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i n h i b i t e d  b y  S R I F ,  b u t  no t  b y  o t h e r  s imi lar  s y n t h e t i c  
pept ides ,  ,are can  consider  t h a t  t he  s u b s t a n c e  revea led  b y  
t he  immuno log ica l  r eac t ion  cor responds  to S R I F ,  or a t  
leas t  to  a v e r y  closely re la ted  pept ide .  I n  t he  l izard, t he  
s y s t e m  wh ich  reac t s  specif ical ly w i t h  S R I F  a n t i s e r u m  
or ig ina tes  in a g roup  of P V N  ceils whose  axons  pa r t i a l l y  
join  t he  h y p o t h a l a m o - h y p o p h y s i a l  t r ac tus ,  b u t  t e rmi -  
na t e s  a l m o s t  exclus ively  in t he  e x t e r n a l  zone of t he  
m e d i a n  eminence .  I t  would the re fore  seems t h a t  somato -  
s ta t in ,  wh ich  i n t e rvenes  in r egu la t ing  the  h y p o p h y s i a l  
somato~ropic  funct ion ,  posses t h r o u g h  t he  capi l la ires  of 
t h e  h y p o p h y s i a l  p o r t a l  s y s t e m  to  t h e  reac t ive  si tes ( S T H  
cells) of t he  an t e r io  lobe. 

In  the  l izard, the  i m m u n o c y t o l o g i c a l  r eac t ions  w i t h  
$ R I F  a n d  n e u r o p h y s i n  a n t i s e r a  revea l  t h a t  t he  P V N  
compr ises  a t  least  2 immuno log ica l ly  d i s t i nc t  cells. These  
obse rva t i ons  t a l ly  w i t h  those  car r ied  out ,  u n d e r  t he  same  
condi t ions ,  on  an  a m p h i b i a n ,  X e n o p u s  laevis  12, r evea l ing  
a c ross - reac t ion  w i t h  S R I F  a n t i s e r u m  in a smal l  g roup  of 
n e u r o p h y s i n  pos i t ive  cells of t he  p reop t i c  nucleus .  T h e y  
also agree  w i t h  those  of Dubo i s  and  Kolodz ie jczyk  is, who  
obse rved  cells r eac t ing  w i t h  b o t h  S R I F  and  n e u r o p h y s i n  
an t ibod ie s  in  the  P V N  of t he  ra t .  The  resu l t s  for the  
l izard,  as p rev ious ly  for t h e  a m p h i b i a n ,  d e m o n s t r a t e  t he  
exis tence,  in t h e  P o / k i l o t h e r m s ,  of an  S R I F - l i k e  regula-  
t o ry  sys tem,  a n d  give a v e r y  c lear  idea of i ts  local iza t ion.  

Binding of ferrit in- lect in conjugates  to C-type  virus  in intact cells 1 

L a u r a  Manuel idis ,  M. T o m i t a  and  E. E. Manuel id i s  

Yale University School o/Medicine, Department o[ Pathology, 310 Cedar Street, New Haven (Connectitut 06510, USA),  
23 November 1976 

Summary. Fer r i t i n -R ic in  I I  a n d  F e r r i t i n - C o n c a n a v a l i n  A b o u n d  to  b u d d i n g  as welt  as m a t u r e  C- type  v i ra l  par t ic les .  
No differencies in  b i nd i ng  be t w een  t he  vi ra l  coa t  and  a d j a c e n t  p l a s m a  m e m b r a n e  were de t ec t ed  w i t h  e i t h e r  lec t in  con-  
jugate .  Aggrega t ion  of v i ra l  par t ic les  b y  lec t in  con juga t e s  was observed ,  and  l ink ing  of v i rus  to t he  p l a s m a  m e m b r a n e  
re su l t ed  in phagocy tos i s  of v i ra l  par t ic les .  

