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Summary. A radioimmunoassay for cyclic AMP has 
been developed using protein A containing staphy- 
lococci as an immunoadsorbent. Protein A contain- 
ing heat-killed staphylococci (Cowan I) are coated 
with rabbit antiserum raised against the 2'-O-succinyl 
derivative of cyclic AMP coupled to human serum 
albumin. After washing with a Tween 20 containing 
buffer, antibody coated staphylococci are diluted 
with heat-killed staphylococci devoid of protein A 
(staphylococcus epidermidis) and mixed with [2zsI]- 
2'-O-succinyl cyclic AMP tyrosine methyl ester, stand- 
ards or unknowns. At the end of the incubation, 
separation of bound and free labelled antigen is 
achieved by centrifugation. The results are comparable 
to those obtained with a precipitation assay using 
polyethylenglycol 6000. Acetylation prior to radio- 
immunoassay increases sensitivity about 80-fold. 50 
depression of zero dose binding occurs at 15-16  
femtomoles acetylated cyclic AMP. The crossreac- 
tivity with cyclic GMP, ATP, ADP, 5'-AMP and 
adenosine is extremely low. The present technique 
is an attractive alternative to the second antibody 
method or polyethylenglycol precipitation, 

Key words': Protein A - Radioimmunoassay - 
Cyclic AMP. 

INTRODUCTION 

Protein A containing staphyloccocus aureus strains 
(Cowan I) have the unique ability to adsorb specifi- 
cally IgG including rabbit IgG (Lind et al., 1970; 
Jonsson and Kronvall, 1974). Since adsorption is to 
the Fc portion and does not interfere with antigen 
binding, heat-killed staphylococci offer an excellent 
alternative to other separation methods commonly 
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employed in radioimmunoassay. We have raised anti- 
sera against cyclic nucleotides in rabbits and tried a 
variety of methods for separation of bound and free 
[12sI]-labelled cyclic nucleotide derivatives including 
charcoal, ammoniumsulfate, isopropanol and poly- 
ethylenglycol. In the following we will describe the 
successful use of antibody-coated staphylococci in 
the determination of cyclic AMP by radioimmuno- 
assay. 

MATERIALS t AND METHODS 

Materials'. All nucleotides and nucleosides with the exception of 
ScAMP-TME (Sigma, Mfinchen, Germany) were from Boehringer, 
Mannheim, Germany, and used without further purification. Human 
serum albumin, porcine gamma globulin, Tween 20, polyethylen- 
glycol 6000 and l-ethyl-3-(3-dimethylaminopropyl) carbodiimide- 
HC1 (EDC) were from Serva, Heidelberg, Germany. [3HJcyclic 
AMP (specific activity 38 Ci/mMole) was from New England 
Nuclear, Dreieichenhain, Germany. Na12SI, carrier free, was ob- 
tained from Amersham-Buchler, Braunschweig, Germany. 

Preparation of Antigen and Irnmunisation of Rabbits. The 2'-0- 
succinyl derivate of cyclic AMP was coupled to human serum 
albumin essentially as described by Steiner (1974) using the EDC 
method. Particular attention was paid to the maintenance of pH 
after each addition. The dialysed conjugate (2 mg in phosphate- 
buffered saline, 1 ml) was mixed with 3 ml complete Freund's ad- 
juvans (Difco, Detroit, Michigan, U.S.A.) with the aid of two 
5 ml syringes connected by tygon tubing. 

The emulsified conjugate was injected intradermally into the 
back of randomly bred rabbits. Five injections of 60 pl (represent- 
ing a total of ~ 150 gg of dialysed conjugate) were given to each 
rabbit. Booster injections were started after one or two months 
and continued at monthly intervals. Each rabbit received two in- 
jections (0.5 ml) of the dialysed conjugate (2 mg per 10 ml physio- 
logical saline). Rabbits were bled 10-14 days after boostering by 
ear vein, vena jugularis or heart puncture depending on the volume 
needed. Serum was prepared after dotting by centrifugation and 

The abbreviations used are: cyclic AMP, cAMP, adenosine 
Y,5'-cyclic monophosphate; cyclic GMP, cGMP, guanosine 3',5- 
cyc!ic monophosphate; ScAMP-TME, 2'-O-succinylcAMP tyro- 
sine methyl ester; KRBG, Krebs-Ringer bicarbonate buffer with 
glucose 
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stored at - 2 0 ~  in aliquots diluted l:100 or 1:50 with 0.05 M 
sodium acetate buffer pH 5.2 or 0.1 M sodium citrate buffer pH 6.1. 

