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also to  a n  increase  of ca rboxy l - res idues  close to or a t  t h e  
p r o t e i n ' s  ac t ive  site. 

Zusammen/assung. A n h a n d  yon  Mode l lve r suchen  konn-  
te  gezeigt  werden,  dass  S H - g e b u n d e n e s  N- )k thy lmale in i -  
m id  bei  p H - W e r t e n  f iber d e m  N e u t r a l p u n k t  a l lm/ ih l ich  

zur  e n t s p r e c h e n d e n  N - A t h y l s u c c i n a m i d s ~ u r e  hydroI is ier t .  
D a d u r c h  ver~Lndert s ich das  c h r o m a t o g r a p h i s c h e  Verha l -  
t en  N & M - m a r k i e r t e r  P e p t i d e  u n d  m6gl icherweise  auch  die 
biologische Akt ivi t /~t  N ~ M - b l o c k i e r t e r  P ro te ine .  
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T h e  A m i n e  and A m i n o  Acid  C o m p o s i t i o n  in the  

I t  has  b e c o m e  clear  in  r ecen t  years  t h a t  precise  bio-  
chemica l  i n f o r m a t i o n  on  t he  f unc t i on i ng  of ne rvous  
sys t ems  is bes t  o b t a i n e d  f rom e x p e r i m e n t s  on  i n d i v i d u a l  
neurons .  The  so-cal led 'col lossal '  or Ra~TZlUS cells i ill each  
a b d o m i n a l  gang l ion  of t he  leech Hirudo medicinalis are 
p a r t i c u l a r l y  su i t ab le  for b iochemica l  s tud ies  because  t h e y  
can  be  d issected  f rom t h e i r  s u r r o u n d i n g  t issues.  

'These neu rons  are  g lobe - shaped  w i t h  a d i a m e t e r  of up  
to  80 ~m a n d  are k n o w n  to c o n t a i n  se ro ton in  3, 3. A l t h o u g h  
t h e  Re t z iu s  cells can  v a r y  in size, t h e i r  c o n s t a n t  pos i t ion  
a n d  superf ic ia l  loca t ion  al low t h e m  to  be  easi ly  dis t in-  
gu ished  f rom the  s u r r o u n d i n g  cells in  l iv ing  p repa ra t ions .  
W e  appl ied  t h e  mic rob iochemica l  t e c h n i q u e  deve loped  b y  
NEUHOFF et  al.4,5 to  i n v e s t i g a t e  t h e  a m i n e  a n d  a m i n o  
acid c o n t e n t  of t he  Re tz ius  cells a n d  also t h e  a b d o m i n a l  
ne rve  cha in  of t he  leech. T he  c o n t e n t  of t he  1Retzius cells 
is c o m p a r e d  w i t h  t h a t  of t h e  s e r o t o n i n - c o n t a i n i n g  n e u r o n  
in t he  m e t a c e r e b r a l  gang l ion  of t he  sna i l  wh ich  has  b e e n  
descr ibed  e lsewhere  6, 7. 