C- type  par t ic les  b u d d i n g  f rom t he  surface  of a cell cha rac -  
te r i s t ica l ly  d i sp lay  an  ou te r  e lec t ron  dense  coa t  a r r a n g e d  
in spikes whereas  t he  a d j a c e n t  p l a s m a  m e m b r a n e  of t he  
cell is u n c o a t e d  or smooth .  T he  v i ra l  coa t  p r e s u m a b l y  
con t a in s  un ique  glycoprote in(s)  t h a t  d i s t inguishes  i t  f rom 
the  r e s t  of t he  cell m e m b r a n e .  Af te r  in fec t ion  b y  C- type  
v i ruses  new g lycopro te ins  h a v e  been  found  on  t he  cell 
m e m b r a n e s  2. The  ques t ion  of w h e t h e r  the re  are res t r i c ted  
sites on  t he  cell m e m b r a n e  t h a t  will p e r m i t  v i r a l  budd ing ,  
a n d  if s a c h  s i tes  are  assoc ia ted  w i t h  specific g lycopro te ins  
is st i l l  la rgely  unsolved .  P l a n t  lec t ins  i n t e r a c t  w i t h  spe- 
cific sacchar ide  res idues  and  t h u s  m i g h t  be useful  for 
e a r m a r k i n g  g lycopro te ins  c o n t a i n i n g  such  residues.  In  t he  
p re sen t  s t u d y  we h a v e  used the  p l a n t  lec t ins  R i c i n u s  
c o m m u n i s  agglut in ,  specific for f l -ga lac topyranosyl - l ike  
res idues  a and  C o n c a n a v a l i n  A, wh ich  is specific for e-D 
m a n n o p y r a n o s y l - l i k e  res idues  4,5, in order  to  f ind a) if 
t he re  are r e s t r i c t ed  or c lus te red  b i nd i ng  si tes on  t he  cell 
m e m b r a n e  a n d  b) if t h e  m e m b r a n e  of the  v i ra l  b u d  or  of 
t he  m a t u r e  v i rus  can  be  d i s t ingu i shed  f rom t he  res t  of t he  
cell m e m b r a n e .  Fe r r i t i n - l ec t in  con juga t e s  pur i f ied  b y  
a f f in i ty  c h r o m a t o g r a p h y  6 were used for h i g h  reso lu t ion  
s tud ies  of b ind ing  s i tes  in i n t a c t  cells p roduc ing  C- type  
pa r t i c l e sL  Very  recent ly ,  a f f in i ty  c h r o m a t o g r a p h y  of 
m e m b r a n e  f r a g m e n t s  of C- type  v i rus  infected cells on  
Ric inus  c o m m u n i s  co lumns  has  s h o w n  t h a t  2 v i ra l  glyco- 
p r o t e i n s  were b o u n d  and  largely  pur i f ied  f rom m a n y  
o the r  m e m b r a n e  p ro te ins  8. C o n c a n a v a l i n  A was s tud ied  
b e c a u s e  i t  has  been  used as t he  basis  for a h i g h  yield 
i so la t ion  of infec t ious  C- type  par t ic les  f rom cu l tu re  
med ia  ~. 
Materials and methods. Ric in  I I  was  p r e p a r e d  f rom beans  
as descr ibed  1~ and  was s tored  a t  a c o n c e n t r a t i o n  of 25 
m g / m l  in 50 m M  N a P O  4 p H  7.0. C o n c a n a v a l i n  A (Con A) 
was pur i f ied  b y  a f f in i ty  c h r o m a t o g r a p h y  on  S e p h a d e x  
G-75 or G-100 4 a n d  s tored  u n d e r  s imi la r  condi t ions .  Con-  
juga tes  of f e r r i t i n -R ic in  I I  a n d  Ie r r i t in -Con A were cross- 
l inked  w i t h  g l u t a r a l d e h y d e  essent ia l ly  as descr ibed  ~. 1 ml  
of s tock  IRicin I I  or  Con A was mixed  for 2 m i n  w i th  1 ml  

