
Oto.yo.lb

TI:  K I \  I R A C K L H '  LA R LO ( A L I Z A T I O X 

O F  I X O R C A X I C  ( ’A T I O X S  W I T I I  

l ’ O T A S S  1 1 1 1  P V R O A N T I M O N A T E

Electron Micr oseope and Mioroprobe Analys is

* C A R I , O S  .1. T A N D L K R ,  C É S A R  M .  L I  B A X A T I , a n d  

C A R L O S  A .  S A  X  C H I S

F r o m  t i l e  I n s t i t u t o  t i c  A n ; i t o n i í : i  G e n e r a l  y  F n i b r i o l o ^ í a ,  F a c u l t a d  d e  M e d i c i n a ,  a n d  t l i c  ( o m i s i o n  

N a c i o n a l  d e  K n e r g í a  A t ó m i c a .  B u e n o s  A i r e s ,  A r g e n t i n a

M I S  T ti A (' T

P o ta ss iu m  p y r o a n t i m o n a te ,  w h e n  used as í ixa t ive  ( s a tu r a t e d  o r  h a l f - s a tu ra te d ,  icithout a d d i -  
t io n  of  a n y  c o n v e n t io n a l  í ixa t ive)  has b e e n  d e m o n s t r a t e d  to  p r o d u c e  i n t r a c e l lu l a r  p r e c ip í ­
ta les  o f t l i e  in so lub le  salts  of  c a lc im n ,  m a g n c s h im ,  a n d  s o d iu m  a n d  to p re se rv e  the  g e n e ra l  
cell  m o rp h o lo g y .  l n  b o t h  a n i m a l  a n d  p l a n t  tissues, t h e  e l e c t r o n -o p a q u e  a n t i m o n a t e  p rec ip i-  
t a le s  w e re  fo u n d  d e p o s i te d  in  th e  n u c le u s—-as well as w i th in  th e  n u c leo lu s  a n d  in the  
cy to p la s m ,  la rg e ly  a t  th e  si te o f  th e  r i b o n u c l e o p ro t e in  p a r t ió le s ;  th e  c o n d e n s e d  c h r o m a t i n  
a p p e a r e d  re la t ive ly  free o f  p re c ip i ta te s .  The in o rg a n ic  c a t io n s  a r e  p r o b a b l y  in  a  looscly 
b o u n d  State, since th e y  a r e  no t  r e t a in e d  b y  c o n v e n t io n a l  f ixatives. I he  im p l ic a t io n s  of  this 
in o rg a n ic  c a t i ó n  d i s t r ib u t io n  in th e  in t a c t  cell a re  d iscussed in  c o n n e c t io n  w i th  th e i r  a n io n ic  
e o u n te r p a r t s ,  i.e. , c o m p le x in g  of  c a t io n s  by  fixed a n io n ic  c h a rg c s  a n d  th e  co ex is tence  of  a 
l a rg e  pool  o f  inoi-ganic  o r t l ) o p h o s p h a t e  a n io n s  in th e  n u c le u s  a n d  nuc leo lus .

I X  T R O D T  C T  I O X

T h e  o rg a n ic  c a t io n s  ( M g + + , G a + + , N a + , K + ) a re  
k n o w n  to b e  i m p o r t a n t  c o n s t i tu e n t s  of  all l iving 
a n im a l  a n d  p l a n t  cells (1). I low ever ,  lit tle is y e t  
k n o w n  a b o u t  th e i r  d i s t r ib u t io n  a t  th e  i n t r a c e l lu la r  
level.

T h e  s a m e  w a s  t r u e  for th e  o r t h o p h o s p h a t e  ion, 
w h ic h  g e n e ra l ly  c o n s t i tu te s  th e  b u lk  o f  the 
in o rg a n ic  an io n s  w i th in  th e  cell (1). P re v io u s  
w'ork in o u r  l a b o r a to ry  d e m o n s t r a t e d  t l ia t  it is 
possible  to localize  th is  w a te r - so lu b le  elec.trolyte 
a t  the  s u b c e l lu la r  level w i th  th e  e le c t ró n  m ic ro -  
scope (2);  f u r th e r  i n fo rm a t io n  w as g a in e d  th r o u g h  
th e  a p p l i c a t io n  of  th e  m ic r o p ro b e  (3) . The  results  
indica tec l  t h a t  th e  in o rg a n ic  p h o s p h a te  ions a re  
a c c u m u l a t e d  in  th e  n u c le u s  w i th  th e  nuc leo lu s

sh o w in g  th e  h ighes t  c o n c e n t r a t i o n  of  th is  e lec-
t ro ly te  (2, 3).

B ecause  of  th e  l i igh  level  of  i n o rg a n ic  p h o s p h a te  
w i th in  the  nuc leus ,  as r e p o n e d  in  those p a p e r s ,  a  
l i igh c o n c e n t r a t i o n  o f  c a t io n s  as c o u n te r - io n s  a n d  
w i th  a  s im i la r  d i s t r ib u t io n  w as  p r e d ic t e d  for  th e  
cell n u c le u s  (2, 3). I n  o r d e r  to inves tíga te  this 
p o in t ,  w e  used  a n  a p p r o a c h  s im i la r  to  t h a t  em -  
p lo v e d  for the  p h o s p h a t e  a n ió n ,  b u t  w i th  p o ta s s iu m  
p y r o a n t i m o n a te  as th e  p r e c ip i t a t i n g  r e a g e n t  for 
th e  ca tions .

K o m n i c k  (4) w a s  th e  first to use this r e a g e n t  
m ix e d  w i th  o s m i u m  te t ro x id e  I ixa t ive  in  a n  at-  
t e m p t  to localize s o d iu m  ions. 1-1 is p r o r e d  t ire  w as  
fo l low ed  by  all  s u b s e q u e n t  in v es t ig a to r s  (as such
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o r  s l ightly  m o d iñ e d ,  5- 13). E le c t ro n - o p a q u e  
a n t i m o n a l e  dcpos i ts  h a v e  b e e n  local ized  in l>oth 
th c  c y to p la s m  a n d  th c  n u c lcus ;  p a r t i c u la r ly  
h e a v y  dcpos its  w cre  fo u n d  in th c  nuc lco h is  by 
S p ic c r  c t  al. (10). The dcpos i ts  w cre  a t t r ib u t c d  
p r e s u m a b ly  to a  p r e c ip í t a te  o f  s o d iu m  p y r o a n t i -  
m o n a lc ,  a l t h o u n h  it has b e e n  p o in te d  o u t  th a t  
the  so lubil i ty  ch a ra c tc r i s t ic s  o f  e a lc iu m  a n d  
m a g n e s i ta n  p y ro a n t im o n a te s ,  a r a o n s  o th e r  salts, 
a re  such ih a t  these salts m a y  also fo rm  e lec t ro n -  
o p a t in e  p a r t i d o s  in  th e  tissne (5, 13). I 'u r t h e rm o r e ,  
in th e  absenco  of  a  d i r ec t  c h e m ic a l  id en t i f ica t ion  
it  c a n n o t  be  decidecl w h e th e r  th e  depos i ts  a re  d u e  
to a  d ep o s i t io n  o f  th c  p o ta s s iu m  p y r o a n t i m o n a te  
i tself  o r  to a  p r e e ip i t a t i o n  re a c t io n  w i th  th e  ce llu-  
la r  cations.

In  the  p r e s e n t  p a p e r ,  we r e p o r t  a  n e w  a n d  
s im p le  p r o c e d u r e  based  on  the  use of  p o ta s s iu m  
p y r o a n t i m o n a te  alone as a fixative (i.e., w i th o u t  
a d d i t i o n  o f  a n v  o th e r  e o n v e n t io n a l  ( ixalive).  
C o m b i n e d  e lec t ró n  m ic ro seo p c  anel m ic ro p ro b e  
analys is  conc lus ive ly  d e m o n s l r a t e s  th a t  u p o n  
im m e rs io n  of  u n l ix e d  tissnes in  a n  a q u e o u s  solu- 
l ion  of  t h a t  r e a g e n t ,  the  ce 11 m o rp h o lo g y  w as 
s t r ik ing lv  well p re se rv e d  a n d  in so lub le  a n t i m o n a l e  
c o m p o u n d s  c o n ta in in g  Cía, M g ,  a n d  N a  p r e c ip i ­
ta led m assivcly  inside th e  nuclei is  a n d  nuc leo lus  
as well as in th e  c y to p la s m .  T h e  im p l ic a t io n s  of  
this c o m p a r t m e n t a l i z a t i o n  in th c  in t a c t  cell  a re  
d iscussed  in c o n n e c t io n  w i th  th e  anionic. c o u n te r -  
p a r t s  for these  cations.

