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Summary

Background Banana allergy has been associated with the latex—fruit syndrome. Several
IgE-binding components, the relevant ones being proteins of 30-37-kDa, have been
detected in banana fruit, but none of them have been isolated and characterized yet.
ObjectiveTo purify and characterize the 30—37 kDa banana allergens.

Methods Fifteen patients allergic to banana were selected on the grounds of a latex-allergic
population. Prick by prick tests to this fruit were performed. Total and specific IgE to
banana were determined. Banana allergens were isolated by affinity chromatography,
followed by cation-exchange chromatography. Their characterization includes N-terminal
sequencing, enzymatic activity assays, immunodetection with sera from allergic patients
and with antichitinase antibodies, and CAP and immunoblot inhibition tests. Skin prick tests
with banana extracts and with the purified allergens were also carried out.

Results Two major IgE-binding proteins of 34 and 32 kDa, also recognized by polyclonal
antibodies against chestnut chitinases, were immunodetected in crude banana extracts.
Purification and characterization of both proteins have allowed their identification as class |
chitinases with an hevein-like domain. Each isolated allergen reached inhibition values
higher than 90% in CAP inhibition assays, and fully inhibited the IgE-binding by the crude
banana extract when tested by an immunoblot inhibition method. The two purified allergens
provoked positive skin prick test responses in more than 50% of the banana-allergic
patients.

Conclusions Class | chitinases with an hevein-like domain are major allergens in banana
fruit. Their presence in other fruits and nuts, such as avocado and chestnut, could explain the
cross-sensitization among these foods.

Keywords: banana fruit, class | chitinases, hevein-like domain, allergen purification, cross-
sensitization

Clinical and Experimental Allergyol. 29, pp. 673—680. Submitted 22 April 1998; revised
8 September; accepted 23 September 1998.

sensitization to bananas [2,3,5,6,8]. The RAST and immu-
noblot inhibition data obtained by different groups clearly
Banana allergy, as well as its association with hypersensindicate that cross-reactive antigens, still undefined, are
tivity to other fruits and to latex (the so-called ‘latex—fruit present in foods (such as banana, chestnut and avocado)
syndrome’), has been widely reported in the last few yearand latex extracts [1-5,7-10].

[1-8]. Most studies have dealt with latex-allergic subjects, Specific IgE immunodetection has allowed several IgE-
because a substantial proportion of them (28-52%) showinding components in banana fruit to be located, covering a
Correspondence: G. Salcedo, Unidad de Biotca, Departamento de wide range of molecular sizes [5,7]. However, putative

Biotecnologa, E.T.S. Ingenieros Agnmmos, Ciudad Universitaria, 28040 ?”ergens of 30-37 kDa_ are the most frequent')’_reCOQHized
Madrid, Spain. in the sera from allergic patients [1,4,5,7]. Neither these
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putative major allergens nor other banana IgE-bindingbesides a clinical history, skin test and serum extration for
proteins have been isolated and defined. The purificatiom vitro assays. The study was approved by the hospital’'s
of the 30—37 kDa banana components mentioned above Igstitutional Review Board, and was described in detail to
necessary, not only because they are probably the maja&il participants before informed consent was obtained.
allergens in this fruit, but also because other foods —Patients were selected on the grounds of a latex-allergic
including avocado and chestnut — present cross-reactingopulation (60 subjects) [3] by the following criteria: (1) a
antigens of the same molecular size [4,11]. clinical history of immediate reactions to banana,

Two short reports on the identification of the 30-kDa suggesting an IgE-mediated hypersensitivity; and (2) a
avocado allergen as a chitinase have recently been pulpositive prick by prick test to banana [17]. The clinical
lished [12,13]. These enzymes are abundant proteins idata of the selected patients are summarized in Table 1.
banana fruit, and the amount of those belonging to class Fifteen volunteers nonallergic to fruits or latex, paired for
seem to increase particularly in the pulp during ripeningage, sex and total IgE levels with the selected patients, as
[14]. On the other hand, class | chitinases have a N-terminalvell as 10 subjects sensitized to latex but not to banana,
hevein-like domain [15], and both hevein and prohevein aravere also included in the study as controls.
major latex allergens [16]. Therefore, these enzymes are
candidates to search as relevant allergens in banana fruit.

