Multiplicity of allergens in peanuts
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Crude peanut protein fractions from raw and roasted peanuts were examined in the RAST with
10 sera from patients showing clinical peanut sensitivity. The radioactive uptake results, which
were generally high, did not reveal any distinguishable pattern. Two commercially available
peanut proteins, peanut lectin and phospholipase D, gave poor RAST responses. Three purified
peanut proteins, a-arachin, conarachin I, and concanavalin A—reactive glycoprotein, all gave
significant RAST results that were generally lower than those obtained with the crude extracts.
The extent of RAST inhibition obtained with these materials was inversely related to their
abundance in the total peanut protein. Crossed immunoelectrophoresis with extracts from raw
and roasted peanut indicated the presence of 22 and 10 anodically migrating antigens,
respectively. Sixteen IgE binding antigens were revealed for raw peanut and seven for

roasted peanut after incubation with a mixed serum from the 10 patients in crossed
radioimmunoelectrophoresis (CRIE) using '#l-labeled anti-IgE. CRIE plates treated with
individual serum samples showed that all the patients had specific IgE for the major antigen
peak, which has been tentatively identified as o-arachin. This major storage protein of peanut,
which is known to be particularly heat resistant, may be of greater clinical significance than its
apparently low RAST activity would seem to indicate. (J ALLERGY CLIN IMMUNOL 72:61-68,

1983.)

The legume peanut is a food commonly eaten by
both children and adults. In some countries its con-
sumption accounts for a significant part of the total
dietary protein. Despite its nutritional value, peanut
can cause immediate hypersensitivity reactions such
as angioedema and asthma in a significant number of
allergic patients.'”® Among foods that produce such
reactions, peanut is considered secondary only to milk
and eggs in total numbers of patients affected.* > A
controlled study by Taylor et al.® showed that allergic
reactions were not elicited by peanut oil. Examination
of a number of peanut products indicated that al-
lergenicity was confined to the protein constituents.’

Legume sensitivity, unlike much reported food al-
lergy, is often severe, and peanut sensitivity may
sometimes lead to near-fatal anaphylaxis.® Studies by
Chua et al.® and Hoffman and Haddad'® showed that
up to 10% of allergic patients may exhibit some sen-
sitivity to peanut. A recent report by Sachs et al.'!
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detailed the isolation of what was described as a major
peanut allergen, reactive in both skin tests and a his-
tamine release assay. The allergenic material did not,
however, account for all the allergenicity of peanut
extract. Heiner and Neucere'® used the RAST to show
that peanut contains a number of allergens, some of
which appear to be particularly heat stable.

The study reported in this paper was undertaken to
define the relative allergenic importance of a number
of peanut proteins from both raw and roasted peanuts.
The proteins examined comprised the major peanut
protein fractions, arachin and conarachin,'*~'® and
their respective principal constituents a-arachin'® and
conarachin 1,”® the homogeneous Con A-reactive
glycoprotein,’” and two commercially available
preparations, peanut agglutinin (lectin)® and phos-
pholipase D.!® These proteins, together with CPEs,
were examined in RAST, and CRIE?® was used to
detect and identify IgE-binding antigens in the peanut
extracts.

MATERIALS AND METHODS
Patients’ sera

Sera were collected from patients with a clinical history
of peanut sensitivity, exhibiting symptoms ranging from
asthma and angioedema to acute anaphylaxis after ingestion
(Table I). All patients gave positive skin prick tests (wheal
diameter >5 mm) to a peanut prick test solution (Hol-
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Abbreviations used
CIE:  Crossed immunoelectrophoresis
Con A: Concanavalin A
CPE:  Crude peanut extract

CRIE:  Crossed radioimmunoelectrophoresis
PAGE: Polyacrylamide gel electrophoresis
RAST: Radioallergosorbent test

SDS:  Sodium dodecy! sulfate

lister-Stier Laboratories, Spokane, Wash.) and to solutions
of our own extracts. Phadebas (Pharmacia Fine Chemicals,
Uppsala, Sweden) RAST was carried out on the sera, and
10 with classifications of from 1+ to 4+ were selected for
examination. A mixed, control serum was prepared from
five serum samples from nonatopic individuals.

