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steroids is the  in te res t ing  fea ture  of t he  ganglia.  The  chol- 
esterol  con ten t  dur ing  d e v e l o p m e n t  of the  sensory gangl ia  
shows 2 i m p o r t a n t  steps (Figure 2) : one af ter  8 days  and a 
less p ronounced  increase a f te r  11 days. This  change in the  
synthesis  is mos t  p robab ly  due to the  myel in iza t ion  
process, as has also been shown by  MEDDA and B o s e  5, 
who  repor ted  t h a t  in t he  spinal  cord of  chick embryos  
there  was an  increase of cholesterol  fo rmat ion  up to  8 days  
of  incubat ion.  Compar ing  the  increase of cholesterol  pe r  
gangl ion wi th  t he  increase of prote in/gangl ion,  one ob- 
serves t h a t  cholesterol  increases 30 t imes  and prote in  only  
5 t imes.  This  observa t ion  agrees wi th  the  s t a t e m e n t  of 
FOLcH-PI~ t h a t  dur ing the  myel in iza t ion  process the  pro-  
t e in  con ten t  decreases re la t ive ly  compared  wi th  l ipid 
synthesis .  F u r t h e r  i t  is in te res t ing  to no te  t h a t  the  sum of 
cholesterol  and  sterol- i ike compound  per  p ro te in  remains  
a lmos t  cons t an t  a t  app rox ima te ly  85 x 10-~ dur ing  the  
whole per iod f rom 6 unt i l  14 days. I t  m a y  be possible t ha t  
the  s teroMike compound  is a biological  precursor  of chol- 
esterol,  which u l t ima te ly  takes  the  place of the  unknown  
compound  af ter  a cer ta in  s tage of cellular deve lopmen t  
has  been reached.  Al ready  FUMAGALLI and  PAOLETTI 7 
h a v e  observed  t h a t  dur ing  embryon ic  g rowth  there  is a 
change in the  s teroid  pa t te rn .  However ,  chemica l ly  the  
sterol-l ike compound  does no t  seem to  be a precursor  of 
cholesterol  because this  compound  has an absorp t ion  
m a x i m u m  in the  UV-region a t  286 nm in e thanol  indica t ing  
a r e l a t ive  h igh  s ta te  of insa tura t ion ,  and i t  is lmown in 
s teroid biosynthesis  t h a t  al l  t he  dehydrogena t ion  steps 
occur  Mter  t h e  fo rma t ion  of cholesterol .  Fu r the rmore ,  
o r i en t a t i ve  mass spec t romet r ic  measu remen t s  h a v e  indi- 
ca ted  a molecular  weight  of t he  s teroMike compound  
which coincides wi th  a C2t-steroid. 

I n  t he  case t h a t  t he  sterol-l ike compound  is not  a bio- 
chemical  precursor  of cholesterol,  i t  is diff icul t  to envisage 
i ts  role  in the  myel in iza t ion  process. To  this  observa t ion  
one can  add  the  resul ts  ob ta ined  dur ing  previous  work  1 
showing t h a t  a specific nerve  g rowth  factor  (NGF) 8 has  an 
inh ib i to ry  effect  in v i t ro  on the  synthesis  of this  sterol-l ike 
compound  in 8-day-old chick embryo  sensory ganglia, 

reducing  its q u a n t i t y  of  abou t  25% in a 4 h incuba t ion  
period. 

The  coincidence be tween  the  period, in which the nerve  
cells are responsive to NGF,  which elicits ne rve  fibre out-  
g rowth  be tween  the  s ix th  and t en th  day  of d e v e l o p m e n t  
and the  m a x i m u m  concen t ra t ion  of the  sterol-l ike com- 
pound  in the  gangl ia  be tween  the  e igh th  and n in th  day  
m a y  suggest  a possible re la t ionship  be tween  the  ac t ion  of  
N G F  and the  d isappearance  of t he  sterol- l ike compound  
in the  gangl ia  * 

Riassunto. Sono s ta t i  misura t i  per  v ia  gascromatogra-  
fica i l ivell i  di colesterolo e di un compos to  steroidico a 
s t r u t t u r a  f inora sconosciuta  net  gangli  sensi t ivi  di embr ione  
di pollo di  6 fino a 14 giorni  di  eth, I r i su l ta t i  o t t e n u t i  
mos t rano  che du ran te  lo sv i luppo lo s teroide a s t r u t t u r a  
sconosciuta  ha  una  mass ima  concent raz ione  a 8-9 giorni 
pe r  pot  decrescere f ino a 14 giorni, men t re  il colesterolo 
presenta  una  t ip ica  cu rva  di accresc imento  ad S con due 
pun t i  di Ilesso, uno a 8 ed uno a 11 giorni.  
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fl-Fructofuranosidase Activity in Pea Seeds 