(25 mg) of 6 • recrys ta / l ized  fe r r i t in  us ing  a m a g n e t i c  s t i r -  
rer. 0.1 ml  of 0 .5% (v/v) g l u t a r a l d e h y d e  in 50 mM N a P O  4 
p H  7.4 was added  dropwise  over  a per iod  of 5 m in  a n d  
s t i r red  45 min  a t  22~ The  con juga t e  was d ia lyzed  
aga ins t  1 1 of 50 m M  NH4C1 a t  22 ~ for 3-4  h followed b y  
1 1 of 50 mM N a P O  4 p H  7.2 a t  4~ ove rn igh t .  P r io r  to  
a f f in i ty  c h r o m a t o g r a p h y  t he  so lu t ion  was clarif ied a t  
3,000 r p m  for 30 m i n  and  t he  p rec ip i t a t e  d iscarded.  F o r  
f e r r i t i n -R ic in  I I  a f f in i ty  c h r o m a t o g r a p h y ,  s u p e r n a t a n t  
was added  to a 2.2 • 20 c m  co lumn  of Sepharose  6B in 
25 mM N a P O  4 p H  7.2. T h e  co lumn  was washed  w i t h  
50 ml  of 25 mM NaPO4 p H  7.2 and  the  c o n j u g a t e  of 
f e r r i t in -Ric in  I I  t h e n  e lu ted  f rom the  co lumn  w i t h  0.1 M 
galactose  in  25 mM N a P O  4 p H  7.2. 5.5 m l  f rac t ions  were 
col lected (figure 1, top) and  the  second p e a k  e lu ted  b y  
galac tose  (Fx  25-28) was c o n c e n t r a t e d  us ing  a X M  50 
Amicon  f i l ter  to  a b o u t  2 ml  final.  The  c o n c e n t r a t e  was  
d i lu ted ,  ref i l tered 1-2 • a n d  cen t r i fuged  for 15 min  a t  
10,000 rpm.  The  s n p e r n a t a n t  c o n t a i n e d  a l m o s t  pure  fer- 
r i t i n -R ic in  I I  con juga t e  and  t he  smal l  a m o u n t  of aggre-  
ga ted  fe r r i t in -Ric in  I I  i t  c o n t a i n e d  was r e m o v e d  b y  gel 
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f i l t r a t ion  on  Sepharose  6B equ i l i b r a t ed  in 50 mM NaPO~ 
p H  7.5 c o n t a i n i n g  50 m M  galactose  (figure 1, bo t tom) .  
Fe r r i t in -Con  A was s imi la r ly  pur i f ied  excep t  t h a t  a f f in i ty  
c h r o m a t o g r a p h y  was done  us ing  Sephadex  G-100 equil i-  
b r a t e d  in 50 m M  N a P O  4 p H  7.2 and  the  e lu t ion  buf fe r  
c o n t a i n e d  0.13/[ e - m e t h y l m a n n o s i d e .  
TC 509 der ived  f rom a m e t h y l c h o l a n t h r e n e  induced  mouse  
g l i ob l a s toma  p roduc ing  C- type  par t ic les  7 and  o t h e r  l ines 
were m a i n t a i n e d  as r epo r t ed  ~1; all  cells were in log phase  
a t  t he  t ime  of exposure  to  conjugates .  3 d i f fe ren t  lots  each  
of fe r r i t in -Con A a n d  ferr i t in-iRicin I I  were p r e p a r e d  a n d  
tested.  Monolayers  of cells were washed  3 X 5 m i n  a t  
22~ w i t h  isotonic  p h o s p h a t e  buffered  saline (PBS) to 
comple te ly  r e m o v e  p r o t e i n  a n d  sugars  of t he  feeding me-  
d i u m ;  incomple te  wash ing  resu l ted  in v e r y  l imi ted  b ind ing  
of con juga t e  to  cells and  vis ible  aggrega t ion  of con juga t e  
in  t he  s u p e r n a t a n t .  Lec t in - f e r r i t i n  con juga te s  were d i lu ted  
in P B S  and  t e s t ed  a t  c o n c e n t r a t i o n s  of 0.06-0.17 m g  fer- 
r i t in /ml .  Con juga tes  were al lowed to b ind  to cells a t  
22 ~ for 15 rain, the  m o n o l a y e r  was w a s h e d  for 5-10 min  
w i t h  3 r inses of excess P B S  a t  22~ to r emove  u n b o u n d  
m a t e r i a l  and  cells f ixed as a m o n o t a y e r  w i t h  g lu ta ra l -  
dehyde  as descr ibed  12 for e lec t ron  microscopy.  
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Fig. 1. Top is from affinity purification of conjugated ferritin-Riein 
II from free ferritin and inactive ferritin-Ricin conjugate on Se- 
pharose 6B. Second peak (Fx 25-28) eluted after addition of 
0.1 M galactose was separated from aggregates and free Riein on 
Sepharose 6B equilibrated with galaetose, shown at bottom. Peak 
1 represents aggregates of ferritin-Ricin II, 2 is ferritin-Ricin II used 
for EM studies and 3 is free Riein II. Optical density 440 
(-O-O-O-) and 280 (-e e-e- ) .  

