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Five distinct proteins with allergenic activity have been isolated from short ragweed pollen. We
initially tested three of these, AgE, AgK, and Ra3, for reactivity with IgE antibodies by
leukocyte histamine release and by the radioallergosorbent test (RAST). We found highly

significant correlations between the reactivities of these allergens by leukocyte histamine release
and by the RAST, consistent with the view that both procedures detected comparable allergenic
activity. We next tested the allergenic cross-reactivity of all five ragweed allergens, AgE, AgK,
Ra3, Ra4, and Ra5, by RAST inhibition. With solid-phase AgE the only nonhomologous
inhibitor was AgK, which cross-reacted weakly and required a 140-fold mass excess of AgK
compared to AgE. With solid-phase AgK both AgK and AgE produced significant inhibition;
AgE was slightly more potent than the homologous AgK. Ra3 and Ra5 were allergenically
unique, because only the homologous allergen produced 50% inhibition. Ra4 was weakly
inhibited by AgE, Ra3, and Ra5 when these allergens were added in 300- to 500-fold mass
excesses; this weak inhibition may represent either cross-reaction or cross-contamination. We
found that RAST inhibition could be used as an assay for the individual ragweed allergens and
we demonstrated the presence of all of the allergens in a whole ragweed extract. The sensitivity
of the RAST inhibition assay ranged from 10 ng to 100 ng for 50% inhibition. Finally, the
solid-phase ragweed allergens were used to determine the frequency of elevated IgE antibody
levels in 65 patients with ragweed hay fever. Virtually all of the patients reacted with AgE
(97%), while 88% reacted with AgK, 51% reacted with Ra3, 28% reacted with Rad, and 17%
reacted with Ra5. These resulis highlight the usefulness of the RAST as a specific and sensitive
tool for immunochemical studies of allergens.

Since 1962 five allergens have been isolated from
short ragweed pollen: AgE, AgK, Ra3, BPA-R
(Ra4), and Ra5 (recently reviewed by King'). These
proteins were identified by their ability to provoke
wheal-and-flare skin reactions in humans and were
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subsequently investigated with animal antisera to es-
tablish their antigenic cross-reactivity. Antigenic par-
tial identity was observed between AgE and AgK? and
between AgE and Ra4® with rabbit antisera to crude
ragweed pollen. No evidence of antigenic cross-
reactivity was observed between AgE and Ra3% Ra3
and Ra4?; and Ra5 and AgE, Ra3, and Ra4.” Exten-
sive allergenic cross-reactivity has been documented
between AgE and AgK by direct skin tests and by
histamine release from leukocytes.* By the same pro-
cedures AgE and Ra3 have been shown to be allergen-
ically distinct.® Thus, the results from the literature
suggest that antigenic and allergenic cross-reactivity
exists between AgE and AgK and antigenic cross-
reactivity exists between AgE and Ra4, while Ra3
and Ra5 are distinct antigens which do not cross-
react.
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FIG. 1. 4,1n the polyacrylamide gels equilibrated with sodium dodecylsuifate the proteins were
reduced with dithiothreitol and stained with Coomassie blue. Marker proteins used were: BSA,
6.9 x 10* daltons; ovalbumin, 4.5 x 10* daltons; chymotrypsinogen, 2.4 x 10* daltons; and
cytochrome C, 1.2 X 10* daltons. The regression line for the marker proteins had a correlation
coefficient of —0.999. The origin is at the top of each gel and the anode is at the bottom of the
figure. From left to right, the samples, amounts applied to each gel, calculated and literature’
molecular weights (in daltons) are: Agg, 10 ug, 2.3 x 10* and 1.5 x 10* (major bands), 3.9 x 10*
{minor band}, 2.6 x 10* and 1.3 x 10* {literature); AgK, 14 ug, 4.0 x 104 3.8 x 10* {literature);
Ra3, 10 ug, 1.3 x 10* {major band), 1.2 x 10* (minor band), 1.1 x 10 {literature); Ra4, 50 ug,
<1.2 x10* {(major band), 2.3 x 10* (minor band), 2.3 x 10* (literature); Ra5, 10 ug, <1.2 x 10,
5.0 x 10°% (literature). Because of the large sample loads used to check heterogeneity, the
molecular weight determinations were accurate only to 20% of the expected values. B, In the
electrofocusing in a polyacrylamide gel slab with a pH range of 3 to 10, the gel was stained with
Coomassie blue. The anode (pH 3) is at the top; the origin for each sample is indicated by an
arrow; the samples and amounts applied to the gel from left to right are: AgE, 30 ug; AgK, 38 ug;
Ra3, 25 ug; Ra4, 70 ug; Rab5, 30 ug; and WRW extract, 200 ug.

To investigate the allergenic properties of the rag-
weed antigens, we utilized the radioallergosorbent
test (RAST).” We compared leukocyte histamine re-
lease with the purified allergens AgE, AgK, and Ra3
to the level of IgE antibody as determined by the
RAST. RAST inhibition® was used in this study to
evaluate the allergenic cross-reactivity and cross-
contamination of the five allergens. Finally, sera from
65 patients with ragweed hay fever containing ele-
vated levels of IgE antibodies to whole ragweed pol-

len were assayed for their reactivities with the indi-
vidual purified allergens.

MATERIALS AND METHODS
Purified short ragweed antigens

Antigen E (Catalogue No. A601-902-185), antigen K
(Catalogue No. A602-901-185), and ragweed Ra3 (Cata-
logue No. A604-902-185) were supplied by Dr. J. Nutter,
Research Resources Branch, National Institute of Allergy
and Infectious Diseases, National Institutes of Health,
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FIG. 2. Comparison of RAST and histamine release from leukocytes for the ragweed allergens,
AgE, AgK, and Ra3. The solid-phase allergen utilized for A4 was AgE, for B was AgK, and for C was
Ra3. In each graph the iog of the percent counts bound for the solid-phase allergen is plotted on
the ordinate and the log of the ug of allergen required for 50% histamine release is plotted on the
abscissa. The serum used for the RAST was drawn the same day as the leukocytes were ob-

tained from each patient.

Bethesda, Md. Ragweed antigens Ra4 and Ra$ were pre-
pared as described previously.® % 911 Al] purified antigen
concentrations were determined by previously published
extinction coefficients with the exception of Ra4, which was

0.1%

assumed to have E Lem™ 1.0 at 280 nm. Analyses of these

proteins by polyacrylamide gels equilibrated with 1%
sodium dodecylsulfate!? and by electrofocusing in a polyac-
rylamide gel slab'® are shown in Fig. 1. In general, the
antigen preparations show a high degree of homogeneity.
On the sodium dodecylsulfate electrophoresis in the pres-
ence of dithiothreitol (Fig. 1, 4), some extraneous compo-
nents are evident at the large sample loads employed. For
example, the AgE sample has a very faint band with the
same migration distance as the AgK band. It is noteworthy
that AgK and Ra3 are single-chain proteins. With the ex-
ception of AgK, which shows a few very faint bands with
the same isoelectric points as some of the AgE bands, the
electrofocusing results shown in Fig. 1, B further illustrate
the homogeneity of these antigens. Interestingly, Ra3 has a
single isoelectric form while Ra4 has several. No bands are
visible for Ra5, because it migrated into the cathodal wick.
Taken together, these two techniques show the virtual lack
of cross-contamination among the samples.

