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Abstract

Background: Bet v 1 family is a large group of allergens present in pollen and plant-derived foods. They show similarity in sequence and 3D
structure, properties often correlated to their cross-reactivity. protein T1 is a naturally occurring non-allergenic member of this group, which, in
spite of having 35-85% sequence similarity, does not exhibit antibody-mediated cross-reactivity with other members of the Bet v 1 allergen family.
This protein has been suggested to be a good model to study structural features critically needed for allergenicity and cross-reactivity.

Objective: Structural bioinformatic approach to analyze the properties of protein T1 in relation to allergenicity and cross-reactivity.

Methods: A 3D model of protein T1 was constructed by the homology modeling procedure and was compared to the structure of Bet v 1 with
special reference to conservation, solvent accessibility and electrostatic properties of the residues across the antigenic surface.

Results: The over-all fold of the homology model of T1 resembles that of the Bet v 1 group. The change in the solvent-accessible surface of the IgG
(BV16)-binding residues has been quantified to be 75%. Comparing the allergenically potent dimer structure of Bet v 1 (predicted structure available
in MSD of European Bioinformatics Institute), with the non-allergenic monomer, the BV16-binding surface and the p-loop seem to be of less
importance for Bet v 1-mediated in vivo cross-linking of IgE. Instead, we think that other surface-exposed conserved patches are more significant.
Absence of cross-reactivity between T1 and Bet v 1 comes from the lack of surface conservation leading to changes in the conformational as well
as electrostatic properties. On the other hand, certain changes in the sequence, that might hinder dimerization of this protein, may result in the
loss of allergenicity. Lastly, our structural docking experiment shows that protein T1 can bind two molecules of Brassinolide ligands like the other
members of the Bet v 1 family.

Conclusion: Lack of dimerization and surface conservation might explain the reason why T1 is neither allergenic, nor cross-reactive to Bet v 1
group, although this protein can be a potential carrier for brassinosteroids.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Allergic diseases affect up to 20% of population in the
industrialized world. Symptoms of typel allergy occur from
cross-linking of effector cell-bound IgE by multivalent allergens.
In central Europe, one of nine patients with typel allergy shows
specific IgE-mediated reactions towards birch pollen, 95% of
these patients being sensitized to the major pollen allergen Bet
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v 1 (Joralim et al., 1989). Thus, Bet v 1 is a clinically impor-
tant inhalant allergen estimated to cause allergy in 5—10 million
individuals worldwide (Gajhede et al., 1996). Moreover, aller-
genic proteins, homologous to Bet v 1, were identified from
diverse sources. Antibodies elicited by an allergen from one of
the sources show extensive cross-reactivity with other members
of the Bet v 1 allergen family. That is why people sensitive
to Bet v 1 often display adverse reactions after inhalation of
other pollens (Alder, Hazel) or ingestion of certain fresh fruits
(apple, pear, peach, cherry), vegetables (carrot, celery) and nuts
(hazelnut, walnut). Proteins of Bet v 1 allergen family exhibit
good over-all sequence identity and contain a conserved glycine
rich loop (P-loop). Based on the structural studies, it has been
proposed that the proteins of Bet v 1 family function as brassinos-
teroid carriers (Morkovi¢-Housely et al., 2003). This was later
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supported by the binding studies with phytosteroids (Neudecker
et al., 2001; Mogensen et al., 2002).

Protein T1 was discovered from the periwinkle plant
(Catharanthus roseus) as a cytokinin (a plant growth regulator)-
inducible protein (Carpin et al., 1998). It shows significant
sequence identities with the members of Bet v 1 allergen family
(Carpin et al., 1998; Laffer et al., 2003) and it also contains a
glycine rich loop. Moreover, two regions, each of at least nine
residues and sequence identity of at least 54% were identified
in T1, Bet v 1 and other proteins of the Bet v1 group. In spite
of having these common features, protein T1 is (a) completely
non-allergenic (b) not recognised by serum IgE from Bet v 1
allergic patients (c) does not show immediate skin reaction in
Bet v 1—allergic patients, nor induce histamine release from
basophils and (d) rabbit anti T1 IgG does not react to Bet v
1 family in general. It is known as the non-allergenic member
of the Bet v 1 allergen family and considered as the negative
reference in allergenicity prediction server Allermatch (Fiers et
al., 2004). It has been suggested that this non-allergenic protein,
when compared to the highly allergenic Bet v 1 molecule, may
teach us about the structural requirements for allergenicity of
the Bet v 1 allergen family (Laffer et al., 2003).

