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t h a t  e r y t h r o p o i e t i n  b inds  to  t he  c h r o m a t i n ,  p r o b a b l y  b y  a 
p r o t e i n - p r o t e i n  b o u n d  a n d  t h e n  renders  a po r t i on  of the  
D N A  ava i l ab le  as a t e m p l a t e  for  t he  syn thes i s  of RNA.  
I n  v ivo  s t i m u l a t i o n  of t he  R N A  po lymerase  m a y  also be  
exp la ined  in th i s  m a n n e r .  PIIqTO 11 descr ibed  t he  f o r m a t i o n  
of a complex  b e t w e e n  e r y t h r o p o i e t i n  a n d  D N A  f rom 
t i ssues  l ike bone -mar row,  l iver,  spleen a n d  t h y m u s .  The  
b i n d i n g  occurs  in  a p a r t i c u l a r  region of t h e  D N A  a n d  pro- 
b a b l y  invo lves  a p o t e i n - p r o t e i n  i n t e r ac t i on  in wh ich  t he  
h o r m o n e  could  p l ay  t he  role of a n  a l los ter ic  l igand  in re- 
spec t  to  t h e  o the r  p ro te in .  

I n  a r ecen t  p a p e r  GROSS a n d  GOLDWASSER 1 h a v e  re- 
p o r t e d  t h a t  sho r t l y  a f t e r  e r y t h r o p o i e t i n  is m a d e  ava i l ab le  
to  m a r r o w  cells in  v i t ro ,  a v e r y  large R N A  (150 S) is syn-  
thes ized.  Th i s  IZNA c a n n o t  be  de t ec t ed  in con t ro l  
samples  w i t h o u t  ho rmone .  T he  150S R N A  has  a sho r t  
half- l i fe  of a p p r o x i m a t e l y  6 min ,  All  t he  d a t a  p re sen ted  
sugges t  t h e  fol lowing s e q u e n t i a l  mo lecu la r  even t s  induced  
b y  t h e  e ry th ropo ie t in .  

The  f i rs t  molecu la r  ac t ion  of the  h o r m o n e  would be  
r e l a t ed  to  a specific b i n d i n g  to  a p r o t e i n  recep tor  a t  t he  
c h r o m a t i n  level. As a r e su l t  of th i s  act ion,  a specific 
region of t h e  D N A  is suscep t ib le  to  be  used as a t emp la t e .  
The  second molecu la r  e v e n t  is r e la ted  to t he  ac t ion  of t he  
R N A  po lymerase  a n d  t he  syn thes i s  of a 150 S RNA.  The  
fol lowing s tep  m a y  be  r e l a t ed  w i t h  t he  d e g r a d a t i o n  process  
of t he  150 S R N A  a n d  t he  p r e p a r a t i o n  of t he  b iochemica l  
un i t s  for t h e  p ro t e in  synthes is .  

The  sequen t i a l  nuc lea r  r eac t ions  discussed above  are 
cons i s t en t  w i t h  t he  idea t h a t  t h e  i n f o r m a t i o n  for t he  syn-  
thes i s  of h a e m o g l o b i n  m u s t  be  p r e p a r e d  du r ing  t he  ear ly  
s tages  of t h e  e ry th ropo ie t i c  process  t*, la. T h e  ev idence  pre-  
sen ted  f i rmly  s u p p o r t e d  t h e  hypo thes i s  t h a t  t he  e ry th ro -  

po ie t in  ac ts  a t  molecu la r  level  in  t he  t r a n s c r i p t i o n  stage. 
F u r t h e r  s tud ies  of th i s  idea  are in  progress  a n d  will  be  
r e p o r t e d  l a t e r  on  14 

Resumen. La  e r i t r opoye t i na  e s t imu la  in  v ivo  la  act iv i -  
dad  de la R N A  po l imerasa  de m6du la  6sea de r a t a .  In  
v i t ro ,  la h o r m o n a  no  parece  a u m e n t a r  la a c t i v i d a d  de la 
enz ima.  Las  ca rac te r i s t i cas  de la  acci6n enzimAtica  
d e m u e s t r a n  que  la a c t i v i d a d  m e d i d a  cor responde  a la de 
la R N A  po l imerasa  desc r i t a  en  o t ros  tej idos.  Se sugiere  
que  el si t io p r i m a r i o  de acci6n de la h o r m o n a  estA en la 
e t a p a  de t r a n s c r i p c i 6 n  y se d i scu ten  los even tos  molecu-  
lares  que  p roduce  la e r i t r o p o y e t i n a  a este nivel .  
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R o l e  o f  P h o s p h a t e  a n d  A c i d  P h o s p h a t a s e  D u r i n g  

