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Fig. 3. Autoradiograph (3fI-thy- 
midine) of a nucleus in a poliovirus 
infected cell, 6 h p.i. The silver 
grains are found over the de- 
stained, condensed chromatin. The 
RNA-confaining structures are 
free of silver grains and retain 
their normal contrast. • 15,000. 

a n d  leav ing  all  o the r  p a r a m e t e r s  cons t an t ,  because  
c h a n g i n g  deve lop ing  and  f ixa t ion  t ime  or  c o n c e n t r a t i o n  
m i g h t  affect  t he  u l t r a s t r u c t u r a l  p r e s e r v a t i o n  advers ive ly .  

In  order  to  f ind  t he  subs t ance  respons ib le  for t h e  
des t a in ing  effect, we t e s t ed  t he  deve loper  (Microdol X),  
a n o t h e r  deve loper  (D 19), t he  f ixer  and  t he  acet ic  acid 
a lone  or in  d i f fe ren t  combina t ions .  I t  was  found  t h a t  a 
des t a in ing  effect  on sect ions  n o t  coa ted  w i t h  emuls ion  
on ly  appea red  if t he  sect ions  were in c o n t a c t  w i t h  one of 
t h e  developers .  The  fixer, the  acet ic  acid alone,  or  b o t h  
in combina t ion ,  d id  no t  change  t he  s t a in ing  p a t t e r n .  

Likewise, t he  h igh  p H - v a l u e s  of t he  deve lopers  are n o t  
respons ib le  for t he  des ta in ing  of D N A :  dist i l led water ,  
a d j u s t e d  to t he  p H  of t h e  developers  (7.9 for Microdol  X 
a n d  10.7 for D 19) ha s  no des t a in ing  effect. The  two  
subs t ances  (Metol a n d  sod ium sulfite) c o m m o n  to b o t h  
developers ,  were t e s t ed  for t h e i r  de s t a in ing  ac t ion :  on ly  
sod ium sulfi te (14%) showed t he  same  Uac  e x t r a c t i n g  
p r o p e r t y  as t he  comple te  developer .  

Thus ,  the  m e t h o d  descr ibed Call be used no t  on ly  w i t h  
a u t o r a d i o g r a p h s  b u t  w i t h  eve ry  a l d e h y d e - o s m i u m  fixed 
spec imen  b y  f loa t ing  t he  b lock  s t a ined  sect ions  for 5 min '  
empi r ica l ly  b y  chang ing  the  acet ic  acid t r e a t m e n t  on ly  

on a 14% sod ium sulf i te  so lu t ion  a n d  a f t e rwards  ad j u s t -  
ing  the  degree of d e s t a i n i n g  b y  t h e  acet ic  acid t r e a t m e n t  
pr ior  to  a lead c i t r a t e  s ta in .  Th i s  p rocedure  m i g h t  be  
useful  if a d i s t i nc t ion  b e t w e e n  R N A  a n d  D N A  w i t h  
a l r eady  c o n v e n t i o n a l l y  f ixed a n d  e m b e d d e d  m a t e r i a l  
t u r n s  o u t  to  be  necessa ry  la te r  in t h e  course of a n  in-  
ves t iga t ion .  

Summary. A simple  m e t h o d  for d i s t i nc t ion  b e t w e e n  
R N A -  a n d  D N A - c o n t a i n i n g  s t r u c t u r e s  in  a l d e h y d e -  a n d  
o s mi u mt ex t ro x i d e - f i x ed  e lec t ron  microscopic  a u t o r a d i o -  
g raphs  (or o r d i n a r y  t h i n  sections) is descr ibed  : t h e  devel-  
oper  a n d  t h e  acet ic  acid used for process ing  a u t o r a d i o -  
g raphs  e x t r a c t  se lec t ively  u r a n i u m  ace t a t e  f.rom D N A  
c o n t a i n i n g - s t r u c t u r e s  which,  a f te r  s t a in ing  w i t h  lead 
c i t ra te ,  leads to  a cha rac t e r i s t i ca l ly  ' b l eached '  a p p e a r -  
ance  of the  DNA.  
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Evaluat ion  of a C o n d u c t o m e t r i c  Method  to D e t e r m i n e  the V o l u m e  Frac t ion  of the 
S u s p e n s i o n s  of B i o m e m b r a n e - B o u n d e d  Par t i c l e s  