Short ragweed pollen extract

Preparation of the short ragweed pollen extract (WRW)
has been previously described.'* Briefly, a lyophilized ex-
tract of short ragweed pollen (WRW) was prepared by ex-
posing the pollen (not diethyl ether defatted) to distilled
water for 48 hr. The extract was filtered, centrifuged, con-
centrated, and sieved through Sephadex G-25 (Pharmacia
Fine Chemicals, Piscataway, N. J.); the partially purified
extract was lyophilized and stored at 4° C. Dry weight of the
WRW extract was determined by dissolving the lyophilized
powder in 0.2 M H;BO,-0.04 M NaOH-0.16 M NaCl, pH
8.0 (borate-saline), centrifuging the solution, and drying a
known volume to constant weight in a 110° C oven. Simi-
larly, a sample of the borate-saline was also dried and its
mass subtracted.
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TABLE I. IgE antibody levels with ragweed
allergens: Profiles of the serum pools
Solid-phase allergen
Serum AgE AgK Ra3 Ra4 Ra5 WRW
1 30.60* 18.74 20.86 2.55 1.12 31.88
2 22.57 14.10 14.26 1.54 1.02 22.42
3 22.85 1426 7.79 3.20 2.79 23.06
4 27.96 20.82 10.35 1.04 14.11 22.60
5 2523  21.01 19.45 4.29 35.67 37.91
AgE, AgkK,
Ra3, Ra3,
and WRW
pool 19.67 16.86 12.12 1.16 14.60 33.80
Normal 0.61 0.61 0.56 0.60 0.70 0.42
6 10.60 597 2.00 3.83 0.85 14.19
7 864 458 249 278 0.76 17.39
8 21.69 13.85 10.52 548 1.08 28.92
Ra4 pool —% — — 472 - -
Normal 0.61 0.61 0.56 0.60 070 042

*Tabulated values are percent of total counts bound in the RAST
(counts bound/counts added) X 100.
tNot determined.

Solid-phase short ragweed pollen

As described earlier,'* the solid-phase whole ragweed
polien extract was prepared by the reaction of the WRW
prepared above with cyanogen bromide (CNBr)-activated
cellulose. The details of the coupling procedure have been
described previously.?

Solid-phase purified antigens

Two separate batches of solid-phase antigens were pre-
pared for this study. First, | mg of antigen was reacted with
500 mg of cellulose and, second, 1 or 2 mg of antigen plus 9
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mg of human serum albumin* (HSA, Schwarz/Mann,
Orangeburg, N. Y.) were reacted with 450 mg of cellulose.
Both preparations reacted with IgE antibodies in a compar-
ably sensitive manner when titrated in the RAST.¥

The solid-phase AgE, AgK, and Ra3 antigens used in the
patient survey and histamine release correlation were pre-
pared by reaction of antigen only (no HSA) with CNBr-
activated cellulose as described previously.’® Briefly, 1.5
gm of microcrystalline cellulose was activated at pH 11 by
reaction with 3.0 gm of CNBr dissolved in 3.0 ml of N,
N-dimethylformamide. The activated cellulose was washed
twice with borate-saline and divided into three aliquots.
Each aliquot was reacted with 1.0 mg of antigen suspended
in a volume of 10 ml in borate-saline and the pH adjusted to
8.3. The suspension was tumbled at 4° C for 6 days before it
was repeatedly washed with borate-saline until the absor-
bance at 280 nm was less than 0.015. By monitoring the
absorbance at 280 nm and the volumes of the coupling
supernatant and the borate-saline washings, no more than
0.50 mg AgE, 0.47 mg AgK, and 0.22 mg Ra3 were
coupled to 500 mg cellulose.

The five solid-phase antigens used in the inhibition
studies as well as the Ra4 and Ra5 used in the patient survey
were prepared with HSA added as an inert filler protein.
One-mg portions of AgE, AgK, Ra3, and Ra5, and 2.0 mg
of Ra4 were separately combined with 450-mg portions of
washed, freshly activated cellulose. Immediately after the
antigens were added to the activated cellulose, 9.0 mg of
HSA was added to each portion of cellulose. The volume of

*An eatlier report'® compared the solid-phase materials produced
with varying amounts of crude ragweed extract reacted with acti-
vated cellulose. When tested in the RAST, the solid-phase mate-
rial prepared with a mass ratio of 100 mg crude extract to 500 mg
cellulose had both a greater slope of its serum pool (ragweed-
allergic) dilution curve and a smaller nonspecific binding with
normal serum than the solid-phase material prepared with a mass
ratio of 1 mg crude extract to 500 mg cellulose. Similar obser-
vations!” have been made with the purified rye grass pollen anti-
gen, Group I. When 0.1, 1.0, and 10 mg of Group I were reacted
with 500-mg portions of cellulose, there was a direct correlation
between the larger mass of allergen and the greater slope of the
serum pool (rye grass—allergic) dilution curve. In addition, the
nonspecific binding was reduced with increased allergen coupled
to the cellulose. In order to conserve purified allergen, we also
tested 1.0 mg of Group I and 9.0 mg of HSA reacted with 500
mg of cellulose. The inclusion of HSA produced a solid-phase
material with virtually the same slope of the serum dilution curve
and the same nonspecific binding as the material with 10 mg of
Group I reacted with 500 mg of cellulose. Aithough the mecha-
nism for this increased sensitivity was not studied, we suspect
that the HSA acts as a blocking protein on the activated cellulose
and possibly reduces the nonspecific adsorption of IgE and/or
anti-IgE to the cellulose.

+In contrast to the rye grass pollen Group I solid-phase materials,
the AgE, AgE and HSA; AgK, AgK and HSA; Ra3, Ra3 and
HSA solid-phase materials produced parallel serum pool
(ragweed-allergic) dilution curves and had comparable levels of
nonspecific binding with normal serum. The reasons for this
different behavior of the ragweed allergens and the rye grass
allergen are obscure.
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each suspension was brought to 11 ml with borate-saline,
pH 8.1, and the suspensions were tumbled at 4° C for 72 hr.
The cellulose was repeatedly washed with borate-saline
until the absorbance at 280 nm was zero. The quantities of
proteins bound to the cellulose ranged between 71.1% and
78.3%. When the supematants from each coupling suspen-
sion were tested by RAST inhibition (vide infra) to detect
uncoupled antigen, no inhibition was produced in any of the
homologous systems.

