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Core al,3-fucose is a key part of the epitope recognized by antibodies reacting
against plant N-linked oligosaccharides and is present in a wide variety of plant
extracts

lain B.H.Wilson3, Jean E.Hartill 1:3 Nicholas P.Mullin 14, linked to the core mannose of many plant and gastropod N-
David A.Ashfordl:> and Friedrich Altmann?2 linked oligosaccharides.

Institut fiir Chemie der Universitat fiir Bodenkultur, Muthgasse 18, A-1190, Key words:N-glycans/cross-reactivity/anti-carbohydrate/
Wien, Austria andGlycobiology Institute, Department of Biochemistry, pollens/food
University of Oxford, South Parks Road, Oxford, OX1 3QU, United Kingdom

Received on September 9, 1997; revised on January 8, 1998; accepted on

January 20, 1998 Introduction
Cross-reactions inimmunoassays of plant, arthropod and mollusk
2To whom correspondence should be addressed extracts have been reported for a number of years, in particular a
“carbohydrate cross-reacting determinant” has been hypothe-
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as specifically the major olive pollen allergeéte el (Batanero

SPresent address: Glycobiology: Research & Analytical, Department of et al, 1994, 1996)Cry | | (an allergen from the pollen of

Biology, University of York, P.O. Box 373, York, YO1 5YW, United Kingdom Cryptomeria japonicaJapanese Ced_ar) (Hljlkaﬁl al, 199_4)'
buckwheat (Aalberset al, 1981b)Parietaria judaica(Mucci et

Carbohydrates have been suggested to account for some IgE al., 1992), Bermuda grass BG60 allergendtal, 1996), tomato
cross-reactions between various plant, insect, and mollusk ex- fruit and grass pollen (Petersest al, 1996), cereal flour
tracts, while some IgG antibodies have been successfully raised (Garcia-Casadet al, 1996), and a hydroxyproline-rich glyco-
against plant glycoproteins. A rat monoclonal antibody raised protein from Parthenium hysterophorugollen (Guptaet al,
against elderberry abscission tissue (YZ1/2.23) and rabbit 1996) has been proposed on the basis of reduction of reactivity
polyclonal antiserum against horseradish peroxidase were after chemical deglycosylation or retention of inhibition of
screened for reactivity in enzyme-linked immunosorbent assay immunoassays after protease treatment. That caution should be
against a range of plant glycoproteins and extracts as well as applied to interpreting results of chemical deglycosylation with
neoglycoproteins, bee venom phospholipase, and several ani-trifluoromethanesulfonic acid is borne out by the finding that the
mal glycoproteins. Of the oligosaccharides tested, MgKyl- circular dichroism spectrum 6fe el reveals complete loss of the
FucGIcNAc, (MMXEF 3) derived from horseradish peroxidase native conformation of the protein (Batanegb al, 1994).

was the most potent inhibitor of the reactivity of both YZ1/2.23  Cross-reactions in assays to a nhumber of plant extracts of IgE
and anti-horseradish peroxidase to native horseradish peroxi- from patients allergic to caddis fly could be inhibited by periodate
dase glycoprotein. The reactivity of YZ1/2.23 and anti-horse- treatment (Koshtet al, 1989), while a series of studies have
radish peroxidase againsGophora japonicdectin was mostin-  shown that rabbit anti-bee venom phospholipase cross-reacts
hibited by a neoglycoconjugate of bromelain glycopeptide with plant glycoproteins (Prennet al, 1992) and that a portion
cross-linked to bovine serum albumin, while the defucosylated of the IgE of some patients allergic to bee venom has the
form of this conjugate was inactive as an inhibitor. A wide a1,3-fucose residue of the core of the N-linked oligosaccharides
range of plant extracts was found to react against YZ1/2.23 as an epitope (Webeet al, 1987; Tretteret al, 1993).

and anti-horseradish peroxidase, with particularly high reacti-  Grasshopper aridrosophilaneural tissue as well &osophila

vities recorded for grass pollen and nut extracts. All these re- male reproductive tissue has been stained with anti-horseradish
activities were inhibitable with the bromelain glycopeptide/ peroxidase (Snowt al, 1987; Katzt al, 1988; Kurosakat al,
bovine serum albumin conjugate. Bee venom phospholipase 1991; Wanget al, 1994). An antiserum to carrtfructosidase

and whole bee venom reacted weakly with YZ1/2.23 but more was found to react against a wide range of plant and arthropod
strongly with anti-horseradish peroxidase in a manner inhibit-  glycoproteins and the authors believed xylose was the common
able with the bromelain glycopeptide/bovine serum albumin epitope (Faye and Chrispeels, 1988), although xylose has yet to
conjugate, while hemocyanin from Helix pomatia reacted be detected in insects. Indeed anti-fructosidase and anti-horserad-
poorly with YZ1/2.23 but did react with anti-horseradish per-  ish peroxidase could be fractionated into a bee venom phospholi-
oxidase. It is concluded that thex1,3-fucose residue linked to  pase A binding fraction and a remaining xylose-active fraction
the chitobiose core of plant glycoproteins is the most important  (Fayeet al, 1993). Carbohydrate-reactive antibodies have also
residue in the epitope recognized by the two antibodies studied, been raised againdVistaria floribundalectin (Kaladaset al,

but that the polyclonal anti-horseradish peroxidase antiserum 1983), Erythrina cristagalli lectin (Harthill, 1991), and elder-
also contains antibody populations that recognize the xylose berry bark abscission tissue (McMaraisal, 1988).
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Fig. 1. Structures of oligosaccharides referred to in this study. Oligosaccharides referred to in the study are shown withdtieratsimesture and (where
appropriate) example natural sources.