D o r m a n t  seeds of Leguminosae  con ta in  a large a m o u n t  
of reserve ol igosaccharides of the  raff inose fami ly  which 
are hydro lyzed  in the  first  phases of germinat ion .  E n z y m e s  
responsible  for the i r  split t ing, f l -fructofuranosidase (fl-D- 
f ruc tofuranos ide  - f ruc tohydrolase  3.2.1.26) 1-3 and ~- 
galactosidase,  were  found in d o r m a n t  seeds and  the i r  
ac t iv i t ies  increased dur ing germinat ion .  I n  Phaseolus 
vulgaris, 2 types  of f l -fructofuranosidase were found X,2: 
in d o r m a n t  seeds, alkaline ~-fructofuranosidase wi th  a p H  
o p t i m u m  at  7.7 was present  only, while dur ing  germina-  
t ion the  ac t i v i t y  of acid  f l-fructofuranosidase wi th  pFI 
o p t i m u m  a t  5.0 increased. I n  d o r m a n t  Vicia [aba seeds 
t h e  a lkal ine  f l-fructofuranosidase was  found too,  b u t  t h e  
subs t ra te  specif ici ty was d i f ferent  3. f l -Fructofuranosidase  
f rom P. vulgaris seeds was specific to sucrose. Subs t r a t e  
specif ici ty of V./aba enzyme was similar  to  the  specif ici ty 
of f l-fructofuranosiduse of o ther  sources. Transferase  
ac t iv i ty  of f l -fructofuranosidase was observed in t he  case 

of acid f l-fructofuranosidase f rom seedlings of P. vulgaris ~ 
and in t he  case of alkal ine f l-fructofuranosidase of V, faba 
seedsS. Alkal ine f l-fructofuranosidase f rom d o r m a n t  
P. vulgaris seeds did not  exhibi t  t ransferase  a c t i v i t y  2. 

I n  t he  course of the  s tudy  on the  me tabo l i sm of saccha-  
rides in pea  seedlings, t he  na tu re  of enzyme  hydro lyz ing  
sucrose present  in d o r m a n t  seeds and  seedlings was in- 
ves t igated.  I n  d o r m a n t  pea  seeds, only  the  alkal ine 
/5-fructofuranosidase a c t i v i t y  was de te rmined ;  in 10-day 
pea  seedlings bo th  types  of f l -fructofuranosidase ac t i v i t y  - 
a lkal ine and acid - were found.  Proper t ies  of alkal ine 
f l - i ructofuranosidase were  s tudied in detai l .  

1 R. A. COOPER and R. N. GREE~SmELDS, Nature 191, 601 (1961). 
2 R.A. COOPER and R. N. GREENSm'TLDS, Biochem. J. 92, 357 (1964). 
3 j .  g. PRIDHAM and M. W. WALTER~ Biochem. J. p2, 20 (1964). 
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Materials and methods. Pea  seeds (Pisum sativum L., 
vat .  Edelper le)  were ground and ex t r ac t ed  wi th  0 . 1 M  
phospha te  buffer  p H  7.0. Af t e r  cen t r i fuga t ion  proteins  
were  f rac t iona ted  w i t h  a m m o n i u m  sulphate .  Ac t ive  frac- 
t ion  was ch roma tog raphed  on a h y d r o x y l a p a t i t e  column.  
The  lyophil ized e n z y m e  p repa ra t ion  thus  ob ta ined  was 
found to  be pur i f ied  4-fold and  was  used for  subsequent  
exper iments .  No  fu r ther  pur i f ica t ion  could be achieved by  
c h r o m a t o g r a p h y  on Sephadex  G- 150 and  D E A E -  Sephadex  
A-50 course. The  enzyme  ac t i v i t y  was es t ima ted  by  
de t e rmina t ion  of reducing  sugars, p roduced  in t he  course 
of f l -fructofuranosidase action,  by  means  of the  FISHE~- 
KOHT~S m e t h o d  ~. 

Results and discussion. Alkal ine  /~-fructofuranosidase 
had  a p H  o p t i m u m  a t  7.6-7.7 (Figure I) and  hydro lyzed  
sucrose, raff inose and  s tachyose.  The  ra te  of raff inose 
hydrolys is  was 4 t imes  lower  and t h a t  of s tachyose  11 
t imes  lower,  t h a n  w i t h  sucrose. 