Peanut preparations

Raw shelled peanuts of the Virginia Bunch variety were
supplied by the Peanut Marketing Board, Kingaroy, Queens-
land. To facilitate manual removal of the skins, peanuts
were heated gently (45°/S min). Skinned peanuts were
finely ground and defatted by Soxhlet extraction with petro-
leum ether 40° to 60°. Defatted peanut flour was extracted in
the following ways:

1. CPE-raw. This was obtained by stirring the tlour for 4
hr with 0.1M ammonium bicarbonate solution (pH 8.0),
1:9 w/v. Insoluble debris was removed by centrifugation at
5° (20,000 rpm/30 min). The supernatant was filtered
through glass wool and lyophilized.

2. CPE-roust. This was obtained by similar treatment of
peanuts which had been heated, prior to defatting, to simu-
late commercial roasting (145°/1 hr).

3. Crude arachin. Crude arachin was prepared from
peanut flour by extraction with 0.01M phosphate buffer,
10% w/v in sodium chloride and 0.02M in sodium azide
(1:9 w/v). After stirring for 4 hr the debris was removed by
centrifugation as above. The supernatant was made to 40%
saturation of ammonium sulfate and kept at 2° overnight.
The resultant precipitate was redissolved in the minimum
volume of phosphate buffer and dialyzed against distilled
water before lyophilization. Arachins were prepared from
both raw and roasted peanut flours.

4. Crude conarachin. This was precipitated from the
crude arachin supernatant by bringing the solution to 85%
saturation of ammonium sulfate. Precipitation was complete
after 16 hrat 2°. Conarachin was collected by centrifugation
(3500 rpm/30 min), redissolved in buffer, and lyophilized
after dialysis against distilled water. A crude conarachin
was also prepared from roasted peanuts.

5. a-Arachin. This was prepared by a modification of
the method of Neucere.'® Crude arachin preparation from
raw peanut (500 mg) was dissolved in 0.1M phosphate
buffer (pH 8.0) containing 0.02% sodium azide (1:20 w/v),
and insoluble material was removed by centrifugation. The
clear solution was allowed to stand for 18 hr at 2° and the
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resultant cryoprecipitate collected by centrifugation (20,000
rpm/30 min/2°). The precipitate was redissolved in the
phosphate buffer and applied to a column. 1.6 by 3 cm. i
DEAE-Sephacel (Pharmacia} anion exchange rusin that had
been equilibrated with the bufter. Protein was chited by &

lincar gradient, over 400 ml, of sodium chioride (OM
0.5M) in the phosphate buffer. Fractions of the cluate corre-
sponding to the major peak of absorbance ar 280 nm
cmerged at 0.45M sodium chlonide and were coliccted.
dialyzed against distilled water. and lyophilized

6. Conarachin 1. Conarachin [ was prepared from crude
conarachin derived from raw peanut (500 mg) by a proce-
dure adapted from that of Yu.”" The crude conarachin wis
dissolved in 0.01M phosphate buffer (pH 8.0) containing
0.02% sodium azide (1:20 w/vi. The solution was chilled
and kept overnight at 2° to precipitate any residual arachin,
which was removed by centrifugation. The supernatant was
made to 65% saturation with solid ammonium sulfate and
stirred at 25° tor | hr. and the precipitate was collected by
centritugation (10,000 rpm/20 min). The solid was redis-
solved in buffer and dialyzed overnight against bufter. The
dialysate was then made to 40% saturation of ammonium
sulfate and stirred at 2° for 1 hr. The resultant precipitate
was removed on the centrifuge and the clear supernatant
kept overnight at 2°. The chilling produced a settled precipi-
tate from which the supernatant was decanted for dialysis
against the phosphate buffer. The dialysate was applied to
a DEAE-Sephacel column and treated as described for
«-arachin. The major peak. eluting at about 0.2M sodium
chloride, was collected, dialyzed. and lyophilized.