We report here the isolation and characterization of twoTotal and specific IgE determination and selection of sera
banana allergens of 34 and 32 kDa. Different lines of evi-

dence allowed their identification as class | chitinases. Skirl o(tjal IgE_f\_/va}s Sftetr)mined Ey ttr?e g :‘FLD Syfteml_\,lgléTFEE‘?A
prick tests (SPTs) with both purified proteins showed pos:itive‘ﬁ’lFTh specitic g ° af‘a”l‘j‘ y Ie S Zys err]: lowi h
reactions in more than 50% of the allergic patients testec{, armacia Diagnostic, Uppsala, Sweden), following the

indicating that both of them are major banana allergens. man_ufacturer’s instr_u_ctions. Sample_s were processed in
g J g duplicate, and specific IgE levels higher than 0.35kU/L

(class | and up) were considered as positive.

A pool of eight serum from the selected patients, each
showing a specific IgE level higher than 0.70 KU/L (class Il
and up) was used for IgE immunodetection, and for the CAP
A prospective study was designed in the outpatient servicand immunoblot inhibition assays. Sera from four atopic
of the Allergy Section (Hospital Nuestra Sea del Pino, subjects sensitized to mites but not to fruits or latex, were
Las Palmas de Gran Canaria, Spain) which includedused as negative controls.

Materials and methods

Selection of patients

Table 1. Clinical data, total and specific
Prick by prick I|9E and prick by prick results of the

Patient Total IgE  Specific IgE with banana selected banana-allergic patients.
no. Age (years) Sex Symptoms (kU/L) (kUIL) (mm?)
1 43 F U/AE 280 2.5 9
2 28 F A 208 51 100
3 30 F U/AE 78 0 99
4 36 M U/AE 678 2.4 9
5 25 F AE/AS 145 1.9 16
6 39 F (O 141 17.0 9
7 27 F OS/AS 22 0 9
8 25 F A 187 3.2 9
9 54 F A 1427 0 25
10 13 M A 234 1.8 9
11 43 F A 69 0 9
12 44 F U 320 0.5 9
13 29 F oS 312 0 9
14 25 F AE/AS 29 0 9
15 39 F A 268 2.9 9

*U, urticaria; AE, angioedema; A, systemic anaphylaxis; AS, asthma; OS, oral syndrome.
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Crude extracts and chitinase-enriched protein preparations Chitinase activity of the isolated allergens was assayed by
from banana fruit the colourimetric microtest described by Wirth and Wolf
[22] (Procedure |; 30 min at 37C/assay), using carboxy-

: - . methyl-chitin-Remazol Brilliant Violet 5R as substrate.
acuminataCollax M. balbisianaColla) fruits were peeled, . : .
. . : . .. Different amounts of samples were used in preliminary
cut in short pieces, freeze-dried, ground in a mortar with

cold acetone, and then defatted with the same solvent (3>EeSts to fitA Absorbance/assay into the 0-2000"" units

1:5 (w/v); 1 h; 4°C). The dried residue was extracted with range.
PBS buffer (0. sodium phosphate, pH 7.0, 0.&t5NaCl;
1x; 1:5 (wlv); 1h; 4°C), and after centrifugation, the Specific IgE and antichitinases immunodetection

supernatant was dialysed againsjCHand freeze-dried Samples were fractionated by SDS-PAGE, and electrotrans-

(crude extract). S ) :
Alternatively, the PBS-extracted supernatant was broughfterred to PVDF (polyvinylidene difluoride) membranes as

to pH3.5 by addition of 0.4 HCl to obtain a protein previously describeq [23]. After vyashing and blocking [23],
preparation enriched in chitinases [18].Aftercentrifugation,membrames were incubated with the pool of sera from

- : . "allergic patients or with control sera (1:3 dilutions), then
the supernatant of the acidic treatment was dialysed against ; .
. with  alkaline  phosphatase-conjugated monoclonal
H>O and freeze-dried.