I t  was found t h a t  a lkal ine f l -fructofuranosidase exhib i t -  
ed t ransferase  ac t iv i ty .  The  fo rmat ion  of methyl-E-D- 
f ruc tofuranos ide  was de te rmined  by  paper  ch romato -  
g r aphy  in a mix tu re  con ta in ing  sucrose or  raffinose (4M), 
m e t h a n o l  (9%) and enzyme  prepara t ion  (20 m g / m l  of 
mixture) .  

Alkal ine  /~-fructofuranosidase ac t i v i t y  was ac t iva t ed  
b y  compounds  conta in ing  an - S H  group (L-cysteine, 
2-mercaptoe thanol ,  g lu ta th ion)  (Figure 2) and  was in- 
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Fig. 1. Dependence of alkaline/~-fructofuranosidase activity on pH. 
The enzyme preparation (5 mg) was incubated with 0.1 M sucrose 
in 0.05 M phosphate and/or veronal buffer solutions in a total vol. 
1 ml for 1 h at 20 °C. Hydrolysis of sucrose at pH 5.0 was caused by 
the presence of ct-glueosidase activity in enzyme preparation. At 
pH 7.7 maltose and methyl-¢t-n-glucopyranoside were not hydrolyzed. 

h ib i ted  by  - S H  inhibi tors  (p-chloromercuribenzoate ,  
iodoacetamide ,  N-e thy lmale imide)  (Figure 3) and by  
heavy  me ta l  ions (Ag[I],  Cu[I]]) .  Ac t iva t i on  was also 
ach ieved  by  N a N  s, and  d i sod ium sal t  of E D T A .  Acid 
#-f ructofuranosidase  ac t i v i t y  was also ac t iva t ed  by  - S H  
compounds .  

The  resul ts  of our  exper iments  showed t h a t  t he  sub- 
s t ra te  specif ici ty and t ransferase  ac t i v i t y  of a lkal ine 
/~-fructofuranosidase f rom d o r m a n t  pea  seeds are  s imilar  
to  those  of V. ]aba seeds described by  PRIDI~AM 3 and differ 
f rom those  of P. vulgaris described by  CooPa~R and  
GRt~ENSltlELDS 1,~. The  enzyme  p repa ra t ion  ca ta lyzed  
hydrolys is  of sucrose, as well  as of raffinose and s tachyose.  
Melezitose and mal tose  were no t  spl i t  under  the  same 
condit ions,  which  p roved  t h a t  ~-fruetofuranosidase  act i -  
v i t y  was responsible  for sucrose hydrolysis .  Hydro lys i s  of  
raff inose and  s tachyose  could no t  be caused by  the  ac t ion  
of x-galactosidase,  because at  p H  7.7 the 0~-galactosidase 
ac t i v i t y  of t he  p repara t ion  used was  negligible. Melibiose 
under  the  same condi t ions  was no t  hydrolyzed.  
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Fig. 3. Inhibition of alkaline fl-fructofuranosidase. The enzyme pre- 
paration (5 mg) was incubated with 0.1 M sucrose in 0.05 M phos- 
phate buffer pH 7.7 in a total vol. 1 ml at 20 °C for 1 h in the presence 
of: (1 a) without inhibitor and activator; (1 b) 10#moles of L-cysteine; 
(2a) 10/zmotes of p-ehloromercuribenzoate; (2b) 10/*moles of p- 
ehloromereuribenzoate + 10/*moles of L-cysteine; (3) 1000i, moles of 
iodoaeetamide; (4a) 10/*moles of N-ethylmaleimide; (4b) 10/*moles 
of N-ethylmaleimide + 10/tmoles of L-cysteine; (5a) 1000/~moles 
of L-cystine; (5 b) 1000/zmoles of L-eystine + 10/tmoles of L-cysteine. 
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Zusammen/assung. I n  t rockenen  Erbsensamen  wurde  
alkal ische ~-Fruktofuranos idase  m i t  Trans fe raseak t iv i t~ t  
gefunden.  E i n  angere icher tes  Enzympr~£parat,  d u t c h  
L-Cystein, 2 -Merkaptoe thanot  und  Glu ta th ion  ak t iv i e r t  
und du tch  p-Chlormerkur ibenzoat ,  Iodoace tamid ,  N -  
E t h y l m M e i m i d e  und L-Cystin inhibiert ,  wurde  hergestel l t .  

