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special  b iochemica l  r eac t ion  of t he  m e m b r a n e s  due  to  
inc reased  c u r r e n t  dens i ty ,  d u r i n g  spike p r o p a g a t i o n  
in these  axons  ~, t h u s  c o r r o b o r a t i n g  t h e  i n t e r p r e t a t i o n  
of t he  phys io log ica l  role of t he  nodes  g iven  above .  
F u r t h e r  e lec t rophys io logica l  a n d  e lec t ron  microscopi -  
cal work  is in progress  to  e luc ida te  these  p o i n t s  la. 

die ex t raze l lu l~re  Kol lagenhi i l le  des t 3auchmarkpe r i -  
n e u r i u m s  h e r an re i ch t .  Dieser  B e f u n d  wi rd  in H i n b l i c k  
au f  d en  Mech an i s mu s  de r  E r r e g u n g s l e i t u n g  myel in i -  
s ie r ter  N e r v e n f a s e r n  y o n  Wirbe l losen  d i sku t ie r t .  

J. GONTHER 

Zusammenfassung. Es werden  neuar t ige ,  s egmen ta l  
a n g e o r d n e t e  O f f n u n g e n  in de r  Myel insche ide  de r  m e d i a n e n  
Riesenfase r  des R e g e n w u r m s  Lumbricus terrestris be- 
schr ieben,  d u r c h  welche  die A x o n m e m b r a n  d i r e k t  a n  

I. Zoologisches Institut der Universitiit, 
A bteilung/i~r Zellbiologie, 
Berliner Strasse 28, 
D-3d G6ttingen (Germany), 2 May 1973. 

I d e n t i f i c a t i o n  of  H e m o c y a n i n  in  t h e  C y a n o c y t e s  o f  C a r c i n u s  m a e n a s  

Cyanoblast and cyanocyte are the names given by 
FAHRENBACHI to the cells which synthesize hemocyanin 
(Hcy) in  Limulus polyphemus. These  cells h a v e  been  
observed ,  t o g e t h e r  w i t h  g r a n u l a t e d  hemocy tes ,  in  t h e  
c i r cu la to ry  s inusoids  of t he  c o m p o u n d  eye and,  accord ing  
to  t h i s  au tho r ,  t h e y  p r o b a b l y  o r ig ina t e  in  t he  d iges t ive  
g land.  M a t u r e  cyanocy te s  show c rys t a l l i ne  bod ies  w i t h i n  
t h e  c y t o p l a s m  wh ich  h a v e  b e e n  iden t i f i ed  as H c y  on  t h e  
bas is  of t he  d imens iona l  congruence  of t he  c rys ta l l ine  
l a t t i ce  w i t h  t he  size of t h e  H c y  molecule  of t he  same  ani-  
mal .  

H c y  is t he  r e s p i r a t o r y  p i g m e n t  of 2 p h y l a  of inve r t e -  
b r a t e s :  Mol luscs  a n d  A r t h r o p o d a ,  and  t h e  molecu la r  
we igh t  of t h e  m a i n  c o m p o n e n t  p r e sen t  in  t he  b lood  is 
t yp i ca l  n o t  on ly  of each  p h y l u m  b u t  also of t he  classes, 
orders  a n d  suborde r s  of b o t h  p h y l a  ~,3. The  H c y  of 
L{mulus differs  f rom t h a t  of o t h e r  a r t h r o p o d  species in  i t s  
h igh  s e d i m e n t a t i o n  c o n s t a n t :  60 S aga ins t  24 S a n d  16 S 
in  Crus tacea  a n d  34 S in o the r  A r a c h n o m o r p h a  a. E x c e p t  
for  t h e  obse rva t i ons  b y  DILLY a n d  MESSENGER 5 on  
Octopus vulgaris a n d  b y  FAHRENBACH on Limulus 
polyphemus, b o t h  based  on  morpho log ica l  ev idence  only,  
t he  p r o b l e m  of t h e  b io syn thes i s  of H e y  in Mol luscs  a n d  
A r t h r o p o d a  is st i l l  a m a t t e r  of specula t ion .  