M A T K U l A l i S  A  N I) 1] K T I I O D S

I h e  investií^ations w cre carried  o u t on  v igorouslv  
g ro w in g  m aize roots, th e  rad icle  oí’ u n germ in ated  
b road  b ea n  em bryos, and rat livor. T h e  m aize  roots 
w h ich  do \'e lop ed  up on  co n ta c t w itli ta p  o r  tw iee  
d istilled  w ater  w cre cu t and  fixed . T h e  u n germ in ated  
rad ic le  w as d issected  ou t froni th e  broad b ea n  seods 
and iin niersed  in  th e  fixative. R ats woro killod bv  
d eca p ita tio n , and  sm all slices o f livor ab o u t 1 m m  
th ick  woro iin m o d ia te ly  íixod .

E le c tro n  M ic r o s c o p e  Fi.vation. P ro c ed u re

P otassium  p y ro a n tim o n a te  (R ie d e l-I )e  M aén A g., 
S cc lze , I la n o v er , G crm an y , analytic.al reagen t) w as  
cm p lo y ed . A saturated  solution. in  w ater  (ab ou t 2 r7 ,  
w /v )  w as a lw ays freshJy p repared  by b o ilin g  th c  
p otassiu m  p y ro a n tim o n a te  in d e io n ized  or tw icc  
glass-d istilled  w ater, co o lcd  ra p id ly  to  room  tem p era- 
tu re, and  cen tr ifu ged .

T h is  so lu tio n  w as iirst used m ixed  w ith  o sm iu m  
te trox id e  e ith er  accord in g  to K o m n ick  (4, 5) or as 
described  by S p icer  et al. (10). H ow cver , it w as soon

found tlia t w h en  potassium  p y ro a n tim o n a te  alone 
is used as fixative, th e  gen era l m orp h ology  o f th e cell 
is str ik ingly  w ell preserved and large am ou n ts o f  
a n tim o n a te  p recip ita tes are rcta in ed  w ith in  the  
tissue and eells. T h erefore, th e present study has been  
m ad e exclu siv e lv  w ith  this new  and  s im p le  proced ure. 
T h e  íixatives used w cre: («) sa tu rated  potassium  
p yro a n tim o n a te  (p l l  a b ou t 9 .2 );  (b) half-saturated  
p otassium  p y ro a n tim o n a te , prepared  by m ix in g  eq u al 
v olu m es o f th e sa tu rated  so lu tion  and o f tw iee dis- 
tilled  w ater; and (V) sam e so lu tion  as a, but adjusted  
to p l l  8 .2  by  ad d itio n  o f a few  drops o f g la c ia l acetic  
acid . In c, a v o lu m in o u s p recip íta te  form s on a d d i­
tion o f  ea ch  drop  and th e p y ro a n tim o n a te  so lu tion  
is cen tr ifu ged  each  tim e  before ch eck in g  th e p l l ;  the  
a m o u n t o f p y ro a n tim o n a te  ion rem ain in g  in  so lu tion  
has not b een  d eterm in ed . A  po in t to  be stressed is 
th a t on  further ad d itio n  o f acid  (acetic  or H (11) even  
m ore a n tim o n a te  com es ou t o f th e so lu tion  and th at 
w h en  th e  p l i  reaches n eu tra lity , or sligh tly  b e lo w  it, 
little  or no p yro a n tim o n a te  an ion s r<“m ain  so lu b le; 
this so lu tion  does not p recip íta te  at all w ith  in organ ie  
ca tion s. The p rec ip íta te  forined by a d d itio n  o f  acids  
is p rob ab lv  th e potassium  pyroantim onate' itself, 
since it can  be d isso lved  a g a in  by w ash in g  th e acid  
w ith  co id  tw iee  d istillcd  w ater  and  th ereafter  lu'ating  
in d istilled  w ater.

'I'he tim e o f  íixation  w as (> 12 hr (u sually  o\-er- 
nigh t) at room  tem p eratu re.

i r a s h i n g a  a n d  E m h e d d in y

Aftcr íix a tio n , th e tissnes w cre hard en ed  by p lac- 
ing th em  in a V <  form ald eh yd e so lu tio n  in potassium  
p y ro a n tim o n a te  for b 24 hr at room  tem p eratu re . 
T h is  reagen t w as a lw ays fresh ly prepared  by ad d itio n  
o f 1 vo lu n te  o f MY", form ald eh yd e (free o f acid , 
M erck, D arm stad t, G crm a n y ) to 7 vo lu m es o f the. 
saturated  so lu tio n  o f  p o tass iu m  p y ro a n tim o n a te; a 
sm all a m o u n t o f p recip íta te  form s w h ich  is e lin ii- 
nated  by  c en tr ifu gation . T h is  p recip íta te  is probab ly  
d u e  to th e acid  pH  (ab ou t •”).;}) o f  th e form ald eh yd e  
reagen t, since it red issolves ag a in  after w ash in g  and  
h eatin g  in d istilled  w ater  or in  ha lf-sa turated  p o ta s­
siu m  p y ro a n tim o n a te  (i.e ., its b eh av ior  rescm bles th e  
p recip íta te  ob ta in ed  \yy a d d itio n  o f acids to th e  
p y ro a n tim o n a te  so lu tio n ). T h e  tissues w cre after- 
w ards w ash ed  for 30  m in  w ith  tw o or three ch an ges  
o f d e io n ized  or tw ie e  d istilled  w ater  at room  tem p era- 
ture.

A ltcrn a tiv e ly , after h ard en in g  w ith  th e a b o \e -  
d escrib ed  form a ld eh y d e  so lu tion , th e tissues w erc  
transferred to a h a lf-sa tu rated  so lu tio n  o f  p otassium  
p y ro a n tim o n a te , h ea ted  at 90  9f>°C for ;> m in , 
rap id ly  co o led , and th en  w ash ed  w ith  ice-co ld  tw ice- 
d istilled  w ater. T h is  step  w as used in an a ttem p t to  
so lu b ilize  any p rec ip ita ted  or adsorbed  potassium  
p y roan tim on ate. T h e  sod iu m , ca lc iu m , m agn esiu m , 
z in c , and iron  p yro a n tim o n a tes  are in so lu b le  in  hot
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d istillcd  w ater; heating w ith  a h alf-saturated  p o ta s­
sium  p y ro a n tim o n a te  so lu tio n  decrcases even  m ore  
th e so lu b ility  o í  these in so lu b le  p yro a n tim o n a tcs  as a 
result o f th e  c o m m o n -io n  e ífect. T h ereforc, th ere is 
no risk th a t thosc p yro a n tim o n a te  precip ita tes w ili be 
w ash ed  out o f th e tissue, ev en  by a p ro lon ged  h eatin g  
o f th e tissue.

In th e present stu d y , p ostosm iea tion  and sta in in g  
as w ell w as a lw avs omitted  in order to corregíate all 
th e e lectrón  o p a c itv  observab le  in the e lectrón  m icro- 
graphs (I;igs. 1 b) to  the presence o f a n tim o n y  (as 
¡n soln b le p y r o a n tim o n a te  p recip ita tes).