Cross-reactivity is believed to be the result of conserved
surface-exposed residues, forming cross-reactive epitopes.
Attempts have been made to identify IgE-binding residues of Bet
v 1 by (a) mapping conserved residues on cross-reactive allergen
surfaces (Gajhede et al., 1996; Schirmer et al., 2005), (b) site
directed mutagenesis (Ferreira et al., 1998), (c) phage-displayed
allergen mimotope technology (Gangenberger et al., 2000) and
(d) X-ray crystallography (Mirza et al., 2000). Recently, dimer-
ization of this molecule has been found to be important for its
in vivo cross-linking potential. But, although Bet v 1 family is
a group of extremely important allergens, little is known about
their B-cell epitopes (Schirmer et al., 2005).

Structural bio-informatics has recently been described as a
potential tool to understand the molecular basis of allergenic-
ity and cross-reactivity (Jenkins, 2005; Breiteneder and Mills,
2006). Using this approach, we previously identified conserved
surface-exposed patches of the allergenic cyclophilins to explain
the structural basis of their cross-reactivity (Roy et al., 2003). In
the present study, we have constructed a 3D model of protein T1,
and studied its relevant structural features. Our study will help
design further experiments for better understanding of struc-
tural features responsible for allergenicity and cross-reactivity
amongst Bet v 1 allergen family.

2. Materials and methods

The sequence of protein T1 was obtained from Laffer et
al., 2003. The other protein sequences were picked up from
the Swiss server (http://www.expasy.org). A 3D model of T1
has been built using the crystal structure of Bet v 1 molecule
as the template. Its co-ordinates (1BV1.pdb) were taken from
the Protein Data Bank (http://www.rcsb.org/pdb). The sequence
of protein T1 was aligned with that of the allergens using
CLUSTAL W (Thompson et al., 1994). Program Modeller (Sali
and Bundell, 1993) was used for homology modeling. Energy

minimization was carried out using the program Discover with
Consistent Valence Force Field (CVFF) (Hagler et al., 1979).
The stereochemical quality of the model was checked using
the program PROCHECK (Laskowski et al., 1993) and the
Ramachandran plot (Ramachandran and Sashisekharan, 1968)
was drawn. The ribbon diagram and the molecular surface show-
ing the conserved patches (putative epitopes) were generated
using program PyMol (DeLano Scientific LLC,2006). The alpha
carbon backbones of the template and the model were super-
imposed and the backbone RMSD was determined using the
program SPDBV (Guex and Peitsch, 1997). The electrostatic
surface of the protein was visualized by using the APBS (Baker
et al., 2001) module of PMV (Sanner, 1999). For graphical
representation, the electrostatic potential of the residues were
calculated by using the DelPhi (Rocchia et al., 2001) module
of Insight I (Molecular Simulations Inc.), and plotted against
residue number. All calculations were done assuming dielectric
constants of 2 and 80 for protein and solvent, respectively and
an ionic strength of 0.3 M.

The co-ordinate structure of dimerized Bet v 1 has
been obtained from macromolecular structure database of
European Bioinformatics Institute (http://www.ebi.ac.uk/msd-
srv/msdlite/atlas/assembly/1bv1.html). Values of Solvent
Accessible Surface Area (SASA) were calculated using the
program DSSP (Kabsch and Sander, 1983) and used throughout
the study, unless specified. This program calculates the SASA
values assuming a radius of 1.4 A for the water molecule. The
relative accessibility values were calculated as a percentage of
solvent accessibility of the amino acid (X) in the tri-peptide
gly—X-gly.