7. Con A~reactive peanut glvcoprotein, This was sepa-
rated by dissolving CPE-raw (250 mg) in 0. 1M ammonium
bicarbonate solution. The sample was applied t a column
(1 by 12 ¢cm) of Con A-Sepharose 4-B (Pharmaciay equili-
brated with the buffer. Elution with buffer was continued
until the absorbance at 280 nm of eluate returned to zero.
The bound material was then eluted with a 0.2M solution of
a-methyl D-mannopyranoside in the bicarbonate butfer. The
eluate was dialyzed against distilled water and lyophilized.
Eluted material (50 mg) from a number of runs was com-
bined, dissolved in 1 ml of 0.1M ammonium bicarbonate
bufter, and applied to a column (1.6 by 30 ¢m) of Sephadex
G-75 (Pharmacia). The major peak of absorbance at 280
nm, eluting just after the void volume, was collected, di-
alyzed, and lyophilized.

8. Peanur phospholipase D. This was purchased from
Sigma Chemical Co., St. Louis, Mo.

9. Peanut agglutinin. This was purchased from P-L Bio-
chemicals, Inc., Milwaukee. Wisc.

RAST examinations

These were carried out as per the Phadebas procedure.
Allergen discs were prepared by coupling, via the cyanogen
bromide activation procedure of Ceska et al..?* the various
extracts and fractions (100 ug/disc) to 6 mm diameter discs
punched from Whatman grade 42 filter paper (Whatman.
Inc., Clifton, N.J.). Phadebas peanut allergen discs were
used, as purchased, for comparative purposes.
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FIG. 1. SDS electrophoresis of peanut extracts and preparations (left to right) CPE-raw, CPE-
roast, crude arachin from CPE-raw, crude conarachin from CPE-raw, a-arachin, conarachin |, Con
A-—reactive glycoprotein, peanut agglutinin, peanut phospholipase D. The SDS-proteins applied
at the top migrated downward toward the cathode. The molecular weight range of the bands in
these gels ranges from about 80,000 daltons near the top to around 10,000 at the bottom.

TABLE |. Peanut-sensitive patient data for serum sampiles used in this study

Other food sensitivity

Patient Sex Age (yr) Symptoms after peanut ingestion (RAST positive)

LR F 9 Angioedema Egg, corn, soybean

PJ M 10 Asthma, angioedema, anaphylaxis Legumes, egg

AM F 5 Angioedema Cereals

AK M 13 * Egg

CP F 4 * Egg

JF M 25 * Egg, yeast

RD M 17 * Wheat, oat

CC M 15 * Milk, egg, wheat

MM F 33 * Egg, fish

MX M 9 * —_

*These peanut-sensitive patients were identified by skin prick test and atopic history. In the absence of challenges, precise identification of
symptoms due to peanut was not possible, but these patients attributed symptoms of asthma, wheezing, urticaria, or rhinitis to ingestion of

peanuts.

RAST inhibition

The relative IgE-binding capacity of the three purified
proteins, «-arachin, conarachin I, and Con A-reactive
peanut glycoprotein, was measured by the method of Gleich
et al.”?® Mixed patient serum (100 ul) was incubated over-
night at 2° with 100 ul of RAST incubation buffer
(Phadebas) containing 0.1 to 50 ug of the suspected inhibi-

tor. Fifty-microliter aliquots of these serum mixtures were
added to RAST discs prepared from CPE-raw and the RAST
then performed according to the Phadebas procedure.
Serum diluted with buffer only was used as a control and the
determinations were carried out in duplicate. The inhibition
was calculated by dividing the respective radioactive counts
bound to an inhibited disc by the counts obtained with the
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FIG. 2. RAST examination of peanut extracts and proteins for the presence of specific IgE an-
tibodies in serum samples from 10 peanut-sensitive patients.

control, expressed as a percentage. A semilogarithmic plot
enabled an estimate of the concentration of inhibitor re-
quired for 50% inhibition to be made.

Antiserum to CPE-raw

Four rabbits were immunized with 1 mi each of a solution
containing 5 mg of CPE-raw in 0.5 ml of sterile water
mixed with 0.5 ml of complete Freund’s adjuvant. Injec-
tions were made at multiple sites on the back of the rabbit
and were repeated three times at 21-day intervals. A blood
sample was taken 12 days after the third injection. Sub-
sequent samples were taken 12 to 14 days after booster
injections, containing 2 mg of CPE and incomplete
Freund’s adjuvant.