Unfortunately, many of these observations have not beatetermined. Of relevance for the antisera mentioned above raised
followed up with structural analysis and so the nature of many @afgainst known glycoproteins, the N-glycan structures fCoyj
these putative carbohydrate IgG and IgE epitopes has yet to IogDgawaet al, 1996), bee venom phospholipasg(Api ml)

684



Food and pollen reactivity with anti-carbohydrate antibodies

(Kubelkaet al, 1993), horseradish peroxidase (McMagtial,  sets of experiments lead to the same conclusion on the specificity
1988; Harthill, 1991; Kurosaket al, 1991; Yanget al, 1996), of YZ1/2.23 and on the carbohydrate binding of polyclonal
carrot B-fructosidase (Sturm, 1991\Vistaria floribundalectin  anti-horseradish peroxidase antiserum. Additionally, a wide
(Ramirez-Soto and Poretz, 1991), &mgthrina cristagallilectin ~ range of plant extracts, including pollens, have been screened for
(Ashford et al, 1987) have been determined (see Figufer  reactivity against these antibodies. The results show that the
structures). All contairnl,3-fucose residues attached to theal,3-fucose residue is an important epitope for antibody binding
glycan core, with a portion of the bee venom structures featurirapd that reactivity to YZ1/2.23 and anti-horseradish peroxidase
aal,3-fucose residue andod.,6-fucose residue attached to theis widespread, but not ubiquitous, in plant extracts.
sameN-acetylglucosamine residue. However, the glycan struc-

tures of only three plant pollen allergens have been determinédble I1. Oligosaccharide inhibitors of YZ1/2.23 and anti-horseradish
Japanese cedary j| (Ogawaet al, 1996), Bermuda grass BG60 peroxidase

(Ohsugeet al, 1996), and mugworiftemisia vulgariy Art v 11

(Nilssonet al, 1991) Cry j I contains elaborate glycans with core ICs values of glycans for inhibition of binding
xylose andal,3-linked fucose, BG60 allergen contains core of antibody to HRP(M)
al,3-linked fucose (but no xylose) and the PNGase F releaseghibitor YZ1/2.23 Anti-HRP

glycans ofArt v Il are all of the oligomannose type. That
al,3-fucose anfl1,2-xylose residues are more common in plants
than just on the glycoproteins against which antisera have beétRP N-glycans 3.6 5.1
prepared is evidenced by many studies such as those on legumgxr3 5.8 1.4
lectins (Ashfordet al, 1991), pineapple stem bromelain (van MMXE -0l 4 10
Kuik et al, 1986), bean phytohemagglutinin (Stuetal, 1992),

HRP glycoprotein 02 0.12

bean phaseolin (Sturet al, 1987), mistletoe lectin (Debrat ~ MMX 160 <190
al., 1992), miraculin (Takahaskt al, 1990), red kidney bean mMmXx-ol 74 <190°
purple acid phosphatase (Stahkl, 1994), soybean peroxidase yps 29 M

(Grayet al, 1996), zucchini ascorbate oxidase (Altmann, 1998),

andSophora japonicéectin (Fourneet al, 1987)81,2-Xylosy-  00XFol 230 <230
lated oligosaccharides lackiral,3-linked fucose have been MMX-Gn 200 91
found in rice amylase oligosaccharides (Hayashal, 1990), MM <1100 <1100

zucchini ascorbate oxidase oligosaccharides (D’Andteal,

1988; Altmann, 1998), algal oligosaccharides (Balshiisemanf{?(®) <2900 <2900
and Jaenicke, 1990), and self-incompatibility ribonucleases of12(3) <2900 <2900
Nicotiana alata (Oxley et al, 1996), as well as on snail 3 <2000 <2000

hemocyanin oligosaccharides (with care6-fucose rather than
al,3-fucose; van Kuiket al, 1985). Thus, on this indirect Horseradish peroxidase glycoprotein and potential oligosaccharide inhibitors
evidence, thei1,3-fucose residue is an candidate to account fdp-fold serial dilution, initial concentration 0.2—-1.0 mg/ml) were
cross-reaction of the same antibodies against plant and insé@”ﬁ“batefd with a”fequla' I"O'“F‘eb‘g.YZUZHB (15%9’?]00 d"“?:jon) or the

. _ : -glycan fraction of polyclonal rabbit anti-horseradish peroxidase
materials, but any crpss reaction between plant and gaStrOpO(zR serum (1:1000 dilution) for 1 h. Binding of the antibodies to horseradish
probably due t@1,2-linked xylose. peroxidase coated plates was then determined by ELISA. The concentration
of glycan giving 50% inhibition (I6p) of binding was calculated from the
titer. The abbreviations used for the structures are those given in Figure 1.

MMXF 3-ol, MMX-ol, and 00XP-ol are the reduced forms of MMRF
MMX, and 00X respectively. MMX-Gn is the form of MMX lacking the

Table I. Titers of YZ1/2.23 and anti-horseradish peroxidase

Antigen YZ1/2.23 titer Anti-HRP titer reducing terminal GIcNAc residue.