Protein concentration in both crude and chitinase—am'humam IgE (clone GE-1, Sigma, St Louis MO, USA;

. . o X : 500 dilution), and finally revealed by adding 5-bromo-4-
Fln;]'Ched preparations was quantified according to Bradfor((%Ighloro—S—indolyl phosphate/nitro blue tetrazolium (BCIP/

NBT) solution.
Alternatively, blocked membranes were immunodetected
Isolation of banana allergens with rabbit monospecific antibodies to a chestnut chitinase
. . ) i . 1:250 dilution), previously developed and proved [18,24].
The protein preparation enriched in chitinases (30 Mg Ofempranes were then treated with an alkaline phosphatase-

protein) was dissolved in 20mTRIS-HCI, pH8.0, and  copiygated antirabbit IgG (Sigma: 1:500 dilution), and
fractionated by affinity-chromatography on a regenerateqina"y with a BCIP/NBT solution.

chitin column (45<2.5cm), equilibrated with the same
buffer [18]. Elution was performed with 20w sodium S
acetate, pH5.5 (300mL; 3h), followed by 2@macetic Immunoblot and CAP inhibition assays

acid, pH 3.2 (400 mL; 4h) to elute the retained proteins. Thqmmnoblot inhibition tests of IgE-binding to banana crude

retained fractions were pooled, concentrated and desaltgd 4.t (15ug of protein), previously separated by SDS-
with a centrifugal ultrafree filter unit (Millipore Corpora- paGg and electrotransférred to PVDF membranes. were
tion, Bedford, MA, USA). carried out using the purified allergens (1€ of protein) as

The retained fractions were further separated by cationyhibitors, Sera were incubated with each inhibitor, as well
exchange chromatography on a Mono S HR 5/5 columnyg \yith each control, for 3h at room temperature before
(Pharmacia; 1.0 mL total volume), using a fast-performanceexposure to the membranes.

liquid chromatography (FPLC) system (Pharmacia). The cap jnhibition was performed in duplicate samples of

column was equilibrated with 10m sodium aceta’ge, 20uL of the undiluted pool of sera premixed with 30 of
PHS.3, and eluted with a salt linear gradient of 0-50% offiye progressive 1: 10 dilutions of the inhibitor solution in
0.5m NaCl in the same acetate buffer (40 min; 0.5 mL/min). pgg buffer, pH 7.4 containing 0.03% (w/v) of BSA (bovine

The fractions obtained were concentrated, desalted, anghym albumin). After incubation in the microplate (1h at
analysed by SDS-PAGE and immunodetection to identify,;om temperature), banana commercial Immuno CAPs

the allergen peaks. The purified proteins were quantified b¥f92; Pharmacia) were added, and specific IgE levels

the bicinchoninic acid method [20]. determined following the CAP System manual. Banana
crude extract and chitinase-enriched protein preparation
Characterization of banana allergens (250 pg/mL), as well as the purified allergens (@§/mL),

] ) ~were used as inhibitors. Bermatophagoides pteronyssinus
SDS-PAGE was performed following Laemmli [21] on Bio- commercial extract (ALK-Abellp Madrid, Spain) was

Rad Miniprotean Il System gels, but omitting reducing tested as negative control. The inhibition—dilution
agents and heat treatment of samples. _ relationship were calculated by plotting the mean inhibition

N-terminal amino acid sequences were determined bya|yes vs the log inhibitor dilution, and the assay was
standard methods using an Applied Biosystems 477 A gasyglidated when the linear correlation coefficients were
phase sequenator. higher than 0.95.

