
ml of xylene, and charged into a reaction flask. T o  this stirred mixture, 
51.06 g (0.60 mole) of 2-pyrrolidinone in 125 ml of xylene was added 
dropwise a t  60-80". The initial vigorous evolution of hydrogen abated 
after 1 hr. The mixture was heated to 1 40-150°, and 53.98 g (0.25 mole) 
of 1,4-dibromobutane in 100 ml of xylene was added dropwise. 

The mixture was then heated to reflux and refluxed for 17 hr. After 
cooling to 60". 8.6 ml of acetic arid was added, and stirring was continued 
for 10 min. The mixture was filtered using glass filter paper, and the solids 
were washed with 150 ml of benzene. The filtrate was concentrated under 
reduced pressure (water pump). Vacuum distillation (bath temperature 
of 140-190°, 0.4 mm Hg) removed unreacted starting materials. Upon 
cooling, the product solidified in the distillation flask. Recrystallization 
from benzene-cyclohexane afforded 35.1 g (63%) of product, mp 69-77". 
A second recrystallization gave analytically pure material, mp 82.5-85'; 
IR (potassium bromide): 6.0 pm (C=O) .  

Anat.-Calc. for C12H20NP02: C, 64.26; H, 8.99; N, 12.49. Found: C, 
64.28; H, 8.91; N, 12.61. 
1,3-Bis-[N-(2-oxopyrrolidino)]propane (V1Ia)-This compound 

was obtained from 21.3 g (0.25 mole) of 2-pyrrolidinone, 20.2 g (0.10 mole) 
of trimethylene bromide, and 16.8 g (0.40 mole) of a 57% mineral oil  
dispersion of sodium hydride according to the procedure for VIIb. 
Workup and distillation gave 16.5 g (79%) of liquid, bp 177"/0.96 mm; 
IR (film): 5.97 pm (C=O). 

Anal.-Calc. for CllHIXNZ02: C ,  62.83; H, 8.63; N, 13.32. Found: C, .. ~ ~ 

62.95; H, 8.72; N, 13.28. 
1.3-Bis-~N-~3-ethoxaIvl-2-oxo~~rrol~d~no~luro~ane (VIIIa)-A _ _  . .  

suspension of 16.8 g (0.40 mole) of a 57% mineral oil dispersion of sodium 
hydride in 140 ml of dry tetrahydrofuran was heated to reflux. T o  it was 
added a solution of 58.5 g (0.40 mole) of djethyl oxalate and 21.0 g (0.10 
mole) of VlIa in 260 ml of dry tetrahydrofuran dropwise with stirring. 
Hydrogen evolution was monitored with a mercury bubbler. 

After completion of the addition, the mixture was refluxed for 15 hr. 
After cooling to room temperature, 23 ml of acetic acid was added, and 
stirring was continued for 15 min. The mixture was poured into 1500 ml 
of ice water with stirring, and the precipitate was filtered and dried in 
a vacuum desiccator. Trituration with 50 ml of petroleum ether (bp 
30-60") and filtration gave 19.8 g (48%) of product, mp 121-123". He- 
crystallization from 95% ethanol led to the pure compound, mp 124.5- 
126". 

Anal -Calc. for C I ~ H ~ ~ N ~ ~ R :  C, 55.60; H, 6.39; N, 6.83. Found: C, 
55.63; H, 6.42; N, 6.58. 

I,4-Ris-[N-(3-ethoxalyl-2-oxopyrrolidino)]butane (VII1b)-This 
compound was obtained from 11.2 g (0.05 mole) of VIIb, 29.2 g (0.20 mole) 
of diethyl oxalate, and 8.42 g (0.20 mole) of a 57% mineral oil dispersion 
of sodium hydride according to the procedure for VIIIa. Workup gave 
13.0 g (61%) of solid, mp 142-147". Recrystallization produced an ana- 
lytically pure product, mp 146-148'. 

Anal.-Calc. for C20H28N208: C, 56.60; H, 6.65; N, 6.60. Found: C, 
56.42; H, 7.14; N, 6.69. 

Pharmacological Testing-P-388 Assay-Ascitic fluid containing 
about 6 X 1oG cells was inoculated intraperitoneally into male CDFl mice. 
In this assay, median survival times of %T/C 1 125 are considered sig- 
nificant. The compounds were administered by the intraperitoneal route 
in a saline plus alcohol vehicle. Nine daily doses were given, starting 24 
hr after tumor inoculation. 

