Systemic allergic reaction to coconut
(Cocos nucifera) in 2 subjects with
hypersensitivity to tree nut and
demonstration of cross-reactivity to
legumin-like seed storage proteins: New
coconut and walnut food allergens
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Background: Two patients with tree nut allergy manifested by
life-threatening systemic reactions reported the subsequent
onset of systemic reactions after the consumption of coconut.
Objective: Herein, the IgE-binding proteins from coconut are
described, and in vitro cross-reactivity with other nuts is inves-
tigated.

Methods: The IgE-binding profile of coconut endosperm tissue
extract was analyzed by SDS-PAGE followed by immunoblot-
ting. Immunoblot inhibition studies with walnut, almond,
peanut, and coconut were performed.

Results: Sera IgE from both patients recognized reduced
coconut allergens with molecular weights of 35 and 36.5 kd.
IgE from 1 patient also bound a 55-kd antigen. Preabsorption
of sera with nut extracts suppressed IgE binding to coconut
proteins. Preabsorption of sera with coconut caused the disap-
pearance of IgE binding to protein bands at 35 and 36 kd on a
reduced immunoblot of walnut protein extract in 1 patient and
suppression of IgE binding to a protein at 36 kd in the other
patient.

Conclusion: The reduced coconut protein at 35 kd was previ-
ously shown to be immunologically similar to soy glycinin
(legumin group of seed storage proteins). The clinical reactivi-
ty in these 2 patients is likely due to cross-reacting IgE anti-
bodies primarily directed against walnut, the original clinical
allergy reported, and most likely to a walnut legumin-like pro-
tein. Coconut allergy in patients with tree nut allergy is rare;
these are the first 2 patients ever reported, and therefore there
is no general indication to advise patients with tree nut allergy
to avoid coconut. (J Allergy Clin Immunol 1999;103:1180-5.)
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Abbreviation used
TX-100: Triton X-100

of coconut Cocos nuciferg a monocotyledonous plant
of the family Arecaceae. Immediate hypersensitivity
reactions to coconut have not been reported in the litera-
ture, although there is a case report of atopic dermatitis
in an infant attributed to formula prepared with coconut
oils.1 Previous studies of the major albumin and globulin
proteins in coconut endosperm (the edible portion of
coconut) have indicated immunologic cross-reactivity
with the soy Glycine max globulins conglycinin and
glycinin by IgG antibodies raised against the soy pro-
teins2 Legumes are only distantly related to the palm
species.

Legume terminology has been used by some plant
geneticists to group the globulin seed storage proteins of
all higher plants. The 7S globulins from legumes are
referred to as vicilins. Vicilin proteins have been given
other names in the course of their study: conarachin of
peanut (Ara h 1 fromfArachis hypogoeaand [3-cong-
lycinin of soybear?:4 Another globulin fraction from
legumes is termed the 11S globulins, comprising legu-
mins 3.5 Species-specific names for some legumin group
proteins include glycinin in soybean, legumin in peas
(Pisum sativurp) and arachin in peanut (Ara h3}.The
potential for immunologic cross-reactivity, although not
necessarily clinically relevant, thus also exists with seed

We recently had the opportunity to study 2 patientsstorage proteins of other distantly related dicots, such as
who reported repeated systemic reactions after ingesticthe nut-bearing trees, including walnut. Herein, we
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nuts, walnuts in particular. Both of these patients had similar imme-
diate systemic allergic reactions to walnuts, including angioedema,
nausea, vomiting, and asthma, sometimes with hypotension. The
reactions to coconut were also multisystemic, although described as
not being quite as severe. The life-threatening nature of the respons-
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es precluded food challenges. Both patients had strongly positvimmunoblotting against coconut extract and
results on Pharmacia ImmunoCAP (Pharmacia, Inc, Diagnosticsghsorption of human sera with nut extracts
Columbus, Ohio) to English walnut (food; class 5 and 4, respec-
tively) and coconut (class 4 in both) performed in our university
hospital clinical laboratory. Both patients had also experienced
reactions to almonds (class 5 and 3, respectively). One patient ha
reactions to peanut (class 5), although the other patient did no
(class 0). Blood samples were drawn after informed consent wa:
obtained, and the sera was frozen at —70°C. The studies wer
approved by the institutional review board. Skin testing was not
approved in these individuals with a history of systemic reactions.
Sera was used at a dilution of 1:10, except serum from patient 1
which was diluted 1:80 on the walnut immunoblots.