A l t h o u g h  f r e q u e n t  need  has  been  fel t  for a s imple  an d  
rap id  m e t h o d  to  d e t e r m i n e  t he  vo lume  c o n c e n t r a t i o n  of 
cells or i sola ted organel les  in suspension,  t he re  h a v e  so far  
been  few m e t h o d s  appl icable  to  rou t ine  biological  work. 
I n  th i s  c o m m u n i c a t i o n  we propose  a new rrlethod wh ich  is 
based  on  s imple  c o n d u c t o m e t r y  a n d  can  be  used as a 
s u b s t i t u t e  for t he  c o n v e n t i o n a l  microscopic  a n d  space-  
m a r k e r  me thods ,  p rov ided  t he  suspended  par t ic les  are 
b o u n d e d  b y  in tac t ,  l im i t ing  m e m b r a n e s  a n d  the i r  electri-  
cal c o n d u c t i v i t y  is severa l  orders  of m a g n i t u d e  smal ler  
t h a n  t h a t  of t h e  suspend ing  med ium.  

Principle. Accord ing  to theories ~,2, t h e  r e l a t ive  con-  
d u c t i v i t y  of a suspens ion  of n o n - c o n d u c t i n g  spheres  is 
r e l a t ed  to  i ts  v o l u m e  f rac t ion  # as:  

~/~m = (1 - r  (1) 

where  x and  ~m are t h e  conduc t iv i t i e s  of suspens ion  a n d  
med ium,  respect ively .  R e m a r k a b l e  po in t s  of Eq .  1 are :  
t h a t  since der ived  or ig ina l ly  in  a n  ef for t  to  e x t e n d  t h e  
MAXWELL-WAGNER t h e o r y  a on t he  c o n d u c t i v i t y  b e h a v i o r  

of d i lu te  d i spers ions  of spher ica l  par t ic les  to  more  con-  
c e n t r a t e d  ones, t h i s  r e l a t i on  would  ho ld  for a n y  va lues  
of 0~, a n d  t h a t  a v a r i e t y  of e x p e r i m e n t s  inc lud ing  suspen-  
sions of glass b e a d s l  a n d  o i l - in-water  t y p e  emuls ions  4, ~ 
h a v e  g iven  s t rong  ev idence  for t h e  usefulness  of Eq.  1 in  
deal ing n o t  on ly  w i t h  monod i spe r se  b u t  w i t h  m o d e r a t e l y  
polydisperse  sys tems.  In  add i t ion ,  t h a t  some a n o m a l y  in 
par t ic le  shape,  unless  e x t r e m e  in i t s  ex ten t ,  is a l lowable ,  
has  also been  conf i rmed  I b y  expe r imen t .  H e n c e  i t  is 
r easonab le  to  expec t  t h a t  we can  d e t e r m i n e  t h e  electr i-  
cal ly ef fec t ive  vo lume  f rac t ion  # ~  of a g iven  suspens ion  

1 R. E. DE LA RUE and C. W. TOBIAS, J. electrochem. Soe. 106, 827 
(1959). 

z T. HANM, Kolloidzeitschrift 771, 23 (1960). 
a K. W. WAGNER, Arch. Electroteeh. 2, 371 (1914). 
4 T. HA~AI, N. KOlZUMI, T. SUGANO and R. GOTOH, Kolloidzeit- 

schrift 777, 20 (1960). 
5 R. E. MEREDITH and C. W. TOBIAS, J. eleetrochem. Soe. 708, 286 

(1961). 
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Conductometrie determination of mean cell volume of mouse lymphoma L5178Y cultured in Fischer's medium supplemented with 10% 
bovine serum 