A s t r ik ing  fea tu re  of seed g e r m i n a t i o n  can  be  cons idered  
to  be  t he  mob i l i za t ion  of s to rage  energe t ic  m a t e r i a l  accu-  
m u l a t e d  in reserve  tissues,  a n d  t he  fol lowing t r ans loca t i on  
a n d  u t i l i za t ion  of t h e  s ame  for  t h e  d e v e l o p m e n t  of e m b r y o  
axis. P h o s p h a t e  p lays  a n  e x t r e m e l y  i m p o r t a n t  role in a 
v a r i e t y  of r eac t ions  in  g e r m i n a t i n g  seed, where  i t  appea r s  
p r i m a r i l y  in  a l inked  organic  fo rm a n d  v e r y  l i t t le  seems to 
be  p r e s e n t  as free inorgan ic  o r t h o p h o s p h a t e  2, so t h a t  i t  
r ep resen t s  a l imi t ing  fac to r  in  m a n y  reac t ions .  

Corre la ted  w i t h  th i s  fact ,  t h e  increase  in a c t i v i t y  of 
t yp i ca l  hydro l i t i c  enzymes  as p h o s p h a t a s e s  appea r s  pa r t i -  
cu la r ly  s igni f icant  and  t h e  c h a n g e  in free and  t o t a l  phos-  
p h a t e  level  observes  in  t h e  same  per iod.  Researches  on 
th i s  biological  m e c h a n i s m  h a v e  been  m a d e  ex tens ive ly  
d u r i n g  t h e  life cycle of algae 3, fungi  4 a n d  in g e r m i n a t i n g  
seed of some ang iospe rms  5,e. R e c e n t l y  a n  ex tens ive  p l an  
of r e sea rch  on  t h e  m e t a b o l i s m  of G y m n o s p e r m s  led us to  
i nves t i ga t e  t he  a l t e r n a n c e  of m e t a b o l i c  p a t h w a y s  d u r i n g  
seed g e r m i n a t i o n  of d i f fe ren t  species of conifers 7-I~ b u t  
our  d a t a  are  l ack ing  in t h e  role of p h o s p h a t e  in  th i s  
s y s t e m a t i c  group.  

I n  th i s  p a p e r  we h a v e  fol lowed t h e  t i m e  sequences  of 
t h e  changes  in free a n d  t o t a l  p h o s p h a t e  c o m p a r e d  w i t h  
t he  levels of acid p h o s p h a t a s e  in seedl ing a n d  in t h e  endo-  
sperm,  roo t  a n d  shoo t  of g e r m i n a t i n g  seed of Pinus pinea. 

Experimental. Seeds of Pinus pinea were cu l t i va t ed  on  
m o i s t e n e d  s and  a t  20 ~ for a 9 h pho toper iod .  P r e p a r a t i o n  
of e x t r a c t s  a n d  d e t e r m i n a t i o n  of acid phos pha t a s e ,  free 

G e r m i n a t i o n  o f  Pinus pinea S e e d  1 

a n d  t o t a l  p h o s p h a t e  a n d  p ro t e in  c o n t e n t  was  pe r fo rmed  
as p rev ious ly  i n d i c a t e d  e. 

Results and discussion. Resul t s  are r epo r t ed  in F igures  
1 (a, b,  c, d) a n d  2, where  t he  va lues  of acid p h o s p h a t a s e ,  
free a n d  t o t a l  p h o s p h a t e  are r epo r t ed  d u r i n g  t h e  f i rs t  20 
days  of g e r m i n a t i o n  in d i f fe ren t  p a r t s  of g e r m i n a t i n g  seed. 
I n  genera l  t o t a l  p h o s p h a t e  r ema ins  c o n s t a n t  in  t h e  experi-  
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m e n t a l  period,  whereas  a decrease in free p h o s p h a t e  is 
corre la ted  wi th  an increase in acid phospha t a se  or vice 
versa. In  Figure 2 t he  exponen t i a l  and logar i thmic  p lo t  of 
fo rmat ion  of free p h o s p h a t e  in the  whole  seedling is 
repor ted .  