I n  con t ro l  e x p e r i m e n t s  to  check  if t he  b ind ing  of conju-  
ga tes  to  cells could be comple te ly  i n h i b i t e d  b y  t he  
a p p r o p r i a t e  sacchar ide ,  0.1 M galactose  or 0.1 M e - m e t h y l -  
m a n n o s i d e  were added  to t he  P B S  c o n t a i n i n g  t he  lec t in  
con juga te .  Only  ga lac tose  i nh ib i t ed  b ind ing  of fe r r i t in -  
R ic in  I I  and  on ly  e - m e t h y l m a n n o s i d e  abol i shed  fer r i t in-  
Con A b ind ing .  In  o t h e r  e x p e r i m e n t s  to  rule  o u t  non-  
specific b ind ing  of ferr i t in ,  excess u n c o n j u g a t e d  fe r r i t in  
(0.22 m g / m l  PBS)  was appl ied  to cells and  in t h i s  case 
t he re  was no label l ing  of the  cell surface. A second m e t h o d  
was also employed  to check  resul ts  w i t h  Con A since 
t he re  was some v a r i a b i l i t y  be tween  d i f fe ren t  lots  of fer- 
r i t in -Con A conjuga te .  Cells were exposed  to Con A, 
washed ,  f ixed a n d  t h e n  reac ted  w i t h  peroxidase .  This  
m e t h o d  is based  on  t he  h igh  a f f in i ty  of pe rox idase  for a 
site on  t he  Con A molecule13; cond i t ions  for t he  s t u d y  
were essent ia l ly  as descr ibed  13. I n  add i t ion  to  TC 509 
o t h e r  n o r m a l  a n d  g l iob la s toma  lines were label led a t  the  
same  t ime  u n d e r  the  same  cond i t ions  14. 

Results .  In  all expe r imen t s ,  a t  all concen t r a t i ons ,  and  
w i t h  all  b a t ches  of con juga t e s  of f e r r i t in -Ric in  I I ,  avid  
b ind ing  to t he  surface of TC 509 cells was observed .  
Fe r r i t i n  par t ic les  s t u d d e d  all exposed surfaces of t he  cell. 
Microvill i ,  po r t ions  of t he  cell surface and  regions w i th  
pseudopod ia l  or  ' ruf f led '  surfaces of t he  p l a s m a  mem-  
b r a n e s  showed e q u i v a l e n t  dens i ty  of label.  The  fer r i t in  
was  even ly  d i s t r i b u t e d  and  the re  was no  obv ious  c luster-  
ing of par t ic les  in mos t  sect ions  (figure 2, A). I n  regions 
where  ceils were closely apposed,  p e n e t r a t i o n  and  b ind ing  
of con juga t e  to  t he  m e m b r a n e  was also noted .  P inocy to t i c  
vesicles were of ten  c r a m m e d  w i t h  fe r r i t in  par t ic les  
(figure 2, B). 
C- type  par t ic les  in TC 509 in all  s tages  of m a t u r a t i o n  were 
s tud ied  and  c o m p a r e d  to a d j a c e n t  m e m b r a n e .  E a r l y  
s tages  of v i ra l  b u d d i n g  a t  t he  surface of t he  cell revealed  
equa l ly  dense  a n d  even  labe l l ing  w i t h  f e r r i t in -Ric in  I I  as 
a d j a c e n t  sect ions  of m e m b r a n e  w i th  no virus.  I m m a t u r e  
v i rus  on a s lender  s t a lk  (figure 2, A) as weli as m a t u r e  
v i ra l  par t ic les  c o n t a i n i n g  a dense  core (figure 2, B) also 
revea led  e q u i v a l e n t  labe l  b o t h  to  each  o the r  a n d  to 
a d j a c e n t  po r t i ons  of t he  cell. Ma tu re  v i ra l  par t ic les  in  the  
s u p e r n a t a n t  were also heav i l y  labelled. 