Suspension .Temperature G = Gm ~ G]G~ ~E Cell No. b Mean cell vol. ~ 
No. (~ (ml -I) (pl) 

(/zmhos) 

1 25 5050 7992 0.633 0.263 2.42 • 10 s 1.09 

2 30 8508' 9097 0.935 0.0439 4.07 • 107 1.08 

~Conductances were measured at a frequency 1 kHz. Accuracy, within 0.2%. bCounted with a hemocytoineter after appropriate dilution. 
~ from ~E divided by cell No. in nf1-1. 

of biological par t ic les  only  t h rough  measur ing  the  ra t io  
z /g~  and using Eq.  1, when  the  cons t i tuen t  par t ic les  are 
assumed to  behave  as an insula tor  to  ex te rna l ly  appl ied  
electric field. 

Procedure .  1. Equ i l ib ra te  t he  par t icu la te  mater ia l  wi th  
the  suspending  medium.  2. Transfer  a small  a l iquot  o f  
suspension 4co a conduc t iv i ty  cell, and  wai t  for t h e r m a l  
equi l ibrat ion.  3. Read  conduc t iv i t y  ~ (or conduc tance  G) 
wi th  a W h e a t s t o n e  br idge or a conduc t iv i ty  meter ,  b o t h  
opera ted  a t  suff ic ient ly  low frequency.  4. Read  ~m (or 
conduc tance  Gin) for t he  par t ic le-f ree  medium.  5. Cal- 
culate  #R using Eq .  1. 

C o m m e n t s  on pract ice.  1. When  rep lacemen t  of t e s t  
media  is required,  washing  b y  cent r i fugat ion  and  resus- 
pens ion  repea ted  3 t imes  is qui te  effective.  We saved the  
final washings for the  de te rmina t ion  of ~m or Gin. 2. The 
cell we used was of an all-glass, wa te r - j acke ted  type  wi th  
p la t in ized P t  disc electrodes.  The sample  cav i t y  was  
abou t  0.2 ml. Such a smal l  volume is prerequis i te  for 
measur ing  samples  of ve ry  low yield and also conven ien t  
for deal ing wi th  a single p repa ra t ion  under  various con- 
di t ions.  3. The measur ing  f requency  should be chosen as 
low as possible;  otherwise,  the  m e a s u r e m e n t  will be 
seriously affected by  a conduc t iv i t y  dispersion phenome-  
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Comparison of simultaneous determinations of volume fractions, ~z 
and q~E. The test suspensions of varied volume fractions were made 
of synaptosomes(s), prepared by the method of GRAY and W~ITTA- 
KERL or of liver mitochondria (�9 prepared by the method of 
HOaEBOOM s, both from Wistar rats. Composition of the suspending 
medium (mM): NaC1, 50; sucrose, 180; and Tris-HC1, 10, pH 7.3 at 
25 ~ Osmolality, 0.28 Osm �9 kg -1. Inset: A linear relationship be- 
tween ~ and protein content (determined by a biuret method with 
bovine serum albumin as standard) for isolated liver mitoehondria s 
in suspension. Medium as above. Specific volume of the specimen 
was readily calculated from slope of the line. 

non  6 which  leads to an er roneously  low q~E. Tempera tu r e  
regula t ion (preferably,  to  wi th in  0.05 ~ is ano the r  impor-  
t a n t  fac tor  for mak ing  reliable measurements .  4. If  we  
read Gm unde r  the  same m e a s u r e m e n t  condi t ion  as for G, 
the  ra t io  GIG, ,  m a y  immed ia t e ly  replace z[~m in Eq.  1. 
5. The use of a n o m o g r a m  represen t ing  Eq. 1 will facili- 
t a t e  t he  calculat ion of ~E. 