R16 Mehnocarcinorna Assay-B16 melanocarcinoma homogenate 
(dilution 1 : lO)  was inoculated intraperitoneally into male BDFl mice. 
In this assay, median survival times of %T/C 1 125 are considered sig- 
nificant. Administration and dosing of compounds were the same as for 
the P-388 testing. 
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Abstract  0 A method for rapidly testing large numbers of chemical 
structures as potential modulators of the interaction between immuno- 
globulin E (IgE) and its specific receptors on rat peritoneal mast cells is 
described. IgE, isolated from the ascitic fluid of a transplantable rat IgE 
immunocytoma, is labeled with iodine-] 25 under mild conditions 
employing the Bolton-Hunter reagent. The antibody is incubated with 
mixed peritoneal cells a t  37", and the cell-bound IgE is separated from 
unbound label by sedimentation through an 8% sucrose-polymer solution 
in microsediment tubes. Optimal conditions for the interaction of 3 nM 
IgE with 3 X lo5 mast cells in 150 p1 are: incubation time, 2 hr; pH, 6.57.0; 

The immunologically induced secretion of mediators 
of anaphylaxis by sensitized rat or human mast cells ex- 

and ionic strength, equivalent to 150 mM NaCI. Mixed peritoneal cells 
hind IgE with an affinity equal to that of purified mast cells. Human IgE 
pentapeptide 111 and several antiallergic agents do not compete with rat 
IgE in this assay. 

Keyphrases Immunoglohulin E-binding to mast cells, in oitro 
method for screening inhibitors Binding-immunoglobulin E to mast 
cells, i n  uitro method for screening inhibitors 0 Inhibitors-immuno- 
globulin E to rat  peritoneal mast cells, in oitro screening method 

posed to the appropriate antigen triggers a series of in- 
tracellular events that require Ca2+, involve an activatable 
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Figure I-Diagram of the polyethylene microsediment tube. The 
capillary is cut between the crimp point and the cell pellet. 

serine protease, can be blocked by metabolic inhibitors, 
and are modulated by cyclic nudeotides (I). Sensitization 
of the mast cells is accomplished by the binding of immu- 
noglobulin E (IgE) to specific receptors on the cell's surface 
and is long lived, a reflection of the high affinity of the 
process (2). 

Little attention has been paid to the possibility of al- 
tering the IgE-mast cell interaction, although this ap- 
proach is potentially one of the most specific ways of in- 
terfering with the release of mediators. This paper de- 
scribes the development and optimization of an assay to 
measure directly IgE binding to mast cells. This procedure 
is a modification of previously reported assays (3,4) and 
permits the rapid study of large numbers of potential 
modulators. Also included is an evaluation of the putative 
inhibitor, human myeloma IgE pentapeptide I11 (51, and 
several antiallergic agents. 

EXPERIMENTAL 

Materials-Ethyleneglycol-bis(l3-aminoethyl ether)-N,N'-tetraacetic 
acid (I), a copolymer of sucrose and epichlorohydrin (11, mol. wt. -40,000), 
and zwitterionic buffers 2-(N-morpholino)ethanesulfonic acid (III), pi- 
perazine-N,N'-bis(2-ethanesulfonic acid) (IV), and N-2-hydroxyethyl- 

m 
I 

I I I I I I I 
1 2 3 4 5 6 7  

(BOUND SITES], M X 10'' 
Figure %-Titration of 12&I-IgE with unfractionated rat  mast cells. 
1251-lgE 10.89 nM, 3.0 X 1O1O cpmlpmole) was mixed with from 2 X lo6 
t o  4 X lofi  mast cells in a total volume of 210 pl. Blank values, deter- 
mined with a 100-fold excess of unlabeled IgE, weresubtracted from test 
values. The least-squares line, having a correlation coefficient of 0.99, 
extrapolated to a value of 0.72 nM sites bound a t  infinite cell concen- 
tration. A value of 3 X lo5 siteslcell was assumed in the calculation, 
although the actual number of sites per cell influenced only the slope 
of the line calculated (i.e., K.) and not the value of the concentration 
of bound sites at  infinite cell concentration (x-intercept). The molecular 
weight of IgE was assumed to be 183,000 (7). 

