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va r ious  loca t ions  a long  t h e  m a j o r  c u r v a t u r e  (to e s t ab l i sh  
t he i r  regional  d i s t r i bu t i on ) ;  or in  20 ~, h o r i z o n t a l  serial  
sect ions  (to e s t ab l i sh  t h e i r  t opograph ica l  d i s t r ibu t ion ) .  

The  regional  d i s t r i b u t i o n  of gas t r ic  v i t a m i n  Blz -b ind ing  
p ro te ins  was found  to  follow t he  d i s t r i b u t i o n  of t h e  
en te rochromaf f in - l ike  cells in mouse,  r a t  and  h a m s t e r  
v e r y  closely (Figure  1 a n d  Ref.  10). In  these  species, en- 
t e roch romaf f i n  ceils are a l m o s t  exclus ive ly  found  in t he  
pylor ic  g land  area,  whereas  t he  en t e roch romaf f in - l i ke  
cells occur  in  t h e  oxyn t i c  g land  area.  

Also in t he  guinea-pig,  t he  d i s t r i b u t i o n  of t h e  v i t a m i n  
B12-binding p ro t e ins  was well co r re la ted  w i t h  t h a t  of t he  
en te rochromaf f in - l ike  ceils, wh ich  occurred  in t he  pylor ic  
g land  area  a n d  in t h e  a d j a c e n t  po r t i on  of t h e  oxyn t i e  
g l and  a rea  (Figure  1, see also Ref.  1~). The re  was  no  corre-  
l a t ion  b e t w e e n  v i t a m i n  B~2-binders and  chief  cells. 

The  r a b b i t  was excep t iona l  in  t h a t  t he  d i s t r i b u t i o n  of 
t he  v i t a m i n  B~2-binging p ro te ins  closely agreed  w i t h  a r ich  
p o p u l a t i o n  of m a r k e d l y  r e se rp ine - re s i s t an t  5 -HT-con ta in -  
ing e n t e r o c h r o m a f f i n  cells (referred to as e n t e r o c h r o m a f -  
f in cells, Type  I117) in  t he  oxyn t i c  g land  a rea  (Figure  1), 
wh ich  is poor  in en te rochromaf f in - l ike  cells 17. I t  could  be  
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Fig. 2. Topographical distribution of B12-binders and entero- 
chromaffin cells in the oxyntie gland area of the rabbit. Serial section- 
ing. Each cryostat section (-- 36~ 20/* thick, 4 • 4 mnl. The content 
of vitamin B12-binding protein in single sections was determined as 
described elsewhere 1~ Each value is the mean of 4 experiments. 

s h o w n  t h a t  in  t h i s  region t h e  v i t a m i n  t3~2-binging p ro t e in s  
were r e s t r i c t ed  to t h e  basa l  l aye r  of t he  mucosa ,  a topo-  
g raph ica l  d i s t r i b u t i o n  w h i c h  co r responds  closely to  t h a t  
of t he  e n t e r o c h r o m a f f i n  cells (Figure  2). 

A h igh  v i t a m i n  Blz -b ind ing  capac i t y  is a bas ic  requi re -  
m e n t  for  I F  a c t i v i t y  2.,25. I t  shou ld  be  no ted ,  however ,  
t h a t  v i t a m i n  t31,-binders o t h e r  t h a n  I F  h a v e  been  recog- 
nized in b o t h  gas t r ic  ju ice  a n d  gas t r ic  m u c o s a  2.-~9. T h e  
v i t a m i n  B12-binding c a p a c i t y  is t h u s  no t  b y  itself  a mea-  
sure of I F  c o n t e n t ;  t h e  e s t i m a t i o n  of I F  levels m u s t  be  
based  on  t h e  c a p a c i t y  of gas t r ic  v i t a m i n  Bib-b inders  to  
fac i l i t a te  t h e  i n t e s t i n a l  a b s o r p t i o n  of c y a n o c o b a l a m i n .  
This  will  be  t h e  sub j ec t  of a s epa ra t e  s tudy .  

