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Choles tero l  and Stero l -L ike  C o m p o u n d  in D e v e l o p i n g  Chick E m b r y o  S e n s o r y  G a n g l i a  

I n  a p rev ious  p a p e r  ~ we r e p o r t e d  on  t h e  i so la t ion  of  a 
c o m p o u n d  w i t h  a s t i l l  u n k n o w n  s te ro id  s t ruc tu re ,  w h i c h  
is p r e s e n t  in  8-day-o ld  c h i c k  e m b r y o  senso ry  gangl ia ,  
a c c o u n t i n g  for  a b o u t  5 %  of t h e  d r y  weigh t .  Th i s  r e l a t ive ly  
h i g h  p e r c e n t a g e  f a v o u r e d  t h e  h y p o t h e s i s  t h a t  t h i s  com-  
p o u n d  m i g h t  be  a cell m e m b r a n e  c o n s t i t u e n t  in  t h i s  ea r ly  
s t age  of d e v e l o p m e n t .  T h i s  c o m p o u n d  was  also found  t o  
be  p r e s e n t  in  o t h e r  t i s sues  b u t  a t  a m u c h  lower  c o n c e n t r a -  
t i o n  ~. 

I n  t h e  p r e s e n t  work,  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of 
cho les te ro l  a n d  of ou r  s terol - l ike  c o m p o u n d ,  r e l a t ed  to  t h e  
p r o t e i n  c o n t e n t  of deve lop ing  senso ry  gangl ia  f rom ch ick  
e m b r y o s  f rom 6 -14  days ,  will  be  descr ibed.  T he  re la t ion-  
sh ip  b e t w e e n  these  2 s teroids ,  a n d  t h e i r  p a r t i c i p a t i o n  in t h e  
m y e l i n i z a t i o n  process  is discussed.  

Methods. Senso ry  gangl ia  e x p l a n t e d  f rom 6- to  14-day-  
o ld  ch ick  e m b r y o s  were hom ogen i zed  in  a n  aqueous  NaC1- 
so lu t ion  (0.9:100,  w/v) .  

A n  a l i q u o t  of t h e  h o m o g e n a t e ,  90~o, was  e x t r a c t e d  w i t h  
c h l o r o f o r m - m e t h a n o l  (2 : 1, v /v )  for  t he  e x t r a c t i o n  of t o t a l  
l ip ids  acco rd ing  to  FOLCH, LEES a n d  SLOAN~-STANLEY3; 
2 e x t r a c t i o n s  were ca r r ied  o u t  w i t h  5 ml  of t h e  m i x t u r e  
p e r  100 h o m o g e n i z e d  gangl ia .  T h e  ch lo ro fo rm e x t r a c t  was  
dr ied  over  a n h y d r o u s  s o d i u m  s u l p h a t e  a n d  t h e n  concen-  
t r a t e d  in vacuo .  The  t o t a l  l ip id  e x t r a c t  was  saponi f ied  in  a 
2 N - K O H  so lu t ion  in aqueous  50% (v/v)  m e t h a n o l ,  u s ing  
25 ml /100  gangl ia ,  for 24 h a t  r o o m  t e m p e r a t u r e  in  da rk -  
ness. To t h e  unsapon i f i ab l e  m a t e r i a l  a k n o w n  q u a n t i t y  of 
s t i gmas t e ro l  was  a d d e d  a n d  t h e n  t h e  m i x t u r e  was separ -  
a t e d  on  a P e r k i n - E l m e r  800 gas- l iquid  c h r o m a t o g r a p h  
p r o v i d e d  w i t h  a c o l u m n  1.80 m long  b y  3.0 m m  i n t e r n a l  
d i a m e t e r  p a c k e d  w i t h  C h r o m o s o r b  G (80-100 mesh)  im-  
p r e g n a t e d  w i t h  SE-30  (2%) .  I n j e c t o r  a n d  c o l u m n  were  
m a d e  of glass ;  t he  i n j e c t i o n  t e m p e r a t u r e  was  270 °C; t h e  
f low of  n i t r o g e n  gas  was  40 cm~/min.  T h e  c o l u m n  t e m p e r a -  
t u r e  was  p r o g r a m m e d  f r o m  125 up  to  275°C w i t h  a con-  
s t a n t  t e m p e r a t u r e  increase  of 8.33 °C/min.  T h e  p e a k  a reas  
of ou r  s terol - l ike  c o m p o u n d  a n d  of choles te ro l  were  
re fe r red  to  t h e  a rea  of s t i gm as t e r o l  for t h e  q u a n t i t a t i v e  
m e a s u r e m e n t s .  