Source of IgE antibodies

The patients whose sera were used in the survey and the
histamine release study have been described previously.!®
The 65 patients in this study were chosen on the basis of:
past history of seasonal rhinitis, positive immediate intra-
dermal skin test, and positive nasal challenge with crude
short ragweed extract and an elevated preseasonal (June)
level of serum IgE antibodies (percent total counts bound >7
X control) to short ragweed as measured by the RAST. The
sera used were post-pollination season (October) samples
that had been stored at —20° C.

The ragweed serum pool used for the RAST inhibition
procedures, with the exception of solid-phase Ra4 (vide
infra), has been described elsewhere.!* This pool consisted
of equal volumes of serum from 5 non-hyposensitized sub-
jects, who were highly allergic to short ragweed pollen. The
pool contained 2,370 ng/ml of IgE antibody to WRW ex-
tract!* as determined by an immunoabsorption technique.'®
As shown in Table I, each serum showed elevated levels of
IgE antibodies (percent total counts bound >14 X control)
to solid-phase AgE, AgK, and Ra3. Two of the five sera
showed elevated levels of IgE antibodies (percent total
counts bound >20 X control) to solid-phase Ra5. For the
Ra4 inhibition study, a different serum pool was selected on
the basis of the patient survey (vide infra, Table III). Three
patients were selected whose sera showed elevated levels of
IgE antibodies (percent total counts bound >4 X control) to
solid-phase Ra4.

Performance of the RAST

Serum IgE antibodies to ragweed pollen allergens were
measured by RAST essentially as described previously.'?
Briefly, 0.50 mg solid-phase ragweed allergen, suspended
in 0.50 ml RAST diluent (0.1 M KH,PO,K,HPO,, pH
7.4, 0.2% bovine serum albumin [BSA], 1% Tween-20, and
0.1% sodium azide), was added to 0.050 ml patient’s serum
and brought to a final volume of 0.75 ml with RAST diluent
in 10 X 62 mm tubes (Luckham Ltd., Sussex, England).
The tubes were capped, rotated slowly overnight at room
temperature, and centrifuged; the supermnatant was aspirated;
and the solid-phase allergen was washed twice with RAST
wash (0.1 M KH,PO,-K,HPO,, pH 7.4, and 1% Tween-
20). Fetal calf serum (FCS) diluent, 0.60 ml (0.1 M
KH,PO,K,HPO,, pH 7.4, 470 ml; FCS purchased from
Grand Island Biologicals, Grand Island, N. Y., 20 ml; 10%
NaNj, 5 ml; and Tween-20, 5 ml), was added to each tube
followed by 20 ng of radiolabeled affinity chromatography-
purified anti-IgE in 0.10 ml of phosphate albumin (0.1 M
KH,PO,K,HPO,, pH 7.4, and 1% BSA). The tubes were
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TABLE Il. Comparison between RAST and histamine release by leukocytes*

Reactivity of allergens with IgE antibodies 201

Histamine Histamine Histamine
release release release
RAST with AgE RAST with AgK RAST with Ra3
Patient AgE (log ug) AgK (log ng) Ra3 (log ug)
128 36.25 —-8.34 29.21 <-10 34.39 <~10
108 21.74 -6.29 21.66 <-10 32.67 —8.82
106 10.73 -6.29 5.67 —-6.77 14.49 ~-8.46
159+ 3.75 —6.14 2.77 >-2 85 9.52 —4.60
151 4.31 —5.48 3.18 -8.13 6.56 —-8.24
100 17.80 -5.39 —i — — —
113 8.30 -5.22 7.08 —4.38 0.44 >—-0.78
159+ 4.24 —4.85 — —_ — -
112 5.97 —4.28 4.74 -3.65 9.63 -5.58
103 8.04 —4.25 4.62 —-3.84 11.86 —4.35
105 6.25 —-3.84 4.32 —3.85 11.64 —-2.82
123 2.91 -3.27 2.84 -2.90 4,71 -1.70
135 3.40 -3.18 2.14 —-2.96 5.82 —-2.64
Normal 1.35 None§ 1.41 None 1.34 None

*The RAST with solid-phase AgE and AgK was performed using 5 ul of each patient’s serum; solid-phase Ra3 utilized 50 w1 of serum.
The nonspecific histamine release ranged from 0.0% to 19.5% of total histamine available and the average was 4.7%. RAST results
are expressed as (counts bound/counts added) X 100; histamine release results are expressed as the log pg of allergen to provoke
50% release in 1.0 ml of cell suspension. Patient No. 100 met the criteria for the patient survey population but is not included in Table

I
+This patient provided plasma on two different dates.
$Not determined.

§No histamine released by any allergen concentration up to 107! ug/ml.

rotated overnight and washed twice before the radioactive
counts associated with the solid-phase allergen were deter-
mined on a gamma spectrometer. The results are given as
(counts bound divided by counts added) x 100%.

RAST inhibition

The RAST inhibition procedure was carried out essen-
tially as described previously.® ' For each solid-phase al-
lergen, the quantity of serum pool added had been estab-
lished by preliminary direct RAST titration experiments as
that volume of serum pool providing at least 10X the counts
bound by normal human serum. The equivalent volumes of
undiluted serum pool used with each solid-phase system
were as follows: whole ragweed, 2 ul; AgE and AgK, 5 ul;
Ra3, 20 ul; RaS, 10 wl; and Ra4, 100 w! (of the Ra4 pool).
Preliminary inhibition experiments were carried out over a
100,000-fold range of dilutions of inhibitor to determine a
narrow mass range for inhibitor which would provide ap-
proximately 50% inhibition. Briefly, inhibitor, diluted in
RAST diluent, was added to each tube; additional RAST
diluent was added as necessary before quickly adding aller-
gic serum pool to each tube. The 0.25-ml volume in each
tube was briefly mixed before the rapid addition of 0.50 m!
of solid-phase ragweed allergen at a cellulose concentration
of 1.0 mg per ml. After the tubes were rotated for 20 hr at
room temperature, they were washed twice and anti-IgE and
FCS diluent were added. After overnight rotation, the
solid-phase allergen was washed twice and the radioactivity

in the solid phase determined in a gamma spectrometer.
Each inhibition point was determined in duplicate; each un-
inhibited positive control was determined in quadruplicate;
the results were averaged and the percent of total counts
bound by the normal serum control was subtracted from all
of the tests.

Each allergen was tested as a fluid-phase inhibitor with
every solid-phase allergen. Nonparalle! inhibition lines
were taken as evidence of allergenic cross-reactivity® 2 2!
and parallel inhibition curves as evidence for qualitative
allergenic similarity.?* Those allergens that did not inhibit
significantly in preliminary experiments were included
in the final inhibition at two or more high concen-
trations.