The reduced protein coconut blot was cut into 4 mm-wide strips
containing 2519 of protein per strip. Strips were blocked for 1 hour
at room temperature in PBS/3% nonfat dry milk/0.2% Triton X-100
(TX-100). Sera, which had incubated overnight at room temperature
in PBS/3% nonfat milk/0.2% TX-100 and 4Q®/mL nut or
coconut extract, were added to the strips and incubated overnight at
room temperature. Additionally, nonabsorbed sera, PBS/3% nonfat
milk/0.2% TX-100 (buffer control), atopic control sera, and patient
sera absorbed with an overload of 13 mg/mL ovalbumin (Sigma
Chemical Co, St Louis, Mo; an irrelevant protein control) were also
incubated with strips. In previous titration experiments, a coconut
Protein extracts protein concentration of 2Q@y/mL did not consistently absorb out

all IgE binding against coconut on a homologous absorption, but
400ug/mL was found to be sufficient. Therefore this same concen-
tration was used for the other nut extracts and to look at relative in
vitro cross-reactivity. Strips from the nonreduced coconut blot were
incubated with sera from the 2 patients, atopic control sera, and a
fbuffer control. The strips were then washed for 20 minutes 3 times

Protein extraction of coconut was done following the method o . :
in PBS/0.01% TX-100 and incubated overnight at room tempera-

DeMason and Sekharwith minor modifications) to have an P ; g )
extracted storage protein profile similar to their results because thifUre With 23-antihuman IgE (Sanofi Diagnostics/Pasteur, Chaska,

was the study that demonstrated immunologic cross-reactivity oiMinn) dilgted 15 ip the nonfat milk buffer. The §trips wereowashed
some coconut proteins with soy glycinin and conglycinin. After for 20 minutes 3 times and exposed to x-ray film at —70°C for 72
defatting and extraction in 0.06 mol/L Tris-HCI, pH 6.8, with 205 10U'S. Absorptions were repeated as follows: 2 times with 400
SDS for 4 hours at 4°C, the slurry was centrifuged for 10 minutes“g/mL nut extracts (coconut, walnut, peanut, almond) and once

at 4°C at 3006, and the supernatant was passed through gr.0- with a high _overl_oad of 13 mg/mL (ovalbumin, walnut, peanut,
Millex-SV syringe filter (Millipore, Bedford, Mass) to remove par- amond), which did not change the outcomes.
tic_ulates and t‘hen through an Extracti-Gel D Afﬁn_ityPak Column Absorption of human sera with coconut
(Pierce Chemical Co, Rockford, Ill) to remove residual SDS. The . . .
protein solution was concentrated by using Centricon-3 concentraex“z'lc't and 'mmunObIOttmg against walnut
tors (Amicon, Inc, Beverly, Mass). The walnut blot was cut into 4 mm-wide strips containing 37.5
Tree nut and peanut extracts were extracted by a method devepg protein per strip. The strips were blocked for 1 hour at room tem-
oped by Dandekar et&that precipitates out the potentially inter- perature in PBS/3% nonfat dry milk/0.2% TX-100. Sera that had
fering polyphenolic compounds and prevents degradation of seeincubated overnight at room temperature in PBS/3% nonfat dry
proteins. Walnut, almond, and peanut extracts were made by finemilk/0.2% TX-100 and coconut or nut extract were added to the
ly chopping 2 g of nuts with a razor blade and then adding 12 mLstrips and incubated overnight at room temperature. The same 400
of Buffer D (50 mmol/L Tris-HCI, pH 8.0, 22% vol/vol glycerol, pg/mL nut extract concentration was used for this set of absorptions
1% wt/vol polyethylene glycol 8000, 7 mmol/L citric acid, 6 as for the coconut immunoblots. At this amount, coconut was able
mmol/L L-cysteine, 6 mmol/LL-ascorbic acid, and 2 mmol/L  to absorb out most or all IgE binding against walnut in patient 2 but
EDTA) and 1 g polyvinylpolypyrrolidon&.The solution was  only a faint band at 36 kd seemed to be diminished in the serum IgE
homogenized on ice with a Polytron PT 3000 (Brinkmann Instru- binding pattern of patient 1. Therefore the antigen amount was
ments, Westbury, NY) and spun at 13,§@6r 30 minutes at 4°C.  increased to 60Qg/mL to determine whether IgE binding could be
The supernatant was passed through gul@Millex-SV syringe further decreased. Overall, sera was preabsorbed with coconut and
filter (Millipore) and concentrated by using a Centricon-3 concen-walnut in replicated experiments at concentrations of il 3
trator (Amicon). times, and 60Qug/mL twice. The coconut extract was not concen-
. . . . trated enough to use amounts higher than this. Sera was preab-
Protein concentration determinations sorbed with peanut and almond at @@JmL in 2 separate experi-
Protein concentration of the coconut, peanut, walnut, andments with duplicate results. Additionally, nonabsorbed sera,
almond extracts were measured with the Bradford protein assaPBS/3% nonfat milk/0.2% TX-100 (buffer control), atopic control

