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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  
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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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Bound and trapped cyclic AMP before and after washing samples, 
as a function of quantity of Z-gel added 

Volume Z-gel added Before washing After washing 
(% total reaction volume) Bound Trapped Bound Trapped 

(%) (%) (%) (%) 

10 41.9 10.8 36.0 2.4 
20 49.4 12.6 40.7 2.2 
40 53.2 20.5 38.0 3.9 
50 64.6 24.5 47.6 3.0 

100 64.3 28.5 41.8 3.2 
200 68.8 33.0 40.6 5.3 

Values represent the means of duplicate samples. 

precipitated with various amounts of Z-gel. The pellets 
were counted, washed, recentrifuged and recounted. The 
percent of antigen bound before and after washing with 
various quantities of Z-gel was then compared to the 
values expected for the amount of Scamp-TME employed 3. 

To further evaluate the use of Z-gel precipitation, a 
dilution curve was prepared using samples containing 
0.025 to 10.0 picomoles of unlabeled cyclic-AMP, along 
with a specific amount of Scamp-TME. The antigen- 
antibody complex was then precipitated with a 50% 
equivalent volume of Z-gel, washed with buffer alld the 
act ivi ty  obtained compared to that  expected from a pub- 
lished standard curve obtained using ammonium sulfate 
precipitation 3. 

Results and discussion. Additions of Z-gel to the reaction 
mixture produced increasing amounts of 125t act ivi ty in 
the pellet, up to 50% of the reaction volume (Table). 
Further  additions of Z-gel did not produce further 
increases in the amount of antigen-antibody complex 
precipitated. Z-gel produced large, well defined pellets at 
800 •  centrifugation for 10 min (cf. 3,000• for 20 
min required for ammonium sulfate). These reduced 
centrifuge requirements permit  the handling of larger 
numbers of samples in the same time and the use of less 
elaborate centrifuge equipment. The Z-gel pellet showed 
no tendency to redisperse into the supernatant regardless 
of the volume employed. This physical stability of the 
pellet permitted reproducible decantation of large num- 
bers of samples over a period of time. As Call be seen from 
the Table, Z-gel caused significant amounts of free antigen 
to precipitate. This trapped free antigen increased with 
increasing amounts of added Z-gel. However, washing 
the pellet with sodium acetate buffer reduced this 
trapping to acceptable levels. Washing of the pellet 

following precipitation of the antigen-antibody complex 
resulted in a significant decrease in the activity present 
(Table). The extent  of this reduction corresponded closely 
to the amount  of trapped free cyclic-AMP removed by 
washing. That  this reduction was not a result of the 
breakdown of the antigen-antibody complex was sup- 
ported by the finding tha t  the level of activity obtained 
for a 1 h reaction time (47% antigen binding at a 50% 
equivalent volume of Z-gel added, Table) compared 
favorably with that  expected from published curves 
obtained with ammonium sulfate (50% antigen binding) 2. 

The substitution of zirconyl phosphate gel for ammo- 
nium sulfate precipitation appears t o ' b e  a feasible im- 
provement  of the STEII~ER radioimmunoassay of cyclic- 
AMP. The Z-gel produces a more stable and well defined 
pellet than that  obtained with ammonium sulfate 
precipitation. Because of the larger pellet obtained, the 
potential for error during sample processing and handling 
is reduced. 

Washing of the Z-gel pellet removes the potential for 
error from incomplete decantation of the supernatant 
which contains appreciable amounts of free labeled anti- 
gen. Residual supernatant remaining following washing 
of the Z-gel precipitate with sodium acetate buffer con- 
tains a much lower level of act ivi ty and it is therefore a 
diminished problem. 

The optimum quant i ty  of Z-gel to be used is in the 
range of 50% of the total  reaction volume (250 ~zl of Z-gel 
per tube in the present procedure). This level represents 
an easily handled quant i ty  which produces maximum 
antigen-antibody precipitation in a stable configuration 
with a minimum of free antigen binding. 

Summary. An improvement  in the technique for the 
radioimmunoassay of cyclic-AMP, wherein ammonium 
sulfate precipitation is replaced with zirconyl phosphate 
gel, is presented. This substitution produces a more 
stable pellet than tha t  obtained with ammonium sulfate. 
This greatly reduces a potential  source of error due to 
pellet instability. 
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PRAEMIA 

F r i e d r i c h -  M i e s c h e r  - P r e i s  

Der Yore Friedrich-Miescher-Institut der Ciba-Geigy AG 
Basel fiir junge Biochemiker geschaffene Preis wird an 
schweizerische Forscher im In- und Ausland fiir eine oder 
mehrere tlervorragende ver6ffentlichte oder zur Publi- 

kation angenommene Arbeiten auf dem Gebiet der Bio- 
chemie verliehen. Kandidaten diirfen in dem Jahre, in 
d e n  sie den Preis erhalten, das 40. Lebensjahr nicht 
iiberschritten haben. Bewerbungen und Vorschl~ge sind 
bis zum 1. Januar 1976 an den SekretAr der Gesellschaft 
zu richten : Dr. C. Bron, Inst i tut  de Biochimie, Universit6 
de Lausanne, rue du Bugnon 21, C H - 1 0 i l  Lausanne. 