The l inear p lot  has  an exponen t i a l  behaviour .  Assum- 
ing th is  curve can be represen ted  by  the  equa t ion  

y = a .  e '~  (a) 

where  y is concen t ra t ion  of p h o s p h a t e  and  x s t and s  for 
d a y  of exper iment ,  a and  n two cons tan t s  which  can be 

easily calcula ted;  by  analy t ica l  procedure  the  following 
express ion can be ob ta ined :  

y = 2.70. e ~176 (b) 

where  a = 2.70 and  n = 0.105. In  th is  way  the  curve can 
be easily ca lcula ted  theore t ica l ly  (dot ted  curve). 

F r o m  da ta  repor ted ,  i t  becomes  ev iden t  t h a t  t he  
sys temat ic  group of origin p lays  a f u n d a m e n t a l  role on the  
deve lopmen t  of ge rmina t ing  seed. L i t e ra tu re  d a t a  s,11,~ 
show clearly t h a t  in Angiosperms  p h o s p h a t a s e  ac t iv i ty  
reaches the  m a x i m u m ,  in the  m a j o r  p a r t  of cases, a t  the  
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Fig. 1. Levels of acid phosphatase (�9 total phosphate (A) and free 
phosphate (@) in seedling (a), shoot (b), root (e) and endosperm (d) 
during germination of P i n u s  p inea .  Values reported are representa- 
tive of several experiments, all in agreement with each other. 

a) A: scale for free phosphate qzmoles/g of fresh tissue weight). 
13 : scale for acid phosphatase (~zlnoles of substrate bydrolyzed/mg of 
total protein) and total phosphate @tmoles/rng of fresh tissue). 

b) scale for free phosphate ([xmoles/g of fresh tissue weight). 
B : scale for acid phosphatase (btmoles of substrate hydrolyzed/mg of 
total protein) and total phosphate (btrnoles/mg of fresh tissue). 

e) A: scale for total phosphate (~tlnoles/g of fresh tissue weight) and 
free phosphate (btmoles/g of fresh tissue weight). B: scale for acid 
phosphatase (~xmoles of hydrolyzed substrate/mg of total protein). 

d) A: scale for free phosphate (btmoles/g of fresh tissue weight). 
B: scale for acid phosphatase (~zlnoles of hydrolyzed substrate/mg of 
total protein) and total phosphate [Ln]oles/mK of fresh tissue weight). 
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Fig. 2. Exponential (a) and logarithmic plot (b) of formation of free 
phosphate in seedling of P i n u s  p inea;  . . . . .  , values found experi- 
mentally; . . . . . .  , values found by calculation. 

4th day of germina t ion  and never  af ter  the  10th day. In  
the  conifer group, the  t ime  of ge rmina t ion  is longer. Some- 
t imes  on the  18th day  of ge rmina t ion  the  endospe rm is 
stitl p resen t  and  active.  Correlated to  th is  fact  is the  
ac t iv i ty  of acid phospha t a se  which  reaches  the  m a x i m u m  
on the  20th day.  This behaviour ,  val id also for o ther  en- 
zymes  8-x0, seems to  represen t  a cons t i tu t ive  charac ter i s t ic  
of th is  sys t emat i c  group. 

F r o m  d a t a  repor ted  in Figures  1 and 2, one can see t h a t  
free p h o s p h a t e  is in equi l ibr ium wi th  to ta l  p h o s p h a t e  
since, when  free phospha t e  is required,  i t  could be re- 
leased f rom storage t issues according to  t he  react ion:  
X P - ~  X + PI. A m e c h a n i s m  of th is  t ype  seems to be 
responsible  for free p h o s p h a t e  increase f rom the  5th to  
30th day  of germinat ion .  Acid phospha t a se  could ac t  a t  
th is  level recover ing p h o s p h a t e  f rom any  molecule where  
i t  is conserved.  

The plot  of concen t ra t ion  (C) aga ins t  t ime  (t), r epor ted  
in Figure 2, gives a typica l  exponen t i a l  profile, whereas  
the  plot  In  (C) agains t  t ime  gives a s t ra igh t  line which  
could indicate  t h a t  free p h o s p h a t e  release is to be con- 

I t  A .  M.  F I R E N Z U O L I ,  l:~. MASTRONUZZI ,  P .  VANNI  and A. Z A N O B I N I ,  

Boll. Soc. it. Biol. Sper. dd, fasc. 20, abstract 234 (1968). 
13 H. J. PRIESTLEY and L. FOWDEN, Phytochemistry 4, 169 (1965). 



598 Specialia EXPERIENTIA 26/6 

s idered overa l l  a f i r s t -order  reac t ion ,  k value,  ca lcu la ted  
b e t w e e n  t h e  5 th  a n d  30 th  days ,  is 0.117 days  -1. 