W i t h  t h e  purpose  of d e m o n s t r a t i n g  u n e q u i v o c a l l y  t h e  
endoce l lu la r  p resence  of I~Icy, t h e  hemopo ie t i c  cells of 
Carcinus maenas h a v e  been  iden t i f i ed  a n d  cha rac t e r i zed  
b y  e lec t ron  mic roscopy  a n d  t h e  p ro t e in  wh ich  is syn thes iz -  
ed in t h e  c y a n o b l a s t  has  been  iden t i f i ed  as H e y  b y  i m m u n e -  
f luorescence.  

Material and methods. The  an ima l s  were o b t a i n e d  f rom 
the  I - tydrobiology S t a t i o n  of Chioggia  (Venice) a n d  k e p t  
in  t he  a q u a r i u m  u n t i l  used. The  dorsa l  ca rapace  was 
r e m o v e d  and  t he  t i ssues  were h a r d e n e d  in s i tu  b y  sho r t  
p r e f i xa t i on  (30-40 rain).  

For  t h e  op t i ca l  microscopy,  Bouin ,  f o r m a l d e h y d e  or 
g l u t a r a l d e h y d e  a t  d i f fe ren t  c o n c e n t r a t i o n s  were employed .  
The  sect ions  were coloured  w i t h  h e m a t o x y l i n - e o s i n  or 
P A S  and  w i t h  rubean i c  acid for  t he  de t ec t i on  of copper .  
Fo r  e lec t ron  microscopy,  t he  bes t  f i xa t ion  was o b t a i n e d  
b y  us ing  3 or 4 %  g lu t e r a ldehyde  in  sea w a t e r  a n d  0.05 2V/ 
cacody la t e  buf fe r  p H  7.0 (1:1 vol.) p lus  0.001 M CaCI~ 
and  0.025 M sucrose. The  t issues,  p rev ious ly  t r e a t e d  in 
s i tu  w i t h  t h i s  solut ion,  were r e m o v e d  a n d  k e p t  for 1 h 
in  f resh  f ixa t ive ,  t h e n  washed  3 t i m e s  (10 ra in  each) 
w i t h  t he  cacody la t e  buf fe r  and  pos t - f ixed  w i t h  1% 
o s m i u m  t e t r o x i d e  in 0.1 M cacody la t e  buf fe r  p H  7.2 for 
60 rain.  The  m a t e r i a l  was  d e h y d r a t e d  a n d  inc luded  in D E R  
(Dew E p o x y  Resin,  Car lson Co.)6. F ine  (500 A ca.) a n d  
1 ~xm t h i c k  sect ions  were p r e p a r e d  w i t h  t he  L K B  U l t r a -  
t o m e  I I I .  The  t h i c k  sect ions  were coloured w i t h  t o lu id ine  
b lue  a n d  t he  t h i n  ones w i t h  u r a n y l  a ce t a t e  ( s a t u r a t e d  

so lu t ion  in 50 ~ e thanol )  for 25-30 ra in  a n d  lead c i t r a t e  
for  3-4  m i n  7. The  o b s e rv a t i o n s  were m a d e  us ing  a Ph y l i p s  
E l ec t ron  Microscope Mod. 300. 

H e y  was pur i f ied  f rom t h e  h e m o l y m p h  of Careinus b y  
d ia lys is  a n d  u l t r a c e n t r i f u g a t i o n  accord ing  to GHIRETTI- 
MAGALDI et  al. 8. The  r a b b i t  H c y  a n t i b o d y  was p r e p a r e d  
b y  in j ec t ing  5 ml  sal ine c o n t a i n i n g  10 m g  of p ro t e i n  once 

1 W. H. FAHRENBACH, J. Cell Biol. dd, 445 (1970). 
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Fig. 1. Electron micrograph of a cyanoeyte in the reticular connective 
tissue of the hepatopanereas of Carcinus maenas showing a large 
inclusion of proteie material (Hey), the Golgi system (G} and a 
peripheric nucleus (N). 3% glutaraldehyde. • 
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a week for 5 weeks. Tile immunologica l  ac t iv i ty  of the  
se rum was  tes ted  by  the  prec ip i t in  reac t ion  using di f ferent  
amoun t s  of ant igen (from 2 to 0.02 mg) dissolved in 
buffered saline (0.05 M phospha te ,  p H  8.6). 