6.0 7.0 8.0 
PH 

Figure 3-pH-binding profile of 1251-IgE with unfractionated mast 
cells. Assays were run in triplicate, with the standard error of the mean 
indicated by vertical bars. Cell-bound counts of 1000 are equivalent to 
2 X pmole of Iz51-IgE. Key: A, 1251-lgE; and 0 ,  W - l g E  plus a 
100-fold excess of unlabeled IgE. 

piperazineN-2-ethanesulfonic acid (V) were used as obtained'. Calfskin 
gelatin2 was warmed to aid in its dissolution in buffers. 

The following antiallergic compounds were tested: theophylline', 1 - 
methyl-3-isobutylxanthine", 7-(2-hydroxyethoxy)-9-oxoxanthene-2- 
carboxylic acid sodium salt (VU4, 5,5-dimethyl-l l-oxo-5H,llH-(2)- 
benzpyrano[4,3-g](l)benzopyran-9-carboxylic acid ethanolamine salt 
(VII)5, doxantrazole6, disodium cr~moglycate~, etazolate hydrochlorides, 
and the prostaglandins1 El, Al, and Fz,,. Pentapeptide I11 (aspartyl- 
seryl-aspartyl-prolyI-arginineY) was subjected to amino acid analysis after 
a 22-hr hydrolysis and yielded the following molar ratios of aminio acid 
to proline: aspartic acid, 2.08; serine, 0.91; arginine, 1.01; proline, 1.0; and 
lysine, 0.01. Less than 10 nmoleslmg of peptide was detected for the 
amino acids. 

Bolton-Hunter reagentlo was purchased in vials of 500 pCi with a 
specific activity of 1500 Ci/mmole. Polyethylene capillary microsediment 
tubes" were selected to fit the adapted rotor holes of a small centrifugel2. 
Collodion bags for protein dialysis13 had an exclusion limit of 25,000 
daltons. Dimethyl sulfoxidel4 (grade 1) and other solvents' were ACS 
grade. 

Buffers-The buffer generally employed in isolating and washing cells 
(cell isolation buffer) had the following composition: 150 mM NaCI, 2.7 
mM KC1,O.l mM I ,  0.1% gelatin, and 1 mM NaH2P04; it was adjusted 
to pH 7.0 with sodium hydroxide. The buffer utilized in the assay solution 
(assay buffer) consisted of 500 mM NaCI, 9 mM KCI, 0.3 m M  I ,  0.32% 
gelatin, and 50 mM IV; it nlso was adjusted to pH 7.0 with sodium hy- 
droxide. 

The assay contained 50 pl of cells in cell isolation buffer, 30 flul of assay 
buffer, test compound, and labeled and unlabeled IgE in a total of 150 
pl. The final salt concentrations were 150 mM NaCI, 2.7 mM KCI, 0.1 mM 
I ,  0.1% gelatin, and 10 mM IV (pH 7.0). 

Cells-Mast cells were obtained by peritoneal lavage of male 
Sprague-Dawley rats16 (250-350 g). The animals were anesthetized with 

Sigma Chemical Co., St. Louis, Mo. The trade name of I I  is Ficoll; supplier's 
designations of other compounds are: I, ECTA; 111,  MES; IV, PIPES; and V. 
HEPES. .~~ 

2 Eastman Chemical Corp., Rncheskr. N.Y. 
Aldrich Chemical Co., Milwaukee, Wis. 
AH 7725, Allen and Hanburys Research Ltd., Hertfordshire, England. 
PR-DgP-EA, Pharma-Research Canada Ltd., Pointe Claire, Quehec, Cana- 

dn. -_ 
6 Wellcome Research Laboratories, Triangle Park, N.C. 
7 Fisons Corp.. Bedford, Mass. 
8 SQ 20,009, S uibb Princeton, N.J. 
Q Peninsula LaBoraiories, San Carlos, Calif. 

