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Silver Staining of Axons  in Subcel lular Fract ions  of Nervous  Tissue  

A l t h o u g h  m e t h o d s  u t i l iz ing  s i lver  sa l ts  h a v e  been  t he  
m a i n s t a y  of neurohis to log ica l  t e c h n i q u e  for a cen tu ry ,  
t h e r e  is, as yet ,  no  h i s tochemica l  r a t i ona l e  b e h i n d  t h e  
m a n y  empi r ica l  p rocedures  ava i l ab le  for s t a in ing  axons .  
A t t e m p t s  to  comp a r e  t he  d i s t r i b u t i o n  of a rgyroph i l i c  
m a t e r i a l  w i t h  t h a t  of k n o w n  p r o t e i n  end-groups  ~, 2 h a v e  
been  largely  unsuccessful ,  as h a v e  a t t e m p t s  to  i den t i fy  
in  t he  e lec t ron  microscope t he  f ine s t r u c t u r a l  e l emen t s  
upon  wh ich  t h e  s i lver  is depos i t ed  3. I t  seems p r o b a b l e  
t h a t  i t  is t he  axoplasm,  r a t h e r  t h a n  t he  axo l emma ,  wh ich  
is s t a ined  4, a n d  the re  is some c i r c u m s t a n t i a l  ev idence  to 
sugges t  t h a t  s i lver  m a y  be  depos i t ed  in r e l a t i on  t o  lon- 
g i t ud ina l ly  o r i en ted  organel les  5-s such  as t he  neurof i la-  
m e n t s  or mic ro tubu les .  T he  p r e s en t  r e p o r t  descr ibes  some 
of t he  p roper t i es  of t he  a rgyrophi l i c  c o m p o n e n t  of t h e  
axon,  as s tud ied  in subce l lu la r  f rac t ions  of cerebra l  t issue.  

The  b ra ins  of a d u l t  r a t s  were homogen ized  in i so tonic  
sucrose and  subce l tu la r  f rac t ions  were p r e p a r e d  b y  dens i ty  
g r ad i en t  c e n t r i f u g a t i o n t  The  f rac t ions  cons i s t ing  of 
m y e l i n a t e d  a x o n a l  f r agments ,  a x o n a l  m e m b r a n e s  (myel in  
and  axo lemma)  a n d  s y n a p t o s o m e s  (nerve e n d i n g  part ic les)  
were inves t iga ted .  The  iden t i t i e s  of t he  f rac t ions  were 
conf i rmed  b y  e x a m i n a t i o n  of t h i n  sect ions  of g lu ta ra l -  
dehyde- f ixed  pel le ts  in  t h e  e lec t ron  microscope.  Suspen-  
sions of t h e  i so la ted  subce l lu la r  par t ic les  were smea red  
on to  slides, a l lowed to  dry,  f ixed i n  B o d i a n ' s  formol-  
ace t i c - e thano l  ~0 and  s t a ined  b y  UNGEWITTER'S urea-s i lver  
n i t r a t e  m e t h o d  1~. Th i s  s t a in ing  t e c h n i q u e  was chosen  on  
a c c o u n t  of i ts  r e l i ab i l i ty  and  g rea t  specif ici ty  for axons  
w h e n  appl ied  to c o n v e n t i o n a l  h is to logical  sect ions.  

The  f r ac t ion  c o n t a i n i n g  m y e l i n a t e d  a x o n a l  f r a g m e n t s  
consis ted  of a rgyroph i l i c  th reads ,  0.2-2.0 a in d i a m e t e r  
a n d  2-25 tx long. The  m e m b r a n o u s  f r ac t ion  c o n t a i n e d  n o  
a rgyrophi l i c  m a t e r i a l  a n d  t h e  s y n a p t o s o m e s  were revea led  
as t i n y  a rgyroph i l i c  par t ic les  a n d  v e r y  f ine th reads ,  up  
to 1.5 a in  length .  I t  was  t h u s  conf i rmed  t h a t  s t a i n a b i l i t y  
w i t h  s i lver  was  a p r o p e r t y  of t h e  axop lasm.  