Horseradish peroxidase 265,600,202,100  13,700,212,900 zﬁg'tcl‘;'ﬁtt')‘l’tgr";‘f;”mz;riml%'xggz{:‘;ggﬁrgg'gd

Erythrina cristagallilectin 98,900 6000

Bee venom phospholipase A 2990 1050

Bee venom 3710 970 Results

Keyhole limpet hemocyanin 10 60 Antibody titers with plant and arthropod glycoproteins

Plates were coated with 50 mM sodium bicarbonate buffer pH 9.6 containind it€rs for both YZ1/2.23 and the anti-glycan fraction of
20 pg/ml glycoproteins or 5g/ml bee venom. Titers for YZ1/2.23 and the  anti-horseradish peroxidase were measured using ELISA method
Zzg-si}?’lf;nvggtggt ::nﬂ?]g'glgnﬂ ;2%1326?{2:-35’[:;3?55:1 Fi?;géictigsle& - | (Tablel). These result show similar YZ1/2.23 titers for the two
100, Bound antibody was meZasured using alkaline phosphatase conjugate?q;lyCOprOt.elns WhICh contain bOth.Xylos.e ax1d3-_llnke_d fuco.se’
anti-rat or anti-rabbit IgG antiserum as appropriate. The calculated dilution NOrseradish peroxidase aflythrina cristagalli lectin, while
giving 50% binding was taken as the titer. with bee venom phospholipase @nd whole bee venom the titer
dndependent assays by different operators. required for 50% binding is more than a magnitude higher. This
lower affinity may be due to a variety of reasons separately or
In this report, further studies have been performed on thegether: truly lower affinity of YZ1/2.23 for structures lacking
specificity of YZ1/2.23 a monoclonal antibody raised in ratxylose; differences in the amount of N-glycan actually bound to
against elderberry abscission tissue. Previous studies have shdta plates; that only 15% in total of phospholipagseghcans
that binding of this antibody is inhibited by addition of the majothave corenl,3-linked fucose (Kubelkat al, 1993). However,
xylose/fucose containing oligosaccharide of horseradish peroxhe affinity of YZ1/2.23 for phospholipaseAglycans is
dase (McManuget al, 1988). In the present study two different sufficient for the antibody to bind to a column of phospholipase
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Fig. 2. ELISA of YZ1/2.23 and anti-horseradish peroxidase with glycoproteins. ELISA plate wells were coated with glycoproteioNAt aditent
concentration of either 0.06 78/ (color reaction terminated at 10 mi;andB) or 1.35uM (color reaction terminated at 6 mi@;andD). The primary
antibodies were YZ1/2.23 monoclonal &ndC) and anti-horseradish peroxidase polycloBaafidD) and were preincubated for 1 h prior to addition to the
wells in the absence or presence of neoglycoproteins BSA-RIOXBSA-MOX (40 nM GIcNAc content). The net absorbance was recorded at 405/620 or
405/492 respectively. Glycoprotein coatsSljaponicdectin; 2, carboxymethylated horseradish peroxidase; 3, carboxymethylated bromelain; 4, zucchini
ascorbate oxidase; 5, bovine ribonuclease Btefix pomatia(snail) hemocyanin; 7, bee venom phospholipagse8ABSA-MOXF3; 9, BSA-MO0X; 10,

BSA-MM.

A glycopeptide conjugated Sepharose in a manner reversiblelwgs a weaker inhibitor than MMXFThe inhibition due to the
elution with 0.2 M glycine, pH 2.2 (data not shown). Broadlymannoses required the presence of the xylose residue as MMX
similar relative titers as found for YZ1/2.23 were found for thewvas weakly inhibitory but MM did not inhibit at all nor did the M2
anti-glycan fraction of anti-horseradish peroxidase, except thdimannoside isomers nor the trimannoside M3. Only the
the affinity of Erythrina cristagalli lectin for the anti-glycan «a1,6-linked mannose may be required since YZ1/2.23 also binds
antibodies was much less than that of native, noncarboxymethyp-bromelain (see Figu®® which has an MOX¥glycan lacking

lated horseradish peroxidase. Another way to see the results is tieto 1,3-linked mannose (van Kugé al, 1986). The anti-glycan

the YZ1/2.23 titer foErythrina cristagallilectin is about 30 times  fraction of anti-horseradish peroxidase showed a similar pattern
greater than that for phospholipasg gompared with a 6-fold of inhibition to YZ1/2.23, and these results are compatible with
difference in the titers for the anti-glycan fraction of anti-horsethe conclusions of Kurosalkdal.(Kurosakeet al, 1991) that the

radish peroxidase. 01,6-linked mannose armdL,3-linked fucose of plant N-glycans
are the predominant residues recognized by polyclonal anti-
Competition ELISA with horseradish peroxidase and horseradish peroxidase.

related free N-glycans

In order to probe the specificity of the two antibodies further, freg inding on antibodies to a range of standard glycoproteins