A fter th e tissues w ere w ash ed , th ey  w ere d eh y-  
d rated  w ith  gra d ed  co n cen tra tio n s o f coid  e th an o l, 
passed th rou gh  p rop y len e  o x id e , and  em b ed d ed  in 
M a n illa s  (M a rb le tte  C orp ., I ,on g  Island C ity , N . V .). 
It w as found necessary to extern! to  12 24  hr th e  tim e  
o f ím m ersion  in th e p rop ylen e  o x id e -M a ra g la s  
m ixture and in  M arad las in order to assure a good  
p en etra tion  o f th e p lástic . T h in  section s w ere cnt 
w ith  g íass kn ives on  a P ortcr-B lum  m icroton ic, 
m ou n ted  on F orm var-coa ted  cop p er  grids, and ex- 
a in in ed  unstained w ith  a S iem en s K lm iskop I e lectrón  
m icroscope. T h ick  (1 ¡x) section s w ere also cnt, 
fastened  to a m icroscop ic  süde, and sta in ed  w ith  
p o lych rom e b lu e  in  0.1 ( ( so d iu m  ca rb o n a te  for 
o x a m in a tio n  u n der th e Jight m icroscope.

Electron. M ic r o  probé

T h e  d istr ib u tion  o f th e a tom ic  e lem en ts  in  the 
th ick  (1 fj.) section s w as stu d ied  w ith  a C a m cea  m odel 
M S  4(j X -r a y  m ieroan alyzer  w ith  an ac.celcrating  
v o lta je  o f 10 kv for th e  ligh ter  e lem en ts  (N a , M g, C a) 
and  'M) kv for a n tim o n iu m  and  a probe cu rren t o f 
70 100 n.V  ’Fhe l ,  o ¡i-rad iation  w as used for a n tim o n y  
w h ile  the ligh ter  e lem en ts  w ere scan n ed  w ith  the 
K a i-r a d ia tio n . T h e  p rep aration  o f the sp ecim en , 
w h ich  is a s im p le  on e , has b een  d escrib ed  (3). T h e  
rcla tivc  d istr ib u tio n  o f  these e lem en ts  w as recorded  
in  m icrograp h s (e .g ., Figs. H 10), and  th eir  top og- 
rap h y  can  be c.orrelated w ith  th e absorbed e lectrón  
im a g e  (F ig. 7) o í'th e  sam e arca. T h e  n u m b er o f  w h ite  
specks in a m ierograph  is prop ortion a l to the con cen -  
tra tio n  o f th e  e lem en t present at diíTerent po in ts in  th e  
sanu’ m ierograph . It m ust be em p h asized  th at the  
diíTerent m icrograp h s are not q u a n tita tiv e lv  c o m ­
parab le , sinee th e  co n d itio n s  o f analysis are not 
s im ilar; therofore, th e reJati\’<‘ p i'oportions o f  th e  
diíTerent ea tion s c a n n o t b e  ju d g e d  in th is w ay.

It is to  be noted  th a t th e  m aize  root w as selected  
for this w ork because o f  th e  rela tive íy  large size o f  the  
nu cleoli w h ich  m ay reach  m ore th an  5 ¡j, in d iam eter ;  
th is fact perm its th eir  analysis w ith  th e  m icroprobe  

(see also references 2, 3 ). O n  th e o th er  han d , a resolu- 

tion  o f th e nu cleo li in th e norm al h ep a to cy tc  nu cleus  
is not possib le w ith  th e  probe.

H i ; s r  i / r  S 

E lectron  M  icroscope

T h e  m ost  p r o m in e n t  íe a u i rc  lo be observccl  in 
u n s ta in e d  sections o f  p y ro a n t im o n a te - f ix e d  tissues 
is the p re sen c e  o í  a b u n d a n t  e le c t r o n -o p a q u e  
depos its  (Filis. I *>)■ I hese depos i ts  w ere  not  
a l te red  by h e a t in g  th e  tissues a t  90 !)f)°C in 
h a l f - s a tu ra te d  p o ta s s iu m  p y r o a n t i m o n a te  ( e i the r  
b e lb re  o r  ai’ter  the  l o r m a ld e h y d e - h a r d e n i n g  step),  
s t rong iy  sug g e s t im ' t l ta t  they  a re  not  c o m p o s e d  oi 
p o ta s s iu m  p y r o a n t i m o n a te  exclusively. T h o se  
d epos i ts  r e in a in e d  e q u a l ly  in so lub le  vvlien the 
h e a t in g  p r o c c d u r e  w as p c i í o r m e d  w ith  th e  tliin 
sections m o u n t e d  o n  c o p p e r  g r ids ;  e v e n  h e a t in g  
in tw ice-disi i l led  w a te r  does  no t  r f m o v r  th em .  
T h e re fo rc ,  ihis e lec tron -opac | i ie  m a te r ia l  m u s t  h ave  
o r ig in a te d  fro tn  a  p r e c ip i t a t io n  r eac t io n  b e tw e c n  
th e  p y r o a n t i m o n a te  an io n s  o f  the  l ixative a n d  
the  c e l lu la r  ea t ions .  T h is  po in t  is c lea r ly  d e m o n -  
s t r a te d  w i th  the  m ic ro p ro l )e  analys is  (see be low ) .

Fig. 1 show s a n  u n s ta in e d  section  of  m a ize  root  
fixed in  s a tu r a t e d  p o ta s s iu m  p y r o a n t im o n a te ,  
a b o u t  5 m m  I ro m  th e  t ip ;  these cells a re  h ighly 
v a e u o l iz e d ,  a n d  th e  ccllulose walls h a v e  co l lapsed  
d u r i n g  ihe  d e h y d r a t io n  p ro c c d u re .  1 he  e lec t ro n -  
o p a q u e  a n t i m o n a t e  p rec i j ) i ta tes  a re  massively 
depo s i le d  in the  la rge  n uc leo lus  a n d  in  m u c h  
lesser a m o u n t s  in th e  rest  ol' the  nucleus .  I’he 
n u c leo lus  b o u n d a r y  is q u i t e  s b a rp ly  d e l im i te d  by 
the  p rec ip i ta tes .  A t  h ig h e r  m agn if ic a t ions ,  these 
a n t i m o n a t e  d epos i ts  a re  seen as " g r a n u l e s ” a b o u t  
100 A in d ia m e te r ,  a n d  a re  a p p a r e n t l y  /orinecí by  
a g g re g a t io n  o í  sm a l le r  g ran u le s .  T h e  cellulose 
walls  a n d  the  m id d le  la m e l la e  show  a  linely 
g r a n u l a r  p r e c ip i t a te ;  a  " l a y e r "  o f  a  m o re  c.on- 
c e n t r a t e d  p re c ip i t a te ,  m e a s u r in g  ro u g h ly  300  A 
th ick ,  d e l im its  th e  c y to p la s m ic  b o u n d a r i e s  w i th  
the  cellulose walls. A dense ly  p a c k e d  g r a n u l a r  
p r e c ip í t a te  is fo u n d  a t  som e places  in the  in te r -  
c e l lu la r  spaces, e.g., the  t r i a n g u la r  sch izogenous  
spaces (Fig. 1). In  this m a te r ia l ,  s im ila r  results  
w ere  o b t a i n e d  w h e n  a  h a l f - s a tu ra te d  so lu t ion  of 
p o ta s s iu m  p y r o a n t i m o n a te  o r  a  so lu t ion  ol the  
s a m e  salt  a d ju s te d  to  p l l  8 ,2  w as used  as f ixative.

Fig. 2 shows th e  d is t r ib u t io n  o f  th e  a n t i m o n a t e  
p r e c ip i t a te s  in a  th in  section  f ro m  the  rad íe le  o f  
broacl b e a n  seed fixed in  s a tu r a t e d  p o ta s s iu m  
p y r o a n t im o n a te .  T h e  u n g e r m i n a t e d  e in b ry o  was 
chosen  in o r d e r  to c o m p a r e  the  c a t ió n  d is t r ib u t io n  
in  a  physio log ica l ly  d o r m a n t  ra d ic le  (l 'ig. 2) w i th  
t h a t  of  a  g ro w in g ,  fu n c t io n a l  roo t  (Fig.  1); m o re -



]n  a ll tlie  electrón m icrograplis show n in th ese  figures, tlie  tissues llave  heen fixed in potassium  pyroanti 
m olía te  alone w ith out ad d ition  of an y  con ven tion al fixative, liardened w ith  forma ldehyde, and em bedded  
in M araglas. P ostosm ieation  and s ta in in g  were a lw ays om ilted.