Preparation and Purification of [125I]ScAMP-TME. The iodina- 
tion was performed in a small siliconized glass tube. The following 
additions were made with the help of Eppendorf pipets (mixing 
after each addition): 1) 30 gl of ScAMP-TME in water (1.8 ~tg); 
2) 50 gl 0.5 M phosphate buffer pH 7.4; 3) 10 ~tl NalZSI (1 mCi); 
4) 10 gl of a freshly prepared solution of chloramine T (10 mg in 
10 ml 50 mM phosphate buffer, pH 7.4). After the last addition 
a stopwatch was started and three more chloramine T additions 
as above were made at 10 s intervals. Ten seconds after the last 
chloramine T addition 100 gl of a freshly prepared Na;S2Os solu- 
tion (24 mg in 10 ml of 50 mM phosphate buffer pH 7,4) were 
added to convert iodine into iodide. At this stage we removed a 1 gl 
aliquot into 30 or 50 ~tl 50 mM phosphate buffer for thin-layer chro- 
matography on cellulose with the solvent system described by Steiner 
(1974) and for calculation of recovery. The reaction mixture was 
diluted with 1 ml of ice-cold sodium acetate buffer (0.2 M, pH 5.9) 
and loaded on top of a Sephadex G-25 superfine column (0.9 
x 55 cm) equilibrated with the same buffer and run with the help 
of a pump at 4 ~ C. The flow rate was 9 ml per hour and 1.8 ml 
fractions were collected. After completion of the column run an 
elution profile was recorded by removing 50 gl aliquots from each 
fraction in triplicate. The aliquots were counted for radioactivity; 
two of them were mixed with an appropriate diluted cAMP anti- 
body and radioimmunoassy buffer. The third aliquot was mixed 
with antibody diluent and buffer. After incubation at 4~ (details 
given below, at high antibody concentrations 1 or 2 h may suffice) 
the percentage of labelled material bound to antibody and trapped 
unspecifically (third aliquot) is calculated for each fraction. The 
fractions with the highest percentage of specifically bound radio- 
activity were combined, diluted with buffer and n-propanol to 
achieve a final concentration of 50 ~ (v/v) n-propanol and approxi- 
mately 20 x 106 cpm/ml and stored in i ml aliquots at - 20 ~ C. 

Withthe  column specifications given above [~25I]ScAMP-TME 
appeared in fractions 43 - 50, free from iodide and more than 95 
pure as estimated by thin-layer chromatography. 

Precipitation Assay. An aliquot of the frozen, diluted antiserum 
was thawed and diluted with ice-cold assay buffer (0.1 M sodium 
citrate pH 6.1) containing 0 .05~ porcine gamma globulin. [12sI]- 
ScAMP-TME was diluted with assay buffer to contain approxi- 
mately 10 000 cpm per 50 ~tl. The assay was performed in I J x 75 mm 
polystyrene or polypropylene tubes. Samples were routinely as- 
sayed in triplicate or duplicate; the tubes beeing immersed in an 
ice bath. Each of the tubes received 50 ~tl [*zhI]Sc-AMP-TME, 
50 Ixl of unknowns or standard in assay buffer and 100 lxl of diluted 
antibody. All additions with the exception of unknowns or standards 
were made with Hamilton syringes equipped with repeating dis- 
pensers (Hamilton Co., Reno, Nevada, U.S.A.). After incubation 
at 4 ~ C (usually overnight) 50 gl of carrier gamma globulin (0.8 rag/ 
ml in assay buffer) was added, followed by 3.5 ml of ice-cold poly- 
ethylenglycol 6000 (16~o w/v in 10mM Tris-HC1 pH 7.4). The 
polyethylenglycol addition was made with a Brand Dispensette 
(Brand, Wertheim, Germany) mounted on a 2-1 flask and provided 
sufficient mixing in the assay tubes. After 15 rain incubation in ice 
water the tubes were centrifuged for 30 rain at 4 ~ C at 5000 g in a 
Sorvall RC 5B centrifuge with the HS-4 rotor equipped with the 
appropriate carriers (total operating capacity: 96 tubes). The 
supernatants were decanted or removed by aspiration and the tubes 
are kept inverted on tissue paper to drain. Adherent liquid was 
removed with a cotton-tipped forceps and the tubes were counted 
for radioactivity in an automatic gamma counting system (Kontron 
MR 1032, Kontron GmbH, Eching-Mfinchen, Germany). 