10 New England Nuclear, Boston, Mass. 
I1 No. 47/7, W. Sarstedt, h e . ,  Princeton, N.J. 
l2 Eppendorf 3200 microfu e, Bin-Rad Laboratories, Richmond, Calif. 
'3 Schleicher and Schuell, ieene,  N.H. 
1' Fisher Scientific, Springfield, N.J. 
l6 Charles River Laboratories. Cambridge, Mass. 
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Figure 4-Dependence of the binding of 1251-lgE to mast cells on ionic 
strength and divalent metal ions. (a) Each assay tube contained, in a 
total volume of 150 p l ,  1.5 pmoles of III (pH 7.0), 0.4 pmole ofpotassium 
chloride, 0.015 pmole of I, 150 pg of gelatin, 5.4-86 pmoles of sodium 
chloride, 3 X lo5 unfractionated mast cells, and 6.4 X pmole of 
I25l-IgE (specific activity of 2.8 X J05 cpmlpg). Cell-bound counts of 
1000 are equivalent to 2 X pmole of 1251-IgE. Contributions from 
111 and I to the sodium-ion concentration were calculated according to 
the Henderson-Hasselbach equation. Key: A, lzSI-IgE; and 0,  1251-IgE 
plus a 100-fold excess of unlabeled IgE (blanks). Vertical bars represent 
error of the means. (%) Each assay tube contained, in a total volume of 
150 $1, 1.5 pmoles of III (pH 7.0), 0.4 pmole of potassium chloride, 22.5 
pmoles of sodium chloride, 0.015 pmole of I, 150 pg of gelatin, 3 X 105 
unfractionated mast cells, and 6.7 X pmole of 1251-IgE (specific 
activity of 2.8 X lo5 cpmlpg). Calcium chloride (0.15-2.0 pmoles) or 
magnesium chloride (0.3-1.5 pmoles) was added to the various tubes. 
Key: 0, calcium; U, magnesium; and B, blanks. 

ether, decapitated, and exsanguinated before the injection of cold cell 
isolation buffer (-7 ml/animal) into the peritoneal cavity. Combined 
peritoneal washes were harvested by sedimentation a t  160Xg for 10 min, 
and the cell pellet was washed three times with cell isolation buffer (mixed 
cells). The final pellet was suspended in 1 ml of cell isolation buffer, an 
aliquot was stained with 0.1% toluidine blue in phosphate-buffered saline, 
and the mast cell concentration was determined with a hemocytome- 
ter. 

Purified mast cells were obtained by the method of Ishizaka et al. (6), 
except that cell isolation buffer was employed. The cells were kept a t  0" 
except during centrifugation, which was done a t  room temperature. 
Mixed peritoneal cells generally contained 5-1W mast cells, with a yield 
of 1-2 X lofi mast celldrat. Cells fractionated over I1 were generally 
5040% mast cells, with a yield of 0.5-1 X lofi mast cellslrat. Cells were 
diluted with cell isolation buffer such that 50 pl contained 2-3 X lo5 mast 
cells. 

IgE-Pure IgE was isolated from the ascitic fluid of a transplantable 
IgE immunocytoma (IR-162) grown in rats (7) .  The IgE-containing as- 
citesI6 was treated according to Kulczycki and Metzger (3), with certain 
 modification^^^, to yield a preparation of IgE that showed just two bands 
on 10% polyacrylamide gels subjected to electrophoresis under denaturing 
conditions (sodium lauryl sulfate and 8-mercaptoethanol) (8). The pu- 
rified IgE was stored as a dry lyophilized powderI7 a t  -80" after dialysis 
against 15 mM Na2HP04. 

1251-Labeling of IgE-The Bolton-Hunter reagent was used ac- 
cording to the manufacturer's directions (cf., 9); the charcoal filter was 
employed to trap volatile iodine compounds. The combination vial con- 
taining the dried reagent (500 pCi, 0.33 nmole) was chilled a t  -18" for 
2 hr and then placed in ice for 30 min to ensure that the insulated inner 
vessel was a t  Oo. A solution 01500 pg of IgE (3.3 nmoles) in 100-200 pI of 
ice-cold 0.1 M sodium borate buffer, pH 8.5, was injected into the vial, 
which was then mixed, centrifuged briefly, and set aside a t  0" over- 
night. 