IV[. PRO~KOV~., 1VL TICH.~, G. ENTLICHER 
and  J.  Ko~TIi~ 

Department o/Biochemistry, Charles University, 
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Fig.2. Activation of alkaline/~-fruetofuranosidase. The enzyme pre- 
paration (5 rag) was incubated with 0.1M sucrose in 0.05M phos- 
phate buffe~ pH 7.7 in a total vol. i ml at 20 °C for 1 h in the presence 
of 10 ~tmoles of the activator: (1) without activator; (2) EDTA; 
(3} NAN3; (4) glutathion; (5) L-cysteine; (6) 2-mercaptoethanol. 4 E. H. FISCHER and L. KonTi~s, Helv, chim. Acta 34, 1123 (1951). 
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T h e  f l - R e c e p t o r s  in  the  R a t  P a n c r e a s  

T h e  s t i m u l a t o r y  ef fec t  of i sopro te reno l  ( I SO ) pe r f u s i on ,  
a p r e d o m i n a n t  f i - s t imu la to ry  agen t ,  u p o n  in su l in  sec re t ion  
in  h u m a n  be ings  h a s  b e e n  r e p o r t e d  b y  PORTE 1'~. Th i s  st i-  
m u l a t i o n  was  n o t  a c c o m p a n i e d  b y  a n y  h y p e r g l y c e m i a .  
MALAISSE e t  al.  3,4 h a v e  r e p o r t e d  t h e  e f fec t  of  t h i s  d r u g  i n  
v i t ro ,  desc r ib ing  a b lock ing  or  s t i m u l a t i n g  ac t ion .  T h e  l a t t e r  
was  o b t a i n e d  o n l y  w h e n  a n  a -b lock ing  a g e n t  a n d  glucose  
in  a c o n c e n t r a t i o n  oI a t  l eas t  100 mg]100  m l  (0.6 × 1 0 - S M  
glucose) were  p r e s e n t  in  t h e  i n c u b a t i o n  m e d i u m  t o g e t h e r  
w i t h  ISO.  T h e  p r e s e n t  i n v e s t i g a t i o n  is i n t e n d e d  to  de t e r -  
m i n e  w h e t h e r  t h e  p a n c r e a s  response  to  I SO  could  b e  
o b t a i n e d  u n d e r  d i f f e ren t  e x p e r i m e n t a l  cond i t ions  as t h e  
p rev ious ly  r epor ted .  

Slices of r a t  p a n c r e a s  (norvegicus  ma le  r a t s  of a b o u t  
100-150 g b o d y  weight )  were  i n c u b a t e d  fol lowing a t ech -  
n i q u e  desc r ibed  in some  p rev ious  r epo r t s  s. Af te r  a n  equi l i -  
b r a t i o n  pe r iod  of 30. m i n  in K r e b s  R i n g e r  b i c a r b o n a t e  
buf fe r  (pH 7.4) w i t h  0.3 × 10-2fl4 glucose a t  37 °C, t h e  
p a n c r e a s  slices were  p laced  in i n c u b a t i o n  f lasks  w i t h  3 ni l  
of t h e  s ame  buf fe r  a n d  i n c u b a t e d  w i t h  c o n t i n u o u s  gassing,  
us ing  a m i x t u r e  of 95% o x y g e n  a n d  5 %  c a r b o n  d iox ide  
d u r i n g  15 ra in  (baseline).  A f t e r  t h i s  per iod,  t h e  slices were  
t r a n s f e r r e d  t o  a second i n c u b a t i o n  m e d i u m  ( s t imu la t ion )  
w i t h  (a) 1.7 x 1 0 - ~ M  glucose or  (b) 0.3 × 10-~-M glucose 
p lus  8.07 × I0  -4 m,~i r ISO.  Re lease  of insu l in  i n t o  t h e  
i n c u b a t i o n  m e d i u m  (basel ine  a n d  s t i n m l a t i o n )  was  de t e r -  
m i n e d  b y  t h e  i m m u n o a s s a y  m e t h o d  of  HERBERT 6. 

T h e  re su l t s  a re  s u m m a r i z e d  in t h e  Table .  I n  a l l  cases 
t h e  a m o u n t s  of  i n su l in  a re  expressed  i n / x U / m g  of t i s sue /  
15 ra in .  