Solid Phase Assay. 50 mg of lyophylized heat-killed staphylococci 
(Cowan I) were suspended in phosphate buffered saline (10 ml, 

0.1 ~ NaN3 added) by stirring for at least 30 rain at room temper- 
ature. 2 ml of the suspension were mixed with 400 gl of a 1:50 
dilution of high titer cyclic AMP antibody (see Results) and stirred 
for 15 rain at room temperature. The suspension was transferred 
into 40 ml solid-phase assay buffer (0.1 m sodium citrate buffer 
pH6.1 containing 0.05~ Tween 20 and 0 .1~  NAN3) and the 
staphylococci pelleted by centrifugation (15 rain, 12000 g, 4~ 
The supernatant was discarded, the pellet taken up in 40 ml assay 
buffer and the washing repeated two more times. The pellet was 
suspended in 10 ml ice-cold assay buffer and stored at 4 ~ C. Prior 
to radioimmunoassay an aliquot of this stock solution was diluted 
with a 0.05 ~ suspension of heat-killed lyophilized staphylococci 
epidermidis (devoid of protein A) in assay buffer to the desired 
concentration and was constantly stirred on ice during pipetting. 
Essentially the same sequence of operations was made as described 
above for the precipitation assay except that the antibody-coated 
diluted staphylococci were added instead of diluted antiserum. 
Carrier gamma globulin and polyethylenglycol were omitted at the 
end of the incubation. Instead, 3.0 ml of ice-cold assay buffer was 
added. After centrifugation as described above, the supernatants 
were removed and the pellets counted for radioactivity. The presence 
of Tween 20 allows a better draining of the tubes; no wiping was 
needed. 

Preparation of Staphylococcus aureus (Cowan I) and Staphylo- 
coccus epidermidis. The cultivation of staphylococci is in detail 
described by Briickler et al. (1974) and Hasche et al. (1975). After 
harvesting, I00 g (wet weight) of staphylococci were suspended in 
11 distilled water and heated for 3 h at 56 ~ The heat-killed 
staphylococci were collected by centrifugation at 23000 g at 4~ 
for 20 rain. After resuspension with distilled water the washing 
procedure was repeated. Finally the pelleted staphylococci were 
taken up in approximately 300 ml ice-cold distilled water and 
lyophilized. The lyophilized staphylococci were kept under vacuum 
at 4 ~ C until use. 

Determination of Cyclic AMP in Guinea-Pig Lung Slices. Slices 
from guinea-pig lung were prepared with a McIlwain tissue chopper 
(Mickle Lab. Engin. Co., Gomshall, Surrey, England). The slices 
(0.1 x 0.1 ram) were washed three times with 37 ~ C Krebs-Ringer 
bicarbonate buffer (supplemented with 10 mM glucose and satu- 
rated with an atmosphere of 95 ~ 02, 5 ~o COz, KRBG). The slices 
were preincubated in a final volume of I ml KRBG in a shaking 
water bath at 37 ~ Various additions were made after 30 rain 
and incubated for another 10 min. The whole content of the in- 
cubation vessel was transferred into an Eppendorf tube containing 
200 !11 ice-cold perchloric acid (3.6 M), spiked with 18000 dpm 
[3H]-cyclic AMP. After vigorous mixing for 10 rain the tubes were 
centrifuged at 12000 g (2 rain) and a 500 gl aliquot removed from 
the supernatant into an Eppendorf tube containing 50 gl of 6 M 
K2CO3. The contents were cooled in an ice bath for 10 min, shaken, 
and centrifuged for 2 min at 12000 g. A 50 ~tl aliquot from the 
supernatant is removed for determination of cyclic AMP re- 
covery, 400 ~tl were mixed with 600 ~tl 0.1 M sodium citrate buffer 
pH 6.1 and acetylated as described by Harper and Brooker (1975). 
Protein was determined with the Lowry method in the perchloric 
acid precipitate after dissolving the drained pellet in hot 0.1 N 
NaOH (96 ~ C, 30 min). Calculations were done with a Wang 2200 B 
small computer and standard programs for radioimmunoassay 
and statistics available from Wang Laboratories, Frankfurt, 
Germany. 