Leukocyte histamine release

The histamine release from leukocytes was carried out
essentially as previously described?® and modified.?* Brief-
ly, after sedimentation and centrifugation the unwashed
leukocyte sediment was resuspended to a volume equal to
the original volume of blood. The cells were challenged
with antigen by incubating 1.0-ml aliquots of the suspen-
sion, 0.10 ml antigen dilutions, and 0.10 ml of AB normal
serum at 37° C for | hr. The histamine released was sequen-
tially extracted into 1-butanol and n-heptane-0.12 M HCI
before being detected by the o-phthaldialdehyde reaction.
Relative intensity fluorescence readings were taken on an
Aminco-Bowman spectrophotofluorometer (American In-
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FIG. 3. Inhibition curves showing the cross-reactivity of the purified ragweed allergens and
whole ragweed pollen extract with solid-phase AgE. In this and subsequent inhibition figures,
the log-linear plots provided curves which were linear between 30% and 70% inhibition. For
AgE, AgK, and WRW, the regression lines relating percent inhibition and log mass inhibitor had
correlation coefficients of +0.99 or greater. By analysis of covariance, the slopes of these three
regression lines differed (F,,s = 21, p < 0.0005). In the absence of inhibitor the serum pool IgE
antibody produced 16.86% total counts bound and the normal serum produced 0.99% total
counts bound.

Rast Inhibition: AgK Cellulose
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FIG. 4. Inhibition curves to examine the cross-reactivity of the purified ragweed allergens and
whole ragweed pollen extract with solid-phase AgK. The regression lines relating percent inhibi-
tion and mass inhibitor had correlation coefficients of +0.99 for AgK and WRW and +0.94 for
AgE. By analysis of covariance the slopes of the three regression lines differed (F, . = 36,
p < 0.0005). in the absence of inhibitor the serum pool IgE antibody produced 8.94% total counts
bound and the normal serum produced 0.79% total counts bound.

strument Co., Silver Spring, Md.) with excitation at 360 nm
and emission at 450 nm. All the assays included intenal and
external histamine-HCI standards.

Statistical analyses

Results were evaluated by analysis of covariance and
Spearman’s rank correlation coefficients.?> A programma-
ble Hewlett-Packard 9810A calculator was used for the
statistical evaluations.

RESULTS
Histamine release correlation with RAST

Inspection of the results in Table II and Fig. 2
suggests that a larger quantity of IgE antibody as de-
termined by the RAST corresponds to a smaller mass
of allergen required for 50% histamine release. To
investigate whether there was a significant correlation
between the mass of allergen needed for 50% his-
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FIG. 5. Inhibition curves to examine the cross-reactivity of the purified ragweed allergens and
whole ragweed pollen extract with solid-phase Ra3. The regression lines relating percent inhibi-
tion and mass inhibitor for Ra3 and WRW had correlation coefficients of +0.966. In the absence
of inhibitor the serum pool IgE antibody produced 14.28% total counts bound and the normal

serum produced 0.73% total counts bound.

tamine release and the magnitude of the RAST re-
sults, the data in Table II were analyzed by the
Spearman rank test. The rank analysis indicated a
significant correlation for all three allergen systems
with correlation coefficients as follows: AgE,
r, = 0.676, p < 0.01; AgK, r, = 0.791, p < 0.005;
and Ra3, r; = 0.836, p < 0.005.

RAST inhibition studies of allergenic
specificity

To examine the 'allergenic cross-reactivity and
possible cross-contamination of the ragweed al-
lergens, RAST inhibition studies were performed.
Fig. 3 shows the RAST inhibition results for solid-
phase AgE. Fluid-phase AgE produced 50% inhibi-
tion with 28 ng of allergen while the WRW extract
required 690 ng for 50% inhibition and AgK required
3,900 ng for 50% inhibition. The slopes of the inhibi-
tion lines for AgE and AgK were statistically different
(Fy,11 = 49; p < 0.0005), in agreement with earlier
reports of the cross-reactivity of AgK with AgE.? If
there were also cross-contamination between AgE and
AgK, the contamination would have been less than 28
parts in 3,900 parts or 0.72% by mass. The slopes of
the inhibition lines for AgE and WRW were also
statistically different (F;,, = 15; p < 0.005). None
of the basic protein allergens, Ra3, Rad, and Ra$5,
were able to inhibit the solid-phase AgE.

The RAST inhibition study for solid-phase AgK is
shown in Fig. 4. Fluid-phase AgK produced 50% in-
hibition with 103 ng while AgE required 38 ng for
50% inhibition and WRW extract required 450 ng for

50% inhibition. The slopes of the regression lines for
AgK and WRW extract did not differ statistically
(Fy,13 = 0.83, p > 0.25), but AgE had a significantly
lower slope compared to both AgK (F,;, = 49,
p < 0.0005) and WRW extract (F,3= 45,
p < 0.0005). Thus, AgE cross-reacted extensively
with AgK and significant allergenic similarity existed
between AgK and this particular preparation of WRW
extract. As was the case with solid-phase AgE, none
of the basic protein allergens, Ra3, Ra4, and Ra$5,
were able to inhibit the solid-phase AgK.

Fig. 5 shows the RAST inhibition study for solid-
phase Ra3. In this study, Ra3 was allergenically
unique because significant inhibition occurred only
with the homologous allergen and with the WRW
extract. Fluid-phase Ra3 produced 50% inhibition
with 60 ng and WRW extract required 8,400 ng for
50% inhibition. The slopes of the regression lines for
Ra3 and WRW extract did not differ statistically
(F.s= 1.63, p> 0.10), indicating significant al-
lergenic similarity between Ra3 and this particular
WRW extract. Both fluid-phase AgE and AgK
provided weak inhibition at high concentrations. By
inspection, the slopes of the inhibition lines for fluid-
phase AgE and AgK were less than the slope of the
inhibition line for fluid-phase Ra3. Neither Ra4 nor
Ra5 provided any inhibition of the solid-phase Ra3,
which indicated a lack of cross-reactivity or contami-
nation.

The RAST inhibition results for solid-phase Ra4
are shown in Fig. 6. Fluid-phase Ra4 was the most
potent inhibitor, requiring 100 ng for 50% inhibition,
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FIG. 6. Inhibition curves to examine the cross-reactivity of the purified ragweed allergens and
whole ragweed pollen extract with solid-phase Rad. The regression lines relating percent inhibi-
tion and mass inhibitor had correlation coefficients of +0.95 or greater with the exception of AgK
which had a coefficient of +0.89. By analysis of covariance the slopes of the six regression lines
differed (F; ., = 3.07, p < 0.005). In the absence of inhibitor the Ra4 serum pool IgE antibody
produced 4.73% total counts bound and the normal serum produced 0.60% total counts bound.

Rast Inhibition: Ra5 Cellulose
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FIG. 7. Inhibition curves to examine the cross-reactivity of the purified ragweed allergens and
whole ragweed pollen extract with solid-phase Rab. The regression lines relating percent inhibi-
tion and mass inhibitor had correlation coefficients of +0.988 or greater. By analysis of
covariance the slopes of the regression lines for Rab, Ra4, and WRW were not different
(F..s = 2.64, p > 0.1). In the absence of inhibitor the serum pool IgE antibody produced 7.45%
total counts bound and the normal serum produced 0.45% total counts bound.

while WRW extract required 1,200 ng, Ra$ required
31,000 ng, Ra3 required 43,000 ng, and AgE re-
quired 46,000 ng. Extrapolation of the AgK inhibition
line suggested that 138,000 ng would be required for
50% inhibition. The slopes of the regression lines for
Ra4 and WRW did not differ statistically (Fy,,, =
0.38; p > 0.5); the slopes of the regression lines for
AgE, AgK, and Ra$ did not differ statistically (Fy o=
0.0148; p > 0.975).