These  r e su l t s  show t h a t  w h e n  glucose in t h e  m e d i u m  
increases  f rom 0.3 × 1 0 - S M  to  1.7 x 1 0 - S M  a s ign i f i can t  
s t i m u l a t i o n  of t h e  re lease  of insu l in  f r o m  t he  p a n c r e a s  was  
ob t a ined .  ISO,  in  t h e  a b o v e  m e n t i o n e d  c o n c e n t r a t i o n ,  was  
ab le  to  el ici t  a n  insu l in  r e sponse  s imi la r  to  t h e  one  obse rved  
w i t h  h i g h  glucose c o n c e n t r a t i o n .  

O n  t h e  bas is  of t he se  resul ts ,  severa l  conc lus ions  m a y  
ar i se :  (a) t h e  ex i s tence  o f / / - r ecep to r s  in  t h e  r a t  p a n c r e a s ;  
(b) these  r ecep to r s  c an  be s t i m u l a t e d  b y  I SO  in t h e  pre-  
sence  of low c o n c e n t r a t i o n s  of glucose a n d  in abscence  of 
~-b lockers ;  (c) re lease of insu l in  is o b t a i n e d  as  a r e su l t  of 
t h e  s t i m u l a t i o n  of  r - r e c e p t o r s  ~. 

Pancreas response. Insulin expressed in/zU/mg tissue]15 min 

Baseline Response (test substance added) A P 

0.3 × 10-2M 
glucose 

22.0 4- 2.1 (9) 
21.2 4- 2.6 (7) 

1.7 × 1O-SM 0.3 × 10-1M 
glucose glucose 

+ 
8.07 × 10-4mM ISO 

41.0 4- 3.2 (9) + 19.0 < 0.01 
35.6 ~ 1.9 (7) + 14.4 < 0.01 

Figures represent mean value ~ S,E,M. No. of cases in brackets. 

Resumen. Se es tud i6  el efecto del i sopro te reno l  ( ISO) 
sobre  la  secreci6n de  i n su l i na  in  v i t ro .  Los  r e s u l t a d o s  
i n d i c a n  que  el I S O  es capaz  de  e s t i m u l a r  la  secreci6n de  
insu l ina  en  f o r m a  s imi la r  a la  g lucosa  en  a l t a s  c o n c e n t r a -  
ciones.  
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D i s t r i b u t i o n  of  N o r a d r e n a l i n e  in the  Gen i ta l  O r g a n s  of  the  F e m a l e  R a t  w i t h  a R e m a r k  o n  D o p a m i n e  
in the  C e r v i x  a n d  V a g i n a  

R e c e n t  i nves t i ga t i ons  h a v e  revea led  a d i s t i n c t  ad rene rg ic  
i n n e r v a t i o n  to  t h e  d i f fe ren t  f emale  r e p r o d u c t i v e  o rgans  of 
seve ra l  m a m m a l s ,  e.g. r a b b i t  1, c a t  s, gu inea -p ig  n a n d  
h u m a n  female  *. F u r t h e r m o r e ,  a cons ide rab le  v a r i a t i o n  of 
t h e  a m o u n t  of ad rene rg ic  i n n e r v a t i o n  to  va r ious  p a r t s  of 
t h e  f ema le  gen i t a l  t r a c t  ha s  b e e n  d e m o n s t r a t e d  ~, I n  con-  
t r a s t  to  t h e  species m e n t i o n e d ,  t h e  f emale  r a t  h a s  been  
r e p o r t e d  t o  rece ive  ad rene rg ic  i n n e r v a t i o n  t o  t h e  gen i t a l  
o rgans  a l m o s t  exc lus ive ly  as b lood  vessel  i nne rva t i on~ ,L  
Howeve r ,  h i s t o c h e m i c a l  f ind ings  h a v e  i n d i c a t e d  t h a t  a t  
least the isthmic part of the rat oviduct may receive 
adrenergic nerves to the smooth muscular wall as well ~,s. 
Because of this finding it seemed to be of interest to make 
a q u a n t i t a t i v e  e s t i m a t i o n  of t h e  ad rene rg ic  i n n e r v a t i o n  to  
v a r i o u s  p a r t s  of  t h e  f emale  r a t  gen i t a l  t r a c t  b y  d e t e r m i n a -  
t i o n  of  t h e i r  n o r a d r e n a l i n e  (NA) c o n t e n t .  

Material and methods. 60 a d u l t  f emale  S p r a g u e - D a w l e y  
r a t s  we igh ing  180-250 g were  used.  No d e t e r m i n a t i o n  of 
t h e  s t age  of e s t ru s  cycle was  p e r f o r m e d  since i t  h a s  b e e n  
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