The vial's contents were transferred with two rinses of 100 pl of 0.1 M 
sodium borate buffer (pH 8.0) into a collodion bag, and the combined 
solutions were dialyzed against the same buffer (for a total dilution factor 
of 106) a t  4O. The dialyzed solution was diluted to 2.0 ml with the pH 8.0 
borate buffer, and the specific activity was determined, using a value of 

16 Gift of Dr. H.  Metzger, National Institutes ot' Health. 
17 Dr. H. Metzger, National Institute of Arthritis, Metabolism, and Digestive 

Diseases, National Institutes of Health, Bethesda, MD 20014, personal communi- 
cation. 
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Figure 5-Approach to equilihrium measurement for the binding of 
lz5I-IgE to unfractionated rat mast cells a t  37". Each assay tube con- 
tained, in a total volume of 150 pl ,  3 X lo5 unfractionated mast cells, 
6.7 X pmole of lz5I-IgE (specific activity of 2.7 X 105 cpmlpgg; 1000 
cpm is equivalent to 2 X pmole of antibody), 1.5 pmoles of I I I  (pH 
7.0), 22.5 pmoles of sodium chloride, 0.4 pmole of potassium chloride, 
0.015 pmole of I, and 150 pg of gelatin. Key: A, lZ5I-IgE; and 0, 1251-lgE 
plus a 100-fold excess of unfabeled IgE. 

1.36 for E&'&,, (3). Specific activities ranged between 4 and 5 X 105 
cpm/pg of protein, 95-97% of which could be precipitated by 10% tri- 
chloroacetic acid in the presence of a 40-fold excess of bovine serum al- 
bumin. These values corresponded to -60% of radiochemical inctwpo- 
ration of iodine-125 into protein. 

The solution of 12sI-IgE was stored at 4' and was stable in borate buffer 
for a t  least 3 months. 

Binding Assay-Rat peritoneal mast cells (2-3 X lo5 cells/tube) were 
incubated with assay buffer. If desired, the test compound was added at 
this time to preincubate at  37" for 5 min prior to the addition of 1251-IgE. 
The labeled antibody was then added; incubation was continued for 2 
hr in a shaking water bath, which was adjusted to 150 cpm to keep the 
cells evenly suspended. The total volume of the assay was 150 pl ,  and the 
final concentrations of 12s11-IgE and the test compound were generally 
3 nM and 100pM, respectively. Other components present were 150 mM 
NaCI, 2.7 mM KCI, 0.1 mM I, 0.1% (w/v) gelatin, and 10 mM IV (pH 
7.0). 

After the incubation was completed, 75 pI was withdrawn from each 
tube, after first evenly distributing the cells, and layered over 250 pl of 
an 8% solution of I1 (made up in cell isolation buffer, with a final refractive 
index of -1.3455) in a polyethylene microsediment tube. Cell-bound 
radioactivity was separated from unbound 12511-IgE by centrifuging the 
cells a t  8000Xg for 2 min. The cell pellet then resided in the capillary tip 
of'the microsediment tube and was collected by cutting the tip off with 
a hot wire after first crimping, with a hemostat, the top of the capillary 
beneath the cell cushion of I1 (Fig. 1 ) .  

The tip was dropped into a plastic vial and was counted in a y-spec- 
trometer. If the effect of a test compound was measured, the control 
consisted of adding solvent (in which the test compound was added) alone 
to the mast cells and 12sI-IgE and treating the tubes in the same manner 
(e.g., with 5-min preincubation). The blank was obtained by adding a 
100-fold excess of unlabeled IgE to an additional three tuhes to check for 
nonspecific binding, entrainment of labeled antihody in the cell pellet, 
and background radiation. 

Many test compounds of interest were not soluble in aqueous buffers. 
Then the choice was to disperse them in a more or less homogeneous 
suspension by physical means (e.g., sonication) or to dissolve them in an 
organic solvent. I t  was convenient to dissolve most compounds in di- 
methyl sulfoxide, to dilute them with buffer, and to add them to the assay 
mixture such that the final dimethyl sulfoxide concentration was 0.17%. 
This low concentration of dimethyl sulfoxide did not affect the binding 
parameters of IgE to mast cells, nor did it affect the spontaneous release 
of histamine from the same cells. Cell viability after the assay under these 
conditions was about 60-8096 in control samples, as measured by trypan 
blue exclusion. 
p H  Profile-Labeled antibody was incubated with mast cells under 

standard ionic strength conditions (150 mM NaCI, 2.7 mM KCI, 0.1 mM 
I, and 0.1% gelatin) in the presence of different buffers at  10 mM. Buffers 
utilized for the different pH values were 111 (pH 6.0), IV (pH 6.5 and 7.0), 
and V (pH 7.5 and 8). The buffers were made up in stock solutions of 100 
mM, and the pH was checked for each sample after the buffer had been 
diluted to the same concentration and ionic strength as used in the 
assay. 
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Table I-Effects of Standard Antiallergic Agents on 1251-IgE 
Bindine to Rat Mast Cells a 