Fe r r i t i n -R ic in  I I  label led p inocy to t i c  vesicles occas ional ly  
c o n t a i n e d  c lus ters  of labe l led  virus.  Such  clusters  of ten 
appea red  aggrega ted  as if cross- l inked b y  fe r r i t in -Ric in  I I  
molecules  {figure 2, B) and  these  c lus ters  appea red  to be  
inges ted  b y  t he  cell. O t h e r  cell vacuoles  c o n t a i n i n g  bud-  
d ing  v i rus  were genera l ly  n o t  labelled.  Cont ro l  experi-  
m e n t s  wi th  excess fer r i t in  ( u n a t t a c h e d  to a lectin) showed 
no surface label  (figure 2, E) ; in such  p r e p a r a t i o n s  in  con- 
t r a s t  to  lec t in  conjuga tes ,  fe r r i t in  par t ic les  were also only  
r a re ly  obse rved  in p inocy to t i c  vesicles or cell vacuoles.  
S tudies  of o t h e r  g l iob la s toma  cells p roduc ing  no  C- type 
par t ic les  inc lud ing  g l iob las tomas  der ived  f rom a d i f fe rent  
species (human)  showed s imi lar  in tense  b ind ing  of ferr i t in-  
Ric in  I I  as TC 509 (figure 2, C). I n  all  con t ro l  s tudies  
the re  was i n h i b i t i o n  of b ind ing  w h e n  excess galactose 
was added  to the  m e d i u m  (figure 2, D). 

E x p e r i m e n t s  w i t h  fe r r i t in -Con A were more  var iab le .  
Some ba t ches  of fe r r i t in -Con A revea led  p a t c h y  label l ing  
of t he  cell surface of TC 509, and  th i s  could no t  be re la ted  
to  t he  c o n c e n t r a t i o n  of con juga t e  employed.  In  such  pre- 
p a r a t i o n s  aggregates  of fe r r i t in  par t ic les  were occas ional ly  
associa ted  w i t h  C- type par t ic les  or c lus ters  of par t ic les  
(figure 2~ F, G), however ,  m a n y  un labe l l ed  par t ic les  as 
well  as cell surfaces  were observed.  Dense  fluffy ma te r i a l  
on t he  surface of t he  cell was also label led (figure 2, G). 
I n  c o n t r a s t  to  TC 509 o the r  h u m a n  g l iob la s toma  cells 
p r epa red  and  label led ident ica l ly  a lways  revea led  more  
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a v i d  b i n d i n g  of f e r r i t i n - C o n  A. I n  al l  c a s e s  m - m e t h y l -  
m a n n o s i d e  c o m p l e t e l y  a b o l i s h e d  I e r r i t i n - C o n  A b i n d i n g .  
I n  o r d e r  to  ru le  o u t  t h e  p o s s i b i l i t y  t h a t  s u c h  p o o r  b i n d i n g  
w a s  d u e  to  a l t e r a t i o n  o f  C o n  A d u r i n g  p r e p a r a t i o n  of  t h e  
f e r r i t i n  c o n j u g a t e ,  l a b e l l i n g  of cel ls  w i t h  u n t r e a t e d  C o n  A 
a n d  s u b s e q u e n t  b i n d i n g  of  p e r o x i d a s e  to  C on  A s i t e s  were  
s t u d i e d .  I n  s u c h  p r e p a r a t i o n s ,  a s  in  t h e  f e r r i t i n - C o n  A 
e x p e r i m e n t s ,  c e l l s  o f  T C  509 r e v e a l e d  o n l y  w e a k  a n d  
p a t c h y  b i n d i n g  of  t h i s  l e c t i n  a n d  v i r a l  p a r t i c l e s  we re  o n l y  
o c c a s i o n a l l y  l abe l l ed .  I n  c o n t r a s t  o t h e r  g l i o b l a s t o m a  cells  
w i t h o u t  C - t y p e  v i r u s  as  in  e x p e r i m e n t s  w i t h  f e r r i t i n -  
C o n  A were  m o r e  i n t e n s e l y  a n d  r e l i a b l y  l abe l l ed  t h a n  
T C  509 cells.  
D{scussion. T h e  f o r e g o i n g  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  
c o n j u g a t e s  b o t h  of  R i c i n  I I  or  C o n  A c a n  be  loca l i zed  to  

s p i k e d  r e g i o n s  of  t h e  p l a s m a  m e m b r a n e  c o a t i n g  C - t y p e  
v i r u s  as  wel l  a s  t o  s m o o t h  r e g i o n s  d e v o i d  of m o r p h o l o g i -  
ca l ly  d i s t i n c t  spec i f ic  v i r a l  s t r u c t u r e s .  T h e s e  r e s u l t s  c a n -  
n o t  be  a s c r i b e d  t o  a r t e f a c t s  of  m a n i p u l a t i o n  s i n c e  t h e s e  
i n t a c t  cei ls  w e r e  s t u d i e d  u n d e r  p h y s i o l o g i c a l  C o n d i t i o n s  
w i t h o u t  a n y  h a r s h  d i s r u p t i v e  m e a s u r e s .  O n e  p o s s i b i l i t y  

11 E . E .  Manuelidis, J. Neurosurg. 22, 368 (1965). 
12 L. Manuelidis and E. E. Manuelidis, Acta Neuropath., Berl. 18, 

193 (1971). 
13 P. da Silva, A, Martinez-Palomo and A. Gonzalez-Robles, J. 