N-glycans were used to inhibit binding of the antibodies tdn some initial experiments using ELISA method II, it appeared
horseradish peroxidase using ELISA method | (TébleThe that a coating concentration of 0.0/ (in terms of GIcNAC)
results indicated that the presence obth@-fucose residue and and dilutions of 1:50,000 YZ1/2.23 gave the right balance
its orientation relative to the rest of the glycan were important fdretween detection and the economic use of inhibitors. In other
recognition. This was demonstrated by the strong inhibition titénitial experiments, plates were coated w&laponicalectin

of MMXF3 and 00XP relative to MMX, and the decrease in (0.5pg/ml) and YZ1/2.23 was preincubated in the absence or
inhibition titer of MMXF3-ol and 00XE-ol relative to their presence of five fold dilutions of different glycoconjugates. It was
respective unreduced glycans (the structures of these N-glycdoand that concentrations (in terms of glycopeptide) of approxi-
are given in Figurd). The presence of tteemannose residues mately 10 nM BSA-MOXE gave around 50% inhibition of
were also required for optimal binding as it was seen that®0X®Binding of YZ1/2.23 bysS.japonicalectin, while bromelain
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glycopeptide was nowhere as effective as an inhibitor (509621/2.23 were performed with either 4, 40, or 400 nM of

inhibition with approximately 500 nM). With plant extracts asBSA-MOXF3. The results of these titrations with both antibodies

inhibitors, 50% inhibition was seen for YZ1/2.23 generally in theare shown in Figure3. It appears that increasing coating

range 1-1QuM (in terms of GIcNAc) but reproducibility was concentration for experiments with anti-horseradish peroxidase

lacking. Adding plant extracts to an interferon/anti-interferorresults in very tight binding of antibodies. Binding of total

ELISA showed the possibility of false inhibitions (data notanti-horseradish peroxidase to carboxymethylated bromelain,

shown); thus, another format of inhibition ELISA was used to tesvhich carries the MOX¥ structure, is seemingly more easily

binding by plant extracts (see below). inhibited than that to carboxymethylated horseradish peroxidase
Based on the resullts of the initial experiments with YZ1/2.23yr toS.japonicdectin which both carry mainly MMX¥ Binding

in subsequent experiments, a single concentration of inhibitof all these glycoproteins to YZ1/2.23 appears more easily

was used with both antibody systems, but with a range of coatifnghibitable, but like is not being compared with like since

glycoproteins. Two different coating concentrations (in terms 0fZ1/2.23 is a monoclonal.

GIcNAc content) were used, and BSA-MOX&nd BSA-MOX

were used as inhibitors. The same concentrations of inhibitors adreening of plant extracts

antibody dilutions were used for ELISA with both am"horseradTwenty-eight crude plant extracts were analyzed for binding to

ish perqxidgse and the YZ1/ 2.'23 monoclorjal. The results AE71/2.23 and polyclonal anti-horseradish peroxidase. Addition-
shown in Figure2. Glycoproteins used fell into a number of

categories.S.japonica lectin, carboxymethylated horseradish ally bee venom and housedust miliefmatophagoides ptero-

. ; nyssimupgextract were examined: bee venom was examined since
peroxidase, carboxymethylated bromelain, and I‘D’S'A"'\’lﬁox':it contains phospholipaseAs well as hyaluronidase which both