D a t a  r epo r t ed  here  seem to  conf i rm t he  possible  
m e c h a n i s m  of r egu la t ion  of acid p h o s p h a t a s e  b y  phos-  
p h a t e  level, accord ing  to  t h a t  d e m o n s t r a t e d  b y  o t h e r  
a u t h o r s  in  p l a n t s  5,s a n d  for a lka l ine  p h o s p h a t a s e  in  
b a c t e r i a  12,13, fungi  s a n d  m a m m a l i a n s  ~s,~4. I n  fact,  resul t s  
o b t a i n e d  f rom some a u t h o r s  on  acid p h o s p h a t a s e  of r a t  
k idney,  c lear ly  d e m o n s t r a t e  t h a t  such  enzymes  in m a m -  
ma l i ans  is no t  r egu la t ed  b y  p h o s p h a t e  level  lS-1L Then ,  
a l t h o u g h  t he  r e g u l a t o r y  effect  of p h o s p h a t e  level  on  
p h o s p h a t a s e  a c t i v i t y  ha s  been  asce r t a ined  in all  o rgan-  
isms, f rom s impler  to  more  complex,  one could discr imi-  
n a t e  a m e c h a n i s m  wh ich  could func t ion  t h r o u g h  a lka l ine  
p h o s p h a t a s e  in  m a m m a l i a n s  and  t h r o u g h  acid phos-  
p h a t a s e  in  p lan t s .  

Riassunto. D u r a n t e  la  ge rminaz ione  di Pinus p inea i  
l ivell i  di fosfa to  l ibero  sono r i su l t a t i  essere cor re la t i  a 

quel l i  del la  fosfa tas i  acida,  a n c h e  in d i f ferent i  pa r t i  del la  
p l an tu l a .  I va lor i  di  fosfa to  t o t a l e  sono cos t an t i  in  t a l e  
periodo.  
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6-Hydroxydopamine-Induced Inhibition of Brain 
Damage 

6 - H y d r o x y d o p a m i n e  induces  a specific d e g e n e r a t i o n  of 
pe r iphe ra l  s y m p a t h e t i c  ne rve  t e r m i n a l s  w i t h  a m a r k e d  
dep le t ion  of n o r e p i n e p h r i n e  1-4. I t s  i n t r ace reb ra l  5 or in t r a -  
v e n t r i c u l a r  e-s i n j ec t i on  also causes  a decrease  of nor-  
ep ineph r ine  a n d  to  a lesser e x t e n t  of dopan l ine  in t he  
bra in .  D e g e n e r a t i v e  changes  of ca t echo lamine rg i c  ne rve  
t e r m i n a l s  are also obse rved  7. Recen t ly ,  i t  h a s  been  shown,  
however ,  t h a t  a sma l l  s ingle dose of 6 - h y d r o x y d o p a m i n e  
(200 ~zg) in j ec ted  in to  t he  ce rebra l  ven t r i c l e s  lowers t he  
ce rebra l  c a t echo l am i nes  w i t h o u t  i nduc ing  u l t r a s t r u c t u r a l  
d a m a g e  9. Therefore ,  m e c h a n i s m s  o the r  t h a n  de s t ruc t i on  
of t he  ca t echo l amine rg i c  ne rve  t e r m i n a l s  m i g h t  be  in- 
vo lved  in t he  c a t echo l am i ne - dep l e t i ng  ac t ion  of 6- 
h y d r o x y d o p a m i n e .  

I n  t he  p r e sen t  paper ,  ev idence  is p r e sen t ed  t h a t  doses of 
6 - h y d r o x y d o p a m i n e  w h i c h  a p p a r e n t l y  do no t  cause  u l t r a -  
s t r u c t u r a l  b r a i n  d a m a g e  i n h i b i t  t h e  f o r m a t i o n  of ce rebra l  
c a t echo l amines  f rom ty ros ine  a d m i n i s t e r e d  in to  t he  
ce rebra l  vent r ic les .  