Cell Biol. 64, 538 (1975). 
14 J. Hogan and L. Manuelidis, Acta Neuropath., Berl., 36, 199 

(1976). 

Fig. 2. A Immature  particle bud- 
ding from surface of TC 509 is 
labelled by ferritin-Ricin II as is 
stalk and adjacent region of plas- 
ma membrane.  • B M a -  
ture particles with dense cores (m) 
appear to be joined by ferritin- 
Riein II to adjacent plasma mem- 
brane; aggregates of mature par- 
ticles (a) appear similarly linked to 
each other by ferritin-Ricin II. 
1 labelled mature virus appears in 
a phagoeytotic vacuole (A) and 
others are seen in the Golgi appa- 
ratus (g). Pinocytotic vacuole is 
labelled (arrow) as is fuzzy mate- 
rial at the surface of the cell (• 
• 56,350. C Human  glioblastoma 

with no virus shows similar intense 
label of plasma nmmbranes by 
ferritin-Ricin II and conjugate is 
also seen in pinocytotic vesicles 
(arrows). • 45,475. D Inhibition of 
ferritin-Ricin II binding in the 
presence of galactose. • 
E Addition of excess uneonjutaged 
ferritin resulted in no label of plas- 
ma membrane.  • 29,759. F TC 509 
treated with ferritin-Con A; only 
patchy label of virus and cell 
membrane is seen and binding was 
always less intense than with Ri- 
t in  II conjugate. • G Ma- 
ture virus particles labelled with 
ferritin-Con A; 1 particle appears 
to be in early stage of ingestion by 
underlying men, brahe with pino- 
cytotic specialization (arrow). 
Fuzzy material at surface of cell is 
labelled (A). • 66,093. 
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is t h a t  t he  en t i re  m e m b r a n e  of these  cells con t a in s  v i ra l  
g lycoprote in(s)  capab le  of b i nd i ng  these  2 lec t ins ;  a spe- 
cific m u r i n e  g lycopro te in  has  been  found  in the  m e m b r a n e  
b o t h  of v i rus  shedd ing  cells 15 as well as in t r a n s f o r m e d  b u t  
non-v i rus  p r o d u c i n g  cells 1~ sugges t ing  some diffuse v i ra l  
g lycopro te in  inse r t ion  in t he  p l a s m a  m e m b r a n e  in t he  
absence  of v i ra l  budd ing .  However ,  in  t he  p r e s en t  s t u d y  
h u m a n  g l iob l a s toma  ceils t h a t  were no t  infec ted  also 
s imi lar ly  b o u n d  these  lect ins  t h u s  i nd i ca t i ng  t h a t  these  
lect ins  are no t  suf f ic ien t ly  specific to  de t ec t  or d i s t i ngu i sh  
specific v i ra l  g lycoprote in(s)  in  an  i n t a c t  p r epa ra t i on .  
Af f in i ty  c h r o m a t o g r a p h y  us ing  Ric in  I I  ha s  been  suc- 
cessful ly employed  for pur i f ica t ion  of specific m e m b r a n e  
g lycopro te ins  in C- type  infec ted  ceils s. The  a p p a r e n t  dif-  
ference in specif ic i ty  in t he  b iochemica l  pur i f i ca t ion  w i t h  
lec t in  a f f in i ty  co lumns  as compared  to  t he  lack of speci- 

15 S . J .  Kennel, B. De|villano, R. L. Levy and R. A. Lerner, 
Virology 55, 464 (1973). 

16 J. Bilello, M. Strand and J. T. August, Proe. nat. Acad. Sei., 
USA 71, 3234 (1974). 

17 H.J .  Ryser, Science 159, 390 (1968). 
18 B. Howard, M. Estes and J. J. pagano, Bioehiln. biophys. Acta 

228, 105 (1971). 