Materials and method. Act ive  leeches were o b t a i n e d  
f rom a local  dealer  a n d  groups  of a b o u t  7 gangl ia  were 
i so la ted  as descr ibed  b y  W A L I ~  s. The  gangl ia  were 
p inned ,  v e n t r a l  side up  on to  t he  base  of a sma l l  d i ssec t ing  
dish  c o n t a i n i n g  a shee t  of plast ic ,  f i l led w i t h  cold sal ine 9, 
a n d  were p laced  on a specia l ly  cooled d issec t ing  micro-  
scope stage.  Single 1Retzius cells ( there  are two ill each  
a b d o m i n a l  gang l ion  of the  ne rve  chain)  were care fu l ly  
freed f rom t h e  s u r r o u n d i n g  n e r v e  t i ssues  us ing  t h i n  
t u n g s t e n  needles  a n d  s h a r p e n e d  forceps.  Cells were t h e n  
i n d i v i d u a l l y  l i f ted free b y  suc t ion  f rom t h e  u l t r a  t h i n  t i p  
(15 ~xm in d iamete r )  of a glass p ipe t te ,  a t t a c h e d  to t h e  
m o u t h  b y  r u b b e r  t ub ing .  40 neu r ons  were t r a n s f e r r e d  to 
a 10 ~zl cap i l l a ry  ( D r u m m o n d  microcap)  which  h a d  been  
hea t - sea led  a t  one end  a n d  c o n t a i n e d  3 [zl of 0.05 M 
sod ium b i c a r b o n a t e  p H  10. T he  cells were t h e n  h o m o -  
genized  us ing  a special  ne rve  cana l  drill ,  3 ~1 ace tone  were 
added  to  p rec ip i t a t e  t he  p ro t e in s  and  t he  cap i l l a ry  was 
t h e n  cent r i fuged6.  The  s u p e r n a t a n t  was  n e x t  t r a n s f e r r e d  
to  a c lean microglass  t u b e  and  reac ted  w i t h  a n  equa l  
v o l u m e  of 5 ~.M/ml 14C-dansyl-chloride (Schwarz /Mann ,  
Orangeburg ,  New York)  specific a c t i v i t y  49 m C / m M ) .  A 
n u m b e r  of t r i a l  e x p e r i m e n t s  were in i t i a l ly  car r ied  ou t  to  
d e t e r m i n e  t he  c o n c e n t r a t i o n  of ~4C-dansyl-chloride re- 
quired,  since i t  is k n o w n  t h a t  t h i s  is of i m p o r t a n c e  in 
order  to  o b t a i n  o p t i m a l  r eac t ion  cond i t ions  10. Af te r  
i n c u b a t i n g  t h e  micro-glass  t u b e  a n d  i ts  c o n t e n t s  for 
30 ra in  a t  37 ~ t he  m i x t u r e  was e v a p o r a t e d  to  d ryness  
u n d e r  r educed  pressure  a n d  t i le  d a n s y l a t e d  subs t ances  
r e suspended  in 2 [zl ace tone /ace t i c  acid (3 : 2 v/v). Al iquo t s  
of 0.5 [zl were spo t t ed  on to  a corner  of a 3 • 3 cm p o l y a m i d e  
layer  and  deve loped  b y  two d i m ens i ona l  c h r o m a t o g r a p h y  
(Figures  l a  a n d  2a). A t h i r d  c h r o m a t o g r a p h y  in t he  
second d i m e n s i o n  was r equ i red  to s epa ra t e  a l an ine  f rom 

R e t z i u s  Cells  of  the  Leech  Hirudo medicinalis 

dansyl -NH2,  a spa r t i c  acid f rom g lu t amic  acid a n d  ser ine 
f rom th reon ine ,  g l u t a m i n e  and  a s p a r a g i n e  (Figures l b  
a n d  2b),  a l t h o u g h  th i s  resu l ted  in a poor  def in i t ion  of 
some o the r  subs tances .  The  c h r o m a t o g r a p h i c  p rocedure ,  
a m e t h o d  for o b t a i n i n g  a u t o r a d i o g r a m s  a n d  for t he  
q u a n t i t a t i v e  m e a s u r e m e n t  of each  s u b s t a n c e  on a single 
m i c r o c h r o m a t o g r a m  is descr ibed  e lsewhere  4-6. I n  ad- 
di t ion,  a f t e r  t he  Re tz ius  ceils h a d  been  dissected,  t h e  
a b d o m i n a l  n e r v e  cha in  was homogen ized  (1 m g  t i ssue  pe r  
10 ~1 sod ium b i ca rbona t e )  and  cen t r i fuged  a n d  3 ~1 of t he  
s u p e r n a t a n t  was  t h e n  r eac t ed  w i t h  t h e  same  q u a n t i t y  of 
5 vM/ml  14C-dansyl-chloride a n d  i n c u b a t e d  for 30 ra in  
a t  37~ The  m i x t u r e  was t h e n  e v a p o r a t e d  to  dryness ,  
red isso lved  in 5 ~1 ace tone /ace t i c  acid a n d  appl ied  in 
a l iquo t s  of 0.5 [zl to  m i c r o c h r o m a t o g r a m s  for analysis .  