Tile an t i -Hcy  serum was pur i f ied  by  a m m o n i u m  sulfate 
p rec ip i t a t ion  and  by  D E A E  cellulose c h r o m a t o g r a p h y  9. 
Fluorescein  or r hodamine  i so th iocyana te  were used  as 
f luorochromes 1~ and  the  conjugates  were separa ted  by  
D E A E  cellulose c h r o m a t o g r a p h y  9. The immunologica l  
ac t iv i ty  was checked at  each s tep of pur i f ica t ion  by  the  
prec ip i t in  react ion;  t he  presence  of un reac ted  f luorescent  
mater ia l  was control led spec t rophotomet r ica l ly .  The 
ra t io  I lnorochrom to p ro te in  of 2 : i was considered opt imal .  

For  the  immunof luorescen t  reac t ion  the  t issues were 
p repa red  according to WESTIN and  PERLMAN 11 and the  
react ion was carried out  w i th  the  technique  r e c o m m e n d e d  
by  NAIRI~ ~2 using the  blocking t es t  for control .  Observa-  
t ions  were made  wi th  a Lei tz  o r thoplan  microscope 
p rov ided  wi th  a KBO-200 mercury  l amp and  BG-12 or 

UG-5 filters. Pho tog raphs  were t a k e n  w i t h  a 'dayl ight ,  
23 D I N  K o d a c h r o m  fi lm and the  t ime  of exposure  var ied  
f rom 20 to 65 sec. 

Results  and discussion. In  Crustacea  Decapoda  the  
gizzard, ti le oph tha lmic  a r t e ry  and the  hepa topanc reas  
have  been  ident i f ied  as the  sites of hemocytogen ic  
ac t iv i ty  13-15. P a r t  of t he  connect ive  t issue of t he  gizzard 
wails conta ins  nodules  of und i f fe ren t i a ted  cells, m a n y  of 

9 S. LOWEY and L. A. STEINER, J. molec. Biol. 65, 111 (1972). 
10 B. T. WOOD, S. H. THOMPSON and G. GOLDSTEIN, J. Immun. 95, 

225 (1965). 
11 5~. WESTIN and P. PERL~aAN, Expl Cell Res. 72, 232 (1972). 
12 R. C. NAIRN, Fluorescent Protein Tracing {E. and S. LIVINGSTONE, 

Edinburg 1969). 
18 L. CI;E~OT, Archs Zool. exp. g~n. 3, s6r. 4, 1 (1904). 
1~ L. BRUNTZ, Archs Zool. exp. g6n. 7, s6r. 4, 1 (1907). 
15 IV[. KOLLMANI";, Annls Sei. nat. 8, 1 (1908). 

Fig. 2. Crystalline hemocyanin in a cyanocyte showing a parallel Fig. 3. Another crystalline hemoeyanin body showing regularly 
succession of dark and clear bands. • 114,00. aligned granules in the dark repeating bands. • 143,000. 

Fig. 4. Immunofluorescence reaction of the cyanoeytes from the ophthahnic artery. Rhodamine isothiocyanate as fluorochrom. 
Blue light, 45 see exposure. • 90. (a) reaction; (b) control, 
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w h i c h  are  unde rgo ing  mitosis .  Accord ing  to  MARREC ls 
a n d  DEMAL ~7, these  are  ' s t e m  cells '  of t h e  hemopo ie t i c  
l ines;  t h e  o p h t h a l m i c a r t e r y  a n d  t he  h e p a t o p a n c r e a s  are 
t h e  p laces  where  some l ines  rn ig ra te  a n d  d i f fe ren t ia te .  

I n  t h e  r e t i cu la r  c o n n e c t i v e  t issue,  a r o u n d  t h e  o p h t h a l -  
mic  a r t e r y  a n d  in "the spaces  b e t w e e n  t h e  caeca  of t h e  hep-  
a topancreas ,  severa l  v e r y  large eosinophil ic ,  P A S  pos i t ive  
cells are  p r e s e n t  t o g e t h e r  w i t h  g r a n u l a t e d  h e m o c y t e s  a n d  
fagocytes .  