The  r e m a i n d e r  (10%) of t he  h o m o g e n a t e  was used  for  
t h e  d e t e r m i n a t i o n  of t h e  t o t a l  p r o t e i n  c o n t e n t  acco rd ing  
to  t h e  m e t h o d  of L o w R Y  4, us ing  b o v i n e  s e rum a l b u m i n  as 
reference.  

Results and discussion. A g r aph i c  p lo t  of  t he  t o t a l  
a m o u n t  of p r o t e i n  pe r  s enso ry  gang l ion  (Figure  1) in 6- to  
14-day-old  ch i ck  e m b r y o s  r e p r e s e n t s  a S-curve ,  wh ich  is 
genera l ly  found  in  g r o w t h  processes,  i nc reas ing  f r o m  
2-11  ~g p ro te in .  

T h e  a m o u n t  of cho les te ro l /gang l ion  (Table)  increases  
f rom a b o u t  0.02 l~g a t  6 d a y s  to  0.60 vtg a t  14 days ,  while,  
however ,  t h e  s terol- l ike c o m p o u n d  ha s  a n  i n c r e m e n t  f rom 
a b o u t  0 .10-0.25 I~g, w h i c h  va lue  is r e ached  a l r eady  a f t e r  
8 days  of d e v e l o p m e n t  a n d  t h e n  r e m a i n s  a t  t h e  s ame  level.  
Th i s  impl ies  t h a t  t h e  r a t i o  s terol - l ike  c o m p o u n d  ve r sus  
p r o t e i n  (Figure  2) decreases  a n d  t h a t  cho les te ro l  ve r sus  
p r o t e i n  shows a c u r v e  s imi la r  to  t h a t  ot  p r o t e i n  i n c r e m e n t  
in  deve lop ing  gangl ia .  Th i s  d i f ference  b e t w e e n  t h e  2 
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Fig. 1. Protein content of 6- to 14-day-old chick embryo sensory 
ganglia, determined according" to the method of LowRY, expressed 
in txg/ganglion. Each value is the medium of 10 different measure- 
ments. 
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Fig. 2. Amount of sterol-llke compound versus total  protein (o- - -o)  
and cholesterol versus total protein ( e - - - e ) ,  expressed in lzg per 
ganglion. The quantities of steroI-like compound and of cholesterol 
were determined by separation of the unsaponifiable lipid material 
on a gas-chromatographic column, using stigmasterol as internal 
standard. Total protein was measured according to the method of 
LowRY. The results are the medium of 5 different experiments. 

Amount of steroMike compound and of cholesterol in sensory ganglia 
of 6- to 14-day-old chick embryos 

Days Sterol-like compound Cholesterol 
(Izg)/ganglion (tzg) lganglion 

6 0.106 ~ 0.008 0.023 ::t: 0.002 
7 0.116 :t:: 0.010 0.041-4- 0.003 
8 0.217 i 0.004 0.053 :t: 0.004 
9 0.268 ± 0.009 0.198 :t: 0.007 

10 0.266 :t: 0.011 0.256 ::t:: 0.009 
11 0.269 ~ 0.014 0.274 ~ 0,007 
12 0.263 ± 0.011 0.364 ::I: 0.021 
t3 0.311 ::t: 0.016 0.489 ~ 0.030 
14 0.232 ::E 0.007 0.580 ::E 0.019 

The results are the mean of 5 nleasurements (:t: S.E.M.). 



15. 10, 1968 Specialia 1013 

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 .  
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