Canary bananaMusax paradisiaca L, an hybrid of M.
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SPTs with banana extracts and purified allergens immunodetected in both protein preparations (Fig. 1B),

SPTs were carried out in the volar side of the forearm, byWhlle no band was detected when control sera were used

puncture with a Morrow-Brown needle (Bayer, Madrid (not shown). Interestingly, the same two bands were also

Spain), according to standard procedures [25]. SamplereCOgmzed by monospecific polyclonal antibodies to a

were dissolved in PBS buffer, adding glycerine (50% v/v)éhe.StnUt chitinase . [18] (Fig. 1.C)’ suggestmg_ that the
; . main banana IgE-binding proteins belong to this enzyme

and storing at £C until used. Banana crude extract andf mil

chitinase-enriched protein preparation were assayed aamy:

0.5mg/mL, and purified allergens at p@/mL. Histamine

phosphate (10 mg/mL) and PBS buffer were used as positivisolation and characterization of both banana allergens

and negative controls, respectively. A mean weal areallowed their identification as class | chitinases

=7 mnt, developed 15 min after puncture was consideredB

' . . anana allergens were isolated by a two-step chromato-
as a positive response, according to the reading of the buffer . ) o ) .
graphic procedure. First, the chitinase-enriched preparation

control. was fractionated by affinity chromatography on regenerated
chitin (Fig. 2A). Chitin-binding proteins were retained in
Results this column (the peak marked in Fig. 2A), and, after elution,

were separated by cation exchange chromatography where
wo major peaks (besides four minor ones) were obtained
EFig. 2B).

Both purified proteins, designated Bal and Ba2, behaved
A PBS buffer extract from defatted banana fruit (crudeas a single band in SDS-PAGE with apparent molecular
extract), and its chitinase-enriched supernatant aftesizes of 34 and 32 kDa, respectively (Fig. 1A). Bal and Ba2
selective precipitation at pH3.5, were fractionated byshowed a strong response when immunodetected by either
SDS-PAGE (Fig.1A). Both protein preparations showedthe pool of sera from allergic patients (Fig. 1B) or specific
similar electrophoretic patterns, with main bands into theantibodies to a chestnut chitinase (Fig.1C). The higher
10-70-kDa range. molecular size bands shown in the immunodetections, but

A pool of eight sera selected from banana-allergicnot detected by Comassie Blue staining (Fig. 1, lanes 1 and
patients, each having a specific IgE level to banana highe2), probably correspond to dimers of the purified allergens
than 1KU/L (see Table 1), was used to detect IgE-bindingon the basis of their apparent molecular masses).
proteins in the crude and the chitinase-enriched extracts. The N-terminal amino acid sequences of Bal and Ba2
Two bands of 34 and 32kDa were the major componentsvere determined (Fig.3). No heterogeneity was found in

Putative chitinases of 34 and 32 kDa are the most relevan
IgE-binding proteins in banana extracts

kDa [T -
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Fig. 1. Crude extract (T), chitinase enriched preparation (S), and purified proteins Bal (1) and Ba2 (2) from banana fruit were separated by
SDS-PAGE. Replica gels were stained with Coomassie Blue (A), or electrotransferred to PVDF membranes and IgE immunodetected with
a pool of sera from banana-allergic patients (B), or immunoblotted with monospecific polyclonal antibodies to a chestnut chitinase (C). Ten
micrograms of protein of extracts (T,S), angg@of purified proteins (1,2) were used. Arrowheads indicate the positions of Bal and Ba2.
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Fig. 2. (A) Fractionation by affinity chromatography on a regenerated chitin column of the chitinase enriched preparation from banana fruit.
The retained fraction is indicated. (B) Separation by cation-exchange chromatography on a Mono S column of the retained fraction marked
in (A). Peaks corresponding to Bal and Ba2 are indicated.