Suspens ions  of t he  subce l lu la r  f rac t ions  were t h e n  sub-  
j ec ted  to  a n u m b e r  of e x t r a c t i v e  and  diges t ive  procedures .  
I t  appea r s  t h a t  t h e  a rgyrophi l i c  s u b s t a n c e  is a p ro te in ,  
since i t  is des t royed  b y  t r y p s i n  (1%, 2 h, 37~ pt-I 8). 
This  e n z y m e  does no t  genera l ly  hyd ro ly se  s t r u c t u r a l  l ipo- 
p ro te ins  ~, b u t  t he  a rgyroph i l i c  m a t e r i a l  ha s  a p r o p e r t y  
in  c o m m o n  w i t h  t he  l ipopro te ins  of biological  m e m b r a n e s  
in t h a t  i t  dissolves in  80% acet ic  acid and  in 80% 2-chloro- 
e t hano l  (bo th  for 2 h, 15~ 13,1~, B o t h  these  r eagen t s  
comple t e ly  dissolved all 3 subce l lu la r  f ract ions,  l eav ing  
c rys ta l -c lear  so lu t ions  f rom wh ich  no insoluble  res idues  
could be  recovered  b y  cen t r i fuga t ion .  However ,  t he  
a rgy roph i l i a  was  no t  abol i shed  b y  e x t r a c t i o n  w i t h  n - b u t a -  
nol  (2 h, 15~ wh ich  dissolves m a n y  l ipopro te ins  ls,16, 
or b y  sod ium deoxycho la t e  (20/0, 2 h, 15 ~ N e i t he r  was  
t he  a rgyroph i l i c  c o m p o n e n t  r e m o v e d  b y  2 :1  m e t h a n o l -  
ch lo roform m i x t u r e  (18 h, 60~ wh ich  dissolves m o s t  
l ipids a n d  pro teo l ip ids  ~. I f  s t a i n a b i l i t y  w i t h  s i lver  c an  
be a t t r i b u t e d  to  a f i l amen tous  c o m p o n e n t  of t he  axop lasm,  
one m i g h t  expec t  t h e  respons ib le  s u b s t a n c e  to  h a v e  prop-  
er t ies  in  c o m m o n  w i t h  o the r  in t r ace l lu la r  f ibrous  p ro te ins  
such  as act inlS,  t h e  n e u r o f i l a m e n t  p r o t e i n  of squid  g i an t  
axons  t9,2~ and  t he  m i c r o t u b u l a r  p ro t e in s  of f lagella sl 
and  of t h e  mi to t i c  sp indle  ~2, ~. However ,  r eagen t s  wh ich  
solubi l ize  these  subs t ances  (0.5 a n d  0 : 6 M  KC1 in 0 . 0 1 M  
tris-HC1 buffer ,  p H  8.0 ; 0.1 M glycine;  5 M urea  ; 8 M urea  in 
34% acet ic  acid;  2% sod ium deoxycho la t e ;  all  for 2 h a t  
15 ~ h a d  no effect  on  t he  a rgyroph i l i a  of subce l lu la r  part ic2 
les i so la ted  f rom t h e  b r a i n  of t he  ra t .  T he  a rgyroph i l i c  
m o i e t y  is insoluble  in  solut ions  of sod ium chlor ide  of va r ious  
s t reng ths ,  so i t  is un l ike ly  to be  a s imple  g lobular  p ro te in .  

Solu t ions  in  2 -ch lo roe thano l  of t he  3 subce l lu la r  frac- 
t ions  were d ia lyzed  aga in s t  excesses of w a t e r  and  n - b u t a -  
nol. Whi t e ,  f loccular  p rec ip i t a t e s  formed,  w h i c h  were 
smea red  on to  slides, f ixed a n d  s t a ined  w i t h  s i lver  as 
descr ibed  above .  The  p rec ip i t a t e s  de r ived  f rom axona l  
f r a g m e n t s  and  f rom s y n a p t o s o m e s  were argyrophi l ic ,  
whi le  t h a t  de r ived  f rom t h e  m e m b r a n o u s  f rac t ion  was not .  
Af te r  dia lysis  a n d  r e m o v a l  of t he  prec ip i ta tes ,  t he  super-  
n a t a n t  so lu t ions  in  n - b u t a n o l  were d ia lyzed  aga in s t  w a t e r  
and  f u r t h e r  p rec ip i t a t e s  were  formed.  None  of these  
second p rec ip i t a t e s  were s t a i n a b l e  w i t h  silver.  

I t  m a y  be  conc luded  t h a t  a rgy roph i l i a  is a p r o p e r t y  of a 
c o m p o n e n t  of t he  a x o p l a s m  w h i c h  can  be  dissolved and  
rep rec ip i t a t ed .  I t  seems likely,  therefore ,  t h a t  a s u b s t a n c e  
or g roup  of subs tances ,  r a t h e r  t h a n  a fo rmed  organelle ,  is 
respons ib le  for s t a i n a b i l i t y  w i t h  silver.  The  proper t i es  of 
th i s  p ro t e inaceous  c o m p o n e n t  differ  m a r k e d l y  f rom those  
of t he  k n o w n  m e m b r a n o u s  and  f ibrous  in t r ace l lu l a r  
p ro t e in s  24. 

Rdsumd. L 'a rgy roph i l i e  es t  la propr i6 t6  d ' u n e  p a r t i e  
c o n s t i t u a n t e  p ro t6 ique  de l ' a x o p l a s m e  qui  p e u t  ~tre dis- 
soute  et  repr6cipit6e.  I1 est  donc  p r o b a b l e  que  c ' es t  une  
subs tance ,  on  u n  groupe  de subs tances ,  p l u t 6 t  q u ' u n e  
organel le  form6e, qu i  est  r e sponsab le  de la co lo ra t ion  de 
l ' axone  au  c o n t a c t  de l ' a rgen t .  Les qual i t6s  de ce t te  pro-  
t6 ine  d i f fe ren t  d ' u n e  fa~on m a r q u 6 e  de celles d6j~ con- 
nues  des pro t6 ines  in t race l lu la i res  m e m b r a n e u s e s  e t  
f ibreuses  ~. 
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