
Solid-Phase Radioimmunoassay of Protein Biosynthesis 

Abstract. Solid-phase radioimmunoassay was used for measuring the rate of 
radioisotope incorporation into a single protein species. Radioactive antigen was 
measured by its binding to specific antiserum covalently linked to insoluble bromo- 
acetylcellulose. The insoluble antigen-antibody complex was collected on filters 
for counting. The assay is performed in about 4 hours as compared with several 
days for methods based on the precipitin reaction. 

Immunochemical procedures for de- 
testing radioactively labeled specific 
proteins have been used advantageously 
in protein biosynthesis studies, usually 
in tissue culture systems (1). The 
standard immunochemical method, co- 
precipitation of radioactive antigen with 
antibody and unlabeled antigen at 
equivalence, has several disadvantages. 
(i) It requires 0.1 to 1.0 mg of anti- 
serum globulin. (ii) Purified nonradio- 
active antigen is needed as a coprecipi- 
tant. (iii) Assays based on the precip- 
itin reaction require several days be- 
cause most investigators have allowed 
at least 12 hours to ensure complete 
precipitation and because a separate 
precipitation must be done to measure 
nonspecific binding of radioactive pro- 
tein to the antigen-antibody precipitate. 
This report describes a solid-phase 
radioimmunoassay for specific protein 
biosynthesis, which is performed in 
about 4 hours and requires no coprecip- 
itant and as little as 5 jug of antiserum 
globulin. 

Reagents were prepared as follows. 
Three different preparations of rabbit 
antiserum against pooled, purified im- 
munoglobulin G (IgG) from normal 
human serum were absorbed with IgM 
and IgA myeloma proteins of different 
light-chain specificities and were mono- 
specific by immunoelectrophoresis and 
Ouchterlony analysis with various puri- 
fied myeloma proteins. The globulin 
fraction was obtained by precipitation 
of antiserums or of serums from non- 
immunized rabbits with equal volumes 
of 28 percent Na2SO4 and coupled to 
bromoacetylcellulose (BAC) (2). The 
IgG from pooled normal human serum 
was purified by DEAE-cellulose chro- 
matography. This IgG and normal 
mouse serum was labeled with approxi- 
mately one molecule of 125I per mole- 
cule of protein (3). 

For the solid-phase radioimmuno- 
assay, sufficient bovine serum albumin 
and barbital-buffered saline, pH 7.4 
(NaCl 8.5 g/liter and sodium barbital 
1.09 g/liter) were added to siliconized 
glass test tubes so that the final salt and 
albumin concentrations were 0.14M 
and 3 percent, respectively, after later 
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addition of sample. The incubation vol- 
ume in these experiments was 0.5 ml, 
but the results were unchanged with in- 
cubation volume of up to at least 2.0 
ml. The BAC-antiserum was added as 
specified. After being incubated for 20 
minutes at 37?C, the sample was added 
and incubation was resumed at 37?C. 
After 3 hours, the reaction mixture was 
diluted with 2 ml of 0.14M NaCl con- 
taining 10 percent of fetal bovine 
serum and poured onto glass fiber filters 
(Millipore) under suction. The incu- 
bation tube was rinsed three times with 
2 ml of the NaCl-serum mixture, and 
the rinse fluid was poured on the filter. 
The filters were dried and placed flat 
on the bottom of scintillation vials for 
counting (15 ml of Liquifluor). 

To measure self-absorption of radio- 
activity due to the insoluble BAC-anti- 
serum and the filter, the washed com- 
plex of antigen and BAC-antiserum 
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Fig. 1. Effect of changing BAC-antiserum 
concentration. 'I-Labeled mouse serum 
(80 ng) and ['I]IgG (70 ng) were combined 
with increasing amounts of BAC-antiserum 
in the binding assay described in the text. 
Maximum binding of ['I]IgG was 59.5 
ng, comprising 85 percent of the 2aI-labeled 
protein IgG preparation. The supernatant, 
containing the unbound radioactive pro- 
tein, was incubated with 80 tjg of fresh 
BAC-anti-IgG. Only 1.4 ng of [2I]IgG 
became bound in the second incubation. 
Apparently, the radioactive protein in the 
[mI]IgG preparation which did not bind 
to BAC-anti-IgG was antigenically in- 
active. This may have been the result of 
denaturation during the labeling procedure. 
Of the labeled protein capable of binding 
to BAC-anti-IgG, 98 percent was bound 
during the first incubation. 

was dissolved in strong alkali (NCS, 
Nuclear-Chicago) for counting. Self- 
absorption, with carbon-14, was 36 per- 
cent. 