Experimental. I n  ma le  a lb ino  r a t s  of W i s t a r  or igin 
(Fii l l insdorf) ,  we igh ing  250-280 g, 200 txg 6 -hydroxy-  
d o p a m i n e  (base, app l ied  as h y d r o b r o m i d e  dissolved in 
10 [xl saline) were i n j ec t ed  t h r o u g h  a c a n n u l a  p e r m a n e n t l y  
i m p l a n t e d  in t he  r i g h t  l a te ra l  ven t r i c l e  of t he  b r a i n  1~ 
An ima l s  g iven  sal ine in jec t ions  se rved  as controls .  2 or 5 
days  l a t e r  a n d  1 h before  decap i t a t ion ,  t h e  an i ma l s  re- 
ce ived e i t he r  15 vg of L-2-1aC-tyrosine (specific a c t i v i t y  
175 ~xC/mg; d issolved in  10 txl 0 . 1 M  N a - K - p h o s p h a t e  
buffer ,  p H  7.4) i n t r a v e n t r i c u l a r l y  or 3 m g / k g  L-2-14C-3, 4- 
d i h y d r o x y p h e n y l a l a n i n e  (dopa) (specific a c t i v i t y  100 ~C/ 
mg) i.p. The  b ra ins  were r ap i d l y  d issected  on  ice a n d  10-14 
(l*C-tyrosine) or 3-5  Q4C-dopa) b r a i n  s t ems  ( inc luding  
t he  basa l  ganglia)  were  pooled.  

I n  t he  14C-tyrosine expe r imen t s ,  t h e  b r a i n  t i ssue  was 
homogen ized  in 0 . 4 M  HCIO4, t he  s u p e r n a t a n t  a d j u s t e d  
to  p H  2 a n d  b r o u g h t  on  a c o l u m n  of Dowex  50-X 4 in 
N a  + form.  As p rev ious ly  descr ibed  n,  3 d i f fe ren t  f r ac t ions  
were o b t a i n e d :  a m i n o  acids, c a t echo l amines  a n d  m e t a -  
bol ic  end-p roduc t s .  I n  o rder  to  s epa ra t e  t h e  p r o d u c t s  of 
t y ros ine  t r a n s a m i n a t i o n  f rom t he  ca techo l  der iva t ives ,  t he  
f r ac t ion  of m e t a b o l i c  e n d - p r o d u c t s  f rom laC-tyrosine-  
t r e a t e d  an ima l s  was  passed  t h r o u g h  a l u m i n a  essent ia l ly  
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as descr ibed  for t h e  s epa ra t i on  of dopa  and  3-O-methyl -  
dopa  n.  The  abso rbed  cakchol  me tabo l i t e s  were e lu ted  
w i t h  0 . 2 N  HC1. Th i s  e lua te  was ad jus t ed  to  p H  5 a n d  
passed  t h r o u g h  a c o l u m n  of Dowex  AG 3 X 4 (0.5 g) 
f rom w h i c h  the  d i h y r o x y l a t e d  d e a m i n a t e d  me tabo l i t e s  
(DHDM) were re -e lu ted  w i t h  5 N  acet ic  acid. Af te r  mea-  
s u r e m e n t  of t he  r a d i o a c t i v i t y  of a n  a l iquo t  of t he  eluate ,  
t he  res t  was  evapora t ed .  The  res idue was dissolved in 90% 
(v/v) aqueous  m e t h a n o l  a n d  c h r o m a t o g r a p h e d  on  W h a t -  
m a n  No. 1 in  b u t a n o l  s a t u r a t e d  w i t h  0 . 5 M  K - a c e t a t e  
buffer ,  p H  4.5. The  p a p e r  c h r o m a t o g r a m  was cu t  in to  
s t r ips  a n d  m e a s u r e m e n t s  of t h e i r  r a d i o a c t i v i t y  were  
car r ied  ou t  in  a l iqu id  sc in t i l l a t ion  counter .  

I n  t he  e x p e r i m e n t s  w i t h  14C-dopa, t he  b ra in  s t ems  were 
homogen i zed  in 0 . 5 N  HC1 a n d  t he  s u p e r n a t a n t ,  a d j u s t e d  
to  p H  5, was  passed  on  Dowex AG 3 X 4 for t h e  absorp-  
t ion  of t h e  acidic me t abo l i t e s  which  were re -e lu ted  a n d  
s u b m i t t e d  to  pape r  c h r o m a t o g r a p h y  as descr ibed above .  
The  eff luent ,  ad ju s t ed  to p H  2, was  b r o u g h t  on  Dowex  
50-X 4 for  t he  s epa ra t i on  of a m i n o  acids and  cate-  
cho lamines  11. 

Results. (1) One h o u r  a f t e r  i n t r a v e n t r i c u l a r  i n j ec t ion  of 
14C-tyrosine, t he  a c c u m u l a t i o n  of r ad ioac t ive  a m i n o  acids 
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