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anaemia  or o ther  hypox ic  stress,  the  unusual  tiC-like chain  
called fie(,a). Other  individuals  of A.  lervia synthes ize  a 
typ ica l  ovine-capr ine  fie chain which  differs b y  e ight  
amino  acids f rom A.  lervia fic'n~)~0. Otherwise,  t he  evolu- 
t ion  of C- type chains  is re la t ive ly  conservat ive ,  for 
A.  lervia tic differs by  only 2 amino acids f rom C. hircus 
tic and  by  only 1 amino acid f rom O. aries and  O. musi-  
mon ficu. A nothe r  r emarkab le  feature  of A.  lervia fl ct"~) 
is t h a t  the  middle  of the  chain,  t ryp t i c  pep t ides  T-9 and  
T-10, conta in  4 amino  acid subs t i tu t ions  no t  found  in 
o the r  fie chains  b u t  shared  in the  sequence of the  foetal  
chain,  y, of sheep and  goats.  

Accordingly,  t he  haemoglob in  d a t a  suggest  t h a t  A. 
lervia is no closer to  Ovis t h a n  to  Capra; indeed,  t he  
na tu re  of the  e-chain  dupl ica t ion  indicates  t h a t  there  is 
more  in comm on  be tween  A.  lervia and C. hircus t h a n  
be tween  A.  lervia and  O. aries. However ,  especially wi th  
the  unusual  fle(.a) chain and  the  to ta l  of 39 differences 
be tw een  A.  lervia flu and other /~-chains ,  it  m igh t  be bes t  
to  regard  the  aoudad  as d is t inc t  f rom b o t h  Ovis and  
Capra, perhaps  represen t ing  an early offshoot  f rom the  
ovine-capr ine  s tock which  has re ta ined  some pr imi t ive  
charac te r s  bu t  has  also evolved some unique ly  specialized 
ones. 

Such a posi t ion would no t  be incompat ib le  wi th  the  
zoogeographic informat ion,  for Ammotragus lervia occurs 
in a res t r ic ted  p a r t  of no r the rn  Africa, d i s t inc t  f rom ' the  
g rea t  arc '  of Ovis in Euras ia  and  Nor th  America  ~2. The 
d is t inc tness  of dmmotragus is shown by  its failure to  
produce  viable hybr ids  wi th  e i ther  domest ic  goats  or 
domes t ic  sheep, a l though  deve lopmen t  of d .  lervia • C. 
hircus foetuses proceeds  to  te rm,  whereas  A.  lervia• 
aries fails to be conceived13 

In  con t ras t  to  suggest ions t h a t  Ammotragus lervia is 
close to  progeni tors  of t he  domes t ic  sheep, discussions of 
d a t a  for b o t h  b iochemical  4 and  ch romosomal  ~ charac te rs  
suggest  the  mouflon,  Ovis musimon, as a be t t e r  candida te .  
As CLARK 15 says, ' t he  B a r b a r y  sheep (Ammotragus) . . . .  
for reasons i t  would  be in te res t ing  to  have  res ta ted ,  is 
excluded f rom any  pa r t  in the  ances t ry  of African domest ic  
sheep ' .  

Summary .  D a t a  on haemoglob in  do no t  suppor t  sug- 
gest ions t h a t  the  aoudad  Ammotragus lervia is close to  a 
hypo the t i ca l  ances tor  to  t he  genus Ovis in general  or to  
t h e  domes t i ca t ed  sheep Ovis aries in par t icular .  A m m o -  
tragus haemoglobin  is more  like t h a t  f rom the  domes t ic  
goat  Capra hircus t h a n  t h a t  f rom the  domest ic  sheep 
Ovis aries, but  also shows some unique character is t ics ,  
pe rhaps  more  special ized t h a n  pr imi t ive .  
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P R O  E X P E R I M E N T I  S 