F ig ur e  1 E lectron  raicrograpli of a portion  of a vacuolized  n iaize root. cell and its nucleus (AT), illustrat- 
ing tlie  n iassive  dep osition  of electron-opaque precip itates in tlie  nueleolus (n), in tlie  triangu lar sch izoge- 
nous space, and a t  tlie  cy top lasn iic  boundary w itli th e cellu lose walis. A finely granular precip ita te  appears 
in th e  cellulose w alls and  m iddle lam ellae. F ixation : saturated  potassium  pyroan tim on ate. Scale mark, 
1 ju. X  1 3 , 0 0 0 .

F ig ur e  2 T h in  section  of a radíele from tlie  broad beati seed fixed as for Fig. 1. T h e  pyroantim on  
precip ita te  is localized in th e  nueleoli (arrow s), in several un identified  cytop lasn iic  bodies, a t th e cell w 
and in th e  sch izogenou s space. X ,  nucleus. Scale mark: 1 ¡j.. X  10,500.

over ,  t h a t  tissue is h ig h ly  d e h y d r a t e d  a n d ,  th e re -  
fore , th e  on ly  w a t e r  p u t  in  c o n t a c t  witli  th e  cell  
c o n te n t s  is t h a t  o f  th e  f ixative .  A s c a n  b e  seen in 
Fig .  2, m ass ive  e l e c t r o n -o p a q u e  p r e c ip i t a te s  a re  
also fo u n d  in  t h e  nue leo l i  a n d  a t  som e p la c e s  in  th e  
i n t e r c e l lu la r  spaces  (e .g . ,  t h e  t r i a n g u la r  sc h izo ­
g e n o u s  spaces)  w h i le  a  f ine g r a n u l a r  p r e c ip i t a t e  is 
e v id e n c e d  in t h e  ce llu lose  walls ,  e spec ia l ly  a t  th e  
b o u n d a r i e s  w i th  t h e  c y to p la s m .  T h is  p a t t e r n  of  
p y r o a n t i m o n a t e  d e p o s i t io n  is s im i la r  to  t h a t  of  
th e  f u n c t io n a l  r o o t  (Fig .  1). I n  th e  b r o a d  b e a n  
r ad ic le ,  s e v e ra l  m ass ive  a n t i m o n a t e  dep o s i ts  of  
d i f le re n t  sizes also c a n  b e  seen in  t h e  c y to p la s m  
(Fig. 2). A  se q u e n t ia l  th ick  (1 fx) sec t ion  s ta in e d

w i th  p o ly c h r o m e  b lu e  a n d  o b se rv e d  w i th  th e  liglit 
m ic ro sc o p e  c o n f i rm e d  t h a t  these  nu c le i  h a v e  
m ú l t i p le  nue leo l i  s im i la r  in  sh a p e  a n d  size to  
those  o b se rv e d  in  th e  e le c t ró n  m i c r o g r a p h  of  
F ig .  2 a n d ,  f u r th e r m o re ,  t h a t  th e  d e n s e  u n i d e n t i ­
fied c y to p la s m ic  b o d ie s  a r e  also h e av i ly  s ta ined .

A  p o i n t  o f  in te re s t  is t h a t  th e  m ass ive  a n t i ­
m o n a t e  p r e c ip i t a te s  in  Fig. 2 a re  m o r e  f inely 
g r a n u l a r  t h a n  those  o f  F ig .  1, a  fac t  t h a t  c o u ld  be  
d u e  to th e  d e h y d r a t e d  c o n d i t io n  of  th e  rad ic le .

Fig. 3 show s a  su rv e y  e le c t ró n  m i c r o g r a p h  o f  a n  
u n s t a in e d  se c t ion  o f  r a t  l ive r  f ixed in  ha lf -sa tu :  -d  
p o t a s s iu m  p y r o a n t i m o n a te .  T h e  e le c t ro n -o p r  . 
a n t i m o n a t e  p r e c ip i t a te s  a r e  m ass ive ly  depos. ■
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F igu re  3 Su rvey electrón inicrograph of a tliin  section  oí* rat liver fixed in half-saturated  potassim n  
pyroantim onate, illustrating tlie  genera lity  of tlie reaetion. The precip ita tes are loealized in th e nuelei 
(arrovvs), in several d iscrete m asses in th e cytop lasm , and in th e  wall of the blood vessel; e , erythrocyte. 
M ark, 2 ¡jl. X  4,000.

w i th in  th e  n u c le u s  a n d  nuc leo lus ,  in  severa l  
d isc re te  masses in t h e  c y to p la s m  a n d  in th e  b lood  
vessel wal ls. A  se q u e n t ia l  th ic k  (1 ¡x) sec t ion  s ta in e d  
w i th  p o ly c h r o m e  b in e  a n d  o b se rv e d  w i th  the  

c m ic ro sc o p e  in d ic a te s  t h a t  th e  a n t i m o n a t e  
•. p r e c ip i t a t i o n  in th e  c y to p la s m  a p p e a r  to 
'o n d  to th e  sites of  th e  r ib o n u c l e o p ro t e in  

Aition. In  th e  n u le c u s ,  th e  p a t t e r n  o f  a n t i ­
m o n a t e  d e p o s i t io n  does  n o t  c o r re la te  w i th  t h a t  of  
th e  c o n d e n s e d  c h r o m a t i n ;  th is  c a n  b e  eas i ly  seen 
in th e  c h r o m a t i n  ly ing  a g a in s t  th e  n u c l e a r  m e m -  
b r a n e  a n d  a r o u n d  th e  nuc leo lus ,  w h i c h  is la rge ly  
f ree o f  p re c ip í t a te .  T h i s  p a t t e r n  o f  a n t i m o n a t e  
d e p o s i t io n  in  th e  n u c le u s  is also d i re c t ly  o b se rv e d  
in  th e  e le c t ró n  m ic r o g r a p h  o f  Fig. 4  t a k e n  a t  
h ig h e r  m a g n i f ic a t io n  in  w h ic h  th e  c o n d e n s e d  
c h r o m a t i n  a t  th ese  tw o  sites c a n  b e  d isc e rn e d  
b e c a u s e  o f  its in t r in s ic  e le c t ró n  o p ac i ty .  A t  h ig h e r  
m a g n if ic a t io n s ,  th e  p r e c ip i t a te s  in th e  nu c le i  a re  
seen as sp h e r ic a l  a g g reg a te s ,  a b o u t  600 A  in 

e ter ,  d e n s e r  a t  t h e i r  p e r ip h e ry .  T h e  ab s e n c e  
his g r a n u l a r  p r e c ip í t a t e  in th e  c o n d e n s e d  

j m a t i n  is also i l lu s t ra ted  in  F ig .  5, w h ic h

show s a  l e u k o c y te  ins ide  a  sm a ll  b lood  vessel a n d  
a n  e n d o th e l i a l  n uc leus .  T h e  a n t i m o n a t e  p r e c ip i ­
ta tes  a r e  m o rp h o lo g ic a l ly  s im i la r  to those  of  the  
h e p a to c y te  n uc le i  a n d  a r e  e v id e n t ly  d ispe rsed  
b e tw e e n  th e  c o n d e n s e d  m asses o f  c h r o m a t in .  
A l th o u g h  o n e  w o u ld  e x p e c t  d iv a l e n t  c a t io n s  also 
to b e  a s soc ia ted  w i th  sites o f  h ig h  D N A  c o n te n t ,  
th e  p r e s e n t  re su l t s  a p p e a r  to i n d ic a te  t h a t  th e  
c o n d e n s e d  c h r o m a t i n  in th e  in t e r p h a s e  n u c le u s  is 
la rge ly  f ree  o f  io n iz a b le  c a t io n s  (i.e. those 
p r e c ip i t a b l e  w i th  p o t a s s iu m  p y r o a n t i m o n a te ) .  T h e  
p re se n c e  o f  c h e l a t e d  c a t io n s  c a n n o t  b e  ru l e d  o u t  
s ince th e y  will  n o t  y ie ld  in so lu b le  p y r o a n t i m o n a te  
sa lts ;  th is  a p p a r e n t l y  is th e  case  fo r  i r o n  in  h e m o -  
g lo b in ,  th e  red  cells b e in g  la rge ly  free o f  p r e c ip i ­
t a te s  (Fig .  3). A  f inely  n o n a g g r e g a t e d  p r e c ip í t a t e  
c a n  b e  seen  d ispe rsed  w i th in  th e  w h o le  n u c leu s  
(Fig. 5) o r  c y to p la s m  (Figs. 3 a n d  5) , b u t  it  is n o t  
c le a r  w h e t h e r  this reflee ts  a  low c o n c e n t r a t i o n  of  
c a t io n s  a t  these  sites o r  t r a c e s  o f  th e  f ixa tive  
w h ic h  resis ted  th e  w a s h in g  p ro c e d u r e .