Fig. 7 shows the RAST inhibition study for Ra5.
The homologous fluid-phase allergen required 6.4 ng
for 50% inhibition while the WRW extract required

1,450 ng for 50% inhibition and Ra4 required 18,000
ng for 50% inhibition. The slopes of the regression
lines for Ra5 and Ra4 did not differ statistically
(Fy,10 = 1.22, p > 0.25); likewise, the slopes for Ra5
and the WRW extract did not differ statistically
(Fy,12 = 2.88, p > 0.10). Fluid-phase AgE and AgK
did not inhibit solid-phase Ra5 and at 56,000 ng Ra3
provided 43% inhibition. Because the slopes of the
inhibition lines for fluid-phase Ra5 and Ra4 did not
differ significantly and because the serum pool used in
this inhibition had very low levels of IgE antibodies
for Ra4 (Table I), the inhibition observed for Ra4 was
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FIG. 8. Inhibition curves to examine the cross-reactivity and inhibitory capacities of the purified
ragweed allergens and whole ragweed pollen extract with solid-phase whole ragweed. The
regression lines relating percent inhibition and mass inhibitor for whole ragweed extract, AgE,
and AgK had correlation coefficients of +0.99 or greater. By analysis of covariance the slopes of
the regression lines differed (F,, ;; = 110, p < 0.0005). In the absence of inhibitor the serum pool
IgE antibody produced 13.77% total counts bound and the normal serum produced 0.20% total

counts bound.
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FIG. 9. Patient survey distribution by RAST for the five allergens and whole ragweed pollen. The
median percent total counts bound by the patients is indicated by a horizontal line and the
percent total counts bound by normal serum is indicated by an X.

probably due to a trace contamination by Ras
(0.036% by mass or 0.16% on a molar basis). If the
inhibition observed for Ra3 was due to contamination
by Ra$, the quantity would have been less than 0.01%
by mass.

The RAST inhibition results for the solid-phase
whole ragweed pollen extract are shown in Fig. 8.
Fluid-phase whole ragweed pollen extract required

1,300 ng for 50% inhibition while AgE required
6,600 ng and AgK required 19,000 ng for 50% inhibi-
tion. Fluid-phase Ra3 appeared to inhibit slightly at
very high concentrations and Ra4 and Ra5 showed no
inhibitory properties. The slope of the regression line
for the fluid-phase WRW was greater than the slope
for fluid-phase AgE (Fys = 469, p < 0.0005) and
greater than the slope for fluid-phase AgK (F, ;=
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TABLE Ili. IgE antibody levels with ragweed
allergens: Patient survey

Solid-phase allergen

Patient WRW AgE AgK Ra3 Ra4 Rab5

101 13.69* 11.78 6.36 7,82 1.12 0.84
102 16.81 18.26 8.06 1.11 0.73 0.72
103 24.05 2991 2041 1430 11.77 0381
104 28.31 28.63 24.00 17.89 7.02 1.19
105 20.09 21.55 19.51 12.85 125 0.72
106 26.53 3290 23.50 18.06 2.03 0.75

107 12.64 839 6.59 384 041 042
108 3331 36.91 34.01 30.29 4.02 1.77
109 14.09 18.15 11.05 7.33 1.02 0.77
110 2.25 1.14 130 1.20 0.93 0.83

111 19.09 2031 11.32 149 1.04 0.74
112 23.01 24.64 18.83 1093 2,01 0.95
113 20.15 2546 20.27 1.52 295 1.34

114 437 415 2.8 093 09 0.37
115 9.78 1793 1229 156 1.05 0.77
117 23,52 22.61 12,69 12,97 1.53 0.98
118 299 289 252 140 0.82 1,00
119 2332 33.26 26.82 15.81 1.34 11.95
120 19.11 9.58 566 440 592 091
121 5.48 6.28 531 228 1.08 1.18

122 11.20 1335 6.87 120 1.16 1.31
123 1642 16.72 14.03 691 1.15 4.50
124 17.17 17.01 1333 144 156 0.76
125 2430 34.62 28.79 1.90 0.77 0.95
126 1925 11.19 11.10 1.24 090 1.20

127 204 246 183 180 0.80 1.16

128 3791 41.99 37.77 37.16 4.29 35.67
129 24.59 3299 2845 259 170 0.92
130 2264 2085 11.71 1.89 128 14.16

*Tabulated values are percent of total counts bound in the RAST
(counts bound /counts added) x 100,

tIndicates those patients who were recejving injections of ragweed
allergens.

41.8, p < 0.0005). The slope for fluid-phase AgK
was greater than the slope for fluid-phase AgE (F, ; =
18.4, p < 0.005).

Population survey

Having established the allergenic specificities of
the solid-phase allergens, we examined sera from 65
ragweed-sensitive individuals by the RAST, The re-
sults with each of the purified allergens and WRW are
shown in Tables III and IV and Fig. 9.* As expected,

*The criterion chosen for positive RAST results, i.e., greater than
twice the normal control’s counts bound, was more stringent than
that of Berg, Bennich, and Johansson.?® These authors found
that, of 283 patients with positive provocation tests, 217 patients
(76.7%) had RAST results greater than 1.5 times the normal
control.
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TABLE lll. Cont'd

1311 6.35 4.11 345 257 135 2.10

132+ 31.99 3090 27.27 17.14 2.62 8.45
133+ 18.14 1236 875 8.64 1.12 0.81
1341 27,99 2356 1531 1398 238 0.69
135 13.62 13.51 6.09 4.86 122 0.73
1361 2478 12.65 8.14 4.51 6.52 1.07
137 18.74 2249 1438 1.39 086 0.73
138 682 460 232 139 177 0.5
139 15.00 20.32 16.89 1.00 1.10 0.73
140 22,65 1533 1092 12.64 1.53 8.83
141 13.01 14,51 10.43 6.92 0.86 0.85
142 18.54 1685 11.22 470 174 0.76
143 21.56  27.40 22.03 1.25 1.28 0.77

144 546 664 220 1.09 083 0.70

145 22.27 2586 21.18 1.07 0.77 0.78
146 2137 2224 1427 995 646 0095
147 19.80 15.26 13.76 13.20 131 0.52
148 13.85 10.82 6.84 4.02 134 1.16

149 1832  3.67 351 2.17 346 0.86
150 7.53 391 244 109 079 0.78
151 21,39 19.41 1297 7091 084 074
152 729 721 551 1.09 3.04 0.67
153 16.02 930 6.02 529 1.57 0.67
154 1894 19.24 8.20 1047 0.87 0.54
155 3.82 7.04 1.28 1.08 045 0.75

156 3434 3690 2584 171 1.14 0.98
157 1930 24.18 1578 1.25 1.12 6.94
158 17.39 273 237 1.17 4.06 4.6}
159 19.93 20.10 13.87 13.08 1.81 13.01
160 13.00 1144 637 1136 140 0.64
161 2201 2344 11.70 095 093 0.76
162 18.82 11.16 8.15 4.58 129 0.80

163 12.22 8.17 422 330 141 0.78
164 1415 1890 7.07 1.00 0.87 0.68
166 7.99 930 423 1.23 09 091
168 15.03 1986 17.39 542 092 0.67

Normal 0.42 135 141 134 075 0.70

AgE showed a similar pattern of serum IgE antibody
levels when compared to WRW. Also, almost all of
the sera had elevated IgE antibody levels with AgK.
In contrast, many sera were unreactive with the basic
protein allergens, Ra3, Rad4, and Ra5.