Nonspecific binding to BAC-anti- 
serum was measured directly by satu- 
rating antigen binding sites by prior 
incubation with excess nonradioactive 
antigen before the radioactive sample 
was added. Because binding of antigen 
to BAC-antiserum was virtually irre- 
versible, only nonspecific binding of 
radioactive protein could occur under 
these conditions. For routine use, non- 
specific binding to BAC-antiserum was 
measured by the radioactivity bound to 
a complex of rabbit y-globulin and 
BAC; this complex was calibrated by 
comparing the radioactivity bound to 
it with that bound to BAC-antiserum 
in the presence of excess antigen. 

Initial experiments were designed to 
find the best assay conditions for bind- 
ing of antigen to BAC-antiserum and 
to decrease to a minimum the binding 
of all other proteins. These conditions 
were established from a model system 
based on the reaction of human [125I]- 

IgG with rabbit antiserum to human 
IgG coupled to BAC (BAC-anti-IgG). 
Nonspecific protein binding to BAC- 
anti-IgG was assayed with the use of 
251-labeled mouse serum as a source 

of protein that would contain a mini- 
mum of antigens cross-reacting with 
rabbit or human IgG. Specific binding 
at 37?C was complete after 2 hours, 
whereas nonspecific binding was com- 
plete after several minutes. Bovine 
serum albumin (30 mg/ml) decreased 
nonspecific binding without affecting 
specific binding. 

The components of the assay system 
and the incubation conditions were 
varied one at a time in order to deter- 
mine their effect on binding of specific 
antigen ([125I]IgG) and nonspecific 
protein (125I-labeled mouse serum) to 
BAC-anti-IgG. After 3 hours of incu- 
bation, binding of IgG was maximum 
at 37? and 45?C, but it was only 60 
percent of maximum at 4?C; binding is 
optimum from pH 5 to 8. Urea (2M 
and 4M) inhibited specific binding of 
IgG, while salt (up to 1.2M NaCl) had 
no significant effect. The effect of urea, 
ionic strength, pH, and temperature on 
nonspecific binding of mouse serum to 
BAC-anti-IgG were the same as on 
specific binding of [l25I]IgG. 

Stability of the binding was tested 
by isolation of the complex of BAC- 
anti-IgG with [125I]IgG and subse- 
quent incubation with a 500-fold ex- 
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cess of unlabeled IgG for 3 hours at 
37?C. This treatment removed only 
15 percent of the bound [125I]IgG. 
When the complex was incubated at 
37?C for 24 hours without excess un- 
labeled IgG, no labeled IgG could be 
eluted. However, 80 percent of labeled 
IgG could be eluted from BAC-anti- 
IgG by incubation in 0.1M acetic acid 
at 37?C for 3 hours (2). 

The amount of BAC-antiserum to 
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Fig. 2. Kinetics of synthesis and secretion 
of IgG. Cells from human lymphoid cell 
line IM-9 growing in logarithmic phase 
were centrifuged at 500g for 10 minutes; 
the cell pellet was washed once in Eagle 
minimum essential medium containing 1 
percent Ficoll but lacking leucine. The cell 
pellet, which contained 5 X 106 viable 
cells, was suspended in 1 ml of the same 
medium containing [4C]leucine (2 ,uc/ 
ml; 45 mc/mmole) and incubated at 37?C. 
At the specified time, the supernatant was 
removed and centrifuged at 500g for 10 
minutes. The supernatant was dialyzed 
against three changes of 500 ml of 0.14M 
NaCl and then centrifuged at 15,000g for 
10 minutes. The cells were removed from 
the bottom of the petri dish by repeated 
pipetting up and down and were washed 
twice in cold, Eagle balanced salt solution. 
Cytoplasm extracts were prepared with 
0.5 percent NP40 (Shell Chemical Co.) 
(8) and centrifuged for 90 minutes at 
100,000g. Portions of supernatant fluid 
(in duplicate) and cytoplasm extract (in 
triplicate) were assayed for binding to 
BAC-anti-IgG and BAC-rabbit 7/-globulin 
(5 ,tg of antiserum globulin). The antigen- 
BAC-antibody complex from the cyto- 
plasm extracts was washed twice in 2 ml 
of 0.14M NaCl containing 10 percent 
fetal bovine serum before plating. The 
standard deviation of the assays on the 
supernatant was too small to be represent- 
ed accurately on the graph. Solid circles, 
cytoplasm extract; open circles, extracel- 
lular fluid. 
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be used in solid-phase radioimmuno- 
assay was determined by a titration 
curve, with radioactive antigen in sev- 
eralfold excess over that anticipated in 
routine assay conditions (Fig. 1). The 
titration curves obtained with the use 
of [14C]IgG antigen from tissue culture 
fluid reached a plateau at 10 jug of 
antiserum globulin. 