SDS —polyacrylamide gel electrophoresis

Electrophoresis was carried out according to the method
of Segrest and Jackson,? with all the peanut extracts and
fractions. Samples of 50 ug were applied to the gels for
electrophoresis, after which the proteins were fixed in 12%
trichloroacetic acid and stained with Coomassie blue.

Crossed immunoelectrophoresis

Peanut antigens were examined on glass slides, 8 by 10
cm, as outlined by Weeke and Lowenstein® and adapted to

the LKB 2117 Multiphor apparatus.?® Agarose gels (1%
w/v) were made in a buffer of 0.073M Tris, 0.024M dieth-
ylbarbituric acid, 0.006M calcium lactate, and 0.003M so-
dium azide (pH 8.6/25°), which was also the elec-
trophoresis buffer. The first-dimension electrophoresis was
made with a 5 ul sample of CPE (50 mg/ml), placed in a
2.5 mm diameter hole punched at the cathodic end of the gel
strip, which had the dimensions 20 by 80 by 1.5 mm. The
second-dimension electrophoresis was run into antibody-
containing gel (1 ml of rabbit antiserum with 9 ml of melted
gel) cast adjacent to the first and measuring 80 by 80 by 1.5
mm. The running conditions were 15° and 28 V/cm for 2.5
hr and 7.5 V/cm for 20 hr in the first and second dimen-
sions, respectively. The slides were pressed, washed, and
dried before staining with Coomassie blue. Slides that were
to be radiolabeled were dried with cool air and not stained
before autoradiography.

Crossed radioimmunoelectrophoresis

Detection of peanut allergens was performed by a method
similar to that of Lowenstein et al.*” CIE slides were incu-
bated at 25° for 24 hr with patient serum (0.5 ml diluted to
15 ml with RAST incubation buffer). The slides -were
washed with 0.9% w/v sodium chioride solution, four times
for 10 min, and then incubated with '**I-labeled anti-IgE
(Phadebas RAST isotope, approximately 250,000 cpm, so-
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lution diluted into 15 ml incubation buffer) for 24 hr at 25°.
The radiolabeled slides were washed four times for 10 min
with 0.9% w/v sodium chloride solution and once with
distilled water. The slides were dried and the labeled peaks
were detected by enhanced autoradiography as described by
Laskey and Mills.?® The film (Kodak X-Omat RP; Eastman
Kodak Co.. Rochester, N.Y.) was preflashed, placed in
contact with an intensifying screen (Cronex Lightning Plus;
DuPont Instruments, Wilmington, Del.), sandwiched with
the labeled slides in a light-tight cassette, and placed af
—78° for periods ranging from 24 hr to 10 days. After
exposure the film was developed according to the manufac-
turer’s instructions.

RESULTS ,
Examination of peanut preparations
by SDS-PAGE

Fig. 1 shows the band patterns obtained after re-
duction and SDS-PAGE of the various peanut prep-
arations. The complexity of the crude extracts and
fractions can be seen, with an apparent diminution in
the number of bands after roasting. The three appar-
ently homogeneous fractions showed a single main
band, although there were faint secondary bands pres-
ent in the conarachin I sample. Commercial peanut
agglutinin appeared to be homogeneous and of the
expected molecular weight of 29,000 daltons.?® How-
ever, the phospholipase D showed a number of bands,
which may be contaminants or subunits, as described
for the preparation of Tzur and Shapiro.'® Compari-
son of these results with the SDS-PAGE of peanut 1!
indicated that none of these matertals corresponded
with that particular allergen.

Detection by RAST of IgE antibodies specific
to peanut proteins

The RAST was used with discs that had been
reacted with raw and roasted crude peanut extracts,
arachin and conarachin preparations, Con A—reactive
glycoprotein, peanut agglutinin, and phospholipase
D. In these direct RAST studies, discs were tested
with a control consisting of mixed sera from five
nonallergic subjects. Radioactive uptakes with control
discs made with CPE-raw, CPE-roast, crude arachin,
and crude conarachin were found to be 0.82%,
0.95%, 0.80%, and 0.92%, respectively. Radioactive
uptakes obtained with the raw and roasted crude
preparations tested with sera of the peanut-sensitive
patients were comparable with the values obtained
with the commercial allergen discs (Fig. 2, A).