Table V further illustrates the importance of AgE
among ragweed-sensitive patients and emphasizes the
lack of cross-reactivity among the basic protein al-
lergens. Fifteen patients had elevated IgE antibody
levels with Ra3, as well as AgE and AgK, but did not
have elevated IgE antibody levels detected by solid-
phase Ra4 and Ra5. Conversely, 10 patients had ele-
vated IgE antibody levels with either or both solid-
phase Ra4 and Ra5 without elevated IgE levels to
Ra3. Seventeen patients had elevated IgE antibody
levels with Ra4 without elevated IgE antibody levels
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to solid-phase Ra$5; 5 patients had elevated IgE anti-
body levels with Ra5 without elevated IgE antibody
levels to solid-phase Ra4.

DISCUSSION

In the first set of these experiments we compared
the reactivity of the purified allergens from ragweed
pollen by leukocyte histamine release and by the
RAST. Initially, a correlation between IgE antibody
levels by the RAST, using 50 ul of serum per RAST
determination, and histamine release sensitivity was
examined. This volume of serum placed the AgE and
AgK RAST results for certain highly reactive sera
onto the relatively nondiscriminating plateau re-
gion of the sigmoidal log-log RAST dose-response
curve.?2 Therefore, 5 ul of sera were retested with
solid-phase AgE and AgK. This reduced volume of
sera provided AgE and AgK RAST results on the
more sensitive region of the RAST dose-response
curve. For the solid-phase Ra3, a serum volume of 50
wl provided the more sensitive discrimination for all
patients. As a consequence, a significant correlation
was observed between the leukocyte histamine release
results and the RAST for all three allergens. These
correlations indicated that the allergenicity of these
ragweed allergens can be evaluated by either his-
tamine release or the RAST technology by using a
representative population of ragweed-sensitive pa-
tients.

In the RAST inhibition study we found nonparallel
slopes between the inhibition lines for fluid-phase
AgE and AgK with solid-phase AgE and, therefore,
we concluded that the fluid-phase AgK shared some
allergenic determinants with AgE. The observation of
extensive cross-reactivity was confirmed in the inhi-
bition experiments with solid-phase AgK in which
fluid-phase AgE and AgK inhibited in a nonparallel
manner. This allergenic cross-reactivity had been ob-
served earlier in the histamine release from sensitized
leukocytes.? Fluid-phase AgE was a more potent in-
hibitor than AgK in both the homologous solid-phase
AgE system and the solid-phase AgK system by mass
and on a molar basis, because the molecular weights
of these two allergens are approximately 38,000 dal-
tons.? While these results are surprising, it is possible
that IgE antibody levels to AgE are in large excess
compared to IgE antibody levels to AgK in the serum
pool (Table I) or that the AgK was chemically
modified by the coupling procedure. The RAST in-
hibition study also confirms an earlier observation®
utilizing histamine release from sensitized leukocytes
which showed the complete lack of allergenic cross-
reactivity between Ra3 and AgE. In our studies, Ra3
was unable to inhibit solid-phase AgE and AgE was
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TABLE IV. Summary of patient survey by RAST

Solid-phase Number of patients % of patients >2x

allergen >2x normal in RAST normal in RAST
WRW 65/65 100%

AgE 63/65% 96.9%

Agk 57/65 87.7%

Ra3 33/65 50.8%

Ra4 23/65 28.3%

Ras 11/65 16.9%

*The patients (110, 127) who had less than twice normal re-
activity with AgE also had the lowest reactivity (<6x normal)
with WRW. These same two patients showed reactivity less
than twice normal with all the other purified allergens.

unable to inhibit solid-phase Ra3. The virtual lack of
inhibition by the other purified allergens in the solid-
phase Ra3 and Ra5 experiments indicates the al-
lergenic purity of these preparations and reveals their
lack of cross-reactivity with the other ragweed al-
lergens. Although solid-phase Ra4 was inhibited with
a 310-fold mass excess of Ra$5, a 430-fold excess of
Ra3, and a 460-fold excess of AgE, the small differ-
ence in RAST binding (<8-fold) between the normal
control serum and the Ra4 serum pool (Table ) meant
that the inhibition lines were not as statistically reli-
able as in the other allergen systems. The scarcity of
sera with highly elevated levels of IgE antibodies for
the solid-phase Ra4 used in this study could be at-
tributed to one or both of the following: (1) the partial
alteration of the allergen as a result of the CNBr cou-
pling technique, or (2) some of the determinants on
the Ra4 molecule could be sterically hindered by the
coupling process to the cellulose. Either slight cross-
contamination (less than 0.33% by mass) or weak
cross-reactivity may explain the weak inhibition ob-
served for all the allergens other than Ra4 with solid-
phase Ra4. For example, the inhibition by Ra5 was
probably due to a trace contamination by Ra4 (0.32%
by mass or 0.07% on a molar basis) even though the
slopes of the inhibition lines for Ra4 and Ra5 with
solid-phase Ra4 were statistically different (F, , =
7.4, p<0.025). Cross-contamination appeared
probable because the Ra4 serum pool (Table I) had
very low levels of IgE antibodies with solid-phase
Ra5. Conversely, fluid-phase Ra4 (assuming no
cross-contamination) would not be expected to inhibit
the solid-phase AgE, AgK, Ra3, Ra5, or whole
ragweed pollen extract because the serum pool used in
these systems apparently had very low levels of IgE
antibodies to Ra4 (Table I). Because the fluid-phase
WRW inhibited the solid-phase Ra3 and Ra$, these
allergens were present in the fluid extract. Hence, the
limited inhibition of the solid-phase whole ragweed
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TABLE V. Analyses of patterns of RAST reactivity with the purified allergens