The co-ordinate structure of Brassinolide has been obtained
from Cambridge Structural Database (CCD code: BRASSAO1).
The polycyclic ring structure and the stereochemistry are anal-
ogous for deoxycholate and brassinolide (Morkovi¢-Housely et
al., 2003). Docking of brassinolide as the inner and outer ligand
of protein T1 was performed by superimposition of C and D rings
of the brassinilide on the inner and outer deoxycholate molecules
of the crystal structure of Bet v 11 complexed with deoxycholate
(PDB code 1FM4) (Mirza et al., 2000). Brassinolide molecules
are easily fitted in the binding cavity of protein T1 without
any sterical hindrance (Fig. 2d). All possible substituents at
ring positions 2, 3, 6 and 7 of the brassinolide accommodated
into the binding cavity without alteration of the binding mode
observed with deoxycholate in the crystal structure. The inter-
action of the alkyl side-chain of the brassinolide molecules
with residues of protein T1 were optimized by minimizing the
energy of the T1-brassinolide complex. The diagram of the final
structure was drawn using program PyMol (DeLano Scientific
LLC, 2006)

3. Results and discussion
3.1. Sequence comparison
The sequence alignment (Fig. 1) of Protein T1 (designated

as ‘Pro’ in the figure) with Bet v 1 and five important cross-
reactive allergens (Mald 1, Pruav 1, Dauc 1, Apig 1 and Car b
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GPVPSVEHHVEELDKDNHMSHK : 83

Fig. 1. The sequence of protein T1 (designated as ‘Pro’) was aligned with Bet v 1 and related allergens from Apple (Mald 1, P43211), Cherry (Pru av 1, 00429), Carrot
(Dau c 1, 024248), celery (Api g 1, P49372) and hornbeam (Car b 1, P38949). Amino acid numbers have been printed on top. Residues important for IgE-binding,
as identified by site directed mutagenesis, are marked by asterisk on top. Conserved residues of the three cross-reactive epitopes proposed from structure-based
prediction, are shown in yellow, green and magenta. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

the article.)

1) shows two dominant features. First, Bet v 1, Mald 1, Pru av 1
and Car b 1 have a 5-residue extension at their C-termini, which
is absent in Carrot and Celery allergens (Dau ¢ 1 and Api g 1).
In case of Protein T1, there is an extension of three residues.
These residues, at the alpha-helical C-termini, which contain
the T-Cell epitopes, should not affect the allergenicity, as shown
by mutagenesis studies (Neudecker et al., 2003). Secondly, the
negatively charged glutamic acid residue, at the 45 position
(E4s5, here, and through out the Bet v 1 numbering is used),
is absent in T1. This residue is critically important for IgG and
IgE binding (Mirza et al., 2000). Lastly, Ferreira et al. (1998), by
site-directed mutagenesis, identified six residues critical for the
IgE-binding. Four out these six residues have been changed in
case of protein T1 (marked by asterisk on the protein sequences

(e)

in Fig. 1). These changes might confer the loss of allergenicity to
protein T1.

There are two regions (henceforth designated as region I
and region II) with lengths of at least nine amino acids and
sequence identity of at least 54%, present in T1, Bet v 1 and
other cross-reactive allergens (Laffer et al., 2003). Protein T1
contains two amino acid changes in each of these regions. To
quantify the changes, we found that the solvent-accessible sur-
face of region I (Aje to Dsg) measures about 405.13 A? and
the changed residues (R16 K and 124 V replacements) occupy
18% of this surface. Similarly, the unmatched residues (N47D
and P50A) spans 219.29 A2 out of a total 428.65 A2 surface of
region II (G47 to Ks55), which accounts for a change of more than
52% in this region.