C o m p a r i s o n  w i t h  the other methods .  As a check  for 
rel iabi l i ty  of t he  m e t h o d  described,  we first  compared  the  
de t e rmina t ions  of mean  cell vo lume by  the  conduc tomet r i c  
and the  microscopic  techniques .  The specimen used was  
a r a n d o m  popula t ion  of a cul tured  cell line, mouse  lym-  
p h o m a  L517 BY, wi th  excel lent  spher ic i ty  in shape;  its cell 
vo lume was  calcula ted to  be 1.05 pl by  using a mean  
d i ame te r  of 12.6 ~xm es t ima ted  f rom phase  microscopy.  
W i t h  the  same popula t ion ,  the  conduc t iv i ty  measure-  
men t s  were carr ied ou t  and  the  result  is shown in t he  
Table.  I t  is a p p a r e n t  t h a t  t he  f inal  e s t ima te s  for cell vol-  
ume agreed very  well wi th  t he  microscopic one (1.05 pl). 

N e x t  we examined  a possible equivalence of the  con- 
duc tomet r i c  and  the  space-marker  de te rmina t ions  on the  
suspensions  of subcellular  organelles (mi tochondr ia  and  
synaptosomes) .  Using 14C-inulin as the  space-marker ,  
we de t e rmined  the  vo lume  f rac t ion of inulin-inaccessible 
space q~i on 0.1 ml a l iquots  of the  suspensions of known 
q~R b y  means  of combined  cent r i fugat ion  and  radio- 
count ing.  The results  of such a s imul taneous  de t e rmina -  
t ion  of q~E and  ~I  are p lo t t ed  in the  Figure.  W i t h i n  ex-  
pe r imen ta l  errors, t he  observed points  fell on a line of 
iden t i ty  showing a sa t i s fac tory  agreement  be tween  the  
two i n d e p e n d e n t  m e t h o d s  compared.  In  addi t ion,  subsid-  
iary evidence was p rov ided  by  demons t r a t i ng  a l inear 
re la t ionship  be tween  q ~  and  the  par t i cu la te  concen t ra t ion  
such as expressed  on a pro te in  basis (see Figure, inset).  

Finally,  i t  m a y  be re l evan t  to  po in t  out  t he  o smot i c  
behavior  of these  isolated organelles in suspension.  W h e n  
the  effect  of med i u m osmola l i ty  upon the  specific vo lume  
of part icles  was  examined  using the  conduc tomet r i c  m e t h -  
od descr ibed above, we could conf i rm the  B o y l e - v a n ' t  
Hoff  re la t ion ob ta ined  previous ly  wi th  a l ight  sca t t e r ing  
t echn ique  9. Such a f inding made  i t  possible to es t imate  
the  osmot ic  dead  space of synap tosomes  to be 46% of t he  
vo lume a t  0 . 3 0 s m / k g .  

H. P. SCHWAN, ill Advances in Biological and  Medical Physics 
(Eds, J. H. LAWRENCE and C. A. TOBIAS; Academic Press, Inc., 
New York 1957), vol. 5, p. 147. 

7 ]~. G. GRAY and V. P. WHITTAKER, J. Anat. 96, 79 (1962). 
s G. H. HOGEBOO•, in Methods in Enzymology (Eds. S. P. COLOWlCK 

and N. O. KAPLAN; Academic Press, Inc., New York 1955), vol. 1, 
p. 16. 

9 K. KAMINO, K. INOIJYE and A. INOUY~, Biochim. biophys. Acta 
330, 39 (1973). 
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Limitations. The  use of a m e d i u m  of m u c h  lowered 
c o n d u c t i v i t y  or  t h e  case of v e r y  l eaky  m e m b r a n e s  reduces  
a c c u r a c y  of t he  m e a s u r e m e n t  accordingly .  Likewise,  th i s  
m e t h o d  is d i f f icul t  to  a p p l y  to v e r y  d i lu te  suspens ions  
because  t he  r a t i o  n / zmapproaches  u n i t y  in  th i s  case. Shape  
c o m p l e x i t y  as found  in red  cells ~~ for  example ,  also 
impa i r s  t he  s t r a i g h t f o r w a r d  app l i ca t i on  of Eq.  1, t h o u g h  
n o t  a l t o g e t h e r  i napp l i cab le  to  sphero ids  or  ell ipsoids such  
as i so la ted  m i t o c h o n d r i a .  W i t h  r ega rd  to  o the r  shape  