Results for the crude fractions arachin and con-
arachin from both raw and roasted peanuts revealed
no consistent pattern of reactivity with the different
sera tested. As with the crude whole extracts, radio-
active uptakes were generally high (Fig. 2, B).

The three purified preparations, a-arachin, con-
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FIG. 3. RAST inhibition results with discs coupled with
CPE-raw (100 ug/disc). A mixed serum from the 10 peanut-
sensitive patients was preincubated with quantities of
a-arachin, conarachin i, and Con A-reactive glycoprotein.
The graph indicates the extent of inhibition of serum IgE
binding to the CPE-raw discs after incubation.

arachin I, and Con A-reactive glycoprotein, each
reacted strongly with the sera tested, but again no
obvious pattern emerged for the different preparations
(Fig. 2, C).

IgE binding to discs coupled to the commercial
peanut proteins, phospholipase D and peanut aggluti-
nin, was weak with only the two most potent sera,
L. R. and P. J., showing uptakes in the region of, or
greater than 10% (Fig. 2, C). This result also indicated
that competitive binding of IgE by the peanut lectin
would appear not to be a problem in the other RAST
experiments.

RAST inhibition with purified peanut
proteins

The Con A-reactive glycoprotein proved to be the
most potent of the three purified preparations in in-
hibiting the reaction between CPE-raw—treated discs
and IgE antibodies in the allergic sera tested (Fig. 3).
The weights per RAST disc of glycoprotein, con-
arachin I, and a-arachin giving 50% inhibition were
6, 30, and 47 ug, respectively.

Crossed immunoelectrophoresis

Typical patterns obtained with the crude extracts
are displayed in Fig. 4, A and B, where the antigenic
complexity of the extracts is revealed. Twenty-two
peaks were distinguishable on the original plate in the
case of CPE-raw, but in CPE-roast, only about 10
remained. The apparent loss of some antigens was
accompanied by changes in relative peak heights.
Tentative assignment of the peaks, 1 for a-arachin
and 2 for conarachin I as marked on Fig. 4, 4, was
made by preliminary spiking experiments and by ref-
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FIG. 4. CIE and CRIE of peanut extracts. The illustrations show the anodically migrating antigens
in the first dimension left to right (anode to right) and second dimension (anode at top). A and 8,
CIE, showing the precipitated, stained antigen—rabbit antibody complexes produced with CPE-
raw (A) and CPE-roast extracts (B). Incubation of plates A and B with a mixed serum and
subsequent labeling with '®|-anti-igE enabled the CRIE autoradiographs (C and D) to show
specific IgE binding to antigen peaks. Incubation with weakly RAST-reactive individual sera
(radioactive uptake <10%) gave two patterns of antigen binding seen in the typical autoradio-
graphs, E and F. Peaks (7} and (2) marked on (A} were tentatively identified as a-arachin and

conarachin |, respectively.

erence to the immunoelectrophoretic patterns of
Daussant et al.*

With a mixed serum sample, CPE-raw and CPE-
roast showed 16 and seven allergens, respectively, in
CRIE experiments (Fig. 4, C and D). Individual sera
having RAST radioactivity uptakes greater than 15%
(three) gave autoradiograms on CPE-raw CIE plates
similar to that in Fig. 4, C. The remaining sera ap-
peared to fall into two groups: four principally bind-
ing conarachin [ together with arachin (Fig. 4, £) and
three binding arachin and a clearly defined peak on
the anode side of arachin (Fig. 4, F). No labeling of

peaks was apparent when the mixed nonatopic serum
was used as a control.

These results refer to anodically migrating al-
lergens only. In preliminary experiments, four weakly
precipitating, apparently minor antigens were found
to migrate cathodically but were not investigated
further.