A Method for Dist inct ion Between  R N A  and D N A  in Aldehyde  and Osrninrntetroxide-f ixed 
Elec tron  M i c r o s c o p i c  A u t o r a d i o g r a p h s  1 

His tochemica l  procedures  in e lectron microscopy usu- 
ally require  a special f ixat ion or o ther  t r e a t m e n t  of the  
t issue prior  to embedding .  If  an inves t iga t ion  wi th  t issue 
f ixed and  embedded  according to a rout ine  procedure  is 
in progress  and one wishes to  per form a h is tochemica l  
react ion,  t he  f ixat ion,  embedding ,  and  preceeding ex- 
pe r imen t s  have  to  be repeated .  This is especially t ime-  
consuming  wi th  electron microscopic au torad iography ,  
as the  exposi t ion t ime  of the  au to rad iographs  ranges f rom 
weeks to  several  months .  

The presen t  paper  shows t h a t  the  so-called ' regressive 
s ta in ing  m e t h o d '  descr ibed b y  BERNARD 2 for the  dis t inc-  
t ion of R N A  and  DNA on a ldehyde- f ixed  t issue can also 
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Processing and staining of autoradiographs for conventional contrast and RNA-DNA differentiation 

Solution Time of treatment for 

Conventional contrast RNA-DNA differentiation 

1V[icrodol -X- (Kodak) 5 min 5 min 
Dist. water a few see a few see 
Na-thiosulfate (3%) no longer than 3 rain no longer than 3 rain 
Dist. water (room temp.) 3 • 10 rain 3 x 10 rain 
Dist. water 37 ~ 30 rain 30 min 
Acetic acid 37 ~ 15 min 4% up to 20 rain, up to 8% 
Dist. water (room temp.) 3 • 5 min 3 • 5 min 
Uraniumacetate 2,5% in dist. water 6 rain none 
Lead citrate s 3 min 3 min 
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Fig. 1. Autoradiograph (3H-thymidine) with conventional contrast: Silver grains are located over the dark stained DNA (chromosomes) of 
a mitotic HEp-2 ceil. • 14,000. 

Fig. 2. Autoradiograph (~H-thymidine) with selectively destained DNA. The silver grains are only associated with the 1)NA-containing 
structures, thus proving the specificity of the destaining reaction, x 12,1300. 

be  pe r fo rmed  on conven t i ona l l y  (g lu ta ra ldehyde  an d  
osmiumte t rox ide )  f ixed a u t o r a d i o g r a p h s  b y  s imply  chang-  
ing t h e  s t a in ing  p rocedure  of t he  exposed a n d  deve loped  
specimens.  The  use of c o n v e n t i o n a l l y  f ixed t i ssue  h a s  t h e  
a d d i t i o n a l  a d v a n t a g e  t h a t  t h e  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  
of cy top l a smic  s t r u c t u r e s  is b e t t e r  t h a n  i n  t he  or ig inal  
procedure .  