A  c o r re la t io n  b e tw e e n  b o th  th e  d i s t r ib u t io n  a n d  
th e  a m o u n t  o f  in o r g a n ic  c a t io n s  w i th  t h a t  o f  th e



Kku kk 4 K leetron rniorograpli of part o í  a rat l i \  <.•!■ cell nucleus; fixation as tor Fig. ;}. T ile  condensed  
elirom atin (chr) associated  w illi lile  nueleolus !n and th e  nuclear m em brane (douhle arrow) aro relatively  
freo oí precip ita te  w liich is m assively  deposited  i ti t lie nueleolus and in the rest of th e  nucleus. Mark, 
0.5 /i. X 28,500.

r ib o n u c lc o p ro t c in  p a r t i r l e s  seem s e v id e n t  for th e  
cel l  nuc leus .  'l ilis s t a te m e n t  is basecl o n  th c  c o m -  
p a r i so n  of  th e  g r a n u l a r  a g g rc g a tc  p r c c ip i t a tc s  in 
t h e  tw o  types  of  nuclc i  (Figs. 4 a n d  5) vvith (lie 
f igures p u b l i s h e d  r c cen t ly  b y  M o n n e r o n  a n d  
B e rn h a r d  ( l ’igs. 1 a n d  2 in re fe rcncc  14) sh o w in g  
the  t o p o g r a p h y  of  r ib o n u c l c o p ro t c in  in these 
nuele i .  B o th  th c  r ib o n u e l e o p ro t e in  p a r t ió le s  a n d  
thc  i n o rg a n ic  c a t io n s  a r e  a b u n d a n t  in th c  l icp a to -  
cy tc ,  a re  re la t ive ly  scarcc  in t h e  leukocv te ,  a n d  a re  
d ispe rsed  b e tw c e n  th e  conclensed c h r o m a t in .  The 
nuc leo lus ,  w h ic h  is wcll knovvn to b e  r ich  in 
r i b o n u c lc o p ro tc in ,  also show s a h e a v y  p r e c ip i t a te  
o f  in so lu b le  a n t i m o n a t e  salts (Figs. 4 a n d  1).

Fig. 6 shows a  “ p r o j e c t i o n ” of  p y r o a n t i m o n a te  
p r e c ip i t a t e  to w a rd s  the  n u c l e a r  m e m b r a n e ;  on 
th c  c y to p la s m ic  side o f  it a m ass ive  p r e c ip i t a te  of 
p y r o a n t i m o n a te  p r o t r u d e s  in to  th c  c y to p la s m  a n d  
h a s  a n  a p p e a r a n c e  s im i la r  to  t h a t  of  the  c y to ­
p la s m ic  a n t i m o n a t e  depos its  fo u n d  in th e  baso- 
p h i l ic  masses of  r i b o n u e le o p ro te in .  T li is  ob se rv a -  
t ion  s t ro n g ly  suggests t h a t  this á r e a  is co inciclent  
w i th  a  p o rc  in  th e  n u c l e a r  m e m b r a n e  a n d  t h a t

vvhat is o b se rv e d  is p a r t  of  th c  proccsses t a k in g  
p la c e  d u r i n g  the  passage  of  r i b o n u c l c o p ro t c in  in to  
th c  c y to p la s m ;  w l ie th e r  this passage  is also ac- 
c o m p a n i e d  by tlic c a t io n s  c a n n o t  be  clecidcd on 
m o rp h o lo g ic a l  o b se rv a t io n s  alone.

A t  re la t ive ly  low m a g n if ic a t io n s ,  tlic m or-  
p h o log ics  of  thc a n t i m o n a t e  p r c c ip i t a tc s  in thc  
n u c le u s  a n d  c y to p la s m  seem  to d i l fc r  c o n s i d e r a b l y ; 
h o w c v e r ,  at  liigh m a g n if ic a t io n s ,  sp h e r iea l  g r a n u ­
la r  a g g rc g a te s  d e n s e r  a t  th e  p e r ip h e ry  c a n  be 
visualizccl  in th e  c y to p la s m ,  a l t h o u g h  th cy  a re  
m o re  t ig h t ly  p a c k e d  t h a n  in the  n u c le u s  (Fig.  6).

M a ss iv e  p r c c ip i t a tc s  o f  in so lub le  salts  a re  fo u n d  
in th c  walls  of  all  th e  b lo o d  vesscls; inside th e m ,  the  
p r e c ip i t a t e  is loca ted  in th e  p l a s m a  a n d  ins ide  the  
leukocytes .  T h e  b o u n c la ry  b e tw c e n  tw o  a d j a c e n t  
h e p a to c y tc s  is g e n e ra l ly  d e l im i te d  by  a  d e p o s i t io n  
of  a n  a n t i m o n a t e  p r e c ip i t a t e  a b o u t  300 400  A 
th ick  a n d  p r o b a b l y  c o r re s p o n d s  to th e  o p p o se d  
cell  m e m b r a n e s .

T h e  c lec t ro n -o p a c ju e  p r c c ip i t a tc s  o f  Figs. 1 ti a re  
a b s e n t  in tissues í ixcd  for 2.5 h r  in 2 r ¿ g lu ta r a l -  
dc l iyde ,  5 %  f o rm a ld c h y d e ,  5 r , eo ld  t r ic h lo ro a c e t ic

Tu i: JoncNAL o f  ( ’i:rx B i o i . o o y  • V o m in  15, 1970



F igijrk 5 T h in  section  o í ;i ly in p liocy te  in a sm all h lood vessel of rat livor fixed as for Fig. lí- T h e  precip í­
ta te  is scarcer tlian in th e liep a toey te  nucleus and is also dispersed betw een th e  inasses of chroniatin . A 
nucleus of an  endothelia l eell is discernib le at th e  left of th e leukocyte . A m assive preeip ita te  is localized  
in th e  w all of th e  lilood vessel (arrow ). M ark, 1 /n. X  13,000.

F i g u r e  0 E lectron m icrograph of a portion  of th e nucleus and cy top lasm  of rat liver fixed as for Fig. .‘i. 
In th e  cytop lasm , a m assive  p yroan tim on ate  p recip íta te  in con tact w íth th e nuclear m cm brane (arrow) 
is apparent. M ark, 1 ¡i. X  15,000.