Results and discussion. A u t o r a d i o g r a m s  showing  t h e  
occurrence  of subs t ances  wh ich  reac t  w i t h  d a n s y l  chlor ide  
are shown  in F igures  1 and  2. E a c h  s u b s t a n c e  can  be 
ident i f ied  b y  c o m p a r i n g  t h e  spot  n u m b e r s  on  t he  m a p s  
w i t h  those  shown  in t he  Table .  The  r a d i o a c t i v i t y  as- 
soc ia ted  w i t h  each  s u b s t a n c e  f rom ch roma~ograms  of 2 
d i f fe ren t  e x p e r i m e n t s  for b o t h  Re t z iu s  cells a n d  ab-  
d o m i n a l  ne rve  cha in  are also shown  in t h e  Table .  Com- 
pa r i son  of t he  p e r c e n t a g e  compos i t i on  of each  d a n s y l  
d e r i v a t i v e  in t he  d i f fe ren t  e x p e r i m e n t s  d e m o n s t r a t e s  t h a t  
r ep roduc ib le  resu l t s  are ob ta ined .  Since t h e  m e t h o d  
depends  on  t he  r eac t ion  of dansy l -ch lo r ide  w i t h  a l ipha t i c  
a m i n o  or h y d r o x y  groups  to  fo rm f luoresc ing c o m p o u n d s  
a t  a lka l ine  pH,  a s ingle s u b s t a n c e  w h i c h  con t a in s  all 
a l i pha t i c  a m i n o  a n d  h y d r o x y  group,  as does serotonin ,  
can  p rov ide  3 poss ible  f luoresc ing compounds ,  i.e. N-, OH-  
a n d  Bis-form. I n  pract ice ,  however ,  t he  n u m b e r  of com- 
p o u n d s  p r o d u c e d  depends  on  t he  e x p e r i m e n t a l  con-  
d i t ions  4,11. One of t he  m o s t  s t r i k ing  fea tu res  of these  

1 G. RETZlUS, Biol. Unters. 2, 13 (1891). 
2 G. A. KERKUT, C. B, SEDDEN and R. J. WALKER, Comp. Biochem. 

Physiol. 21,687 (1969). 
a S. RUDE, R. E. COGOESHALL and L. S. VAN ORDEN III, J. Cell 

Biol. dl, 832 (1969). 
4 V. NEUHOFF, in Recent Advances in Ouanittative Histo- and Cyto- 

chemistry (Eds. U. C. DUBACH and U. SCH~IDT, Hans Huber 
Publishers, Bern 1971), p. 109. 

5 N. N. OSBORNE, G. BRIEL and V. NEUHOFF, Int. J. Neurosci. ], 
265 (1971). 

s G. BRIEL, V. NEUHOFF and N. N. OSBORNE, Int. J. Neurosci. 2, 129 
(1971). 

7 N. IN!. OSBORNE, in Proc. IVth European Malacol. Congress, Geneva 
1971, in press. 

8 R. J. WALKER, in Neurobiology in Invertebrates (Ed. J. SALs 
Plenum Press, New York 1968), p. 227. 
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Composition of l*C-daflsylated compounds separated by microchromatography, isolated and counted in a scintillation spectrometer 

Spot Substance Abdominal nerve cells (free of Retzius cells) Retzius cells 
No. 

Experiment 1 Experiment 2 Experiment 1 Experiment 2 

Counts Compo- Counts Compo- Counts Compo- Counts Compo- 
(cpm) sition (%} (cpm) sition (%) (epm) sition (%) (cpm) sition (%) 

1 Starting point . . . . . . . .  
2 Dans-OH (not counted) . . . . . . . .  

3 N-serotonin 246 1.78 252 1.83 3033 11.08 2008 10.65 
16 Bis-serotonin 192.5 1.39 191 1.39 1339 4.89 379 4.66 
4 Tryptophan 180.5 1.31 161 1.17 1590 5.81 1025.5 5.44 

32 N-5-HTP 129 0.93 126 0.91 1250 4.57 850.5 4.51 
5 Bis-5-HTP absent absent absent absent 474 1.73 331 1.75 
6 Bis-Lysine 424.5 3.08 468 3.40 790 2.88 534 2.83 
7 Bis-ornithine 895 6.50 922 6.71 1184.3 4.33 760.5 4.03 
8 Methionine 73 0.53 72 0.52 98 0.35 100 0.53 
9 Phenylalanine 205 1.48 203 1.47 363 1.32 298.5 1.58 