i0 H. ]JRICKE, Phys. Rev. 24, 575 (1924). 
ll R. E. MEREDITH and C. W. TOnlAS, in Advances in Electrochemistry 

and Electrochemical Engineering (Eds. P. DELAHAY and C. W. 
TOBIAS; John Wiley & Sons, Inc., New York 1962), vol. 2, p. 15. 
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effects,  a modi f i ca t ion  of t h e  bas ic  equa t ion ,  e.g. b y  
i n t r o d u c i n g  a n  empir ica l  p a r a m e t e r  o t h e r  t h a n  1.5 in to  
t h e  e x p o n e n t  of Eq.  1, ha s  been  r epo r t ed  to  be  qu i te  
ef fec t ive  ~, ~.  

Summary. S u p p o r t e d  b y  t he  f ac t  of cor respondence  
b e t w e e n  t h e  resu l t s  of severa l  i n d e p e n d e n t  t e chn iques  
compared ,  we r e c o m m e n d  here  a c o n d u c t o m e t r i c  m e t h o d  
as a s imp le ,onondes t ruc t i ve  and  re l iable  tool  for de te r -  
m i n i n g  t h e  v o l u m e  f rac t ion  of t h e  suspens ions  of  m e m -  
b r a n e - l i m i t e d  par t ic les  of biological  re levance.  I t  requi res  
on ly  c o n d u c t i v i t y  m e a s u r e m e n t s  on a suspens ion  and  i ts  
m e d i u m  ~s. 
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A Technical Improvement  in the Radio immunoassay  of Cyclic-AMP 

The  r a d i o i m n m n o a s s a y  of STEINER et  al. 1 is a m e t h o d  
which  allows for  t he  r ap id  m e a s u r e m e n t  of cyc l ic -AMP 
in a large n u m b e r  of samples .  T he  p rocedure  invo lves  
t he  c o m p e t i t i o n  be t w een  isotopica! ly  labeled  a n d  un-  
labeled  cyc l ic -AMP for specific a n t i b o d y  p r e s en t  in 
l im i t i ng  a m o u n t s .  As a result ,  t h e  q u a n t i t y  of labe led  
a n t i g e n - a n t i b o d y  complex  wh ich  is fo rmed  is i nve r se ly  
re la ted  to the  a m o u n t  of un l abe l ed  an t i gen  presen t .  The  
q u a n t i t y  of un l abe l ed  cyc l ic -AMP in a sample  is t h e n  
d e t e r m i n e d  b y  compar i son  w i t h  a s t a n d a r d  cu rve  s. 

S e p a r a t i o n  of free f rom b o u n d  an t i gen  has  been  
ach ieved  b y  p r ec ip i t a t i on  of t he  complex  w i t h  a 60~ 
so lu t ion  of s a t u r a t e d  a m m o n i u m  sulfa te  s . This  suffers  
f rom the  d r a w b a c k s  t h a t ,  owing to t he  smal l  v o l m n e  of 
t he  r eac t ion  mix tu re ,  the  pe l le t  o b t a i n e d  fol lowing 
cen t r i f uga t i on  is v e r y  smal l  a n d  m i n u t e  loses can  cause  
s ign i f ican t  va r ia t ions ,  i n  add i t ion ,  t h e  a m m o n i u m  su l fa te  
p r ec ip i t a t e  is phys i ca l ly  uns tab le .  Thus ,  t h e r e  t ends  to be 
a progress ive  red ispers ion  of t he  pel le t  i n to  t he  super-  
n a t a n t  w i t h  s t and ing ,  which  can  re su l t  in loss d u r i n g  t he  
s u b s e q u e n t  d e c a n t a t i o n .  This  p o t e n t i a l  source of e r ror  
becomes  especial ly  i m p o r t a n t  w h e n  a large  n u m b e r  of 
samples  are be ing  processed,  due  to t he  longer  t ime  
required .  
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Percent antigen bound as a function of the amount of unlabeled 
cyclic AMP present in the reaction mixture. Points: Z-gel precipita- 
tion of bound antigen-antibody complex, mean values of 2 experi- 
ments. Curve: standard curve using ammonium sulfate precipita- 
tion redrawn from reference s (with permission). 