(d) m

Fig. 2. (a) and (b) Ribbon diagram of protein T1: the protein structure consists of seven anti-parallel B-sheets (B1-37), wrapped around a 23-residue long C-
terminal a-helix (a3). There are two other a helices connecting 31 and 2. (c¢) a-Carbon backbone superimposition: the model structure of protein T1 and the
crystallographically deduced structure of birch pollen allergen Bet v 1 (IBV1.pdb) have been shown in green and red respectively. (d) Result of structural docking
showing the inner and outer ligand bound to protein T1. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version

of the article.)
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3.2. Structure comparison

Fig. 2a is a cartoon representation of the structural model
of T1. It is composed of seven anti-parallel B-sheets (B1-7)
folded into a compact cylinder that contains a large hydropho-
bic Y-shaped forked cavity. There are two short alpha helices
(between 1 and 32) and a long c-terminal alpha helix, the lat-
ter containing 23 residues. The alpha carbon backbone of T1 can
be superimposed (Fig. 2b) on that of Bet v 1 with an RMSD of
0.66 A. The main structural difference is present in the residues
107-110 (RMSD more than 3 A for four Ca atoms), which lies
in the loop region between (36 and 37 and corresponds to the
green-colored residues (in Fig. 1). The over-all fold of the model
strongly resembles that of Bet v 1a.

3.3. BVI16-binding amino acids and the p loop

From the crystallographic studies of Bet v la, bound to
its monoclonal antibody BV 16, it was found that the relevant
antigenic surface consists of 16 residues- a continuous stretch
(E42-Ts3) along with a few others (R7g, D72, H7g, Igg and Kog7).
The sum-total of SASA values of these residues is 1123 A2 in
Bet v 1. But, nine (871 A2) out of these 16 residues have been
replaced in T1, which accounts for a change of 75% in this
surface.

A perfect fit in the topographies of the complementary sur-
faces of the epitope/paratope interaction has been described as
a major factor in determining the binding affinity (Davies et al.,
1990). A closer look at the experimentally deduced antigenic
surface of Bet v 1, as evident from the crystal structure of Bet
v 1-BV16 complex, shows that E4s is located centrally in the
binding pocket of Bet v 1a and fits nicely into the groove on the
antibody surface and its carbonyl oxygen atoms form two hydro-
gen bonds with antibody backbone nitrogen atoms (Mirza et al.,

2000). The stretch E42-Ts; of T1 was superimposed on the cor-
responding region of Bet v 1 (figure not shown) to understand
the structural diversity of this region which shows an RMSD
of 1.2A. Although, in this context, it might be mentioned that
the loss of charge complementarity between the allergen (due
to E45Q substitution) and the positively charged paratope at the
very center of the Fab binding pocket of the antibody alone can
very well explain the inability of protein T1 to bind the BV16
antibody. In fact, an E45S mutation has actually been made in
Bet v 1, which showed no effect on either local or global con-
formation of the protein (Spangfort et al., 2003), but abolished
the binding of BV 16 and substantially reduced the binding of
polyclonal human IgE.

In our structural model of protein T1, the p-loop exists
between 32 and (33 and composed of seven residues (Qug to
Gsy, as defined by SPDBV). Although of similar length, this
region of T1 differs from that of Bet v 1 in lacking the nega-
tive charge due to E45Q replacement, evidently changing the
electrostic character of the antigenic surface.

3.4. Cross reactive epitopes of the Bet v family predicted
from 3D structure

Mapping of conserved residues on the surfaces of
cross-reactive allergens led to the identification of three solvent-
exposed patches (cross-reactive epitopes) of the Bet v 1 allergen
family (Schirmer et al., 2005). Fig. 3 a and b show the cor-
responding residues mapped on the surface of protein T1. We
found that the patches were disrupted by the replaced amino acid
residues. Absolute and relative solvent accessibility values of the
conserved residues of the patches are shown in Tables 1a and 1b.
In Protein T1, cluster I, II and III contain seven, six and
five conserved residues respectively. Although the number of
conserved residues are least in cluster III, it contains largest