Solid-phase allergen

Number of patients with
RAST >2x normal to only

allergens listed

WRW

WRW, AgE

WRW, AgE, Agk

WRW, AgE, AgK, Ra3

WRW, AgE, Agk, Ra3, Ra4
WRW, AgE, AgK, Ra3, Ra4, Ra$
WRW, AgE, AgK, Ra3, Ra$

WRW, AgE, Rad
WRW, AgE, Ra4, Ra5
WRW, AgE, Agk, Rad
WRW, AgE, AgK, Ras
Total

2 3.1%)
4 (6.2%)
16 (24.6%)
15 (23.1%)
11 (16.9%)
5 (.7%)
2 (3.1%)
1 (1.5%)
1 (1.5%)
5 (7.7%)
3 (4.6%)
65

TABLE VL. Percentages of purified protein in
ragweed pollen extracts

Percent of mass Percent of mass

Purified of WRW of pollen
allergen as allergens protein as antigens?®

AgE 4.1% 6%

Agk 22.9% 3%

Ra3 0.71% 0.4%

Ra4 8.3% 0.9%

0.1%

Ras 0.44%

pollen (prepared from the same WRW extract) by Ra3
and Ra5 might be due to: (1) Ra3 and Ra5 comprising
only a very small proportion of the coupled materials,
(2) steric blocking of the solid-phase Ra3 and Ra$5 by
the other allergens bound to antibodies, or (3) the
serum pool probably has higher levels of IgE antibody
to AgE compared to IgE antibody levels to Ra3 or
Ra5 (Table ).

With the exception of the solid-phase AgE, all of
the allergens provided inhjbition lines wijth the
homologous fluid-phase allergen and with the WRW
extract that had slopes that did not differ statistically.
Because comparable slopes are taken to indjcate
qualitative allergenic similarity,?? the RAST inhibi-
tion technique utilizing the purified allergens as the
solid-phase materials provides a ready and sensitive
technique to assay erude materials for both qualitative
and quantitative allergen content. The sensitivity of
this method was especially evident in the example of
solid-phase Ra5 where §0% inhibition was achieved
with 6.4 ng (1.2 pmoles) of fluid-phase Ra5 per tube.
The WRW extract used to inhibit the solid-phase Ra$
required 1,450 ng per tube for 50% inhibition, indi-

cating a mass percentage of 0.44% of Ra5 in the
lyophilized extract. Table VI lists the results for all
allergens for comparison with values published earlier
for the percentage of antigen protein compared to total
protein. As indicated above, the AgE in the WRW
extract showed a qualitative difference from the puri-
fied AgE on the basis of nonparallel inhibition slopes;
hence, the percentage result in Table VI for AgE
quantitates some but not all of the possible AgE de-
terminants. The nonparallel inhibition curves between
fluid-phase AgE and WRW extract with the solid-
phase AgE (Fig. 3) may be due to a loss of allergenic
sites due to polymerization of the AgE in the WRW
preparation as a result of lyophilization.* A loss of
antigenicity for purified AgE after lyophilization was
observed earlier,3! but loss of antigenicity for AgE in
crude ragweed extracts after lyophilization was found
to be less than 20%.%* Alternatively, the nonparallel
inhibition may be due to the AgK or some other
cross-reactive allergen occurring in the WRW extract.
As shown in Table VI for solid-phase AgkK, a large
percentage of the WRW extract, almost 23% by mass,
posagsses determinants qualitatively similar to AgK.
A portion ef this reactivity must be attributed to the
AgE in the WRW extract because: (1) the purified
AgE was a more potent inhibitor than AgK with
solid-phase AgK and (2) cross-reactivity between
AgE and AgK has been well documented.?

Previous publications concerned with the purified
ragweed allergens have studied selected pairs of the
allergens: AgE and AgK,? AgE and Ra3,° and AgE
and Ra$8.% Our study investigated the reactivity of all

*The purified AgE used throughout this study had never begn
lyophilized at any stage in its purification,® but the WRW was
lyophilized (sge section on Materials and Methods).
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five allergens on a 65-patient population. We found
AgE to be the dominant allergen, i.e., no other
solid-phase allergen showed RAST reactivity with a
patient’s serum unless that patient also reacted with
solid-phase AgE. The earlier study comparing AgE
and AgK? found that by direct skin testing with AgE
and AgK 37 patients had positive tests with both al-
lergens and by leukocyte histamine release 21 patients
had positive tests with both allergens. Our study using
the RAST showed that of the 63 patients with IgE
antibodies to AgE, 57 had IgE antibodies to AgK.
Although we detected no cross-reactivity between
AgE and Ra3, IgE antibodies reactive with Ra3 were
found in those 33 patients who aiso reacted with both
AgE and AgK. The earlier study comparing AgE and
Ra3® showed 16 of 22 patients releasing over 50%
histamine with both AgE and Ra3 by leukocyte his-
tamine release and 12 of 19 patients giving positive
direct skin tests with both allergens. Patients with IgE
antibodies reactive with Ra4 or Ra5 showed a variety
of patterns of reactivity with each other and with AgK
and Ra3. Previously, direct skin testing with Ra4 on a
different group of ragweed-sensitive patients showed
6 of 63 with reactions of 2+ and 2 of 63 with reac-
tions of 14 .3 Utilizing the RAST, we found elevated
levels of IgE antibodies to Ra4 in 23 of 65 ragweed-
sensitive patients. Sera with IgE antibodies reactive
with both Ra5 and AgE (11 of 63 or 17%) compare
well with earlier results®® by direct skin testing where
18 of 105 or 17% had strongly positive results with
both AgE and Ra5. These data provide additional evi-
dence for the concept of individual patterns of patient
reactivity to the multiple allergens derived from a
common source, which was previously observed with
the rye grass pollen allergens.?*37

REFERENCES

I. King, T. P.: Chemical and biological properties of some atopic
allergens, in Kunkel, H. G., and Dixon, F. J., editors: Ad-
vances in immunology, New York, 1976, Academic Press,
Inc., vol. 23, p. 77.

2. King, T. P., Norman, P. S., and Lichtenstein, L. M.: Isolation
and characterization of allergens from ragweed pollen. IV,
Biochemistry 6:1992, 1967.

3. Griffiths, B. W., and Brunet, R.: Isolation of a basic protein
antigen of low ragweed pollen, Can. J. Biochem. 49:396,
1971.

4. Underdown, B. J., and Goodfriend, L.: Isolation and charac-
terization of an allergen from short ragweed pollen, Biochem-
istry 8:980, 1969.

5. Lapkoff, C. B., and Goodfriend, L.: Isolation of a low
molecular weight ragweed pollen allergen: Ra$5, Int. Arch.
Allergy Appl. Immunol. 46:215, 1974.

6. Lichtenstein, I.. M., Roebber, M., and Goodfriend, L.:
Studies on the immunological relationship of ragweed pollen
antigens E and Ra3, J. ALLERGY CLIN. IMMuNOL. 51:285,
1973.

16.

17.

20.

21.

22.

23.

24,

Reactivity of allergens with IgE antibodies 209

. Wide, L., Bennich, H., and Johansson, S. G. O.: Diagnosis of

allergy by an in-vitro test for allergen antibodies, Lancet
2:1105, 1967.