DISCUSSION

The results obtained in this study indicate that the
allergenicity of peanut, in terms of specific IgE bind-
ing, is spread through both crude arachin and con-
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arachin fractions and that roasting of peanuts produces
little overall change in allergenicity as measured by
the RAST. It is common practice to use raw peanut
extracts for skin prick tests, but most patients, particu-
larly children, may have been sensitized to roasted
material in products such as peanut butter.?' The
RAST does not seem to distinguish between the ex-
tracts of raw and roasted peanut, but recent extensive
skin prick tests®'? using the extracts described in this
paper, indicate that a smaller number of patients give
a positive reaction to the roast extract than to raw
extract. The reason for the apparent difference be-
tween the results of RAST and skin prick tests is
unclear at present but may be related to changes in
allergen solubilities, as indicated in our CIE results.
Nordlee et al.” reported the results of RAST inhibition
studies using a variety of peanut products, which had
been extensively heat processed. It was shown that
only hydrolyzed peanut protein and peanut oil® failed
to inhibit the RAST. The remarkable thermal stability
of peanut allergens demonstrated in that study and
also that of Heiner and Neucere'? is largely confirmed
by the results reported here.

Research directed specifically at isolating food al-
lergens has been limited as compared to the efforts
devoted to the pollen allergens.*® 3 With regard to
legumes other than peanut, allergens from the green
pea have been localized in the albumin fraction of pea
proteins,™ % and recent work by Shibasaki et al.?
has implicated the 2S-globulin of major soybean pro-
teins as a most potent allergen by RAST. Peanut L,!!
described as a major allergen from peanut, was pre-
pared from raw peanut extract by ion-exchange chro-
matography and preparative electrophoresis and was
selected by a high RAST activity in fractions from the
ion-exchange elution. There was, however, sig-
nificant RAST activity over almost the entire chro-
matographic elution profile, indicating the presence of
other allergens in peanut extract.

Preliminary experiments used gel filtration in an
attempt to locate allergens of particular molecular
weight groupings and indicated a spread of activity in
eluates from approximately 300,000 to 10,000 dal-
tons, with no particular group predominating (D.
Barnett, unpublished work). This result may have
been due, at least in part, to the association-
dissociation behavior of the major proteins arachin
and conarachin.'® * Whatever the cause, the result
gave little encouragement for separation of particular
allergens by such technique. The lack of localization
of allergens shown by this and, to some extent, by the
work of Sachs et al.'! led to the testing of the purified
preparations listed in this paper. This approach, of
using known and partly characterized major peanut
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proteins, was suggested by the work of Baldo et al.*”
and the findings of Moroz and Yang® in respect of the
Kunitz soybean trypsin inhibitor as an allergen. The
three separated and purified peanut protein prepara-
tions all showed significant RAST activity (Fig. 2,
C). RAST inhibition testing with these materials re-
vealed an interesting picture. The potency of the in-
hibitors is inversely related to the concentration of
inhibitor found in peanut extracts, a-arachin constitut-
ing about 20% and conarachin I about 9%,2! whereas
the Con A-reactive glycoprotein is said to form about
1% of the soluble protein of peanuts. The respective
amounts of inhibitor required for 50% inhibition were
47, 30 and 6 ug per RAST disc. One inference that is
consistent with these figures is that each of these ma-
terials may have comparable allergenic potency and
the observed clinical effect depends on a combination
of allergenicity and quantity (or dose) presented to the
sensitive patient’s immune system.

This dose-potency hypothesis is, perhaps, also per-
tinent to the reasons for the severity of hy-
persensitivity reactions frequently seen with legumes.
These plant foods are particularly rich in storage pro-
teins. Such proteins are probably much less
heterogeneous than the functional proteins of meats,
for instance. Furthermore, legume protein digestibil-
ity is poor due to difficulties of hydrolysis by gastroin-
testinal enzymes and to the presence of specific en-
zyme inhibitors.? The quantity of a particular legume
protein actually presented to a patient, and able to
elicit an allergic response, may thus be relatively
large.

The CRIE preliminary study reported here seems to
support a dose-dependent sensitivity relationship, at
least in terms of IgE binding. The major peak,
arachin, was bound by every serum and is the major
storage protein of peanuts. Although RAST and
RAST-inhibition measurements indicated that arachin
may not be a highly allergenic material per unit of
weight, it does seem to be an important allergen for
the 10 patients tested.