any of the sequenced residues. Both proteins rendered neBal and Ba2 inhibit the specific IgE-binding to banana
identical sequences, with only a conservative amino aciaxtracts

change in position 21 (¥-F), indicating that the two Both purified proteins were proved in immunoblot inhibi-

gczrrg?r?z gge?ﬂi;edmsepr?]teerl]résesbz;g\lsehéyarerll?tﬁdaeM?erz_ti?n tests against the banana crude extract (Fig.4). A full
’ q gn degree PiF hinding inhibition was exerted by Bal and Ba2, as well

identity with the N-terminus of latex hevein (18/22 identical o ;
. . as by an homologous class | chitinase isolated from avocado
residues), and of class | chitinases, such as that character-

ized from chestnut seed (18 or 17/22 identical residues; Se%ear (Pal.)' By contragt, aclass Il avocgdo_ gh|t|nqse _Ia.c.klng
Fig. 3) the hevein-like domain, showed no significant inhibition

; : . Pall).
Their N-terminal sequences, molecular sizes, and recog(- )

. . L . s These results were confirmed by the CAP inhibition
nition by anti-chitinase antibodies support the identification - o :
I . -~ . assays shown in Fig. 5. Inhibition values higher than 90%
of Bal and Ba2 as class | chitinases with hevein-like

domain. Additional evidence on this line was obtained bywere TeaChed by the two purified allergens, t_h.ese bemg more
. : - i effective than the crude extract or the chitinase-enriched

testing the enzymatic activity of both purified allergens . .

. - " ..~ preparation when equal amounts of protein per assay were
(Table2). The two proteins exhibited chitinase activity : .

o . . considered. Interestingly, the four samples showed parallel
when assayed by a specific colourimetric method. S ) . - L

inhibition profiles, suggesting a similar antigenic com-

position.
Table 2. Chitinase activity of the isolated proteins Bal and Ba2. A

class | avocado chitinase (Pal) and bovine serum albumin (BSA)
were included as positive and negative control, respectively.

Allergen N-terminal amino acid sequence
1 10 20

Protein ng/assay A Absorbance< 102 (550 nm)

Bal EQCGRQAGGALCPGGLCCSQYG

Ba2 EQCGRQAGGALCPGGLCCSQFG

Hevein EQCGRQAGGEKLCPNNLCCSQWG
Bal 10 98t4 CsI EQCGRQAGGAACANNLCCSQFG
Ba2 10 1771
Pal 100 34 . . . .

Fig. 3. N-terminal amino acid sequences of banana allergens Bal
BSA 100 _2+2 9 q 9

and Ba2, aligned with those of latex hevein [26], and a class |
chestnut chitinase [Csl; 24] previously reported. Residues different
from the corresponded of Bal are in bold letters.

Values are means sp (n=3).
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Fig. 4. Immunoblot inhibition against the crude banana extract (15 Dilution

ug) after SDS-PA_G_E separation and electrotransfer to PVDF th;r?tiFor +T ©§ -1 =2 -o Control
membranes by purified allergens Bal and Ba2. Membranes were gent:

IgE immunodetected with the pool of sera from allergic patients
preincubated with buffer (T) or with 109 of Bal & 1), Ba2 ¢+ 2),

or avocado chitinases belonging to classtIRal) or class Il {
Pall).

Fig. 5. CAP inhibition assays of banana by the crude extract (T),
the chitinase-enriched preparation (S), and purified allergens Bal
(1) and Ba2 (2) from banana fruit. The pool of sera from allergic
patients were preincubated with different 1:10 dilutions of each
inhibitor solution (initial concentrations: 250g/mL for T and S,
Both purified allergens provoke positive skin tests in moreand 30 ug/mL for the purified allergens). /. pteronyssinus
than 50% of the selected banana-allergic patients commercial extract was used as negative-inhibition control.