R E S U L T S  

Characterization o f  Ant isera 

N o t  m u c h  a t t e n t i o n  w a s  p a i d  to  s t r i c t  i m m u n i z a t i o n  

s c h e d u l e s  n o r  to  t he  s e l e c t i o n  o f  a spec i a l  b r e e d  o f  
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Fig. 1. Left: Binding of [~2sI]ScAMP-TME to antiserum GL/ST 13.3 at various dilutions in the precipitation assay. Right: The ability 
of antibody-coated staphylococci to bind [~2sI]ScAMP-TME after dilution with heat-inactivated staphylococci devoid of protein A is 
illustrated. Assays were performed in triplicate (standard deviation shown) 

rabbits. Usually 4-6 out of ten rabbits developed a 
significant titer (1:5000) after the second booster 
injection. Our experience is, that in most cases the 
titer 2 declines after the third boost but it may oc- 
caisonally rise in rabbits which had poor titers during 
the first months. The antisera were tested for [125I] Sc 
AMP-TME binding at various dilutions (usually 
1 : 3 dilutions up to a final dilution of 1:50000) in the 
absence or presence of 5 femtomoles acetylated cyclic 
AMP (to test for sensitivity) and in the presence of 
10nmoles acetylated cyclic GMP or an acetylated 
nucleotide, nucleoside mixture (consisting of ATP, 
ADP, Y-AMP, adenosine) to test for cross-reactivity. 

As an example, the ability of antiserum GL/ST 
13.3 obtained at the third bleed to bind [x25I] SCAMP- 
TME at various dilutions is shown in Figure 1. Both, 
the precipitation assay and the solid phase assay have 
been employed. The figure illustrates that antiserum 
GL/ST 13.3 still bound 20% of [12SI]ScAMP-TME 
using the precipitation assay at a final dilution of 
1 : 400 000. 

The antibody-coated staphylococci could be 
diluted up to 10-fold with heat killed staphylococci 
devoid of protein A and still bound more than 30 % 
of the labelled antigen. T h e  difference in maximal 
[12q]ScAMP-TME binding at low antibody dilu- 
tions between the precipitation assay and solid phase 
assay was due to different batches of tracer used and 
was not characteristic for the antibody which will 
bind at low dilutions 95~o of certain [t2q]ScAMP- 
TME batches in the precipitation assay. The blank 
values with both assays (including a machine back- 
2 We arbitrarily define titer as the antiserum dilution which will 
bind 33 ~ of the total antigen added 

ground of 30 -50  cpm) are comparable low and 
correspond to 1.5 ~ of the total tracer added. The use 
of ammoniumsulfate or isopropanol in the precipi- 
tation assay instead of polyethylenglycol has led to 
unacceptable high blank values (10 % of total tracer 
added) in our hands. Among other factors, the amount 
of carrier protein (gamma globulin or albumin) present 
during incubation critically influenced blank values 
for the ammoniumsulfate and isopropanol precipi- 
tation. 

The amounts of carrier protein and the concen- 
tration of polyethylenglycol have been optimized for 
the precipitation assay (results not shown). Precipi- 
tation with polyethylenglycol required strict pH con- 
trol of the incubation mixture. If the pH was below 
4.5, no precipitate was seen at the bottom of the 
tubes after centrifugation. It should be noted here 
that the antibody still binds [12sI]ScAMP-TME at 
this pH, at least under the conditions described by 
Harper and Brooker (1975) (results not shown). We 
mention pH control here, because the presence of 
acetylation reagents will lower the pH and can there- 
by affect polyethylenglycol separation. 

The rather steep decline of [125I]ScAMP-TME 
binding at increasing dilutions of antibody coated 
staphylococci (Cowan I) could be due to a loss of 
protein A from staphylococci rather than loss of 
IgG from protein A. Alternatively some of the antigen 
binding capacity in the original antiserum may not 
be due to IgG which is nearly exclusively bound by 
protein A. 