\ 
1 

20 40 60 80 100 120 
[ IgE MOLECULES PER C E L L ]  X lo-' 

Figure 6-Scatchard plot of the hinding of '251-IgE t o  onpurified rat 
mast cells. Each assay tube contained 3 X l a s  mast cells and 0.4-13 nM 
L2sI-IgE (specific activity of 1.65 X lo5 cpm/pg) in a total volume of 150 
pl. The points were run in triplicate, with a hlank (100-fold excess un- 
labeled IgE added to labeled IgE) subtracted from each point. The 
standard error of thp mpan is indicated hy bars. The least-squares line 
yielded values of 125,fKRI fgl.: receptor siteslcell with an affinity constant 
of 5 X lo8 M-I. The correlation coefficient for the plot is 0.99. 

RESULTS 

Binding Assay--The IgE isolated from IR-162 ascites had a high 
degree of purity as judged hy sodium lauryl sulfate gel electrophoresis. 
Autoradiography of the IgE laheled with Holton- Hunter reagent after 
electrophoresis yielded a pattern identical to the stained bands. Over 96% 
of the labeled antibody could he precipitated with trichloroacetic acid, 
and approximately 80%) of the iodinated IgE could he hound by mast cells 
as assessed from the intercept value ol'a Scatchard analysis of the binding 
data (Pig. 2)  in which hound and free r ~ c c p t o r  sites were the vari- 
ahles. 

The'interaction of "sI-lgE with rat peritoneal mast cells was measured 
in an assay utilizing a facile, one-step separation of cell-bound labeled 
IgE from unhound antibody. In general, 6-12% of the total counts was 
bound to cells under the assay conditions. Optimal conditions for the 
interaction between IgE and its mast cell Feceptors on hoth purified and 
unfractionated mast cells were pH 6.5-7.0 (Fig. 3). ahout 150 mM NaCl 
( in  the presence of 2.7 mM KCI, 0.1 mM I,  and 10 mM buffer) (Fig. 4a) ,  
no magnesium or calcium (Fig. 4b), and 37'. Kinetic experiments a t  37" 
under the optimized conditions indicated that, a t  the IgE and mast cell 
concentrations employed in the assay (t1-5 nM and 1-2 X lo6 cells/ml, 
respectively), less than 2 hr was sufficient to establish equilihrium (Pig. 
5). 

A number of experimental observations with this system supported 
the conclusion that the hinding equilihrium of '251-laheled IgE was to a 
finite number of receptors on mast cells, i . p . ,  was specific: 

1. A 100-fold excess of unlabeled IgE blocked the hinding of labeled 
IgE by greater than 95%. 
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Figure 74Jnlabeled IgE competition with '2sI-IgE binding to  purified 
rat mast cells. Each assay tube contained 2 X 2Os mast cells and 3 n M  
12sl-IgE (specific activity of 2.7 X lo5 cpmlpg); 9.7% of the total counts 
was bound to  cells in the control. The 150 for unlabeled IgE obtained 
from this plot is 3.5 nM. 

Inhibition 
of IgE 

100 MM Binding, 
Agent Control of Compound % f SEM 

Cell Bound, cpm f SEM 

Theophylline (10) 1 8 4 3 f 4 7  1 7 1 7 f 1 7  7 f 3  
Methylisohutylxanthine (1  1) 1843 f 47 1746 f 98 5 f 8 
Doxantrazole (10) 1843 f 47 1589 f 156 15 f 11 
VI (10) 1 8 4 3 f 4 7  1 8 8 6 f 4 1  O f 5  
VII (12) 1 8 4 3 f 4 7  1 7 4 3 f 7 8  6 f 7  
Etazolate hydrochloride (10) 1843 f 47 1982 f 180 -5 f 8 
Disodium cromoelvcate (10) 1703 f 35 1622 f 108 5 f 12 

~ ~~ ~ 

a These assays were performed using unfractionated cells. The final dimethyl 
sulfoxide concentration was 0.67%. and a 1 00-fold excess of unlabeled IgE inhibited 
labeled IgE binding by 93%. Greater than 25% inhibition is regarded as signifi- 
cant. 