The use of solid-phase radioimmuno- 
assay for measuring newly synthesized 
intracellular IgG and its secretion is 
depicted in Fig. 2. The cell line used 
for these experiments is IM-9 in which 
IgG comprises 40 percent of the 
secreted protein and 7 percent of the 
intracellular protein (4). Newly syn- 
thesized IgG was secreted long before 
the specific activity of the intracellular 
IgG became a constant. When the pro- 
portion of sought-for product is small, 
as when crude extracts of cytoplasm 
are assayed, it is advisable to separate 
the antigen-BAC-antibody complex by 
centrifugation (2000g for 15 minutes) 
before it is poured on the filters for 
counting. 

This step eliminates most of the 
soluble radioactive proteins which 
otherwise bind to the filters and in- 
crease the background. Nonspecific 
binding in this experiment was 0.3 per- 
cent of the total radioactivity in the 
cytoplasm extracts and 0.4 percent for 
the secreted proteins. In later experi- 
ments, nonspecific binding of radioac- 
tivity to BAC-rabbit y-globulin and to 
the filters was decreased still further 
when bovine y-globulin (20 mg/ml) 
was used in the incubation and in the 
wash fluild. Solid-phase radioimmuno- 
assay has also been used to detect 
radioactive human IgG in eluates from 
acrylamide gels (4) and to measure 
synthesis of immunoglobulins of vari- 
ous heavy- and light-chain types 
secreted by mouse myeloma cells in 
tissue culture (5). 

Regulation of synthesis of proteins 
has been studied by assay of the sought- 
for radioactive protein with the use of 
immunochemical procedures, and this 
method should continue to have wide- 
spread application in viral, bacterial, 
and animal cell systems both in whole 
cells and in cell-free extracts. However, 
its use has not been widespread, owing 
at least in part to cumbersome meth- 
ods involving the precipitin reaction. 
For measuring radioactive biosynthetic 
products, the advantages of solid-phase 
radioimmunoassay are several. (i) The 
assay takes only 4 hours, most of which 

is incubation time. (ii) Only 5 to 10 
,ag of the y-globulin fraction of the 
antiserum is required for each assay, 
at least as used to detect immunoglobu- 
lin secreted by human and mouse cells 
in tissue culture. (iii) Antiserum bound 
to BAC is stable for at least 1 year if 
stored as a slurry in the refrigerator 
(6). (iv) Purified nonradioactive an- 
tigen is not required as a coprecipitant. 
(v) Binding of antigen is independent 
of antigen or BAC-antiserum concen- 
tration over a wide range provided that 
BAC-antiserum is in excess. Thus ef- 
fluents from chromatography or ultra- 
centrifugation may often be analyzed 
directly without preliminary concentra- 
tion (5). (vi) In contrast to their ef- 
fects on the precipitin reaction (7), 
pH and ionic strength are much less 
significant factors in the binding of 
antigen in solid-phase radioimmuno- 
assay. Thus, compared to the precipitin 
reaction, the solid-phase radioimmuno- 
assay requires less critical conditions. 
It also is more suitable for measure- 
ment of specific protein in crude cyto- 
plasm extracts because it reduces to a 
minimum nonspecific binding. 
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