10 Bis-histidine 228 1.65 231 1.68 255 0.93 191.5 1.01 
11 Leucine 439 3.18 416 3.03 757 2.76 542 2.87 
12 Isoleueine 294 2.16 256 1.86 340 1.24 221 1.17 
13 Unknown 184 1.33 167 1.21 313 1.14 298.5 1.58 
14 Unknown 97 0.70 102 0.75 300 1.09 258 1.36 
33 N-tyrosine 129 0.93 129 0.93 251 0.91 149 0.78 
15 Bis-tyrosine 248.5 1.80 265 1.93 366 1.33 251 1.33 
17 5-Hydroxyindole 251.5 1.82 244.5 1.78 291 1.06 173.5 0.92 
18 Proline 273 1.98 287 2.09 266 0.97 194 1.02 
19 Valine 429 3.11 419 3.05 488 1.78 414 2.19 
20 GABA 60 0.43 61 0.44 61 0.22 65 0.34 
21 Alanine 1498 10,88 1450 10.56 1471 5.37 1100.5 5.84 
22 Ethaaolamine 282 2.04 274 t.99 370 ~.35 216 1.14 
23 Unknown absent absent absent absent 337 1.23 223 1.18 
24 Unknown absent absent absent absent 362.9 1.32 291.6 1.54 
25 Glycine 1667 12.10 1628 11.86 1803 6.59 1266.5 6.72 
26 Glutamie acid 1321 9.59 1316 9.58 3510 12.83 2327.5 12.35 
27 Aspartic acid 383 2.78 369 2.69 1119 4.09 792 4.20 
28 Threonine + Glutamine + Asparagine 303 2.20 310 2.25 281 1.02 208.5 1.10 
29 Serine 1092 7.93 1040 7.57 763 2.7g 648 3.43 
30 Arginine, cr + e-lysine 514 3.73 580 4.22 1580 5.77 935 4.96 
31 Unknown + taurine absent absent absent absent 1381 5.04 839 4.45 
34 Unknown 497.5 3.60 525 3.82 absent absent absent absent 
35 Unknown 869 6.31 880 6.41 592 2.16 448 2.27 
36 Unknown 127 0.92 131 0.95 absent absent absent absent 
37 Unknown 114 0.82 122 0.88 absent absent absent absent 
38 Unknown 122 0.88 128 0.93 absent absent absent absent 

r e su l t s  is the  occu r r ence  of h igh  levels of 5 - H T P  (5-hydro-  
x y t r y p t o p h a n )  a n d  s e r o t o n i n  (bo th  s u b s t a n c e s  occur  as  
2 d a n s y l  fo rms)  in t h e  R e t z i u s  cells. T h e  ex i s t ence  of 
s e r o t o n i n  in t he se  n e u r o n s  h a d  p r e v i o u s l y  been  p r o v e d  b y  
f luorescence  microscopy2,3 ,  m i e r o s p e c t r o m e t r y a  a n d  
c h r o m a t o g r a p h y K  This ,  h o w e v e r ,  is t he  f i r s t  r e p o r t  de- 
s c r ib ing  t h e  p r e sence  of 5 - H T P ,  a l t h o u g h  it  h a s  been  
s h o w n  ear l ier  t h a t  t h e  R e t z i u s  ceils can  t a k e - u p  a n d  
c o n v e r t  5 - H T P  to  s e r o t o n i n l K  I t  is w o r t h  whi l e  n o t i n g  
t h a t  t h e  a b d o m i n a l  n e r v e  cha in  also h a s  a fa i r ly  h igh  
s e r o t o n i n  con t en t ,  w h i c h  is n o t  s u r p r i z i n g  s ince each  
gang l ion  c o n t a i n s  a t  leas t  4 large s e r o t o n i n - c o n t a i n i n g  
n e u r o n s  13 