bound well to both YZ1/2.23 and anti-horseradish peroxidas&rry some coral,3-linked fucose (Kubelket al, 1993, 1995)
with blndlngg to them inhibited to a moderate extent by e permatophagoidesxtract was included in the set of
BSA-MOXF= (40 nM in terms of GICNAC), but with N0 g5 nieq gue to reported periodate-sensitive cross-reactions
significant inhibition when the BSA-M0X was used. Atrimanno-p iveen the Dp6 monaclonal raised agalesmatophagoides
syl glycopeptide conjugated to bovine serum albumin (BSAg,ract and plant glycoproteins (van Reteal, 1995a). Plates
MM) and ribonuclease B did not bind either antibody. Hemocyag o e coated at a concentration of 0.06WEin térms of GIcNAc:
nin from the snaiHelix pomatia(whose low molecular weight ,.+ibodies applied at 1:50,000 and BSA-M@&X#hd BSA-MOX’
glycans inplude the MMXFstructure and SO it has xylosylated ,qeq as inhibitors at 40 r;M in terms of GIcNAc. Many of the
glycans withal,6-linked rather tham1,3-linked core fucose gyiracts hound both antibodies (see Figdye predicting a
(van Kuik et al, 1985)) did not bind YZ1/2.23 but did bind \jijespread occurrence of coeel,3-linked fucose, although
antl-horser%dlsh peroxidase in a manner inhibitable by bollyme extracts appeared to have reduced binding to YZ1/2.23 as
BSA-MOXF® and BSA-MOX; this would be in keeping with ,mpared to binding to anti-horseradish peroxidase. Binding of
YZ1/2.23 requiring core1,3-linked fucose, but also in keeping gjther antibody to plant extracts was in general far more inhibited
Wlth. polyclqnal anti-horseradish peroxidase containing antlby BSA-MOXF3 than by BSA-MOX. As regards YZ1/2.23, grass
bodies binding xylose as well as antibodies bindii@-linked  4nq ragweed pollen extracts and the nut extracts gave the highest
core fucose. Bee venom phospholipagevéuld only bindtoany  readings, which would suggest the presencel¢8-linked core
extent to YZ1/2.23 (1: 50,000) at a coating concentration Gfcosylated oligosaccharide in types of substance which are
1.35uM, but would moderately bind anti-horseradish peroxidasgommonly allergenic. Bee venom appeared to bind anti-horserad-
(1: 50,000) at 0.067fM. The result of phospholipase;Avith  jsh peroxidase well but only at a low level to YZ1/2.23 (as with
YZ1/2.23 is compatible with its relatively low titer for the pee venom phospholipase). At 0.678 in terms of GIcNAC
monoclonal (Tablel). BSA-MOX showed low binding t0 ~coating concentration (i.e., 10 times more GIcNAc than for the
YZ1/2.23 atthe 0.0678M coating concentration, butwould bind other samples), there was no sign of binding of either antibody by
moderately at 1.3pM. This could be due to some remaining permatophagoidesxtract.
fucose (certainly less than 5%, as judged by the monosacchariden other experiments to test cross-reaction between plant and
composition) or that there is some low affinity of YZ1/2.23 forinsect, selected plant extracts were used in ELISA with anti-bee
structures with xylose alone (consistent with the data in Table yenom antiserum at 1:50,000 dilution, but the net absorbances
showing that MMX as a free glycan has some ability to inhibifyere generally very low. The highest result was with ryegrass
YZ1/2.23 binding to horseradish peroxidase). However, thg olium perenngpollen which gave a net absorbance approach-
explanation that there is low affinity of the monoclonal for xyloseng 509 of that for bee venom phospholipaseThe binding of
residues is not borne out by the result with hemocyanin, althoughti-bee venom to ryegrass pollen extract was 50% inhibited by
the presence ofl,6-linked fucose could mean that the conformagsA-M0OXF3 while the binding of anti-bee venom to bee venom
tion of the xylose in comparison to the rest of the glycan is ngghospholipase Awas not inhibited by either BSA-M0XFor
necessarily the same and so like cases are not being compaggA-M0X under the conditions used (data not shown). This
BSA-MOX bound quite well to anti-horseradish peroxidase angiould suggest that anti1,3-linked fucose activity is a minor
binding to it was inhibited by both native and defucosylateghortion of total anti-bee venom antiserum, but isolation of a
conjugates. glycopeptide-binding fraction of this antiserum, which cross-
Due to poor inhibition with some glycoproteins when W86 reacts with plant glycoproteins, has been described by others
(in terms of GIcNAc) of glycoprotein was used to coat the platgPrenneret al, 1992).
and unfractionated anti-horseradish peroxidase used as the
primary antibody, ftitrations were performed with the . .
BSA-MOXF3 (40, 400, or 4000 nM) preincubated with anti- D'SCUSSIon
horseradish peroxidase prior to binding to wells coated with eith@he monoclonal antibody YZ1/2.23 has previously been shown
S.japonicdectin, carboxymethylated horseradish peroxidase anto react with the plant N-glycan Mg¥ylFucGIcNAG (MMXF3;
carboxymethylated bromelain. Similar experiments withsee Figurd) (McManuset al, 1988). In the present article, we
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Fig. 3.Titration of inhibition of glycoprotein binding to YZ1/2.23 and anti-horseradish peroxidase. ELISA plate wells were coaejapdtiicaagglutinin,
carboxymethylated horseradish peroxidase, or carboxymethylated bromelain at a GIcCNAc content concentratiol oT he3primary antibodies were
YZ1/2.23 monoclonalA) and anti-horseradish peroxidase polycloBlgnd were preincubated for one h prior to addition to the wells in the absence or
presence of the neoglycoprotein BSA-M®XB, 40, or 400 nM GIcNAc content in the case of YZ1/2.23 and 40, 400 or 4000 nM GIcNAc in the case of
anti-horseradish peroxidase). The color reaction was terminated after 6 min and net absorbance was recorded at 4058220esp40bily.

present data that defines more specifically the epitope of thglose residue, as well as against the adr8-fucose residue, in
antibody. The evidence we have obtained indicates that the masttisera to plant N-glycoproteins. Indeed, the affinity separation
important requirement for binding is the presence of a coref polyclonal antisera to plant N-glycoproteins into different
a1,3-linked fucose residue, with an additional involvement of, aanti-carbohydrate antibody populations that react preferentially
least, the terminabil,6-linked mannose residue for optimal with either fucosylated or xylosylated glycans has been reported
binding. The presence db1,2-linked xylose alone is not (Fayeetal, 1993). Overall, therefore, it is concluded that binding
sufficient for strong binding, but it does appear to confer somi® anti-horseradish peroxidase antiserum can indicate the pres-
low degree of binding (see Tabl@ As previously noted, the titer ence of either xylose arl,3-linked fucose, and thus binding to
of YZ1/2.23 with bee venom phospholipase is about 30-fold leshis polyclonal cannot alone demonstrate the presence of
than the titer wittErythrina cristagallilectin, while for the titer horseradish peroxidase type glycans witith xylose and core
of anti-horseradish peroxidase the difference is only 6-fold lesal,3-linked fucose in nonplant extracts. The conformational
This could indicate that YZ1/2.23 may also require the presenemalyses that have been published on xylose/fucose-type glycans
of thep-xylose residue for optimal binding, while anti-horseradishwould suggest that the xylose amtl,3-fucose are on opposite
peroxidase may include populations of antibodies that recognifaces of the core (Bouwstedal, 1990; Lommerset al, 1995),
0l1,3-linked fucose regardless of the presence of xylose and so it could be hypothesized that xylose-reactive antibodies
substitution of the mannose residues. Ideally pure comould recognize one face and fucose-reactive antibodies the other
al,3-fucosylated glycan should be tested to determine the precfeee. Indeed, Kurosalket al. (Kurosakaet al. 1991), based on
role of the xylose in the structure necessary for optimal bindingheir results, presented such a model of anti-horseradish peroxi-
however, neither a convenient source which has this pudase binding to the predominant epitope formed by the
structure in a sufficient amount, nor a xylosidase of the requirel,6-linked mannose andl,3-linked fucose. In the case of
purity or specificity in order to generate this structure frongastropod glycoproteins (suchHalix pomatishemocyanin; see
MMXF 3, are currently available. Figure 2), it is expected that binding to anti-horseradish
Our results on binding of unfractionated anti-horseradisperoxidase is mediated by the xylose residue and not by
peroxidase antiserum to known glycoproteins (Fig®)ein-  cross-reaction with corel,6-linked fucose; certainly recent
cluded for comparative purposes, are consistent with previoussults on a monoclonal raised agaidistyostelium discoideum
reports to indicate the presence of reactivities directed against tigcoproteins that recognizesl,6-fucosylated, but not core
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YZ1/2.23 Anti-HRP
Chives