I t  is e v i d e n t  t h a t  gas t r ic  v i t a m i n  B12-binding p ro t e ins  
are  n o t  r egu l a r l y  assoc ia ted  w i t h  one  p a r t i c u l a r  region of 
t he  s t o m a c h  a n d  t h a t  no  p rev ious ly  p roposed  cell t y p e  can  
be  t he  s ingle cel lular  s to rage  s i te  for such  pro te ins .  I t  is 
sugges ted  t h a t  t he  en t e roeh romaf f in - l i ke  cells in t he  mouse,  
ra t ,  h a m s t e r  a n d  guinea-pig,  a n d  t he  e n t e r o c h r o m a f f i n  
ceils in t he  r a b b i t  c o n t a i n  gas t r ic  v i t a m i n  B12-binding 
pro te ins .  This  m a y  ind ica t e  some func t iona l  s imi la r i ty  be- 
tween  these  cells inspi re  of spec i e s -dependen t  d i f ferences  
as regards  t h e i r  a m i n e  s torage  m e c h a n i s m s  3~ 

Zusammen[assung. Es  wird  a n g e n o m m e n ,  dass  in  Maus,  
R a t t e ,  H a m s t e r  u n d  Meerschweinchen  V i t a m i n  B~2- 
b i n d e n d e  P ro t e ine  sich m i t  en t e roch romaf f inAhn l i chen  
(argyrophi len ,  n i c h t a r g e n t a f f i n e n )  Zellen u n d  im K a n i n -  
chert m i t  e iner  b e s t i m m t e n  A r t  e n t e r o c h r o m a f f i n e r  
(argentaf f iner)  Zellen v e r b i n d e m  
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5 - H y d r o x y t r y p t o p h a n - D e c a r b o x y l a s e  Act iv i ty  in 

Sero ton in  is wide ly  d i s t r i bu t ed  in the  a n i m a l  k ingdom.  
All m a j o r  groups  of an ima l s  h a v e  been  found  to  c o n t a i n  
th i s  amine  1. 

The  occurrence  a n d  the  physio logica l  role of se ro ton in  
in c rus tacea  is v e r y  l i t t le  known,  a l t h o u g h  t h e  p lexuses  of 
ne rve  f ibres  and  t he  pe r ica rd ia l  organs  of c e r t a i n  decapods  
c rus taceans  h a v e  been  k n o w n  to con t a i n  apprec i ab le  
a m o u n t s  of se ro ton in  1,2. More recent ly ,  ]q~'LOFSSON et  al. a 
h a v e  found  one pa i r  of large  yel low f luorescing cells, 
wh ich  ind ica te  the  presence  of se ro ton in  in t he  ' b r a i n '  of 

the Decapod  Crustacean Upogebia littoralis 

t he  c rayf i sh  Astacus astacus, while  later ,  t h e  s ame  
a u t h o r s  4 could no t  d e t e c t  a yel low f luorescence in t h e  
ne rve  f ibres  of t h e  h i n d  gut .  