Fig. 3. (a) Mapping of conserved residues (which form three predicted ‘cross-reactive’ epitopes of the Bet v 1 allergen family) on the surface of protein T1. The
clusters are coloured in yellow, green and magenta respectively (following Shirmer et al., 2005). (b) The molecule has been rotated 180° along the horizontal axis.
(c) and (d) the electrostatic potential of the residues mapped on the protein surface. Inset diagrams show the comparative surface of Bet v 1, in the same orientation.
The positions of the green, blue and magenta coloured patches have been shown by circles of respective colours. (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of the article.)
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Table 1a
SASA (in A?) of the conserved residues of protein T1: only seven, six and five
residues are conserved in cluster I, cluster II and cluster III respectively

I Gy V3 Sss Ggo Igo Hiz Ki23
19.7 80.9 17.7 26.7 0.9 423 86.8

23.5 49.8 14.1 31.8 0.49 21.3 41.8

I Ey Si2 Gin Si12 Koo Eis
114.1 11.5 12.5 3.8 93.0 29.3

61.0 9.16 14.9 3.02 44.8 16.6

I Dy K33 P36 Al Yis0
55.0 139.7 81.6 21.9 74.8

354 67.3 56.4 18.8 31.4

For comparison, the values have been listed in Bet v 1 monomer (By,,), dimmer
(Bgi) and in protein T1. Relative accessibility values are in italics.

conserved surface (more than 370 A2), most of which (84%)
comes from the side-chains and only 16% (approximately 60
Az) has been contributed by the main chain atoms, as calculated
by the GETAREA 1.1 program (http://www.scsb.utmb.edu/cgi-
bin/get_a_form.tcl) using a 1.4 A probe. The conserved surface
area of the other clusters are even less. As most of the Fab frag-
ments are known to bind to relatively contiguous 600-900 A2
surface patches (Braden and Poljak, 1995), none of these
patches are likely to form cross-reactive epitopes in case of
Protein T1.

Screening of a phage-displayed nona-peptide library by Bet
v 1-specific human IgE identified a mimotope sequence. With
this sequence, a computer-based 3D epitope search could locate
two regions between residues 9-22 and 104-113. They are
neighboring regions on the protein surface and are potential
immuno-dominant IgE-epitopes (Gangenberger et al., 2000).
Combining this information with the above-mentioned three
patches, the IgE-binding residues of Bet v 1 could be correlated
to the green colored residues (Fig. 1). However, a recent study
(Mittag et al., 2006), which also used phage-display technology
and computer-based mapping of the amino-acid sequences, sup-
ports the existence of the antigenic region that was identified by
crystallographic studies (Mirza et al., 2000 and Spangfort et al.,
2003).

3.5. The electrostatic surface

Electrostatic complementarity of the interacting surfaces is an
important factor for protein—protein interaction in general, and
antigen—antibody interactions in particular (Van Oss, 1995). The
electrostatic potential of the residues have been mapped on the
protein surface (Fig. 3c and d) which showed a clear difference to
Bet v 1 (inset diagrams). On the electrostatic surface of Bet v 1,
E45 has been found to be a red bump (as described by Spangfort
et al., 2003), which is very distinctive, in contrast to protein T1.
It seems that solvent-exposed residues (especially that of the
conserved patches) with differences in the electrostatic poten-
tial might be responsible for the disruption of cross-reactivity
among Bet v 1 and protein T1. Plotting of residue-wise electro-
static potential values, as calculated by the delphi (Rocchia et
al., 2001; data not shown), with the respective SASA values can
also support this view.

3.6. Analysis of the dimerized structure of Bet v 1

In addition to monomers, Bet v 1 molecule exists, in solu-
tion, as dimeric and even in tetrameric conditions. According
to a recent investigation, the dimeric, but not the monomeric,
molecules are capable of cross-linking the effector cell-bound
IgE molecules, nor can the monomeric Bet v 1 molecules activate
the B cells by cross-linking BCR for specific IgE production. As
a result, monomeric forms are rather hypoallergenic (Scholl et
al., 2005).