Neucere et al.*® showed that o-arachin is antigen-
ically unaltered by dry roasting of peanuts at 145° for
| hr and is thus present in large amounts in both raw
and roast peanuts. However, after roasting, the quan-
tity of extractable total protein fell by about 60%.
Changes observed in the relative peak heights of the
CIEs for CPE-roast vs. CPE-raw may be due to such
protein solubility changes being differential in nature.

Much further work is required to identify and
characterize the other major antigens of the CIE, in
particular that one reacting with Con A. The sugges-
tive picture of serum IgE specificity also needs further
exploration with larger numbers of sera.
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In regard to identifying major allergens from

peanut, this report does indicate that the three appar-
ently homogeneous peanut protein preparations are all
active by RAST and may be significant allergens, but
do not represent the total spectrum of IgE-reactive
antigens, as indicated by CRIE. Further clinical and
biochemical examination of these and other peanut
allergens is in progress.

We thank Drs. M. L. Mezger, P. M. Mulvey, and J. W.

Skalla of Sydney for supplying sera.

REFERENCES

1.

Aas K: The diagnosis of hypersensitivity to ingested foods.
Clin Allergy 8:39, 1978.

. Bock SA, Lee WY, Remigio LK. May CD: Studies of hy-

persensitivity reactions to foods in infants and children. J At-
LERGY CLIN IMMUNOL 62:327, 1978.

. Gillespie DN, Nakajima S, Gleich GJ: Detection of allergy to

nuts by the radioallergosorbent test. J] ALLERGY CLIN IMMU-
NoL §7:302, 1976.

4. Speer F: Multiple food allergy. Ann Allergy 34:71, 1975.

. Speer F: Food allergy: the 10 common offenders. Am Fam

Physician 13:106, 1976.

. Taylor SL, Busse WW, Sachs MI, Parker JL, Yunginger JW:

Peanut oil is not allergenic to peanut-sensitive individuals. J
ALLERGY CLIN IMMuNOL 68:372, 1981.

. Nordlee JA, Taylor SL, Jones RT, Yunginger JW: Allergenic-

ity of various peanut products as determined by RAST inhibi-
tion. J ALLERGY CLIN IMMUNOL 68:376, 1981.

. Sabbah A, Fourrier E, Lesellin J: Allergie aux légumineuses.

A propos d'une observation. Ouest Med 30:479, 1977.

. Chua YY, Bremner K, Lakdawalla N, Llobet JL, Kokubu HL,

Orange RP, Collins-Williams C: In vivo and in vitro correlates
of food allergy. J ALLERGY CLIN IMMuNOL 58:299, 1976.

. Hoffman DR, Haddad ZH: Diagnosis of IgE-mediated reac-

tions to food antigens by radioimmunoassay. J ALLERGY CLIN
IMMUNOL 54:165, 1974.

. Sachs MI, Jones RT, Yunginger JW: Isoiation and partial

characterization of a major peanut allergen. J] ALLERGY CLIN
IMmMuNoOL 67:27, 1981.

. Heiner DC, Neucere NJ: RAST analyses of peanut allergens. J

ALLERGY CLIN IMMUNOL 55:82, 1975.

. Johnson P, Naismith WEF: The physicochemical examination

of the conarachin fraction of the groundnut globulins (Arachis
hypogaea). Disc Faraday Soc 13:98, 1953.

. Johnson P, Shooter EM: The globulins of the groundnut. I.

Investigation of arachin as a dissociation system. Biochim
Biophys Acta 5:361, 1950.

. Jones DB, Horn MJ: The properties of arachin and conarachin

and their proportionate occurrence in the peanut. J Agric Res
40:672, 1930.

. Neucere NJ: [solation of a-arachin, the major peanut globulin.

Anal Biochem 27:15, 1969.

. Gleeson PA, Jermyn MA: Leguminous seed glycoproteins that

interact with concanavalin A. Aust J Plant Physiol 4:25, 1977.

. Lotan R, Skutelsky E, Danon D, Sharon N: The purification,

composition and specificity of the anti-T lectin from peanut
(Arachis hvpogaea). J Biol Chem 250:8518, 1975.