Materials and methods. H E p - 2  cells, o b t a i n e d  t h r o u g h  
the  cou r t e sy  of Dr.  D. A. WOLFF, Ohio S t a t e  Un ive r s i ty ,  
were g rown  in suspens ion  on a g y r o t o r y  shake r  in Jok l ik  
modif ied  M E M  (Gibco), s u p p l e m e n t e d  w i t h  10% calf 
serum.  Labe l l ing  w i t h  r ad ioac t ive  p recursor  (3H- thym-  
idine, R a d i o c h e m i c a l  Centre,  A m e r s h a m ,  GB) was car r ied  
ou t  a t  a c o n c e n t r a t i o n  of 10 [xCi for 24 h. The  cells were 
f ixed in cold 6 .5% g l u t a r a l d e h y d e  in cacody la t e  buf fe r  
(0.125 M) for 90 min,  r insed  for 48 h in severa l  changes  of 
cacody la t e  buf fe r  to  r emove  u n i n c o r p o r a t e d  label  8 an d  
pos t f ixed  for 30 min  in 2% OsO 4 in cacody la t e  buffer .  
Clumps  of cells were d e h y d r a t e d  in  increas ing  concen t r a -  
t ions  of acetone.  Fo r  b lock  s ta in ing,  t h e  f i rs t  a ce tone  
so lu t ion  c o n t a i n e d  2% u r a n i u m  ace t a t e  (Uac). E m b e d -  
d ing  in  E p o n  was done  accord ing  to  LUFT 4. Our  au to rad io -  
g raph ic  p rocedures  were descr ibed  p rev ious ly  5; t h e y  were 
based  on  t he  t echn iques  given b y  STEVENS S. The  sect ions  
c o n t a i n i n g  grids  were coa t ed  b y  t h e  loop m e t h o d  7 w i t h  
I l ford  L-4 emuls ion,  a n d  t he  grids  exposed  a t  4~ in a 
desiccator .  No p r o t e c t i v e  c a r b o n  layer  was  appl ied  be- 
t w e e n  sec t ion  a n d  emuls ion.  Developing ,  ge la t ine  r e m o v a l  
a n d  s t a in ing  p rocedures  are g iven  in t he  Table .  

Results. The  re - s t a in ing  w i t h  Uac  (Table) of t he  a l r e ad y  
' b lock- s t a ined '  spec imens  is necessa ry  to  o b t a i n  con-  
v e n t i o n a l l y  s t a ined  sect ions  (Figure 1), because  process ing  
of t he  a u t o r a d i o g r a p h s  t e n d s  to e x t r a c t  some of t h e  Uac  

f rom t h e  tissue. To o b t a i n  s imi la r  d i s t inc 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 ruc tu re s  as p roduced  b y  t he  
' regress ive  s t a in ing  m e t h o d '  3, s imp ly  t h e  re - s ta in ing  s tep  
w i t h  Uac  pr io r  to  lead s t a in ing  is o m i t t e d  (Figure 2 a n d  3 
an d  Table) .  The  f ina l  s t a i n i n g  w i t h  lead c i t ra te  s e n h a n c e s  
t h e  c o n t r a s t  of t h e  p re -ex is t ing  U ac  s t a in  in  c o m b i n i n g  
p re fe ren t i a l ly  w i t h  those  s t ruc tu re s  (RNA) wh ich  a l r eady  
c o n t a i n  Uac.  

Thus ,  as in BERNHARD'S m e t h o d  s, where  che l a t i ng  
agents ,  such  as E D T A ,  e x t r a c t  U a c  se lec t ively  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  of a ldehyde  fixed t issue,  in 
our  p rocedure  t h e  inf luence  of t h e  p h o t o g r a p h i c  process ing  
is used to  accompl i sh  t h e  select ive e x t r a c t i o n  in a ldehyde-  
a n d  o s m i u m t e t r o x i d e - f i x e d  ceils. 

T h e  degree of ' b leach ing '  of t h e  D N A - c o n t a i n i n g  
s t ruc tu re ,  however ,  un l ike  in BERNHARD'S m e t h o d  s, is 
n o t  in f luenced  b y  t h e  see t i0n  th ickness  or t h e  ag e  of t he  
E p o n  block,  b u t  can  be  ch an g ed  to a ce r t a in  e x t e n t  b y  t he  
t i m e  a n d  c o n c e n t r a t i o n  of t h e  acet ic  acid t r e a t m e n t  
d u r i n g  ge la t ine  r e m o v a l :  inc reas ing  t h e  t ime  u p  to  20 ra in  
a n d  t h e  c o n c e n t r a t i o n  u p  to 8% m a y  be  necessa ry  for  
some spec imens  to  get  a d e q u a t e  des t a in ing  of t h e  chro-  
mar ine .  O p t i m a l  resu l t s  for  a g iven  t i ssue  h a v e  to  be found  
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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  
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