Blank values for both assays may be lowered 
by resuspending the precipitate and repeating the 
centrifugation; alternatively a filtration over inex- 
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Fig. 2. Displacement of [12sI]ScAMP-TME from antibody GL/ST 13.3 by acetylated and non-acetylated nucleotides (precipitation assay). 
B0 and B are the fractions of total tracer bound in the abscence or presence of nucleotides. The results are means from triplicate determinations. 
Samples (in 0.1 M sodium citrate buffer) were acetylated as described by Harper and Brooker (1975). The final concentration of acetylating 
reagents in zero dose samples was identical to the concentration in the nucleotide containing samples. The final dilution of antiserum GL/ST 
13.3 was 1:50000. [12sI]ScAMP-TME was 5800 cpm per assay tube. B/T was 0.33, the blank value 70 cpm, including machine background. 
Values obtained for adenosine have been omitted for reasons of clarity only. No depression of zero-dose binding of [12sI]ScAMP-TME 
has been observed at 1 or 10 nmoles adenosine per assay tube 

pensive glass filters (Whatman GF/C) may be per- 
formed (results not shown). The cross reactivity of 
antibody GL/ST 13.3 is illustrated in Figure 2 for non- 
acetylated and acetylated samples. The displacement 
curve for cyclic AMP is shifted to the left by a factor 
of 80 using acetylation. From the nucleotides and 
nucleosides tested, only cyclic GMP and 5'-AMP 
demonstrated significant cross reactivity in acetylated 
samples. 50 % depression of zero-dose binding was 
observed with 3 nmoles 5'-AMP per assay tube and 
20 nmoles cyclic GMP per assay tube which may be 
compared with the dose of acetylated cyclic AMP (15-  
16 femtomoles) sufficient to reduce [lzsI]ScAMP-TME 
binding to the same degree. We have found, to our 
surprise, that certain phosphodiesterase inhibitors 
like caffeine, theophylline and isobutyl methylxanthine 
(IBMX) demonstrated cross-reactivity with antiserum 
GL/ST 13.3 (Table 1). 

Acetylation reagents using the protocol given by 
Harper and Brooker (1975) inhibited zero-dose 
binding as shown in Table 1. At a 1:8 dilution of 
acetylation reagents the effect is minimal. 

Preparation of [12sI]ScAMP-TME 

The preparation of [~zsI]ScAMP-TME had never 
been satisfactory in our hands as long as we used the 
protocol given by Steiner (1974). The separation of 
the reaction mixture after iodination on Sephadex 
G-10 using the column specifications and the flow rate 
reported by Steiner (1974) yielded three poorly se- 
parated peaks, the first containing aggregated and 

unidentified products, the second free iodide and the 
third two radioactive products with Rv values of 
0.65 and 0.9-0.95 on thin-layer chromatography. 
After various trials we adopted the protocol detailed 
in "Materials and Methods". It should be kept in 
mind that the separation on Sephadex G-25 super- 
fine is a combination of hydrophobic chromatography 
and molecular sieving and may be influenced by ionic 
strength, temperature and other factors. 

The elution pattern for [t25I]ScAMP-TME was, 
however, highly reproducible. The rather time con- 
suming procedure of testing all column fiactions 
containing radioactivity with thin-layer chromatog- 
raphy and for antibody binding can be performed 
after some experience with the combined fractions. 
We have used the same column several times after 
a 200 ml wash with 5 % acetic acid and reequilibration 
with buffer and also for purification of [12sI]ScAMP- 
TME obtained by the Steiner (1974) procedure. We 
would also recommend to test the reagents used for 
iodination on a small scale basis with NaI mixed with 
a trace amount of NaL25I and thin-layer chromatog- 
raphy of the products. 