acicl, o r  1 %  o s m iu m  te t ro x id e ,  w a s h e d  w i th  
tw ice  d is t i l led  w a te r ,  a n d  im m e rs e d  a f te rw a rd s  in 
p o ta s s iu m  p y r o a n t i m o n a te .  T h i s  in d ic a te s  t h a t  th e  
c e l lu la r  c a t io n s  a r e  easilv  le a c h e d  o u t  o f  t h e  cells 
a n d  c o u ld  n o t  b e  sa t is fae to ri ly  r e t a i n e d  b y  th e  
c o n v e n t io n a l  f ixatives. I n  th e  i n t a c t  ce ll , a  la rge  
p a r t  o f  th e  c a t io n s  a r e  a p p a r e n t l y  in  a  r e la t ive ly  
loosely “ b o u n d ”  sta te ,  in th e  sense t h a t  t h e y  a re  
eas i ly  so lub i l ized  ( a n d  w a s h e d  o u t )  b y  d is t i l led  
w a t e r  fo l low ing  th e  a l t e r a t io n s  p r o d u c e d  b y  th e  
c h e m ic a l  f ixatives. T h i s  last s t a t e m e n t  is m a d e  
m o r e  e v id e n t  w h e n  th e  c o n v e n t io n a l  fixatives 
( 2 %  g lu t a r a ld e h y d e ,  5 %  f o rm a ld e h y d e ,  1 /¿ 
p o t a s s iu m  p e r m a n g a n a t e ,  1 %  p o ta s s iu m  d ic h ro -  
m a te )  a re  a d d e d  to  th e  s a t u r a t e d  o r  h a l f - s a tu ra te d  
p o ta s s iu m  p y r o a n t i m o n a t e  so lu t io n  a n d  th e n  
tes ted .  i  hese mixecl fixatives d o  n o t  a f fe c t  p r e ­
c i p i t a r o n  o f  so d iu m ,  c a l c iu m ,  a n d  m a g n e s iu m  in 
th e  tes t  tu b e ;  h o w e v e r ,  they  c au s e  a  r a p id  d if lu s ion  

a n d  le a k a g e  o f  c a t io n s  f ro m  cells a n d  tissues as

j u d g e d  b y  th e  sc a rc i ty  o f  th e  e l e c t r o n -o p a q u e  
p r e c ip i t a te s ,  a n d  n e g a t iv e  resu lts  w e re  c o m m o n ly  
o b t a in e d .  T h i s  fac t  s ta n d s  in  g r e a t  c o n t r a s t  to  th e  
resu l ts  o b t a i n e d  w i th  th e  p o ta s s iu m  p y r o a n t i ­
m o n a t e  so lu t io n  a lone .  I t  is e v id e n t ,  th e re fo re ,  
t h a t  o u r  p r o c e d u r e  does  p re se rv e  a  s ign if ican t  
p r o p o r t i o n  o f  i n o r g a n ic  c a t io n s  ins ide  t h e  cells 
a n d  t issue  a n d  a t  th e  s u b c e l lu la r  level.  A dcli t ion  
o f  1 %  o s m i u m  te t ro x id e  to th e  p o ta s s iu m  p y r o a n t i ­
m o n a t e  so lu t io n  re s u l te d  in  e l e c t r o n -o p a q u e  d c -  
posits in  t h e  n u c le i  a n d  in so m e  o t h e r  sites in  th e  
tissues, as  f o u n d  b y  o t h e r  a u th o r s  ( 5 -1 3 ) ;  h o w e v e r ,  
t h e y  w e re  m u c h  less a b u n d a n t  t h a n  w i th  p o t a s ­
s iu m  p y r o a n t i m o n a te  a lone .

Electron Microprnbe

Figs.  7 a n d  1 I show  th e  a b s o rb e d  e lec t ró n  
im a g e  t a k e n  w i th  th e  m ic r o p r o b e  f ro m  th ick  1 /U 
sec t ions  o f  p o t a s s iu m  p y r o a n t im o n a te - f i x e d  m a iz e  
ro o t  a n d  r a t  liver, respec tive ly .  I n  F ig .  7, th e



F ig ur e  7 A bsorbed electrón  im age tak en  w ith  th e m icroprobe froni a th ick  1 ¿i section  of m aize root 
fixed in p otassiun i p yroan tim on ate. T h e  outlines of tw o  nucleoli (arrows) and of the cell w alls are evident. 
X  2,300.

F ig u r e  8 T h e  im age for th e  I^ai-eniission w avelen gth  of an tim on y  on th e sam e arca of th e section  
show n in Fig. 7. X  2,300.

F ig u r e  í) T h e  im age for th e Kcxi-em ission w avelen gth  of m agnesium  011 th e  sam e a rea of th e  section  
show n in F igs. 7 and 8. X  2,300.

F igur e  10 T h e  im age for th e  K cxi-em ission w avelen gth  of ca lc ium  on th e sam e a rea of th e  section  
show n in F igs. 7 and 8. X  2,300.
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F ig ur e  11 Absorbed electrón im age tak en  w ith  the m icroprobe from  a th ick  1 n  seetion  of rat liver fixed  
in p otassium  pyroantim onate. T w o  h ep atocy te  nuclei (arrows) are outlined , and severa 1 d¡serete m asses  
of different sizes are d iscernible in th e cytop lasm . X  2,700.

F igu re  12 T h e im age for th e  L a i-em ission  w avelen gth  of a n tim o n y  on th e  sam e a rea of th e seetion  
show n in F ig . 11. X  2,700.

F i g u k k  13 T h e  im age for t lie Kü?i-emission w avelen gth  of sodium  on the sam e a rea- of t lie seetion  
show n in F igs. 11 and 12. X  2,700.

F ig ur e  14 The im age for th e  K üfi-em ission w avelen gth  of calcium  on the sam e a rea of th e  seetion  
show n in Figs. 11 and 12. X  2,700.

T an d l e h , 1 ’ r ATI, a n d  S a n c i i i s  In tracellu lar Local iza! ion o f  ¡ ( 1 a! ions



Quilines of  tw o  m a iz e  nuc leo l i  a n d  o f  the  c.ellulose 
walls  a re  special ly  e v id en t .  I n  Fig. I 1, tw o  h e p a to -  
c y te  nucle i  a re  o u t l in e d  lying in lite c y to p la s m  in 
w h ic h  severa!  d isc re te  masses o f  d i f fe ren t  sizes 
a re  also d iscern ib le .  T h e s e  to p o g ra p h ie s  c a n  be  
v isua lized  in m o r e  d e ta i l  in Figs. 1 a n d  3, w h ic h  
show  s im i la r  im ag es  t h r o u g h  th e  e le c t ró n  m icro-  
sco|)e. I low ever ,  the  lield a n a ly z e d  by  th e  p ro b e  is 
no t  id en t ica l  w ilh  th e  a r e a  sh o w n  in the  e lec t ró n  
m ic r o g ra p h s  of  Figs. I a n d  3 (e.g., th e  sch izogenous  
spa ce  o f  Fig. 1 is no t  a p p a r e n t  in Fig. 7).

Figs. 8 a n d  12 show  th e  a n t i m o n y  L a ,  -emis- 
sion im a g e  of  th e  sa m e  spec im ens .  T h e  w h i te  
specks a re  e lea r ly  d is t r i l ru ted  a t  th e  sites of  th e  
m a iz e  nucleo l i  a n d  ce llu lose  walls  a n d ,  in th e  r a t  
liver,  th e y  a r e  fo u n d  c o n c e n t r a t e d  ov e r  th e  nucle i  
as well  as in  th e  cy to p la s m .  F,v idently , the  a n t i ­
m o n y  d i s t r ib u t io n  closely c o r re s p o n d s  to the  
e l e c t r o n -o p a q u e  depos i ts  as o b se rv e d  w i th  th e  
e lec t ró n  m icroscope .

Figs. 9, 10, 13, a n d  14 show  th e  K a^ -em iss ion  
of  th e  l ig h te r  e le m e n ts  m a g n e s iu in ,  c a lc iu m ,  a n d  
so d iu m .  The d i s t r i b u t io n  o f  these  c a t io n s  c o r ­
re s p o n d e d  to th a t  of  th e  a n t im o n y ;  th is  is th e  
d i r e c t  p r o o f  for th e  p re sen c e  o f  those  c a t io n s  in th e  
a n t i m o n a t e  dep o s i ts  a n d  in d ica te s  t h a t  th e  in ­
so lu b le  a n t i m o n a t e  salts  w e re  o r ig in a te d  by  a 
p r e c i p i t a r o n  r e a c t io n  w i th  th e  c e l ln la r  c a t io n s  
d u r i n g  th e  f ixa t ion  process. P o ta ss iu m  w as  d e te c te d  
by  the  p r o b e  in th e  a n t i m o n a t e  p re c ip í ta le s ,  a  
fact  w h ic h  ind ica te s  e i th e r  a  c e r t a in  a m o u n l  of  
p o ta s s iu m  p y r o a n t i m o n a te  t h a t  resis ted th e  w ash -  
ing  p r o c e d n r c ,  a  c o p re c ip i t a t i o n  p h e n o m e n o n ,  o r  a  
c o m p le x  c h e m ic a l  c o m p o s i t io n  of  tlie p re c ip i ta te .