For  a b e t t e r  u n d e r s t a n d i n g  of se ro ton in  role in crus-  
tacea ,  more  i n f o r m a t i o n  m u s t  be  o b t a i n e d  a b o u t  i ts  dis- 
t r i b u t i o n  in va r ious  t i ssues  of d i f fe rent  species. I n  t h e  
p r e sen t  s tudy ,  we h a v e  u n d e r t a k e n  t he  f u r t h e r  inves t iga -  
t ion  of th i s  p r o b l e m  b y  m e a s u r i n g  t he  a c t i v i t y  of sero- 
t o n i n - p r o d u c i n g  e n z y m e  in va r ious  t i ssues  of t he  above -  
m e n t i o n e d  decapod  c rus tacean .  
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Materials and methods. T he  an ima l s  (Up0gebia littoralis) 
were killed b y  deep freezing a n d  the  o rgans  to  be  s tud ied  
were  qu ick ly  r emoved .  Af t e r  h o m o g e n i z a t i o n  in a po t e r  
( E l v e h j e m  homogen i ze r  w i t h  equa l  vo lume  of p h o s p h a t e  
buf fe r  0 .066M, p H  7.2 a n d  0 . 1 M  cysteine)  t he  h o m o -  
g e n a t e  was cen t r i fuged  a t  13,500 g for  30 min.  T he  super-  
n a t a n t  was  used as e n z y m e  p r e p a r a t i o n .  T he  r eac t i on  
m i x t u r e  cons is ted  of 0.5 ml  hom ogena t e ,  0.04 ~C I)L[14CJ- 
5 - H T P  (s.a. 2 m C / m M ) ,  90 nMol  non- i so topic  DE 5-HTP,  
in a vo lume  of 0.3 ml,  100 ~g p y r i d o x a l  p h o s p h a t e ,  
1 0 - 3 M  isoniazid  b r o u g h t  to  a f inal  v o l u m e  of 2.5 ml  w i t h  
0 .066M p h o s p h a t e  buf fe r  p i t  7.2. Th i s  m i x t u r e  was incu-  
b a t e d  for  30 m i n  a t  37 ~ 5. Af te r  this ,  t h e  m i x t u r e  was  
r e m o v e d  f rom t h e  w a t e r - b a t h  and  p ro te ins  were precipi-  
t a t e d  b y  add i t i on  of 5 vol. of cold e thanol .  The  p rec ip i t a t e  
was  f i l tered off a n d  t h e  f i l t r a t e  e v a p o r a t e d  in  a R o t a -  
vapor .  The  res idue  was d ispersed in w a t e r  to  a v o l u m e  of 
7 ml  and  mixed  w i t h  35 ml  of 2 :1  v / v  ch loroform-  
m e t h a n o l ,  to  r e m o v e  t h e  lipids. 

Fo r  t he  d e t e r m i n a t i o n  of 5 - H T P  decarboxylase ,  a rad io-  
chemica l  test ,  s imi la r  to  t h a t  descr ibed  b y  us p rev ious ly  6, 
was  used. The  d e t e r m i n a t i o n  is based  on  t he  convers ion  of 
[ I*CI-5-HTP to  [ l iC]-serotonin,  s e p a r a t i o n  of r ad i oac t i ve  
me tabo l i t e s  b y  p a p e r  c h r o m a t o g r a p h y  a n d  m e a 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 t he  m e t abo l i t e s  d i rec t ly  on  t he  
p a p e r  b y  l iquid  sc in t i l l a t ion  count ing .  P ro t e in s  were 
d e t e r m i n e d  b y  t h e  m e t h o d  of LOWRY e t  al. ~. 

E n z y m e  a c t i v i t y  is expressed  as un i t s  of e n z y m e  per  m g  
of p r o t e i n  f r o m  the  o b t a i n e d  pe rcen t age  of t he  t r a n s -  
f o r m a t i o n  of [14C]-5-HTP to  [14C]-serotonin accord ing  to  
t h e  fol lowing e q u a t i o n :  

The  enzymic  n a t u r e  of t he  p roduced  se ro ton in  was 
t e s t ed  b y  m e a s u r e m e n t  of t he  5 - H T P  deca rboxy lase  in 
t he  presence  of h y d r o x y l a m i n e ,  a p o t e n t  inh ib i tor .  50% 
inh ib i t i on  was  o b t a i n e d  a t  1 0 - a M  c o n c e n t r a t i o n  of t he  
inhib i tor .  As can  be seen f rom the  Table ,  t he  m a x i m u m  
of t he  e n z y m e  a c t i v i t y  ha s  been  found  in t he  eyesta lks ,  
t h e  level  of w h i c h  is a b o v e  t h a t  found  in r a t  p inea l  gland,  
one of t he  r i ches t  sources of th i s  e n z y m e  s. I t  is i n t e r e s t i ng  
t h a t  t he  eyes ta lk less  h e a d s  h a v e  v e r y  l i t t le  ac t iv i ty .  This  
fac t  t h a t  t he  eyes ta lks  are  t he  r i ches t  source in t he  heads  
of decapods,  c o m p a r a b l e  to  t h a t  occur red  in t h e  p inea l  
g land  of m a m m a l s ,  led us to  cons ider  t h a t  se ro ton in  or a n y  
of i ts  m e t a b o l i t e s  m a y  p l a y  a role in  t he  colour  c h a n g e  of 
c rus taceans .  T h i s  a s s u m p t i o n  is in  accordance  w i t h  t h a t  
found  b y  0STLUND and  FAENGE", where  se ro ton in  causes  
p i g m e n t  d i spers ion  in red  c h r o m a t o p h o r e s  of Leander 
adspersus. I n  a d d i t i o n  t he  r e m o v a l  of eyes ta lks  causes 
genera l  d a r k e n i n g  in decapod,  w h i l e  in j ec t ion  of eyes ta lks  
e x t r a c t  causes  b l anch ing l~  