2. Greater than 98W1 of the binding activity of '2511-IgE could he elim- 
inated by heating the antibody preparation a t  56" for 4 hr. 

3. Scatchard plots, according to Conrad et al .  (4) (Fig. 6),  on hoth 
purified mast cells and mixed peritoneal cells yielded the same binding 
parameters for both cell preparations. An average of eight experiments 
gave the number of binding sites per cell f SEM as 2 f 0.4 X lo5, the 
affinity constant K ,  f SEM as 6.4 f 0.9 X lo8 M - I ,  and the correlation 
coefficient f SEM as 0.96 f 0.01. These data were not corrected for the 
apparent inability of 20% of the labeled IgE to bind to mast cells. Conrad 
et al. (4 )  ohtained values of 3 X 10" for sites per cell and about loy M-'  
for K O .  

4. A dose-response inhibition curve ohtained by adding variable 
amounts of  unlabeled I& to a constant amount of lzSI-IgE (Fig. 7) gave 
a normal dose-response with an 150 value equal to the concentration of 
labeled antibody. 

The extent o f  antibody hinding was not affected by 10 mM NaN:<, 
suggesting that cellular AL'P is not required for receptor- antibody in- 
teraction. 

Anaphylactic Agents-Several compounds with demonstrated 
antiallergic activities were assayed a t  100 p M  as inhibitors of IgE hinding. 
However, none demonstrated significant inhibition (Table I).  Since 
prostaglandins are known to interact with mast cell membranes (13), 
three representatives (Al, El, and F.L(") were tested a t  10 fiM for their 
ability to inhibit the antibody receptor formation. All were inactive. 

Pentapeptide-Experiments to test the inhibition of binding of 
12KII-IgE to mast cells by unlabeled peptide were performed (Table 11). 
The data demonstrate that a 100-fold excess of unlabeled IgE inhibited 
labeled IgE binding by 95% and that, within experimental error, a large 
excess of pentapeptide did not affect antibody binding to the recep- 
tor. 

DISCUSSION 

Desirable features for an assay for measuring the binding of '2511-labeled 
IgE to rat peritoneal mast cells are the availability of a pure antibody 
preparation and a gentle labeling procedure that yields a native product 
of high specific activity. The first condition was fulfilled by the existence 
of rodent immunocytoma lines from which IgE could he readily isolated 
(7). The preparation reported here showed two major bands on sodium 
lauryl sulfate and 8-mercaptoethanol gel electrophoresis, with apparent 
molecular weights corresponding to the heavy and light chains of IgE 
(-76,000 and 20,000 daltons, respectively). 

Table 11-Ability of Pentapeptide to  Compete for  IgE Binding 
Sites on Ra t  Mast Cells 

Inhibitor- 
1251- I~E  cPm/pund/ 

Inhibitor Ratio" CPmboundb 

100 0.05 f 0.02 
0.93 f 0.22 
1.10 f 0.16 
1.07 f 0.29 
1.12 f 0.28 

1.2 x 104 
1.2 x 105 

1.2 x 106 

IgE 
Pentapeptide 

4.8 x 105 

* Inhibitor-1261-lgE is the molar ratio of the particular inhibitor investigated to 
1251-labeled IgE, whose concentration in these ex eriments was between 0.1 and 
1 nM. There were about 2 X I@ rat mast cells/a/&uot counted. cpm{,,q and 
cpm'&,,.d are cell-hound counts in the presence ( I )  and absence (C) of inhifitor, 
respectively. 
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The second condition can be fulfilled hy one of several methods. For 
example, 14C-phenylisothiocyanate can be used under nondenaturing 
conditions to label antibodies without loss of activity (14). However, 
because of its high specific activity, iodine-125 is still most often the 
isotope of choice, although the laheling procedures frequently utilize 
oxidizing agents such as chloramine-T or hydrogen peroxide. Conrad et 
al. (4) found that less than 50% of the IgE labeled with chloramine-T 
oxidation could be bound to rat mast cells. However, Kulczycki and 
Metzger (3) found that up to 80% of the IgE labeled by the same method 
bound to rat basophilic leukemia cells. The findings reported here indi- 
cate that  80% of the IgE reacted with Holton-Hunter reagent could be 
bound to mixed peritoneal cells (Fig. 2). even after 3 months of storage 
at 4' in borate buffer. The fact that unlabeled IgE inhibited with an Is0 
equal to the concentration of 1251-IgE (Fig. 7) provided additional support 
that the labeled antibody is native and that its binding is not affected by 
the reaction with Bolton-Hunter reagent. 