Standard Curve and Sensitivity 

The standard curves for acetylated cyclic AMP ob- 
tained by the precipitation assay and the solid phase 
assay are shown in Figure 3. Half-maximal depression 
of zero-dose binding of [125I]ScAMP-TME was ob- 
served with 15--16 femtomoles cyclic nucleotide 
(acetylated) for both assays. The slope of the standard 



Table 1. Influence of acetylation reagents and phosphodiesterase 
inhibitors on the binding of [125I]ScAMP-TME to antibody GL/ 
ST 13.3 
a) A 1 ml sample of 0.1 M sodiumcitrate buffer, pH 6.1, was mixed 
with 30 gl of acetylating reagents (20 gl triethylamine followed 
by rapid addition of 10 gl acetic anhydride). The sample was diluted 
with buffer and 50 Ixl aliquots were tested for their effect on zero- 
dose binding in the precipitation assay. The final dilution of anti- 
serum GL/ST 13.3 was 1:50000, [12sI]ScAMP-TME was 9250 cpm. 
The results are expressed as B/T, which is the fraction of total 
tracer bound to antibody at zero-dose of nnlabelled antigen. 
b) Caffeine, theophylline and l-methyl-3-isobutylxanthine were 
dissolved in 0.1 M sodiumcitrate buffer pH 6.1 and diluted to 
achieve the final concentration in the test as indicated in the Table. 
Results are expressed in ~ of [12sI]ScAMP-TME bound in the 
presence of citrate buffer only 
a 

Acetylation reagents (B/T) x 100 
(pl/assay tube) 

1.5 34.5 
0.75 37.3 
0.38 41.9 
0.19 42.7 
0.09 42.2 
0.05 43.2 
0 43.5 

99 

b 

Phosphodiesterase inhibitor ~ of Bo 
(nmoles/assay tube) 

Caffeine 

500 60.6 
250 72.5 
125 84.9 
15 91.0 

Theophylline 

500 27.5 
250 40.3 
125 54.0 
63 63.3 
15 79.5 

1-methyl-3-isobutylxanthine 

200 8.9 
100 10.0 
50 13.0 
25 29.1 
12.5 35.3 
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Fig. 3 
Standard curves for cyclic AMP (acetylated) with 
the precipitation assay and the solid phase assay 
(Logit-Log Plot). The final dilution of antiserum 
GL/ST 13.3 in the precipitation assay was J :50000. 
Prior to the solid phase assay the stock suspension 
of antibody-coated staphylococci was diluted 6-fold 
with heat-inactivated staphylococci devoid of 
protein A (see Materials and Methods). [125I]ScAMP- 
TME was 9295 cpm per assay tube. Bo was 0.37 
for the precipitation assay (blank value 143 cpm) 
and 0.27 for the solid phase assay (blank value 
t67 cpm). Each determination was performed in 
triplicate (mean values are shown) after an over- 
night incubation 

curve is slightly less steep in the solid phase assay but  
bo th  assays al lowed the de te rmina t ion  of 2 femto- 
moles of acetylated cyclic nucleotide.  

The logit-log plot  provided a l inear  s tandard  curve 
between 2 and  1000 femtomoles ;  we have also used 
compute r  curve fitting (e.g. spl ine-funct ion)  for cali- 
b ra t ion  and  de te rmina t ion  of  u n k n o w n s  but  logit- 
log plots or other l inearized s tandard  curves which 
can be cons t ructed  with a desk-top calculator  will 
suffice. 

Determination of  Cyclic A M P  
in Guinea-Pig Lung Slices 3 

We have applied bo th  the precipi ta t ion assay and  the 
solid phase assay to determine cyclic A M P  in guinea 
pig lung slices. The agreement  between the two assays 
as shown in Table  2 is good. The results are comparab le  
with those ob ta ined  by Stoner  et al. (1973, 1974) who 

3 In collaboration with U. Schwabe, Hannover 
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Table 2. Lung slices (prepared as described in "Materials and 
Methods") were incubated in KRBG for 10 rain at 37 ~ C with the 
additions indicated in the table after a pre-equilibration period of 
30 rain. A phosphodiesterase inhibitor, 4-(3-cyclopentyloxy-4-me- 
thoxyphenyl)-2-pyrrolidone ZK 62711, Schwabe et al. (1976), was 
present during incubation at a final concentration of 2.5 gM, 
At the end of the incubation perchloric acid extraction was per- 
formed and the diluted supernatant after K2CO3 precipitation 
was acetylated as described by Harper and Brooker (1975). The 
acetylated samples were assayed in triplicate at three different 
dilutions (with 0.1 M sodium citrate buffer), 1:11, 1:22, 1:44 
with the precipitation and the solid phase assay. The results are 
corrected for cyclic AMP recovery which was between 81 and 98 
in individual samples. The results are mean values from three 
different experiments __ standard deviation. The protein content 
in individual samples varied between 0.270 and 0.59 mg 