T h e  f ind ing  t h a t  t h e  eggs h a v e  some 5=HTP decar-  
boxylase  ac t iv i ty ,  is in  acco rdance  w i th  the  conclusions  
of BUZNIKOW et  al. n where  serotonin ,  called b y  t h e m  
' e m b r y o n i c  h o r m o n e ' ,  is i nvo lved  in t he  processes of ear ly  
embryogenes i s ,  b o t h  in  P r o t o s t o m i a  a n d  Deu te ros tomia .  
F ina l ly  one of us 6 ha s  found  changes  of 5 - H T P  de- 
ca rboxy lase  a c t i v i t y  d u r i n g  t he  d e v e l o p m e n t a l  s tages  of 
t h e  b low-f ly  Calliphora erythrocephala, which  depends  on  
ecdysone  t i te r .  

W e  do no t  c la im to h a v e  conclus ive  evidence  for  these  
cor re la t ions ;  more  work  m u s t  be  done  to  clear up  these  
hypo theses .  

T [b 
Specific activity = 100t--m ~ + 

where, T, % transformation of [14C]-5-HTP to [14Cl-sero- 
tonin;  t, incubation t ime; m, mg of protein;  b, [xC of [laC]-5- 
HTP  added; s.a., specific act ivi ty of [14C]-5-HTP; M, molarity 
of non-isotopic 5-HTP solution; V, volume of total  added 
substrate.  

Results and discussion. T h e  a c t i v i t y  of 5 - H T P  de- 
ca rboxy lase  in t he  va r ious  o rgans  of t he  decapod  c rus ta -  
cean  Upogebia littoralis is s h o w n  in t he  Table .  

Zusammenfassung. Die Akt iv i tAt  der  5 - H T P  De- 
ka rboxy l a se  in R o h e x t r a k t e n  ve r sch iedener  Organe  v o n  
Upogebia littoralis wurde  r ad iochemisch  b e s t i m m t .  Die 
gr6sste  A k t i v i t ~ t  des E n z y m s  f inder  s ich in  den  Stiel-  
augen,  w/ ih rend  s t ie laugenlose  K6pfe  die n iedr igs te  
E n z y m a k t i v i t / i t  zeigen, 
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The activity of 5-HTP decarboxylase in SOme organs of Upogebia 
littoralis 

Organs % trans- mg of pro- Enzyme Specific 
formation of tein in the activity activity 
[I~C]-5-HTP incubation in/~U ~ in/ tU ~/mg 
to [14C]-5-HT mixture of protein 

Hepatopancreas 6.0 3.00 219.6 73.2 
Eyestalkless 4.9 3.82 179.3 46.9 
heads 
Eyestalks 20.8 2.70 761.3 282,0 
Eggs 5.8 11.88 212.3 17.8 
Intestine 7.3 3.64 267.2 73.4 

The experimental conditions are described in the text. �9 According 
to the Commission on Enzymes of the International Union of Bio- 
chemistry, 1 Unit (IU) of enzyme is defined as that amount of 
enzyme that catalyzes the production of 1/~Mol product per miD, 
while the Units per mg of protein is defined as specific activity of the 
enzyme. 
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