G e n e r a l l y  t h e  d i s t r i b u t i o n  of a m i n o  acids  in t he  R e t z i u s  
cells a n d  a b d o m i n a l  n e r v e  cha in  of t h e  leech is s imi lar .  
B o t h  h a v e  a p p r o x i m a t e l y  t h e  s a m e  a m o u n t s  of t y ros ine ,  
lysine,  o rn i th ine ,  isoleucine,  leucine,  p h e n y l a l a n i n e ,  
m e t h i o n i n e ,  7 - a m i n o - b u t y r i c  acid (GABA) a n d  a rg in ine  
(plus  e - a m i n o - h i s t i d i n e  a n d  e-lycine) a l t h o u g h  t h e  ab-  
d o m i n a l  ne rve  cha in  c o n t a i n s  g r ea t e r  q u a n t i t i e s  of 
h i s t id ine ,  ser ine,  pro l ine ,  val ine,  t h r e o n i n e ,  g l u t a m i n e  a n d  
a spa rag ine ,  aaanine,  g lyc ine  a n d  lesser  a m o u n t s  of a s p a r t i c  
acid a n d  g l u t a m i c  acid. Of special  i n t e r e s t  is t h e  occur -  

rence  of v e r y  m u c h  m o r e  t r y p t o p h a n  a n d  less ser ine in t h e  
R e t z i u s  cells. T h e  s igni f icance  of t he  h igh  level of ser ine 
in t h e  a b d o m i n a l  ne rve  cha in  is n o t  y e t  u n d e r s t o o d .  

T h e  p r e se nc e  of  5 - h y d r o x y i n d o l e  in leech ne rve  t i s sue  
is w o r t h y  of special  note .  Th i s  s u b s t a n c e  h a s  a l r e a d y  been  
de t ec t ed  in ca t  sp ina l  cord  n a n d  mol lusc  n e r v e  t i s sue  5 
w h e r e  s e r o t o n i n  is k n o w n  to  exis t .  F u r t h e r m o r e  i ts  con-  
c e n t r a t i o n  inc reases  in t h e  sna i l  b r a i n  a f t e r  e lect r ical  
s t i m u l a t i o n  1~. Be ca use  of i t s  close s i m i l a r i t y  in s t r u c t u r e  
to  5 - h y d r o x y i n d o l e a c e t i c  acid (a k n o w n  b r e a k d o w n  
p r o d u c t  of s e ro ton in )  it  s e e m s  l ike ly  t h a t  5 - h y d r o x y i n d o l e  
is also a m e t a b o l i t e  of s e r o t o n i n  s y n t h e s i s .  Also i n t e r e s t i n g  
are  t h e  absence  of 3 u n k n o w n  s u b s t a n c e s  ( spo t  36, 37, 38), 
a n d  t h e  p r e sence  of 2 u n k n o w n  s u b s t a n c e s  ( spo t  23 a n d  
24) in t h e  R e t z i u s  ceils, w h e r e a s  t h e  o p p o s i t e  is t r u e  of 
t he  a b d o m i n a l  n e r v e  cha in  of t h e  leech. 

1~ j .  G. HILDEBRANDT, D. L. BARKER, E. HERBERT and E. A. KRAVITZ, 
J. NeurobioL 2, 231 (1971). 

19 G. A. t{ERKUT, tn Handbook of Neurochemistry (Ed. A. LAJTHA, 
Plenum Press, New York 1969), vol. 2, p. 539. 

14 N. N. OSBORNE, B. POWELL and G- A. COTTRELL, Braiz~ Res, dT, 
379 (1972). 
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The re  are some diff icul t ies  in  m a k i n g  a compar i son  
b e t w e e n  the  c o n t e n t s  of the  Re tz ius  cell a n d  t he  se ro ton in-  
c o n t a i n i n g  n e u r o n  wh ich  exis ts  in  t he  sna i l  8, 7 because  t h e  
a m i n e  a n d  a m i n o  acid c o n t e n t  of sna i l  ne rvous  t i ssue  ~, is 
d i f f e ren t  f rom t h a t  of t he  leech. I t  does appear ,  however ,  
t h a t  t he  Re tz ius  ceII, l ike t he  s e r o t o n i n - c o n t a i n i n g  n e u r o n  
in t he  snail ,  con ta ins  g rea te r  a m o u n t s  of sero tonin ,  5 - H T P  
a n d  t r y p t o p h a n  t h a n  i ts  s u r r o u n d i n g  n e r v e  t issues.  I n  
a d d i t i o n  t he  Re tz ius  cell, l ike t he  sna i l  neuron ,  con ta ins  
large a m o u n t s  of gI~cine a n d  a lanine ,  b u t  differs f rom t h e  
snai l  in h a v i n g  lower a m o u n t s  t h a n  i ts  s u r r o u n d i n g  ne rve  
t issue.  I t  also con ta ins  more  g lu t amic  a n d  a spa r t i c  acid 