. Tzur R, Shapiro B: Purification of phospholipase D from

peanuts. Biochim Biophys Acta 280:290, 1972.

24.

30.

31

3la.

32.

33.

34.

35.

36.

37.

38.

. Fish Ww,

4O ALLERGY CLiti iMMUNGIL.
HALY ER3

. Weeke B. Lowenstein H: Allergens identificd i crossed

radioimmunoelectrophoresis. Scand J Immunol 2(Suppl. 1
47, 1973.

. Yu PH: Isolation and partial characterization 1 wachin anid

alpha-conarachin from the seeds of Aruchis rogded L
Ph.D. dissertation, Texas A & M University, {977

. Ceska M. Eriksson R, Varga JM: Radioimmunosorbent assay

of allergens. J ALLERGY CLIN IMMUNOL 4911 1972,

. Gleich GJ, Larson JB. Jones RT. Baer H: Measurcment of the

potency of allergy extracts by their inhibitory capacities in the
radioallergosorbent test. J ALLERGY CrLin Tvnminon §3: 158,
1974.

Segrest JP, Jackson RL: Molecular weight determination of
glycoproteins by polyacrylamide gel electrophoresis in sodium
dodecyl sulphate. Methods Enzymol 28:54, {972

25. Weeke B. Lowenstein H: Crossed immunoelectrophoresis.

Scand J Immunol 2(Suppl. 1):37. 1973.

. Wallenborg B. Andersson UB: Immunoelectrophoretic tech-

niques with the LKB 2117 Multiphor (application note” 249)
Bromma. Sweden, 1978. LKB-Producter AB.

. Lowenstein H, Markussen B, Weeke B: Identification of al-

lergens in extract of horse hair and dandruff by means of
crossed radioimmunoelectrophoresis. Int Arch Allergy Appl
Immunoi §1:38, 1976.

28. Laskey RA, Mills AD: Enhanced autoradiographic detection of

P and ™1 using intensifying screens and hypersensitised
film. FEBS Lett 82:314, 1977,
Hamlin M. Miller RL: The macromolecular
properties of peanut agglutinin. Arch Biochem Biophys
190:693, 1978,
Daussant J. Neucere NJ. Yatsu LY: Immunochemical studies
on Arachis hvpogaea proteins with particular reference to the
reserve proteins. . Characterisation, distribution and. proper-
ties of a-arachin and oa-conarachin. Plant Physiol 44:471.
1969.
Gale AE: Food allergy. Aust Fam Physician 8:49. 1979.
Kemp AS, Mellis CM, Barnett D, Sharota E, Simpson J: Skin
test, RAST and clinical reactions to peanut allergens in chil-
dren. Clin Allergy (in press).
Johnson P, Marsh DG: The isolation and characterization of
allergens from the pollen of rye grass (Lofium perenne). Eur
Polymer J 1:63. 1965.
King TP, Norman PS, Connel JT: The isolation and characteri-
sation of allergens from ragweed pollen. [I. Biochemistry 3
458, 1964.
Malley A. Baecher L. Mackler B, Perlman F: The isolation of
allergens from the green pea. J ALLERGY Criv IMMUNOL
56:282, 1975.
Malley A. Baecher L, Mackier B, Periman F: Further charac-
terisation of a low molecular weight allergen fragment isolated
from the green pea. Clin Exp Immunol 25:159, 1976.
Shibasaki M. Suzuki S. Tajima S. Nemotu H. Kuroume T:
Allergenicity of major component proteins of soybean. Int
Arch Allergy Appl Immunol 61:441, 1980,
Baldo BA, Krilis S. Basten A: Selective approaches to the
isolation and standardization of allergens. Contemp Top Mol
Immunol 8:41, 1980.
Moroz LA, Yang WH: Kunitz soybean trypsin inhibitor. N
Engl J Med 302:1126, 1980.

39. Leiner IE: Legume toxins in relation to protein digestibility-—a

review. J Food Sci 41:1076, 1976.

. Neucere NJ, Ory RL, Carney WB: Effect of roasting on the

stability of peanut proteins. J Agric Food Chem 17:25, 1969.