Whole coconuts@ocos nucifera }.and unsalted, unprocessed
peanuts Arachis hypogeawere purchased at a local grocery store.
Walnuts (uglans regiacultivar Chandler) and almond®runus
dolcis) were obtained from the University of California, Davis,
Department of Pomology.

(BioRad Laboratories, Inc, Hercules, Calif) sera, and patient sera absorbed with B@OnL ovalbumin (Sigma
. Chemical Co; an irrelevant protein control) were also incubated
SDS-PAGE and protein transfer with strips. The strips were washed for 20 minutes 3 times at room

Samples were boiled for 5 minutes in sample buffer (60 mmol/Ltemperature and incubated w#kf-antihuman IgE (Sanofi Diag-
Tris-HCI, pH 6.8, 2% SDS, 10% glycerol, 100 mmol/L dithiothre- nostics Pasteur) as earlier. The strips were washed and exposed to
itol, and 0.01% bromophenol blue), and electrophoresis was carriex-ray film at —70°C for 3 days.
out overnight at 8 mA constant current with a SE600 Vertical Slab
Gel Unit (Pharmacia Biotech, Piscataway, NJ). A 12% SDS-poly- RESULTS
acrylamide Laemmli gel was used. A nonreduced sample (withou§DS-PAGE
dithiothreitol) was also subjected to SDS-PAGE. Part of the gel was

stained with Coomassie Brilliant Blue. Otherwise, proteins were . . .
transferred to 0.2gm nitrocellulose membranes (MSI, Westbor- ~ SDS-PAGE with the protein extraction method used,

ough, Mass) overnight at 30 V with a TE 42 Transphor Electro-Which is expected to pull out a variety of albumins and
Transfer Unit (Pharmacia Biotech). globulins, resulted in 14 bands visible on the reduced
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FIG 1. Coomassie-stained SDS-PAGE of coconut extract. MW, 144_
Molecular weight markers; R, reducing conditions (dithiothreitol 6.5—

present); NR, nonreducing conditions.

o

protein gel, with approximate molecular weights of 14, 12C2
15, 17, 18, 19, 20, 21, 23, 27, 32, 35, 43, 46, and 55 k(FIG 2. IgE immunoblot of coconut extract under nonreducing con-
(Fig 1,Lane R The major bands were at 55, 35, 32, 23,ditions. Lane 1, Patient 1; ane 2, patient 2; Ian.e C, control atopic
21, 20, and 18 kd. The nonreduced gel had a large sme;. ;v fane 2, secondary antibody only (125l anti-human IgE). Only

' ! faint banding is present in both patients.
at the top of the gel and bands at about 75, 62, 58, 56, 5
42, 29, and 19 kd (Fig Lane NR. The results obtained
are very similar to previously reported protein distribu-completely abolished binding in patient 2; in patient 1,
tions from coconu#.®-12 this preabsorption removed IgE binding to the 36.5 kd
protein and almost completely abolished IgE binding to
the 35 kd protein and the 55 kd protein. Absorption with