The assay reported here incorporates the approach of Kulczycki and 
Metzger (3) with certain significant modifications. The use of an 8% so- 
lution of I1 as a cell cushion and of microsediment tubes in the isolation 
of cell-bound radioactivity provided a more facile and reproducible assay. 
Considerable savings of time and animals were made possible by the use 
of mixed peritoneal cells. A protocol with optimal ionic strength, pH, and 
time of incubation conditions for the interaction of myeloma IgE with 
rat mast cells has been elaborated in this paper. Although high concen- 
trations (10 mM) of calcium and magnesium appeared to inhibit the 
binding of IgE to mast cells, the inclusion of low amounts of Ca2+ (0.1-1 
mM) may be desirable to maintain membrane and cell integrity. Ade- 
quate shaking during the incubation was important for reproducible 
results. 

Compounds that lyse mast cells, making them incapable of penetrating 
the sucrose-polymer (11) cushion in the microsediment tube (Fig. l ) ,  show 
up as apparent inhibitors of IgE binding. Therefore, active compounds 
should be examined for their ability to release cytoplasmic enzymes. In 
these inhibition studies, concentrations of test compound and '2SI-IgE 
of 100 pM and 3 nM, respectively, were generally employed. The cytolytic 
activity of some agents may be circumvented by decreasing the concen- 
trations of compounds and antibody (keeping the ratio constant) and by 
increasing the specific activity of IgE by reacting less protein (see Ex- 
perimental) with Bolton-Hunter reagent. 

The insensitivity of the assay system to low concentrations of dimethyl 
sulfoxide has facilitated the testing of lipophilic compounds. A concen- 
tration of solvent that not only does not affect the binding parameters 
of IgE to i t s  receptor hut also does not affect the interaction of the drug 
with the cells must be used. Dimethyl sulfoxide was found to be more 
suitable than dimethylformamide, acetone, or ethanol, both as a solvent 
for dissolving compounds and for its lack of interaction with the biological 
system (data not shown). To avoid solvent-drug artifacts, however, di- 
methyl sulfoxide should be used a t  a final concentration below 0.2% 
(v/v). 

This assay to quantitate cell-hound ligand appeared more convenient 
than the micromethod suggested by Davis et a t  (15), which employed 
a two-tube assembly with a quartz-wool filter to trap the cells. Whereas 
the method described here had a one-step sedimentation procedure for 
separating cell-bound counts, the method described by Davis el a1 re- 
quired three washing steps. 

Pentapeptide 111, Asp-Ser- Asp-Pro- Arg, was reported by Hamburger 
(5) to inhibit the Prausnitz-Kustner (P.-K.) reaction. This finding im- 
plied that the pentapeptide could block the binding of IgE to its mast cell 
receptors. Direct binding studies (16) of pentapeptide 111, as well as the 
competition experiments reported here, failed to indicate strong ( K ,  < 

5 X lo5 M-I)  or specific binding. This finding was supported by the report 
(17) that the pentapeptide did not affect the binding of human IgE to 
human basophils, nor did it hlock antigen-induced histamine release. 

Two recent communications (18,19), however, supported Hamburger's 
(5) original results. One article stated that the pentapeptide could inhibit 
antigen-induced degranulation of rat mast cells in several models, as 
assessed by the estimation of the number of degranulated mast cells in 
a mixed peritoneal cell sample (18). These researchers suggested that the 
pentapeptide could interfere with both IgE-mast cell interactions and 
IgE-antigen combination. The other article reported the inhibition of 
whealand flare reactions by the pentapeptide when used against certain 
antigens in the human Prausnitz-Kustner and baboon passive cutaneous 
anaphylaxis sjstems (19). The experiments reported here, however, failed 
to show any evidence of a specific interaction between pentapeptide 111 
and the IgE receptors on rat mast cells. 

This assay should facilitate the discovery and characterization of 
modulators of the binding of IgE to its mast cell receptor. 
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