The  p r e s e n t  s t u d y  was des igned  to t e s t  t h e  feas ib i l i ty  of 
r ep lac ing  t he  a m m o n i u m  su l fa te  p r e c i p i t a t i o n  w i t h  
z i rconyl  p h o s p h a t e  gel (Z-gel). The  l a t t e r  has  been  used 
for p r e c i p i t a t i o n  in the  r a d i o i m m u n o a s s a y  of carc ino-  
e m b r y o n i c  a n t i g e n  3-~. 

Materials and methods. The  assay  of cyc l ic -AMP 
fol lowed t he  p rocedure  ou t l i ned  in t he  S c h w a r z - M a n n  
t echn i ca l  bu l l e t in  2 w i t h  t h e  excep t ion  t h a t  Z-gel (Roche,  
Nut ley ,  N.J . )  was  s u b s t i t u t e d  for a m m o n i u m  sul fa te  in 
t he  p r ec ip i t a t i on  s tep.  The  labe led  a n t i g e n  was a cyclic- 
A M P  de r iva t ive ,  succ inyl  cyc l i c -AMP ty ros ine  m e t h y l  
es ter  [125I], (Scamp-TME) .  The  r eac t ion  was  car r ied  ou t  
as follows: 100 txl S c a m p - T M E  was a d d e d  to glass t ubes  
c o n t a i n i n g  300 V1 of sod ium a c e t a t e  buf fe r  (pH 6.2). 100 ~zl 
of cyc l ic -AMP a n t i s e r u m  was t h e n  added  to  each  tube .  
The  r eac t ion  was al lowed to  proceed  for 1 h a t  0-4~ To 
d e t e r m i n e  t he  o p t i m u m  q u a n t i t y  of Z-gel r equ i r ed  to  
p rec ip i t a t e  t he  c y c l i c - A M P - a n t i b o d y  complex,  Z-gel 
add i t ions ,  r a n g i n g  f rom 10% to  200% of t he  t o t a l  vo lume,  
were made .  The  t u b e s  were t h e n  a l lowed to  s t a n d  for 0.5 h 
on  ice, cen t r i fuged  a t  800 •  for 10 ra in  a t  4~ decan ted ,  
swabbed ,  a n d  t he  res idual  solids r ad ioas sayed  in a c rys t a l  
sc in t i l l a t ion  coun te r .  

To d e t e r m i n e  if t he  Z-gel non-speci f ica l ly  p r ec ip i t a t ed  
u n b o u n d  Scamp-TME,  t u b e s  c o n t a i n i n g  on ly  Scamp-  
T M E  in buf fe r  were  p r e c i p i t a t e d  w i t h  v a r y i n g  a m o u n t s  
of Z-gel, cen t r i fuged ,  d e c a n t e d  and  coun ted .  The  pel le t  
was  t h e n  w a s h e d  w i t h  2.5 ml  of sod ium ace t a t e  buffer ,  
cen t r i fuged  aga in  a n d  recoun ted .  The  second c o u n t i n g  
was t h e n  c o m p a r e d  to t h e  f i rs t  c o u n t  to  a sce r t a in  the  
a m o u n t  of S c a m p - T M E  ' t r a p p e d '  b y  t he  Z-gel. 

T o  d e t e r m i n e  t h e  s t a b i l i t y  of t h e  a n t i g e n - a n t i b o d y  
complex  fol lowing Z-gel p r ec ip i t a t i on  a n d  washing ,  
S c a m p - T M E  + an t i s e r a  were al lowed to  r eac t  and  
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