M control
BSA-MOXF3
[] BSA-MOX

Cucumber
Pea
Soya

Avocado

Blackberry
Gooseberry
Grape
Peach
Pear

Plum
Raspberry

Strawberry

Almond

Coconut

Pistachio

Walnut

Birch pollen

Hornbeam pollen

Horse chestnut pollen

Kentucky grass pollen

Olive pollen
Pine pollen
Ragweed (giant) pollen

Ragweed (short) pollen

e — Aye pollen
‘M Ryegrass pollen

Sweet chestnut pollen

Bee venom

Housedust mite

0 05 1 15 2 25 0 05 1 15 2 25
Net absorbance

Fig. 4. ELISA of YZ1/2.23 and anti-HRP with plant extracts. ELISA plate wells were coated with plant extracts at a concentr@6a13pMOGIcCNAC

content. AdditionallyDermatophagoidesxtract (0.675uM GIcNAc) and whole bee venom (0.06{51) were tested. The primary antibodies were YZ1/2.23
monoclonal and anti-horseradish peroxidase polyclonal and were preincubated for 1 h prior to addition to the wells inglwr pbssgnce of neoglycoproteins
BSA-MOXF3 or BSA-MOX (40 nM GIcNAc content). The net absorbance was recorded at 405/620 or 405/492, respectively.
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al,3-fucosylated, glycoproteins would suggest that corbomologous to the birdBet v2 allergen) in plants (Valené al,
a1,3-linked fucose andl,6-linked fucose are not cross-reacting1992; van Ree and Aalberse, 1993; van &ea, 1995b) and
epitopes (Srikrishnat al, 1997). tropomyosins in crustacea and mollusca (Leztrad, 1996). One

A range of plant extracts have also been examined witlactor to consider in assessing the importance of N-glycans as
particular emphasis on known extracts from known allergeripan-allergens” is that since plant glycans are immunogenic,
such as pollens and food extracts. The results suggest thatibodies raised against native plant glycoprotein allergens will
potential carbohydrate allergens are present in a wide rangeasitain a component directed against the glycan, although
these extracts (but not all) and structural analyses of pollen, asti-carbohydrate antibodies may not account for all the antibody
well as some fruit and nut, extracts show the presence species present. Therefore even though a polyclonal antiserum
xylosylated and core1,3-fucosylated N-glycans (I.B.H.Wilson raised against a glycoprotein (or a mixture of proteins including
and F.Altmann, unpublished observations). It is noticeable thgtycoproteins) may recognize recombinant protein expressed in
some extracts, particularly tree pollens, react as well as gradssoli, there may well be an anti-glycan component as well. Only
pollens with the anti-horseradish peroxidase polyclonal but onlgareful examination of the antibody titer or inhibition studies
about half as well as grass pollens with the YZ1/2.23 monoclonalould rule out the importance of the glycan as an epitope. What
This may be due to a greater proportion of nonreducing terminalaybe true of antibodies raised in rabbits could also be true of IgE
N-acetylglucosamine residues, as found by the structural analygols from patients allergic to plant materials and if patients have
of tree pollen glycans as compared to grass pollen glycat@E against the glycan, then cross-reactions not dependent on
(1.B.H.Wilson and F.Altmann, unpublished observations), whicknown conserved proteins are possible. Indeed, the xylosylated
potentially may block part of the epitope recognized by th&nd/or fucosylated N-linked carbohydrate structures in plants are
monoclonal. probably more conserved across plant species than any protein