Although, there are substantial evidences to believe that the
monomer of Bet v 1 is not allergenic, all the presently available
experimentally deduced structures of Bet v 1 describe only the
monomer form of the protein. So it is not known which parts of
the molecule mediate the dimerization or even if is a symmetri-
cal or asymmetrical interface. But, as there is also evidence for
oligomerization of Bet v 1, an asymmetrical interface, is a dis-
tinct possibility, at least in case of the oligomeric form. However,
the recently available crystal structure of Api g 1 (2BKO0.pdb), a
Bet v 1-homologue, shows that Api g 1 is a dimer with its chains
held together by isologous contacts.

The only available probable structure of the Bet v 1
dimer can be obtained from the Macromolecular Structure
Database (MSD) of European Bioinformatics Institute (EBI).

Table 1b

Accessibility values (SASA in A?) of 20 residues have been dropped in Bet v 1 dimer

Bet Ky L4 Dzs Dy Nog Py Ko S Vg Epp Ni Iy Eis G Ny Ggs Gy Psp Ksg Kss

Bmo 94 77 56 54 81 34 144 47 34 102 74 76 118 37 177 36 29 87 21 49
45 39 36 35 48 23 69 37 21 54 44 40 63 44 69 43 35 66 10 24

Bai 20 27 12 47 13 14 81 33 6 11 3 45 116 13 43 18 11 80 12 36
9.6 0.1 7.7 30 7.7 9.6 39 26 3.7 5.8 1.8 24 62 15 25 21 13 55 5.8 17

T1 K L D G T N K S \'% E I L Q G D G G A K L
129 70 64 34 89 39 140 29 33 93 73 101 125 46 155 34 34 77 22 42
62 35 41 40 26 23 67 23 20 50 38 51 66 55 100 40 40 66 11 21

For comparison, corresponding the values have been listed in Bet v 1 monomer (Bp), dimmer (Bg;) and in protein T1. Relative accessibility values are in italics.
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This database, determines the possible oligomeric states of
the proteins by using the program PQS (http://pgs.ebi.ac.uk),
which tries to predict the quaternary structure by putting in
symmetry-related copies of a chain within a defined distance
of the monomer and assessing the extent of buried surface area.
If a symmetry-related second chain results in the burial of 400 A2
or more of surface area, relative to the monomers, the database
scores it as biologically meaningful.

Our study of this bioinformatically predicted Bet v 1 dimer
structure shows two important facts: (1) in the homodimeric
structure of this allergen, the p-loop region is almost buried.
With respect to the monomeric form, the accessibility values of
the residues S49 to P5o of the dimer, drops drastically, except
E45, which remains almost the same. Unexpectedly, most of
these residues are important constituents of BV 16 binding sur-
face, but they seem to be less important in case of the dimeric
form. Notably, the significance of E45 has been documented by
crystallographic and mutagenesis studies (Mirza et al., 2000;
Spangfort et al., 2003). So if we consider the structure of this
dimer as a valid one, it can be said that these buried residues
might be significant for the binding of IgG (BV16) and IgE to
the monomers, but for in vivo cross-linking, which is mediated
by the dimer molecules, other epitopes are involved. (2) Acces-
sibility values of a total of 20 residues drop due to dimerization.
They are listed in Table 1b. Most notable are the two Asparagine
residues Ny3 (74 A2 in monomer and 3 A? in dimer) and Ny;
(177 AZin monomer, while 43 AZin dimer). We also found that
the main chain nitrogen atom of Asparagine 43 of each monomer
is in favourable orientation to form H-bond with the side chain
oxygen atom of aspartic acid 25 of the other monomer, which
may lead to the stability of the dimer structure. In protein T1, this
Ny4 has been replaced by a isoleucin residue. Changes in inter-
acting residues are most likely to hinder dimerization, resulting
in a loss of allergenicity.