To further evaluate the allergenic potential of Bal and Ba2,

in vivo SPTs were carried out in the selected group ofto the chitinase-enriched preparation in 13/15 (87%), to Bal

banana-allergic patients (Table 3). SPT responses to th@ 8/15 (53%) and to Ba2 in 9/15 (60%). Purified allergens

crude banana extract were positive in 14/15 subjects (93%jvere tested at a concentration around 10 times lower than
the crude extract. SPT results to the different banana

Table 3.Skin prick test results using the crude banana extract (T), samples were negative both in the paired controls and in

chitinase enriched preparation (S) and the purified allergens Baghe latex- but not banana-allergic patients (see Material and

and Ba2 methods).
SPT (weal area; mf Discussion
Patient*
No. T s Bal Ba2 Allergy provoked by ingestion or handling of banana fruit is
usually found among latex-allergic patients, and frequently
1 12 9 24 12 associated with sensitization to other foods, such as avo-
2 - 9 - - cado, chestnut and kiwi [2—10]. A survey on the grounds of
3 9 9 9 9 a latex-allergic population has allowed us to select a group
4 16 72 9 9 of patients sensitized to banana, as well as a pool of sera to
> 25 30 12 16 search for relevant IgE-binding proteins in banana fruit
3 ig ig g 18 extracts. Two pgnds of_ 34 and 32 kD_a are the major ones
8 9 12 9 9 sh_own by specific IgE |mmunodetect_|on in crude extrac_tg
9 9 12 _ _ (Fig.1). Both bands are also recognized by monospecific
10 50 30 _ _ polyclonal antibodies against chestnut chitinases. Uniden-
11 9 9 _ _ tified 30—37 kDa antigens have been previously reported as
12 12 9 - - relevant IgE-binding components in banana and other fruits,
13 9 - - 9 including avocado [1,4,5,7].
14 9 - - - The isolation and characterization of Bal and Ba2, the
15 12 15 12 12 two major IgE-immunodetected proteins, has led to identify

them as class | chitinases with an hevein-like domain. Their

*Patients were numbered as in Table 1. *Samples were tested d€lative molecular masses, recognition by antichitinase
500 pg/mL (T and S) or 60ug/mL (Bal and Ba2). —, negative antibodies, enzymatic activities, and N-terminal amino
response. acid sequences (Figs1, 2 and Table 2), fully support this
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identification. In fact, Bal and Ba2 seem to be highly relateddetected IgE-binding to 30-kDa components (presumably
proteins, probably genetic variants, based on their very closelass | chitinases) from avocado and banana in most sera
N-terminal primary structure. Chitinases belonging to clasfrom fruit- and latex-allergic patients, while these compo-

| (=30kDa) and class ll= 25 kDa; very similar to class | nents were very scarcely recognized by sera from subjects
enzymes in the catalitic domain, but lacking the N-terminalwith latex allergy but not sensitized to fruits. Thus, further
hevein-like extension; see 15) are abundant proteins istudies must be carried out to clarify the link of class I
several fruits and nuts, such as chestnut and avocadthitinases to latex allergy.

[11,18,27]. By contrast with the presence of both chitinase

types in these foods, no class Il enzymes have been detecta@knowledgements

in mature banana fruit when searching with the chestnut ) )
antichitinase antibodies, a result in line with the decrease ofV€ thank J. Varela (CIB, CSIC) for protein sequencing, and

MRNAs encoding class Il and the increase of those for class: Garéa-Guijarro and D. Lamoneda for technical assis-
| during banana ripening, recently reported [14]. tance. Financial support was from Direcgi@eneral de

