 min). O--�9 soluble 
enzyme; Q--O immobilized enzyme. 

ma in t a ined  as h igh  as in t he  i n t ac t  cells 7. The p resen t  
inves t iga t ion  deals  wi th  the  af f in i ty  ch romatograph ic  
pur i f icat ion and  immobi l iza t ion  of carbonic  anhydrase  B 
by  using po lyac ry lamide  gel. 
Materials and methods. P-Ni t ropheny lace t a t e  was pre-  
pa red  by  ace ty la t ion  wi th  acetic a n h y d r i d e  in pyr id ine  
and recrysta l ized f rom dilute alcohol s. Po lyacry lamide  
gel beads  were p repa red  9, pulver ized and  100-200 mesh  
sieved mater ia l s  were used as the  ma t r i x  for a f f in i ty  
ch roma tog raphy .  The beads  were ac t iva t ed  to  acyl azide 
der iva t ive  and  coupled  wi th  su lphan i lamide  at  0-5 ~ for 
30 min.  Par t i a l ly  pur i f ied enzyme was ob ta ined  b y  
e thanol -ch loroform ex t rac t ion  m e t h o d  s and  dia lyzed 
agains t  0.1 M Tr is -su lpha te  buffer,  p H  7.5, pr ior  to  couple 
w i th  su lphani lamide- l inked po lyacry lamide  gel. The 
coupl ing was conduc ted  a t  20~ for 0.5 h and  washed  
w i t h  the  same buffer  unt i l  no pro te in  was de tec ted  in t he  
washings.  Carbonic anhydra se  B was  e luted wi th  buffer  
conta in ing  0.2 M K I  and dialyzed aga ins t  0.05 M Tris- 
su lphate  buffer,  p H  7.5. In  all these  cases, soluble 
pro te in  was e s t ima ted  according to Lowry  et  al. 11 
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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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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  