In some recent studies, control glycoproteins with N-glycagequence, as shown by the studies referred to above (vaatKuik
structures containing xylose andéd,3-linked fucose have been al., 1986; Ashforcet al, 1987, 1991; Fournet al, 1987; Sturm
tested against patients’ sera and found to bind IgE (vaetrRée et al, 1987, 1992; D'Andreat al, 1988; Balshlisemann and
1995a; Bataneret al, 1996; Peterseet al, 1996). It has also Jaenicke, 1990; Hayaskt al, 1990; Takahashet al, 1990;
been reported that the carbohydrate of ryegtasisitn perennp ~ Ramirez-Soto and Poretz, 1991; Sturm, 1991; Debtagl,
allergerLol pXlis a cross-reactive epitope (van Real.1995a), 1992; Stahkt al, 1994; Grayet al, 1996; Ogawaet al, 1996;
that serum from a patient allergic to grass pollens and tomato@$isugaet al, 1996; Oxleyet al, 1996; Yanget al, 1996;
has IgE cross-reacting with BSA-MOXEPeterseret al, 1996), Altmann, 1998). Also, xylosylated N-glycans are presentin snails
that Bermuda grass BG60 allergen has periodate-sensitive 1§gan Kuiketal, 1985), whilen1,3-linked fucosylated N-glycans
epitopes (Stet al, 1996), that a glycopeptide from oliv@léa  are present in insects (Kubekgal, 1993, 1995).
europeagOle el is an IgE epitope (Bataneebal, 1994) andthat It appears that cross-reactions between IgE and plant and
cross-reactions of IgE from fruit-allergic patients have beeffivertebrate materials could be due to a wide range of protein and
found to be partly due to carbohydrate as well as profilin (van Ré&&rbohydrate materials. With more structural analysis or the use
et al, 1995b). These findings withol p XI and Ole el are of antlbodlgs with proven anti-carbohydrate reactivity, it shoulq
explicable by the present results, and those of the companiBFPVe possible to give a proper_structural basis for understanphng
structural studies mentioned above, if the presence of xylo8gany of the data suggesting anti-carbohydrate IgE cross-reactions.
and/ora1,3-linked fucose in the overall extracts is reflected in thé@nce the structures responsible for the observed carbohydrate-
glycosylation of the individual allergens. In the case of purifiednediated cross-reactions are identified then it will be possible to
Bermuda grass BG60 allergen, the presenceig8-linked —US€ defined gllycoconquates to verify that IgE from patients
fucose has been proven (Ohsegal, 1996). The absence of any actually does bind certain types of glycan, causing IgE-dependent
cross-reactivity of either YZ1/2.23 or anti-horseradish peroxidas@llerdy-related events and to facilitate better screening of
with Dermatophagoideextract makes it difficult to explain the Patients’ sera. This would provide definitive proof that the
finding of van Reeet al. (van Reeet al, 1995a) that an carbohydrate-based cross-reactions so frequently observed are
anti-Dermatophagoidesmonoclonal, Dp6, cross-reacts with clinically relevant.
plant extracts. They concluded that Dp6 must be against the
carbohydrate because of periodate-sensitive cross-reaction Wiiaterials and methods
a wide range of pollen and food extracts. However, together Wim ,
preliminary structural analysis &fermatophagoidehl-glycans aterials
which as yet have notindicated the presence of MiXFelated  YZ1/2.23 was the kind gift of Professor Daphne Osborne (Open
structures (data not shown), the present findings are nbhiversity, Oxford); rabbit anti horseradish peroxidase, alkaline
compatible with the binding of Dp6 being due to the presence phosphatase conjugated anti-rat IgG and horseradish peroxidase
N-glycans containing xylose and/ad,3-fucose. The lack of conjugated anti-rabbit IgG were from Sigma. The glycan-specific
knowledge oDermatophagoideglycosylation, though, means fraction of anti-horseradish peroxidase was obtained by passing
that cross-reactions of Dp6 to other N-glycans, O-glycans, @¢he antiserum through a colunui agarose-linkecErythrina
polysaccharides or other periodate-sensitive components canofétagalli lectin. Bound antibodies were eluted with 0.1 M
be absolutely ruled out. glycine HCI buffer pH 2.8. Pooled fractions were immediately

N-Glycans are, of course, not the only potential “panadjusted to pH 7.4 with 1 M KyPO, and concentrated by
allergens” and doubt has been cast by van Ree and Aalberseuttrafiltration to the original volume applied to the column. The
the clinical significance of carbohydrate cross-reactive determfellowing plant extracts were the kind gift of Professor Christof
nants (van Ree and Aalberse, 1993), but that conclusion wlbner (Allegemeines Krankenhaus der Stadt Wien) and had been
based on one study of seven patients (Aaltedrag 1981b). In  prepared by the method of Hirschwettral. (Hirschwehret al,
contrast, there is much data on protein “pan-allergens” such #892): soya, pea, cucumber, chive, hornbeam pollen, horse
profilins (which are components of the eukaryotic cytoskeletoohestnut pollen, sweet chestnut pollen, ryegrass pollen, blackberry,
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pear, peach, plum, avocado, gooseberry, grape, strawbemmth diethylether. The lower phase was retained and dried under
raspberry, almond, coconut, walnut, and pistachio. Fimeu¢  a stream of nitrogen and the residue was taken up ipl160
leucodermiypollen collected from a tree in a local park and birch 100 mg/ml bovine serum albumin in 0.4 M sodium borate, pH 10,
Kentucky blue grass, olive, ragweed, and rye pollens purchasadd left in the dark overnight at room temperature prior to gel
from Sigma were extracted overnight with carbonate buffer bfjitration on P30 (50 mM ammonium acetate, pH 5). The resulting
the method of Ipsen and Lawenstein (Ipsen and Lgwensteimeoglycoproteins were subject to amino sugar analysis as
1983), prior to a brief centrifugation to remove particulatedescribed above and found to contain an estimated 3—-4 mol
material. Helix pomatiahemocyanin was from Serva, Heidel- glycopeptide per mole of protein.

berg, Germany, and zucchini ascorbate oxidase from Boehringer

Mannheim. Other glycoproteins were from Sigermatopha-  Enzyme-linked immunosorbent assay (method I)

goides pteronyssimextract was from Greer Laboratories, USA.

The mannose dimers M2(6) and M2(3) and branched manno$ie method described by McMaretsl.(McManuset al, 1988)
trimer M3 were purchased from Dextra Laboratories Ltd.was used for the data in Tablend II.