As in d ic a te d  u n d e r  M e th o d s ,  the  d i f fe re n t  
m ic r o g ra p h s  a r e  no t  q u a n t i t a t i v e l y  c o m p a r a b l e ;  
th e  r e la t iv e  p ro p o r t io n s  of  the  d i f fe r e n t  c a t io n s  a t  
severa l  loci in th e  sec tions h a v e  n o t  b c e n  d e te r -  
m in ed .

C o n t r o l  t issues fixed in e i th e r  o s m iu m  te t ro x id e  
o r  a ld e h y d e s ,  w as l ied  w i th  d is t i l led  w a te r ,  a n d  
im m e rs e d  th e re a f te r  in p o ta s s iu m  p y r o a n t i m o n a te  

la i led  to show  th e  p re sen c e  of  a n v  of  the  l igh te r  
a to in ic  species w hile  they  re v e a le d  on ly  t races  of  

a n t im o n y .  l i l i s  r e s n h  co r re la te s  w i th  th e  a b s en ce  

o f  e l e c t r o n -o p a q u e  d ep o s i ts  as o b se rv e d  w i th  the 

e le c t ró n  m icroscope .

D I S C I S S I O  \

T h e  p r e s e n t  p a p e r  desc r ibes  th e  usefulness of  
p o ta s s iu m  p v r o a n t i m o n a te  as a  f ixa t ive  {alune, 
w i th o u t  a d d i t io n  o f  a n y  c o n v e n t io n a l  f ixa t ive );

th e  m a i n  p o in t  d e m o n s t r a t e d  is t h a t  p y ro a n t i -  
n io n a t e  f ixa t ion  o f  l iving cells p ro d u c e s  massive 
p rc c ip i ta tc s  of  the  inso lub le  salts  o f  c a lc iu m ,  
m a g n e s iu m ,  a n d  s o d iu m  inside the  cells a n d  
tissues a n d  a  s t r ik ing ly  goo d  p re se rv a t io n  of 
g e n e ra l  cell  m o rp h o lo g y .  Flus is a  c o n s ta n t ly  
r e p ro d u c ib l e  resu l t ,  a n d  a n  e x p la u a t io n  m u s t  be 
g iv en  for this p h e n o m e n o n .  I lo w ev er ,  the  ex ac t  
reason (s )  w h y  this r e a g e n t  b e h a v e s  so suceesfully 
is u n k n o w n .  T h e  sa m e  a p p l ie s  to a n o t h e r  r e a g e n t  
w h ic h  w e  h a v e  r e c e n t ly  s h o w n  to im m o h i l i z e  the 
in o rg a n ic  p h o s p h a te  a n io n s  w i th in  the  cell  (2,3).  
T a k e n  to g c th e r ,  these  resu lts  leave  no  d o u b t  th a t  
th e  f ixa t ion  p r o c c d u re s  e m p lo y e d  p re se rv e  a  la rge  
a m o u n t  of  diff'usible c e l ln la r  e lec tro ly tcs  w h ic h  a re  
n o t  r e t a in e d  by  th e  c o n v e n t io n a l  fixatives.

T h e  q u e s t io n  re m a in s  w l ie th e r  the  loca l iza t ions  
o b t a in e d  reflec t  th e  in v iv o  sites. T h e  fac t  t h a t  the 
d i s t r ib u t io n  of  in o rg a n ic  ions is s im i la r  in a 
n a tu r a l ly  d e h y d r a t e d  tissue (i.e., the  ra d ic le  of  
u n g e r m i n a t e d  seeds as c o m p a r e d  w i th  th e  g ro w in g  
r o o t ;  see Figs. I a n d  2) s t rong ly  s t ippo r ts  th e  
va l id i ty  o f  the  loca l iza t ions  o b ta in e d .  F u r th e rm o r e ,  
o th e r  e x p e r im e n ta l  e v id e n c e  ind ica te s  th a t  w lien  
dif fus ion  of  thc  so lub le  ions occtirs it is in th e  
o u t w a r d  d i rc c t io n ,  i.e. , o u t  o f  th e  nucle i  a n d  cells 
( a n d  o u t  o f  th e  tissue) l e a d in g  to a  loss o f  the  
e lec tro ly tes ;  this is th e  case, for in s tance ,  w lien  
a n o t h e r  r e a g e n t  w h ic h  does  n o t  affec t  p r e c ip i ­
t a r o n  in th e  test t n b e  is a d d e d  to th e  p o ta s s iu m  
p y r o a n t i m o n a te  f ixa t ive ,  as m e n t io n e d  n n d e r  
Results .

I )iffusion a r t i fac ts  as a  sou rce  of  false loca t io n  
for tlie la rge  po o l  of  in o rg a n ic  o r th o p h o s p h a t e  
inside th e  nu e leo lu s  a n d  n u c leu s  h a v e  b e e n  el imi-  
n a t e d  (2),  a n d  a  re la t iv e ly  h ig h  c o n e e n t r a t i o n  of 
c a t io n s  as c o u n te r io n s  w as p r e d ic te d  (2, 3). T h e  
fac t  t h a t  s ign if ican t  a n io u n t s  of  in o rg a n ic  ca t ions  
h a v e  n o w  b e e n  local ized  a t  those  sa m e  sites w ith  
th e  use of  a  c o m p le te ly  d i f fe r e n t  f ixa t ive  also 
su p p o r t s  th e  c o n te n t io n  th a t  th e  e l e c t r o n -o p a q u e  
d ep o s i ts  seen th r o u g h  th e  e le c t ró n  m icroscope  
t ru ly  rep re sen !  th e  sites a t  w h ic h  im p o r t a n t  
a n io u n t s  of  e lec tro ly tes  a r e  c o n c e n t r a t e d  in the 

l iving cell.

T h e  a b sen ce  of  c a t i o n - a n t i m o n a t e  p r c c ip i t a tc s  

a t  sites of  h ig h  1)NA c o n te n t  as fo und  in llic p re sen t  

w ork  is a t  v a r i a n c e  w i th  the  i n l r a n u c l e a r  locat ions  
d e s c r ib ed  by  S[)icer et  al. (10) ttsing K o m n ic k 's  

p y r o a n t i m o n a te  o s m iu m  te t ro x id e  f ixa tive ;  on  

the  o th e r  l iand ,  scvcra l  a u th o r s ,  u s in g  th e  la t te r  

p r o c e d u r e ,  e i th e r  fo u n d  the  a n t i m o n a t e  depos i ts
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on lv  in  th e  i n t e r c h ro m a t in  reg ions  o f  th e  nuc leus  
(e.g. , Fig. 8 in re fe rence  I I ) o r  ía i íed  to show 
a p p r e c i a b l e  a m o u n t s  o í  p r e c ip í t a te  inside the 
nucle i .  I n  the  tissues tosted in the  p re se n t  w o rk  
(i.e., r a t  l iver  a n d  m a z ie  roots) ,  the  a m o u n t  oí 
a n t i m o n a t e  p r e c ip i t a t e d  w i th in  th e  cc l ls— a n d  
in c lu d in g  th e i r  nucle i  was m u c h  g r e a t c r  af ter  
í ix a t io n  in  p o ta s s iu m  p y r o a n t i m o n a te  a lone  t h a n  
w h e n  K o m n ic k 's  p r o c e d u r e  w as  used.