Only faint binding was evident on the nonreducedpeanuilane P)again completely removed IgE binding in
coconut protein immunoblot at approximately 50 to 60patient 2 (who is not allergic to peanut); in patient 1, this
kd in patient 2 and several bands between 50 and 75 lpreabsorption removed binding to the 35 and 36.5 kd
in patient 1 along with binding to high molecular weight antigens and removed nearly all IgE binding to the 55 kd
proteins at the top of the gel (Fig 2). IgE from both antigen.
patient sera bound with proteins at 35 and 36.5 kd on th In Fig 4, the reverse absorptions are shown: patient
reduced immunoblot, although the serum from patient Isera was absorbed with coconut and other nuts and then
also demonstrated IgE binding to a protein band at 55 kincubated with a walnut blot to see which proteins were
(lanes labelet\ in Fig 3). The protein bands at 35 and 55immunologically cross-reactive. On the nonabsorbed
kd correlated with the visible bands on a Coomassieserum stripglanes N) serum IgE from patient 1 showed
stained strip from the same gel (data not shown; Fig dominant binding to bands at 35, 36 (faint), 45, 50, and
also gives this information), but there was no corre-66. Absorption of the serum with ovalbur(iane Ov)
sponding band on a Coomassie-stained gel for the 36 had no effect on binding. Absorption with 200, 400, or
kd allergen. Therefore it is most likely that, quantitative- 600 pg/mL walnut removed all IgE bindindane W
ly, this allergen is present in much smaller amounts irshown is absorption with 6Q8g/mL), although absorp-
coconut endosperm and could represent an isoform cion with up to 60Qug/mL coconut lane G the absorp-
differentially glycosylated form of the 35 kd protein. Fig tion shown is with 60Qug/mL) only removed binding to
3 (lane Ov)further shows that absorption of sera with thethe 36 kd antigen and faint blurs between 50 and 66 kd.
irrelevant protein, ovalbumin, did not remove any IgE Absorption of the serum with almond (6QQ/mL; lane
reactivity against coconut, as expected. Control atopid) showed results similar to that of the coconut preab-
sera and the buffer control (secondary antibody alonesorption: the band at 36 kd was removed, although
did not show any IgE binding (data not shown). Absorp-peanut preabsorption (6Q0g/mL; lane B removed
tion of sera with either cocon(iane C)or walnut extract almost all IgE binding except at 66 and 45 kd. Control
(lane W)completely removed IgE binding to coconut in atopic sera and the secondary antibody showed no IgE
both patients. Absorption with almor{thne A)again  binding (data not shown). Patien{lane N)also showed

Immunoblotting
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FIG 3. Coconut IgE immunoblot under reducing conditions and preabsorption of sera with extracts from wal-
nut, almond, peanut, or ovalbumin. Results for patient 1 and patient 2 are shown separately as indicated. N,
No other nut extract added, standard reduced immunoblot against coconut extract; C, sera preabsorbed with
coconut extract; W, sera preabsorbed with walnut extract before incubation with the coconut extract strip; A,
sera preabsorbed with almond kernel extract; P, sera preabsorbed with peanut kernel extract; Ov, sera pre-
absorbed with ovalbumin, an irrelevant protein control. Control atopic sera and the secondary antibody alone
(buffer control) showed no reactivity and are not shown.

IgE binding to proteins at 35 and 36 kd. Absorption with we have shown that the 55, 36.5, and 35 kd allergens on
walnut, coconut, almond, and peanut removed all IgEa reduced coconut immunoblot are immunologically
binding. However, in 2 of the replicates, one with 200 cross-reactive with seed storage proteins from walnut,
and one with 40Qig/mL of coconut (not shown), absorp- almond, and peanut. This is not surprising, considering
tion with coconut removed binding at 36 kd and greatlythat DeMason and SekR&aireviously showed that poly-
diminished, but did not entirely remove, IgE binding to clonal antibodies prepared against soybean 11S globulin
the antigen at 35 kd. Attempts to obtain N-terminal (glycinin, the legumin storage protein) very faintly rec-
sequence of the 35 and 36 kd bands in reduced walniognize the coconut 32 kd and very strongly recognize the
extract were unsuccessful because both were blocked. 35 kd proteins on a reduced blot. Our extraction tech-
nigue was expected to pull out both albumins and globu-
DISCUSSION lins, and indeed our SDS-PAGE Coomassie-stained gels
show that the albumins and globulins described by others
Immediate hypersensitivity reactions to coconut areare representetfl0-131t is likely that homologues of the
apparently rare and have never been reported in the litevarious seed storage proteins exist in almost all seeds,
ature. There certainly is not a high enough incidence talbeit in differing amounts and with, at times, vastly dif-
counsel patients with nut allergy to avoid coconut. How-ferent primary structures.
ever, the possibility that a particular patient may have IgE  Also, it should be noted that the 35 kd protein dis-
in a high enough titer or with particular epitope binding cussed has been shown to be a subunit derived on disso-
affinities that he or she may react to other seed storagciation and reduction of the coconut 11S globulin, which
proteins from diverse species must always be kept iron the basis of its physical and biochemical characteris-
mind. In this study, which is limited by the fact that we tics is felt to be similar to the other described 11S globu-
only have 2 sera because of the rarity of coconut allergylins (legumin group}3 In coconut, this large globulin
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FIG 4. Walnut kernel IgE immunoblot under reducing conditions and preabsorption of sera with nuts, coconut,
or ovalbumin. Results for patient 1 and patient 2 are shown separately as indicated. N, No preabsorption of
sera with another antigen (standard IgE immunoblot against walnut kernel); W, sera preabsorbed with wal-
nut extract; C, sera preabsorbed with coconut extract (the arrow indicates the absence of a faint band at 36
kd; A, sera preabsorbed with almond extract; P, sera preabsorbed with peanut extract; Ov, sera preabsorbed
with ovalbumin. Control atopic sera and the secondary antibody alone (buffer control) showed no reactivity
and are not shown.