B y  l igh t  a n d  e lec t ron  mic roscopy  severa t  s tages  of 
d i f f e r en t i a t i on  of t he  eosinophi l ic  cells h a v e  been  ident i f ied  
as cells cha rac t e r i zed  b y  t h e  presence  of one or few com- 
pac t  inc lus ions  w h i c h  fill  m o s t  of t h e  cel lular  body .  The  
inclus ions  are  n o t  c o n t a i n e d  in vacuoles,  a l t h o u g h  
some t imes  m e m b r a n e  prof i les  are  seen a r o u n d  t h e m  
(Figure  1); t he  m a t e r i a l  ha s  a g r a n u l a r  s t r u c t u r e  a n d  in 
severa l  cases shows a n u m b e r  of c rys ta l l ine  bodies  fo rmed  
b y  a succession of para l le l  d a r k  a n d  clear  b a n d s  r e p e a t i n g  
eve ry  130 A (Figures  2 a n d  3). The  d a r k  b a n d s  are appa r -  
e n t l y  composed  of a regu la r  a l i g n e m e n t  of dense  granules  
w i t h  a pe r iod ic i ty  of 120 A. These  d imens ions  cor respond  
to  t he  16 S c o m p o n e n t  of t h e  c rus t acean  HcyK I n  t h e  las t  
s tages  of m a t u r a t i o n ,  t h e  cells show a smal l  pe r iphe r i c  
nuc leus  a n d  no  longer  c o n t a i n  c y t o p l a s m i c  organel les  ex-  
cep t  for  a few r e t i c u l u m  profiles.  Supposed ly  t h e y  dis-  
r u p t  a n d  d i scharge  t h e i r  c o n t e n t  in  t he  n e a r b y  c i r cu l a to ry  
sinuses.  

On t h e  basis  of t h e  d imens ions  of t he  g r a n u l a r  a n d  t he  
c rys ta l l ine  mate r ia l ,  t hese  ceils are homologous  to t he  
c y a n o b l a s t s  a n d  t h e  cyanocy te s  descr ibed  in Limulus .  
The  coloured  r eac t i on  w i t h  rubean i e  acid is v e r y  f a in t  on  
a c c o u n t  of t h e  low copper  c o n c e n t r a t i o n  of c rus t acean  
H c y  (0,17%) whereas  t he  P A S  pos i t ive  r eac t i on  is p rob -  
ab ly  due  to  t h e  po lysaccha r ide  f r ac t ion  of t h e  H e y  
molecule  9,17. As d e m o n s t r a t e d  b y  t he  f luorescen t  reac t ion ,  
on ly  t h e  cells wh ich  h a v e  been  iden t i f i ed  b y  l igh t  a n d  

e lec t ron  mic roscopy  as cyanob l a s t s  a n d  cyanocy te s  in t he  
hemopo ie t i c  t i s s u e  of Carcinus maenas r eac t  w i t h  t he  
specific a n t i b o d y  for Carcinus t{cy (Figure  4)18 

T h e  f e r r i t i n  c o n j u g a t e d  specific a n t i b o d y  will  be  em- 
p loyed  for  t he  i den t i f i c a t i on  of t h e  c rys ta l l ine  m a t e r i a l  
w i t h  Hcy.  This  t e c h n i q u e  will  also be  used w i t h  the  a im  of 
e s t ab l i sh ing  t h e  cell l ineage.  The  ana lys i s  b y  op t ica l  
d i f f rac t ion  of t h e  c rys ta l l ine  bodies  is u n d e r  s tudy.  

Riassunto. Nel  t e s su to  emopoie t i co  di  Carcinus 
maenas sono s t a t e  iden t i f i ca te  le cellule che s i n t e t i z zano  
l ' emoc ian ina .  Queste  cellule con tengono  rna te r ia le  t h e  al  
mieroseopio  e le t t ron ico  p r e s e n t a  u n  a spe t t o  g r anu l a r e  con  
par t ice l le  di  d imens ion i  c o s t a n t i  s imi l i  a quel le  del l 'erno- 
c i an ina  c i rco lan te  e che in rnolt i  p u n t i  sono o rgan izza te  in  
u n a  s t r u t t u r a  cr is ta l l ina .  L ' i d e n t i t ~  di  ques to  rna ter ia le  
con l ' e m o c i a n i n a  6 s t a t a  d i m o s t r a t a  col m e t o d o  de l t ' im-  
munof luorescenza .  
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The Occurrence  of a Band of Nucle i  in P r i m a r y  