( the l a t t e r  to  a lesser ex t en t )  t h a n  t h e  sna i l  se ro ton in-  
c o n t a i n i n g  neuron .  So t h a t  a l t h o u g h  t h e  a m i n e  a n d  
a m i n o  acid c o n t e n t  of t h e  s e r o t o n i n - c o n a t i n i n g  n e u r o n s  
in t h e  leech a n d  snai l  are  s imilar ,  t he re  is some v a r i a t i o n  
in t h e  q u a n t i t a t i e s  of i nd iv idua l  subs tances .  T h e  signifi- 
cance  of th i s  v a r i a t i o n  is compl i ca t ed  b y  the  f ac t  t h a t  n o t  
on ly  does each  a n i m a l  species v a r y  in  t h e  a m i n o  acid 
compos i t io~  of i ts  n e r v o u s  sys tem,  b u t  t h a t  even  in- 
d iv idua l  an ima l s  can  differ  w i t h i n  t h e  one species. 
However ,  i t  m u s t  be  emphas i zed  t h a t  s tud ies  l ike  these  
on  i n d i v i d u a l  n eu ro n s  are r equ i red  to  o b t a i n  precise  bio-  
chemica~ i n f o r m a t i o n  on  t h e  func t ion ing  of n e rv o u s  

(D 

=--1 

Fig. I. Auto~adfograms from extracts of Retzius neurons after having been reacted with l~C-dansyl-chloride. A single chromatogram 
originally measured 3 • 3 em and was developed in either 2(a)or 3(b) solvent systems. The solutions used were: 1st direction, water/formic 
acid (100:3 by volume); 2nd direction, benzene/acetate acid (9:1 by volume);, 3rd direction, ethyl acetate/methanol/acetic acid (20:1:1 
by volume). By comparing the spot numbers oft each accompanying map with those shown in the TaMe, each substance can be identified. 
The unmarked spots on ehromatograms belong either to impurities of uC-da:asyl-ehloride or to other unknown compounds. 
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Fig. 2. Autoradiograms and corresponding maps o~ 14C-dansyi chloride compounds in abdominal nerve chain {excluding Retzius 
neurons} separated by mierochromatography in either 2 {a) or 3 {b) solvent systems. 

sys tems.  The compara t ive ly  high levels of the  serotonin  
precursors ,  5 -HTP and t r y p t o p h a n  for example,  in the  
se ro ton in-conta in ing  neurons  of the  leech and snail 6, 7,15 
m a y  be a character is t ic  of all such neurons.  

Zusammen/assung. Die Mikrochromatograph ie  yon 
dansy l ie r ten  Verb indungen  wurde  angewandt ,  um die 
Ver te i lung yon  Aminen  und  Aminos~uren  in den Retz ius-  
Zellen und  der  Bauchgang l i enke t t e  des Blutegels  Hirudo 
medicinalis zu un te rsuchen .  Die Re tz ius  Zellen weisen 
sehr grosse Mengen an Serotonin,  5 -HTP und T r y p t o p h a n  
auf. Ih r  Gehal t  an Asparagin-  und  GlntaminsXure ist  
eben~alls, al lerdings in ger ingerem Masse, gr6sser als im 
u m g e b e n d e n  Nervengewebe ,  w~hrend His t id in ,  Prolin,  

Valin, Alanin, Glycin sowie Threonin,  Glu tamin  und  
Asparagin  in ger ingeren Mengen vo rkommen .  
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