The behaviour of Bal and Ba2 in CAP (inhibition values ENS€rnza Superior, MEC (grant PB95-0035) and from
higher than 90%) and immunoblot inhibition assays furthef-0ndo de Investigaciones Sanitarias (grant 96/1409).
confirm their relevances in the IgE-binding capacity of
banana extracts. Moreover, the immunoblot results allowReferences
us to discard a role of other unrelated allergens of similar 1 wadee AA, Boting LA, Rabson AR. Fruit allergy:
molecular sizes. Interestingly, Pal, a class | chitinase from Demonstration of IgE antibodies to a 30 kd protein present in
avocado pear also inhibited the IgE-binding to crude banana several fruits. J Allergy Clin Immunol 1990; 85:801-7.
extract, whereas Pall, its class Il counterpart, did not exert a2 Makinen-Kiljunen S. Banana allergy in patients with
substantial effect. These results indicate a cross-reactivity of immediate-type hypersensitivity to natural rubber latex:
homologous class | chitinases from different fruits, and characteri;ation of cross-reacting antibodies and allergens. J
point to the central role of the hevein-like domain of _ Allergy Clin Immunol 1994; 93:990-6.
these enzymes in their IgE-binding properties. It should be Blanco. C, Carrillo T, Castillo R, Quiralte J, Cuevas M. Latex
mentioned that in latex, prohevein is a major allergen, which allergy: clinical features and cross-reactivity with fruits. Ann

Iso includ h in d in harbouri . ncipal Allergy 1994; 73:309-14.
also |.nc_u es ,an evein domain harbouring its principa 4 Lavaud F, Prevost A, Cossart C, Guerin L, Bernard J, Kochman
IgE-binding epitopes [16,28].

i 9 » S. Allergy to latex, avocado pear, and banana: Evidence for a

SPTs with the purified allergens showed positive 30 kd antigen in immunoblotting. J Allergy Clin Immunol
responses in more than 50% of the selected banana-allergic 1995: 95:557—64.
patients (Table 3). Thus, Bal and Ba2 were not only reactive5 Delbourg MF, Guilloux L, Moneret-Vautrin DA, Ville G.
in vitro, but also demonstrateid vivo allergenic activity. Hypersensitivity to banana in latex-allergic patients.
Therefore, we propose to rename them as Mus p 1.1 and Identification of two major banana allergens of 33 and 37
Mus p 1.2 according to the allergen nomenclature system. kD. Ann Allergy Asthma Immunol 1996; 76:321-6.
However, besides these two major allergens, other aller-6 Beezhold DH, Sussman GL, Liss GM, Chang NS. Latex allergy
genic components still unidentified are probably present in Z‘T‘In 'ndfggacgg'_fil(s reZe;ctlons to specific foods. Clin Exp
banana fruit. The positive skin prick responses in some ., ergy R e .

. . . . enius H, M&inen-Kiljunen S, Ahlroth M, Turjanmaa K,
patients when te.stmg.the crud(.a-or the chitinase-enriched Reunala T, Polosuo T. Cross reactivity between allergens in
extract, but negative with the p!mf'ed aIIe_rgens, andthe I9E-  51ural rubber latex and banana studied by immunoblot inhibi-
immunodetection of bands with very different molecular  on. clin Exp Allergy 1996; 26:341-8.
sizes of those determined for Mus p 1.1 and Mus p 1.2,8 Brehler R, Theissen U, Mohr C, Luger T. ‘Latex—fruit
reported by other authors [5-7], support the presence of syndrome’: frequency of cross-reacting IgE antibodies. Allergy
additional reactive proteins. 1997; 52:404-10.

Class | chitinases are also relevant allergens in chestnu® M'Raihi L, Charpin D, Pons A, Bongrand P, Vervioet D.
and avocado, while their related class Il counterparts are not Cross-reactivity between latex and banana. J Allergy Clin
allergenic [11,13]. These facts, together with the evidence mmunol 1991; 87:129-30. o
presented here, led us to consider class | chitinases Fernandez de Corres L, Moneo_l,Murpet aI._Sensmzat_lon

. . from chestnuts and bananas in patients with urticaria and
potential panallergens, that would be responsible, at least : . i
. e anaphylaxis from contact with latex. Ann Allergy 1993;
in part, for the cross-sensitization among chestnut, avocado,

; ) 70:35-9.
banana and, probably, other foods associated with the latexry pjaz-perales A, Collada C, Blanco C et al. Class | chitinases

fruit syndrome. By contrasts, nm vivo reactions have ~ with hevein-like domain, but not class Il enzymes, are relevant
been found when Mus p 1.1 and Mus p 1.2 were tested in  chestnut and avocado allergens. J Allergy Clin Immunol 1998;
latex-but not fruit-allergic patients. Lavauwgt al. [4] have 102:127-33.