Reading, UK. Oligosaccharides, glycopeptides, and neoglyco-

proteins were prepared as detailed below. Enzyme-linked immunosorbent assay (method 1)

For all ELISA data except those in Tabland I, plates were
coated with extract or glycoprotein at a concentration of

Total horseradish peroxidase N-glycans, MMX&d MMX-Gn ~ 0.0675uM or 1.35 pM in terms of total GIcNAc (this is
were isolated as described previously (Ashfetdal, 1987; equivalent to 0.5ig/ml or 10ug/ml Sophora japonicdectin) in
McManuset al, 1988; Harthill, 1991); MM was isolated from 50 mM sodium carbonate, pH 9.6 for 90 min at@7
hen egg-white ovomucoid by methods described in (Asteiord Horseradish peroxidase and bromelain were inactivated prior to
al., 1987); MMXPF-ol, was prepared by reduction of MMXF use by carboxymethylation. Only the inner 60 wells were used
with 0.1 M NaBD, for 4h at 30C as described previously since “edge” effects were otherwise observed. After blocking
(Ashford et al, 1987). MMX and MMX-ol were prepared by With 3% w/v dried milk powder solution in TTBS (0.1 M Tris, pH
chemical defucosylation of MMXand MMXP-ol, respective- 7.2, 0.1 M sodium chloride, 2.5 mM magnesium chloride, 0.05%
ly, with 0.1 M HCI for 20 min at 100C; 00XF3 and 00XE-ol (w/v) Tween-20) for 90 min at 3T and subsequent washing,
were prepared by enzymatic digestion of MMXmnd Wwells were incubated for 90 min at 37 with YZ1/2.23 or
MMXEF 3-ol, respectively, with jack beamrmannosidase (10 U/ unfractionated anti-horseradish peroxidase at a dilution of
ml, 300 h, 37C). All the above glycan preparations were checked:50,000 in TTBS, either in the presence or absence of inhibitor
for purity and integrity by matrix-assisted laser-desorptiotwhich had been preincubated at room temperature with the
time-of-flight mass spectrometry using a Lasermat instrumer@ntibody for 60 min. After washing three times with TTBS, the
(Finnegan MAT Ltd., UK) with 2,5-dihydroxybenzoic acid as thewells were incubated with a 1:2000 dilution of either alkaline
matrix. The composition and concentration of these glycans wagosphatase conjugated anti-rat (in the case of YZ1/2.23) or
determined by monosaccharide analysis after acid hydrolysirseradish peroxidase conjugated anti-rabbit (in the case of
with 2 M trifluoroacetic acid for 4 h at 10Q using HPAEC on  anti-horseradish peroxidase). Then 200per well of either

a Dionex BioLC system (Dionex, UK). 1 mg/ml p-nitrophenylphosphate in 0.1 M diethanolamine, pH
9.8, or 0.55 mg/ml 2;2azino-bis(3-ethylbenzthiazoline-6-sul-

fonic acid) in 50 mM sodium citrate, pH 5 with 0.075% (v/v)
hydrogen peroxide. Color reactions were terminated (after 6 min
Bromelain and fibrin were digested with pepsin in 5% formicor 10 min at room temperature as stated in the figure captions)
acid. The digests were subject to gel filtration steps and finally with 50 pl per well of either 5 M sodium hydroxide (alkaline
anion exchange. Glycopeptides were analyzed by amino acid gotdbsphatase reaction) or 10 mM sodium azide (horseradish
amino sugar analysis (Altmann, 1992) and by analysis of sugperoxidase reaction) with absorbances measured on an SLT
compositon on HPLC after labeling with 1-phe- Spectra reader at 405/620 or 405/492, respectively.
nyl-3-methyl-5-pyrazolone (PMP) (Fu and O’Neill, 1995).

Bromelain glycopeptide was defucosylated by treatment with

100% (v/v) trifluoroacetic acid at room temperature for 2 dayécknowledgments

and then subjected to gel filtration. The MM glycopeptide Wagye gratefully acknowledge Professor Daphne Osborne for the
generated by enzymatic removal of galactosé\aadetylgluco-  yz1/2 23 monoclonal antibody and Professor Christof Ebner
samine from fibrin glycopeptide. Removal of sugar residues was jgemeines Krankenhaus der Stadt Wien) for many of the plant

Preparation of oligosaccharides

Preparation of bromelain and fibrin glycopeptides

monitored by the PMP method. extracts and Petra Viehauser of the Wien laboratory for prepara-
. _ tion of some of the glycopeptides used. The studies were
Preparation of neoglycoproteins supported by the Monsanto Co. (Oxford) and by grant

P10611-GEN from the Fonds zur Forderung der wissenschaft-
Qichen Forschung (Wien). I.B.H.W. was the recipient of a
Study-Abroad Studentship from the Leverhulme Trust.

Cross-linking of fucosylated and defucosylated bromelain glyc
peptide to bovine serum albumin (to prepare BSA-M®X#Rd
BSA-MOX, respectively) or cross-linking of the MM glycopep-
tide to bovine serum albumin (to prepare BSA-MM) was

performed as follows: 3 mg of glycopeptide was dissolved iRppreviations

100pl cold 0.1 M KHPOy, pH 7.2, to which 7@l 7 M guanidine . . .
hydrochloride and 500pl  2,4-dinitro-1,5-difluorobenzene BSA-MOX, conjugate of bovine serum albumin with defucosy-
(60 mg/ml in methanol) were added. After 15 min at room tempi2ted bromelain - glycopeptides; BSA-MOXFconjugate of
the reaction mixture was placed on ice and extracted three tinfé@vine serum albumin with native bromelain glycopeptides.
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