T h e  large  e x te n t  of  c o m p le x in g  of  c a t io n s  in 
l iv ing  tissues- a n d  inside th e  cells is a  ve ry  well 
e s tab l ish ed  fact ,  a n d  th e  p re sen c e  of  i o n -b in d in g  
su b s ta n c e s  is s t ro n g lv  in d i c a te d  (15). T h e  p r e s e n t  
results  d e m o n s t r a t e s  th a t  the  in o rg a n ic  c a t io n s  a re  
p r e s e n t  in  b o th  th e  c y to p la s m  a n d  nuc leus ,  a n d  
f u r th e r m o rc ,  th a t  the  d is l r ib u t io n  inside the 
n u c le u s  is no t  h o m o g e n e o u s .  T h e  n u c l e o la r  b o u n d -  
a ry  is q u i t e  s h a rp ly  d e l im i te d  by  the  p r e c ip í t a le s  
a n d  shows a  h igh  c o n c e n t r a t i o n  o f  in o rg a n ic  
c a t io n s  (Figs. 1 -4) a n d  in o rg a n ic  o r th o p h o s p h a te  
an ío n s  (2, 3 ) ;  th is r e q u i re s  a n  e x p la n a t io n  since 
tl ie re  is no  m e m b r a n e  a t  the i n t e rp h a s e  w i th  the. 
n u c le o p la s m .  A c c u m u la t io n  o f  e lec tro ly tes  inside 
th e  nueleo l i  c o u ld  b e  d u e  to th e  exis tence  o f  ion-  
b in d in g  subs tances .  T h i s  possibili ty  c o u ld  be 
co n s id e re d  e i th e r  as a  “ b i n d e r “ for th e  p h o s p h a te  
a n ió n  o r  for a  c a t io n (s ) ,  w h ic h  then  b in d s  the 
p h o s p h a te  ion. Soine  e x p e r im e n ta l  e v id e n c e  sup- 
p o r ts  such a n  e x p e c ta t io n .  S tu d z in sk i  ( i b )  r e ­
p o n e d  th a t  the  nuc leo lu s  of  e th an o l - f ix ed  cells 
has a  s t r ik ing  affinitv for z in c  a n d  t h a t  a  basic  
p ro te in  c o tn p o n e n t ( s )  is responsil)le for this m e ta l  
b in d in g ;  o th e r  c a t io n s  a p p a r e n t l y  h a v e  n o t  b een  

tr ied.
I t  is c o n c e iv a b le  t h a t  in th e  c y to p la s m  as well 

as in  th e  walls  o f  th e  bloocl vessels (Fig.  3) the 

i n o rg a n ic  c a t io n s  a r e  largely he ld  by fixed an io n ic  
ch a rg e s  (e.g .,  m a c ro m o le c u le s  such  as R N A ,  

ac id ic  p o ly sa ceh a r id e s ,  etc.) .  T h e  sa m e  could  

a p p ly  for th e  n uc leus ,  since the  p a t t e r n  o f  in o r ­
g a n ic  c a t ió n  clis tr ibution  c o r re la te s  w i th  t h a t  of  

th e  r ib o n u c le o p ro t e in  p a r t ic le s  (Figs. 4 a n d  5, a n d  

re fe re n c e  14). How'ever,  th e  a c c u m u la t io n  of  

c a t io n s  in the  n u c leu s  a n d  n uc leo lus  is n o te w o r th v  
b e c a u s e  of  the  co ex is tence  of  a  largo pool of  in o r ­

g a n ic  p h o s p h a t e  a n io n s  a t  these sites (2, 3), a 

s iu ia t io n  a p p a r e n t l y  not  e n c o u n le r e d  in the 

cy to p la s m .  As suggested  befo re  (2, 3), th e  ab s e n c e  
oí m a t u r e  ( c a t io n -b o u n d )  r ib o so m es  in the 

nuc leo lu s  a n d  n u c leu s  (14, I 7 19) c o u ld  be  d u e ,  a t  

leas t  p a r t i a l ly ,  to a n  i n o rg a n ic  p h o s p h a te  che la -

l io n  of  d iv a le n t  ca t ions ,  in a s m u c h  as m a g n e s iu m  
a n d  c a lc iu m  h a v e  n o w  í)een d o m o n s t r a t e d  a t  
those sa m e  sites a lo n g  w i th  the  r ib o n u c le o p ro t e in  
par t ic les .

A p o in t  to be  stressed is th e  d e m o n s t r a r o n  of  the  
cell  n u c leu s  as a n  i n t r a c e l lu la r  ionic c o m p a r t m e n t ,  
w h ich  is in line w i th  som e r e p o r ts  in tlie l i te ra tu r e  
s t ro n g ly  suggest ing  t h a t  th e  n u c leu s  is in v o lv ed  in 
the  a c c u m u l a t i o n  of  a  im m l)e r  oí e lec tro ly tes  
(see refe rences  3, 20). H o w e v e r ,  \ve d o  n o t  h a v e  
a n y  e v id e n c e  o n  the  e x a c t  i n e c h a n i s m  of 
e n t r a n e e  a n d  exit - -of p h o s p h a t e  an io n s  a n d  
in o rg a n ic  c a t io n s  in th e  n u c leu s  o f  th e  i n ta c t  cell. 
All these  ions a r e  e o m p a r t m e n t a l i z e d  inside the  
n u c le u s  a n d  a r e  a p p a r e n t l y  in a  looselv v' b o u n d "  
sta te ,  i.e., thev  p r o b a b l y  sh o u ld  n o t  p r o d u c e  
g r e a t  osmotic. a l t e r a t io n s  (w h ich  is in  l ine w i th  
som e e x p e r im e n ta l  e v id e n c e ;  see r e íe re n ce  20).

T h e  h igh  i n t r a n u c l e a r  leve! o f  i n o rg a n ic  c a t ­
ions a n d  o r t h o p h o s p h a t e  a n io n s  c e r ta in ly  c ou ld  

a í f ec t  the  la ten ey  of  e n z v m e s  (e.g.,  nucleases;  

see r e fe ren ce  19) as well  as th e  assoc ia t ion  a n d  

d issoc ia t ion  o f  nuc le ie  ac ids w i th  respec t  to pro-  
teins, a  fact w h ic h  suggests  t h a t  r e g u la t io n  o f  the  

ion ic  i iU ra n u c le a r  e n v i r o n m e n t  m a y  be  invo lved  

in gen e t ic  r e g u la to rv  m echan is in s .

T h is  in v e stig a lio n  w as xup ported  by a gran t lVom 
the C on sejo  N a c io n a l de In v estig a c io n es  C ien tíficas  
y T écn ica s , A rg en tin o . Dr. T andJer is an estab lish ed  
In vestiga tor  o f the C N IC T  and  from  th e In stitu to  
F ito técn ico  de S a n ia  C a ta lin a , A rgen tin e . D r. 
S an ch is  is from  th e D ep a r tm en t o f C ien c ia s  B io lóg icas, 
F a cu lta d  do F arm acia  y B ioq u ím ica , B uenos A ires, 
A rgen tin a .

T h e  authors w ish  to oxpress their thanks to M r. 
T u lio  P a lacio s for assistance in the o p er a lio n  o f the  
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vi sed jorm  10 December ¡969.

A 'ote A ddrd  in P roo j: In co lla b o ra tio n  w ith  D r. A . T. 
K ierszen b au m  (m anuscri])! in p re p a r a tio n ), the  
p attern  ot in so lu b le  a n tim o n a te  p rec ip ita tio n  w as  
s lu d ied  in m ou se testis lixed  in p otassium  pvroanti-  
m on ate . T h e  results o b ta in ed  w ith  this t(“ch n iq u e  
co n iirm ed  the ab sen ce  o f ( 'a iio n -a n tim o n a te  p re­
c ip ita tes  in sites o f h igh  D N A  co n ten t, i.e ., the con -  
den sed  ch ro m a tin  in ih(‘ nnoh'i o f m aturo sperm atids  
and  th e h e teroch rom atin  m asses in  S erto li's  cells. 
'The a n t ím o n a le  p ree ip iia te  a lw ays appt'ared dis- 
persed  b e tw een  the m asses o f  co n d en sed  ch rom atin , 
(“xc(“pt in the n u clei of m aturo sp erm atid s w h ich  d id  
n o t show  an y  sign o f a n tim o n a te  d ep osition .

I a x d i j o i í ,  I « i h a x  \ t i , A \ i )  S a x c u i s  h i t r a c c l i u la r  L o c a h 'z a l io n  o f  . >o>- '■ C a t ió n #  -U).)
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