© 1999 Blackwell Science LtdClinical and Experimental Allergy29, 673—680



680 R. Sanchez-Monget al.

12 Akasawa A, Hsieh L, Tanaka K, Lin Y, likura Y. Identification assembly of the head of bacteriophage T4. Nature 1970;
and characterization of avocado chitinase with cross-reactivity 227:680-5.
to a latex protein. J Allergy Clin Immunol 1997; 97:321. 22 Wirth SJ, Wolf GA. Dye-labelled substrates for the assay and
13 Scheiner O, Aberer W, Ebner C et al. Cross-reacting allergens detection of chitinase and lysozyme activity. J Microbiol Meth
in tree pollen and pollen-related food allergy: Implications for 1990; 12:197-205.
diagnosis of specific IgE. Int Arch Allergy Immunol 1997; 23 Sanchez-Monge R, Gomez L, Barber D, LopezmOg,

113:105-8. Armentia A, Salcedo G. Wheat and barley allergens associated
14 Clendennen SK, May GD. Differential gene expression in  with baker's asthma. Glycosylated subunits of thamylase

ripening banana fruit. Plant Physiol 1997; 115:463-9. inhibitor family have enhanced IgE-binding capacity. Biochem
15 Collinge DB, Kragh KM, Mikkelsen JD, Nielsen KK, J 1992; 281:401-5.

Rasmussen U, Vad K. Plant chitinases. Plant J 1993; 3:31-4®4 Allona |, Collada C, Casado R, Paz-Ares J, Aragoncillo C.
16 Alenius H, Kalkkinen N, Lukka M et al. Prohevein from the Bacterial expression of an active class Ib chitinase from
rubber tree (Hevea brasiliensis) is a major latex allergen. Clin  Castanea sativa cotyledons. Plant Mol Biol 1996; 32:1171—6.

Exp Allergy 1995; 25:659—-65. 25 Malling HJ. Methods of skin testing. Allergy 1993; 48
17 Bruijnzeel-Koomen C, Ortolani C, Aas K et al. Adverse (Suppl):55-6.
reactions to food. Allergy 1995; 50:623-5. 26 Broekaert WF, Lee HI, Kush A, Chua NH, Raikhel NV.

18 Collada C, Casado R, Fraile A, Aragoncillo C. Basic = Wound-induced accumulation of mMRNA containing a hevein
endochitinases are major proteins in Castanea sativa sequence in laticifers of rubber tree (Hevea brasiliensis). Proc
cotyledons. Plant Physiol 1992; 100:778-83. Natl Acad Sci USA 1990; 87:7633—7.

19 Bradford MM. A rapid and sensitive method for the 27 Dopico B, Lowe AL, Wilson ID, Merodio C, Grierson D.
guantitation of microgram quantities of protein utilizing the Cloning and characterization of avocado fruit mRNAs and

principle of protein-dye binding. Anal Biochem 1976; 72:248— their expression during ripening and low-temperature storage.
54. Plant Mol Biol 1993; 21:437-49.

20 Smith PK, Krohn RI, Hermanson GT et al. Measurement of28 Alenius H, Kalkkinen N, Reunala T, Turjanmaa K, Palosuo T.
protein using bicinchoninic acid. Anal Biochem 1985; 150:76—  The main IgE-binding epitope of a major latex allergen,
85. prohevein, is present in its N-terminal 43-amino acid fragment,

21 Laemmli UK. Cleavage of structural proteins during the  hevein. J Immunol 1996;156: 1618-25.

© 1999 Blackwell Science LtdClinical and Experimental Allergy29, 673—-680