. Gleich, G. J., Larson, J. B., Jones, R. T., and Baer, H.:

Measurement of the potency of allergy extracts by their in-
hibitory capacities in the radioallergosorbent test, J. ALLERGY
CLin. IMMUNoOL. 53:158, 1974.

. Griffiths, B. W.: The subunits of antigens of ragweed pollen,

J. Chromatogr. 69:391, 1972.

. Roebber, M.: Isolation, structure, and activity of ragweed pol-

len antigens Ra3, Ra4, and Ra5, Ph.D. thesis, McGill Uni-
versity, Montreal, Canada, 1975.

. Roebber, M., Marsh, D. G., and Goodfriend, L.: An im-

proved procedure for isolation of ragweed pollen allergen Ra$,
J. Immunol. 115:303, 1975.

. Fairbanks, G., Steck, T. L., and Wallach, D. F. H.: Elec-

trophoretic analysis of the major polypeptides of the human
erythrocyte membrane, Biochemistry 10:2606, 1971.

. Awdeh, Z. L., Williamson, A. R., and Askonas, B. A.:

Isoelectric focusing in polyacrylamide gel and its application
to immunoglobulins, Nature 219:66, 1968.

. Gleich, G. J., Jacob, G. L., Yunginger, J. W., and Hender-

son, L. L.: Measurement of the absolute levels of IgE an-
tibodies in patients with ragweed hay fever, J. ALLERGY CLIN.
IMMUNOL. 60:188, 1977.

. Gleich, G. J., and Yunginger, J. W.: Standardization of al-

lergens, in Rose, N. R., and Freidman, H., editors: Manual of
clinical immunology, Washington D. C., 1976, American
Society for Microbiology, chap. 77, p. 575.

Gleich, G. J., and Jones, R. T.: Measurement of IgE an-
tibodies by the radioallergosorbent test. I. Technical consid-
erations in the performance of the test, J. ALLERGY CLIN.
IMMUNOL. 55:334, 1975.

Adolphson, C., Welsh, P. W., and Gleich, G. J.: Unpublished
observations.

. Welsh, P. W., Yunginger, J. W., Kern, E. B., and Gleich,

G. J.: Preseasonal IgE ragweed antibody level as a predictor of
response to therapy of ragweed hayfever with intranasal
cromolyn sodium solution, J. ALLERGY CLIN. IMMUNOL.
60:104, 1977.

. Gleich, G. J., and Jacob, G. L.: Immunoglobulin E antibodies

to pollen allergens account for high percentages of total im-
munoglobulin E protein, Science 190:1106, 1975.
Yunginger, J. W., and Gleich, G. J.: Measurement of ragweed
antigen E by double antibody radioimmunoassay, J. ALLERGY
CLin. IMMUNoOL. 50:326, 1972.

Hunter, W. M.: The preparation of radioiodinated proteins of
high activity, their reaction with antibody in vitro, the
radioimmunoassay, in Weir, D. M., editor: Handbook of ex-
perimental immunology, Philadelphia, 1967, F. A. Davis Co.,
p. 647.

Yunginger, J. W., Roberts, G. D., and Gleich, G. J.:
Studies on Alternaria allergens. 1. Establishment of the
radioallergosorbent test (RAST) for measurement of Al-
ternaria allergens, J. ALLERGY CLIN. IMmuNoL. 57:293,
1976.

Lichtenstein, L. M., and Osler, A. G.: Studies on the mecha-
nisms of hypersensitivity phenomena. IX. Histamine release
from human leukocytes by ragweed pollen antigen, J. Exp.
Med. 120:507, 1964.

May, D. C., Lyman, M., Alberto, R., and Cheng, J.: Proce-
dures for immunochemical study of histamine release from
leukocytes with small volumes of blood, J. ALLERGY 46:12,
1970.

25. Dixon, W. J., and Massey, F. J., Jr.: Introduction to statistical



210 Adolphson, Goodfriend, and Gleich

26.

27.

28.

29.

30.

31.

analysis, New York, 1969, McGraw-Hill Book Co., pp. 222
and 349.

Berg, T., Bennich, H., and Johansson, S. G. O.: In vitro
diagnosis of atopic allergy. I. A comparison between provoca-
tion tests and the radioallergosorbent test, Int. Arch. Allergy
Appl. Immunol. 40:770, 1971.

Johansson, S. G. O., Bennich, H., and Berg, T.: In vitro
diagnosis of atopic allergy. III. Quantitative estimation of cir-
culating IgE antibodies by the radioallergosorbent test, Int.
Arch. Allergy Appl. Immunol. 41:443, 1971.

Gleich, G. J., and Jones, R. T.: Measurement of IgE an-
tibodies by the radioallergosorbent test. II. Analyses of quan-
titative relationships in the test, J. ALLERGY CLIN. IMMUNOL.
§5:346, 1975.

King, T. P.: Ragweed pollen allergens, in Allergology: Pro-
ceedings of the VIII International Congress of Allergology,
Amsterdam, 1974, Excerpta Medica Foundation, p. 394.
Lackland, H.: Biochemist, Worthington Biochemicals; private
communication.

King, T. P., Norman, P. S., and Connell, J. T.: Isolation and

32.
33.

34,

35.

36.

37.

J. ALLERGY CLIN. IMMUNOL.
OCTOBER 1978

characterization of allergens from ragweed pollen. II, Bio-
chemistry 3:458, 1964.

King, T. P.: Private communication.

Marsh, D. G., Bias, W. B., Santilli, J. Jr., Schacter, B., and
Goodfriend, L.: Ragweed allergen Ra5: A new tool in under-
standing the genetics and immunochemistry of immune re-
sponse in man, Immunochemistry 12:539, 1975.
Goodfriend, L., Roebber, M., Santilli, J., Jr., and Marsh,
D. G.: Unpublished observations.

Marsh, D. G., Milner, F. H., and Johnson, P.: The allergenic
activity and stability of purified allergens from the pollen of
common rye grass (Lolium perenne), Int. Arch. Allergy Appl.
Immunol. 29:521, 1966.

Marsh, D. G., Haddad, Z. H., and Campbell, D. H.: A new
method for determining the distribution of allergenic fractions
in biological materials: Its application to grass pollen extracts,
J. ALLERGY 46:107, 1970.

Marsh, D. G.: Allergens and the genetics of allergy, in Sela,
M., editor: The antigens, New York, 1975, Academic Press,
Inc., volume 3, p. 271.

Copyright information

The appearance of a code at the bottom of the first page of an original article in this journal indicates the
copyright owner’s consent that copies of the article may be made for personal or internal use, or for the
personal or internal use of specific clients. This consent is given on the condition, however, that the copier
pay the stated per copy fee through the Copyright Clearance Center, Inc., P.O. Box 765, Schenectady,
N. Y. 12301, 518-374-4430, for copying beyond that permitted by Sections 107 or 108 of the U. S.
Copyright Law. This consent does not extend to other kinds of copying, such as copying for general
distribution, for advertising or promotional purposes, for creating new collective works, or for resale.