f ici ty obse rved  in the  p r e sen t  s t u d y  in i n t a c t  cells shou ld  
be cons idered  in l igh t  of 2 fac tors :  1. Glycol ipids  wi th  
specific sugar  res idues  will p r o b a b l y  add  to t he  back -  
g round  of lec t in  b i n d i n g  in t he  i n t a c t  cells; such glyco- 
l ipids are d i scarded  in t he  b iochemica l  i so la t ion  of glyco- 
pro te ins ,  and  2. pu r i f i ca t ion  of g lycopro te ins  f rom o t h e r  
p ro te ins  d u r i n g  lec t in  a f f in i ty  c h r o m a t o g r a p h y  can  en r i ch  
v i ra l  g lycopro te in  c o m p o n e n t s  w i t h o u t  t he  lect in  h a v i n g  
to possess abso lu te  specif ic i ty  for v i ra l  g lycoprote in .  
Use ha s  been  m a d e  of lec t ins  in pu r i fy ing  C- type par -  
ticles 9, however ,  t he  p r e sen t  s tud ies  would  no t  i nd i ca t e  
specific b ind ing  to v i ra l  c o m p o n e n t s  wh ich  could se rve  as 
t he  basis  for t h e i r  pur i f ica t ion .  R a t h e r  our  resul t s  ind ica te  
t h a t  these  lec t ins  induce  aggrega tes  of v i ra l  par t ic les .  
Lec t ins  c o n j u g a t e d  w i t h  fe r r i t in  in t he  p resen t  s t u d y  
a p p e a r  to  r e t a i n  t he i r  p o l y v a l e n t  c h a r a c t e r  al lowing t h e m  
to  form a br idge  be tween  2 or  more  v i rus  par t ic les .  Pro-  
duc t i on  of v i ra l  aggregates  would  fac i l i ta te  the  pur i f ica-  
t ion  of v i rus  t h r o u g h  an  a l t e r a t i o n  in t h e i r  s e d i m e n t a t i o n  
charac ter i s t ics .  The  p re sen t  s tud ies  also ind ica te  IRicin I I  
and  Con A con juga t e s  induce  phagocy tos i s  of virUs b y  t he  
cell, p r o b a b l y  b y  l ink ing  t h e m  to the  p l a s m a  m e m b r a n e .  
Such conjuga tes ,  or lec t ins  alone,  t h u s  m i g h t  be useful  as 
o the r  surface  ac t ive  agen t s  t h a t  induce  phagocytos is l~ ,  is 
in s t i m u l a t i n g  an  increased u p t a k e  of virus.  

A ret icu lum of nerve- l ike  cells f rom trochophores  of Phyl lodoce m u c o s a  (Polychaeta)1 
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Summary. The  pos i t ions  of and  connec t ions  be t w een  t he  12 p r inc ipa l  cells of t he  l a rva l  r e t i cu lum are descr ibed f rom 
Golgi-Cox p r e p a r a t i o n s  and  sections.  