was originally described in 1930 and named coc¥sin. 55 kd coconut protein (reducing conditions) and soybean
Studies by Carr et Hhave shown that cocosin is a hexa- proteins. Serum IgE from patient 1 bound to this 55 kd
mer of molecular weight around 300 kd with eachprotein, and we note that walnut extract completely abol-
approximate (heterogenous) 54 kd subunit comprising aished binding against this protein, although almond and
acidic and basic chain linked by a disulfide bond, whichpeanut extracts almost completely removed IgE binding
on reduction migrate as bands at about 35 and 32 kto it. At the time, DeMason and Sekhar postulated that
(acidic chains) and a complex around 22 kd (basicthe 55 kd protein may be unique to coconut, but from our
chains). Fast protein liquid chromatography anion-work it appears that a homologue is present in tree nuts
exchange chromatography under dissociating conditionand probably peanuts. We would venture to say that a
showed that at least 8 different subunit species were prthomologue is also present in soy but that key sequence
sent in these bands, which could represent subunitelements are different that affect polyclonal IgG binding
encoded by different genes in a legumin family or post-epitopes. The 55 kd protein on a reduced blot is definite-
translational processing difference&sDeMason and ly not a subunit of the coconut 11S globulin protein (the
Sekha? could not demonstrate any cross-reactivity legumin group protein, cocosin) based on the work of
between polyclonal anti-soy glycinin antibodies and theCarr et a3
22 kd complex, implying that only the 35 and 32 kd It is interesting that peanut extract was able to absorb
acidic subunits were cross-reactive across the 2 specieout the IgE activity in patient 2 against coconut and wal-
but the 32 kd subunit was only weakly cross-reactivenut. This implies that there are cross-reactive IgE epi-
Sera from neither patient 1 nor patient 2 showed IgEtopes on peanut legumin subunits, but the affinity to
binding to the 22 kd complex or the 32 kd protein, sup-peanut may be weaker or fewer epitopes are present,
porting the previous results. The exact nature of the 36.because this patient has no clinical reactivity against
kd band is not known, because this only showed up on apeanut, and in fact, was negative on ImmunoCAP assay.
immunoblot and not on a Coomassie stained gel. The genes encoding the walnut vicilin-like protein
Interestingly, DeMason and SekRalso could not (Jug r 2; an approximate 45 kd band on a reduced
demonstrate immunologic cross-reactivity between thémmunoblot) and the 2S albumin complex (Jugr 1; 13 kd
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on a nonreduced immunoblot and approximately 9 and 2.
on a reduced blot) have been cloned and sequéhééd.
We saw no cross-reactivity against these 2 proteir
species when sera was preabsorbed with coconut i
patient 1, who experienced a reaction with both the 4.
vicilin and 2S albumin (note the lack of absorption of the
45 kd band for patient 1 in Fig 4, data not shown for the
2S albumin, which is not visible on this particular blot).
However, both patient sera react with allergens at 35 an ¢
36 kd on a reduced walnut blot (Figldnes N, and we
infer (from immunoblot inhibition results from patient 2)
that these proteins are probably both legumin-like. To
confirm this finding, work is underway to sequence these
proteins in walnut, which are both end-blocked on initial
sequencing attempts, and to clone genes encoding mer
bers of the legumin family in walnuts.

In summary, it appears that coconut and walnut legu-

8.

mins are food allergens and that clinically relevant cross: g

reactivity can occur between tree nut species. More
patients hypersensitive to coconut are needed to concluc
whether the allergens described herein are major o

minor. In these 2 cases, the patient histories and results v,

immunoblot inhibition point to walnut hypersensitivity

as the primary allergy. This can be stated in particular fo11.

patient 1, because walnut extract was able to consisten
ly absorb out all binding of his serum IgE to coconut pro-;
teins, but this was not so in the reciprocal absorption. IgE

binding to almost all walnut allergens except a protein ai3.

36 kd (to which IgE binding is barely visible) was unaf-
fected by preabsorption of serum with coconut extract,
indicating that coconut protein probably possesses onlh

limited epitopes that can bind primarily walnut-directed 1s.

IgE so that walnut could quench all IgE-binding sites on
coconut, but not vice versa.

16.
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