3.7. Structural docking studies to evaluate the function as a
brassinosteroid carrier

From the sequence data it was found that most of the residues
involved in the binding of brassilonides are conserved through-
out Bet v 1 allergen family, including T1. So it was proposed
that T1 may also be a BR carrier and that it can be a substitute
for Bet v 1—related allergenic proteins to construct viable trans-
genic plants, which will neither release allergenic proteins via
their pollen nor accumulate allergens in the tissues used for the
production of food (Laffer et al., 2003).

In the energy minimized structure of T1-brassinolide com-
plex, it has been observed that the alkyl side chain of the inner
brassinolide is interacting with the hydrophobic residues Vg7,
Igs, Iog, and Fyog lining the binding cavity. The hydroxyl groups
at positions 22 and 23 of brassinolide form hydrogen bonds
with the amino acid Yg3 and Yqo, respectively. The hydroxyl
groups at positions 2 and 3 are nearly within hydrogen bind-
ing distance with the strongly conserved residues Ks4 and Yg;.
The alkyl side chain of outer brassinolide molecule favorably
interacts with hydrophobic residues Los and I128. The hydroxyl
substituents at positions 22 and 23 are in a favorable orienta-

tion for hydrogen bonding interactions with E13,. The observed
mode of brassinolide binding to T1 (see Fig. 2d) is very similar
to that observed in Bet v 11 crystal.

4. Conclusion

Our present understanding regarding the characteristics that
confer upon proteins the ability to induce allergic responses
in susceptible individuals is still rudimentary (Huby et al.,
2000). Interestingly, it has been observed that the plant aller-
gens chiefly clustered into four families and a membership
of one of these families is likely to be associated with a
greater potential for a protein to be an allergen (Radauer and
Breiteneder, 2006). Protein T1 belongs to such a family of cross-
reactive allergens, the ‘Bet v 1 — like proteins’ (pfam accession
number PF00407), which are present in pollen and in plant-
derived foods. But, it is exclusively noted for its non-allergenic
character and for the absence of cross-reactivity with Bet
v 1 group.

Recent data shows that dimerization of the Bet v 1 molecule
is necessary for its in vivo cross-linking potential. But, as
most of the residues in crystallographically determined IgG
(BV16)-binding epitope (and the p-loop) are almost buried in
the predicted dimerized form, they seem to be of less impor-
tance for cross-linking. On the contrary, the surface-exposed
conserved patches that are believed to be the cross-reactive epi-
topes (Schirmer et al., 2005), seems to be significant.

Although a previous study reports some difference in sec-
ondary structural contents of recombinantly expressed Bet v
1 and T1 (shown by CD curve-fitting experiments), homology
modeling suggests a Bet v 1- like secondary structure. But it
shows that the antigenic surface (both experimentally deduced
epitope region and the epitope regions suggested by structure-
based prediction methods) of protein T1 is markedly distinct
from Bet v 1.

The molecular weight (16.17kDa) and solvent-accessible
surface area (8966.7 A?) of protein T1 are comparable to that
of Bet v 1. So, dimerization might be needed to retain its aller-
genicity, as in the case of Bet v 1. Interestingly, we found that
the residues of Bet v 1 that are involved in dimerization, are
not conserved in T1, supporting the notion that T1 is essentially
monomeric and so it can neither cross-link the B-cell receptors
nor the mast cell bound IgE molecules.

Lastly, our docking result indicates that T1, like other Bet v1
family of proteins, could fulfill a BR-carrier function. Thus T1
could elicit similar biological function as Bet v1 as well as it
is non-allergenic in nature. Therefore, T1 can be considered as
an ideal candidate for constructing transgenic hypo-allergenic
plants as previously suggested (Laffer et al., 2003).

In conclusion, our comparative study of the modeled struc-
ture of protein T1, along with Bet v 1 monomer and dimer
structure can explain the properties of protein T1 in relation to
allergenicity and cross-reactivity. The 3D model of protein T1
might provide valuable clues to design experiments for better
understanding of structural requirements for allergenicity and
to develop safer vaccination strategy.
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