P r i m a r y  n e u r a l  i n d u c t i o n  ha s  been  p rev ious ly  deduced  
b y  t-IARA 1 tO Occur in  t h e  v e r y  ea r ly  s tage  5 ch ick  e m b r y o  2. 
A t  t h i s  p o i n t  in  d e v e l o p m e n t  t h e  p r e s u m p t i v e  h e a d  
rnesenchyme  cells are p r e s e n t  as a mass  a n t e r i o r  to  
H e n s e n ' s  node  b u t  as y e t  h a v e  no t  fo rmed  a n y  no tochord .  
The  ec tode rm ove r ly ing  these  r ne s enchym e  ceils has  
th i ckened .  Neura l  folds are no t  p resen t .  

W h e n  t he  v e r y  ear ly  s tage  5 e m b r y o  is f ixed  in B ou in ' s  
or Ca rnoy ' s  f luid a n d  sec t ioned  t r a n s v e r s e l y  a t  10 ~xm a 
b a n d  of nucle i  can  be  seen in t h e  e c t o d e r m  ove r ly ing  t h e  
p r e s u m p t i v e  n o t o c h o r d  cells (Figure  1). Th i s  a p p e a r a n c e  
las ts  for a p p r o x i m a t e l y  one ha l f  hour .  T he  b a n d  of nucle i  
appea r s  a t  t h e  t i m e  a t  w h i c h  HARA found  i n d u c t i o n  to  
occur.  I t  is t h u s  a n a t u r a l  m a r k e r  i n d i c a t i n g  t h a t  i n d u c t i o n  
is occurr ing.  

Th i s  b a n d  of nuc le i  is also v is ib le  w h e n  i n d u c t i o n  is 
b r o u g h t  a b o u t  expe r imen ta l l y .  A ' pocke t '  was  fo rmed  in a 
s tage  3.3/4 hos t  e m b r y o  b y  i n se r t i ng  a scalpel  b e t w e e n  t h e  
e c t o d e r m  a n d  e n d o d e r m  nea r  t h e  a rea  opaca  bo rde r  on  a 
level  w i t h  H e n s e n ' s  node.  A s tage  4 t {ensen ' s  node  
(0.3 m m  • 0 . 4 m m )  was excised f rom a d o n o r  ch ick  e m b r y o  
a n d  t h e n  t r a n s f e r r e d  b y  p i p e t t e  to  t h e  hos t  em br yo .  The  
g ra f t  was  t h e n  i n s e r t e d  i n to  t h e  ' pocke t '  so t h a t  t h e  g ra f t  
e n d o d e r m  was a d j a c e n t  to  t h e  hos t  ec toderm:  T he  hos t  
e m b r y o  was i n c u b a t e d  a t  38 ~ 72 e m b r y o s  were p r e p a r e d  
in t h i s  m a n n e r .  6 were f ixed a t  0 rnin,  a n d  f u r t h e r  g roups  
of 6 a t  15 rnin, 30 min ,  1 h, 2 h ,  3 h ,  4 h ,  6 h ,  8 h ,  1 0 h ,  

Neural  Induct ion in the Chick E m b r y o  

12 h, a n d  16-24 h. B o t h  t h e  ec tode rm of t h e  g ra f t  a n d  
host were examined to determine: 1. the length of time 
between irnplanting the graft o{ Hensen's node into a 
host and the corresponding neural induction in the host 
ectoderm and 2. the time between the node graft forming 
a band of nuclei and the host ectoderm forming a band of 
nuclei .  

A b a n d  of nucle i  appea red  in t he  g ra f t  e c t o d e r m  b y  3 h 
(Figure  2). The  hos t  e c tode rm r e sponded  s imi la r ly  b y  

1 I5:. HARA, Ph.D. Thesis, University of Utrecht (1961). 
2 V. HAMBURGER and H. L. HAMILTON, J. Morph. 88, 49 (1951). 

Fig. 1. Transverse section anterior to Hensen's node of the normal 
early stage 5 chick embryo. Note the band of nuclei (arrow) in the 
ectoderm. EC, ectoderm; MS, mesoderm. 