A n e t w o r k  of large, m u l t i p o l a r  ceils or ' l a rva l  r e t i c u l u m '  
has  been  r epo r t ed  in t r o c h o p h o r e s  of L o p a d o r h y n c h u s  
t h a t  is supposed  to be  neu ra l  in n a t u r e  3. W e  descr ibe  here  
in i t ia l  a t t e m p t s  to  t r ace  the  axon- l ike  processes of cells 
of a s imi lar  r e t i c u l u m  in t r o c h o p h o r e s  of Phy l lodoce  
m u c o s a  a n d  to d e t e r m i n e  t he  r e l a t ion  be t w een  t he  re t i -  
cu lum a n d  t he  r e m a i n d e r  of t he  l a rva l  ne r vous  s y s t e m  
us ing  l igh t  a n d  e lec t ron  mic roscopy  and  m e t h o d s  specific 
for nerves .  
Methods. Our  s tud ies  are on l a rvae  150 ~m in h e i g h t  a n d  
larger  col lected f rom p l a n k t o n  tows  in P a s s a m a q u o d d y  
Bay,  New Brunswick ,  du r ing  June .  Chol ines terase  was 
d e m o n s t r a t e d  us ing  t h e  ace ty l th iocho l ine  m e t h o d  de- 
scr ibed b y  T h o m p s o n  4. Golgi-Cox p r e p a r a t i o n s  were m a d e  
us ing  the  r ap id  m e t h o d  descr ibed  b y  R a m d n - M o l i n e r  5. 
P r e p a r a t i o n  for E M  followed s t a n d a r d  p rocedures  excep t  
t h a t ,  for good t i ssue  p re se rva t ion ,  i t  was necessa ry  to fix 
l a rvae  f i rs t  in  1~o g l u t a r a l d e h y d e  for less t h a n  1 min  a n d  
t h e n  add  t he  pos t f i xa t i ve  (2~o OsO4) d i rec t ly  to  t he  
spec imens  in g lu t a r a ldehyde .  
Results. The  ace ty l th iocho l ine  m e t h o d  for cho l ines te rases  
is a c o n v e n i e n t  m e a n s  of d e m o n s t r a t i n g  the  l a rva l  n e r v e  
t r u n k s  in whole  m o u n t s  (figure 1). E n z y m e  a c t i v i t y  
appea r s  to  be assoc ia ted  more  w i t h  the  surfaces  of cells 
s u r r o u n d i n g  nerves ,  in  t he  case of t he  p r o t o t r o c h  ne rve  
w i t h  t he  enve lop ing  folds of t h e  p r o t o t r o c h  cells, t h a n  
w i t h  t he  ne rves  themse lves .  In  e lec t ron  micrographs ,  e ach  
ne rve  t r u n k  appea r s  as a b u n d l e  of f rom 6 to severa l  
dozen  axons  d e p e n d i n g  on  d e v e l o p m e n t a l  stage.  Axons  
in t he  a r ched  c o n n e c t i v e  can  be  t r aced  to cell bodies  

lying in t he  pa i red  r u d i m e n t s  of the  ce rebra l  gang l ion  
located  i m m e d i a t e l y  b e h i n d  t he  2 eyes a n d  to a c lus ter  of 
4 large apica l  cells p r e s u m a b l y  der ived  f rom apical  tuf t .  
I n  la te  s tage  t rochophores ,  t he  Golgi-Cox ,me thod  
d e m o n s t r a t e s  a n u m b e r  of large, m u l t i p o l a r  s t ruc tu re s  
s ca t t e r ed  t h r o u g h  the  l a rva l  e c t o d e r m  w i t h  b r a n c h e d  a n d  
i n t e r c o n n e c t i n g  surface processes.  A m o n g  these  are 
s t r u c t u r e s  h a v i n g  surface processes  only. I n  sect ions these  
are seen to be single cells w i t h  large, un i fo rmly  s t a ined  
nuclei  and  a c y t o p l a s m  filled w i t h  large (0.1=0.2 ~xm 
d iameter ) ,  e m p t y  vesicles. I n  a d v a n c e d  larvae,  300-500 
~m in he ight ,  t he re  m a y  be as m a n y  as 2 dozen such cells 
of which  on ly  a few i m p r e g n a t e  in a n y  la rva .  Progress ive ly  
younge r  l a rvae  h a v e  fewer of these  cells. 
As m a n y  as 4 i m p r e g n a t e d  s t r u c t u r e s  m a y  be found  in 
the  l a rvae  hav ing ,  in a d d i t i o n  to surface  processes, a 
single i nward ly -d i r ec t ed  process  t h a t  b r a n c h e s - o n c e  
(figures 2 and  4). These  are loca ted  in the  gangl ionic  
r u d i m e n t s  (1 in each) and  on  e i t he r  side of the  mou th .  I n  
sect ions  we f ind t h a t  each  of t he  s t r u c t u r e s  comprises  in 
fac t  a pa i r  of closely apposed  cells. The  more  d is ta l  of 
each  pa i r  is of t he  vesicle-fi l led sor t  descr ibed  above  and  
bears  m o s t  of the  surface processes.  The  more  p r o x i m a l  
(figure 3) is smaller ,  has  fewer large vesicles a n d  i n v a r i a b l y  
gives rise to  t he  single i nward ly -d i r ec t ed  process.  B r a n c h e s  
f rom th i s  process  in  each  case t r a v e l  a long  th6 a rched  
connec t ive .  This  m e a n s  t h a t  b r a n c h e s  connec t ipg  t he  2 
p r o x i m a l  cells in  t he  gangl ionic  r u d i m e n t  t r a v e l  t h r o u g h  
t he  deve lop ing  commissure .  Besides a single p a i r  of 
r e t i cu la r  cells, each  r u d i m e n t  in the  150 ~m la rva  con-  