Additions Assayable cyclic AMP (picomoles/mg 
protein) 

Precipitation Solid phase assay 
assay 

none a 0 0 
none 6.0 + 0.8 5.4 _+ 1 

Isoprenaline 
16 nM 69.6 _+ 12.3 59.2 _+ t i .4  
80nM 144.4 +_ 9.9 133.5 • 4.2 

400 nM 297.3 • 51.0 268.12 _+ 60 

a N o  lung tissue added, KRBG only was incubated and treated 
as described above 

used the protein binding assay after purification of 
cyclic AMP. 

DISCUSSION 

The use of protein A containing staphylococci as a 
precipitating agent in radioimmunoassay has been 
reported before (Jonsson and Kronvall, 1974). The 
protein A-bearing staphylococci bind IgG extremely 
rapid (within seconds) whereas the dissociation of 
IgG from the staphylococci is a very slow process. 
Kessler (1975) has shown that, once bound, IgG would 
not elute to a significant extent from the staphylococci 
by either washings with buffer or "mild" detergents. 
Only extremes of pH, lyotropic salts, urea and ionic 
detergents, which also affect antigen binding, disrupted 
the complex. The high specificity and speed by which 
the immunoglobulin adsorption occurs and the fa- 
vourable sedimentation rate of the heat-killed 
staphylococci have distinct advantages compared with 
the second antibody technique. Heat-killed staphylo- 
cocci (Cowan I) may not be readily available for every- 
one at reasonable cost (as is e.g. anti IgG immuno- 
globulin). We have therefore designed a solid phase 

assay by first coating staphylococci (Cowan I) with a 
cyclic AMP antibody and diluting them out with 
other particles having the same sedimentation rate. 

For the latter purpose we used heat-killed staphylo- 
cocci, strain epidermidis, devoid of protein A. It is 
very likely (but we have not yet tested it) that other 
inert, inexpensive particles will perform similarly. 
The capacity of protein A bearing staphylococci to 
bind IgG is high. 1 ml of a 10~ solution is capable 
to adsorb more than 90 ~ of the IgG in 1 ml of human 
serum (IgG content I4.5mg/ml), diluted 1:10, 
(Ankerst et al., 1974). With the currently used proce- 
dure we are able to perform 1000-1500 assay points 
with a 10 mg (dry weight) sample of heat-killed 
staphylococci Cowan I. 

The preparation of antibody-coated staphylococci 
is rapid and simple. Stock suspensions have been 
stored for up to 7 days at 4 ~ with no loss of [125[]_ 
ScAMP-TME binding. The use of a particle-adsorbed 
antibody has disadvantages too, since uniform 
pipetting is not easily achieved and rigorous stirring 
even in the presence of Tween 20 may not result in a 
truly monodisperse suspension. 

The purification procedure for [12sI]ScAMP-TME 
which we used is similar to the one reported by Cailla 
et al. (1976) for [12sI]ScAMP-TME and leads to a 
superior tracer compared with the Sephadex G-10 
procedure reported by Steiner (1974). The sensitivity 
of both assays is high but could be improved further 
by assay optimization. We do not know at the present 
time whether the crossreactivity of antiserum GL/ST 
13.3 with phosphodiesterase inhibitors is a unique 
feature, but it precludes the use of 1-methyl-3-iso- 
butylxanthine for in vitro incubations unless purifi- 
cation of cyclic AMP is performed. The assay has been 
applied to measure cyclic AMP in guinea-pig lung 
slices. 

The conditions were similar to those reported by 
Stoner et al. (1973, 1974), except that approximately 
30-50 times less lung tissue was used per ml of in- 
cubation mixture. Our results are in fair agreement 
with the published values, but the stimulation by iso- 
prenaline is higher than reported. We conclude that 
the solid phase radioimmunoassay for cyclic AMP 
using heat-killed staphylococci is rapid, simply to 
perform and sensitive enough to determine acetylated 
cyclic AMP in the femtomole range. 
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