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1. Introduction

A variety of alergens is known that are recog-
nized by IgE and 1gG antibodies either on the basis
of linear epitopes or on the basis of conformational
epitopes [1]. From a structural biology point of view,
protein and peptide antigens €liciting a B-cell re-
sponse may thus be divided into two major
categories, namely those that contain an uninter-
rupted sequence of amino acids recognized by
antibodies and those that are recognized on the basis
of their spacial structure, that is the three-dimension-
a arrangement of sequences of key amino acids. The
latter type of alergens include the major birch pollen
alergen Bet v 1 [2,3], the cherry allergen Pru av 1
[4,5], the dust mite allergens Der p 2 and Der f 2
[6,7], profilin [8,9], the cat allergen Fel d 1 [10,11],
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and the major giant ragweed alergens Amb a 5 and
Amb t 5[12,13].

Understanding of protein action on a molecular
level was mainly determined by the progress of
biophysical techniques such as X-ray crystallography
and nuclear magnetic resonance (NMR) spectros-
copy as applied to studies of biopolymers. Whereas
X-ray crystalography was established as a structure
determination tool for proteins and nucleic acids
more than 40 years ago, the application of NMR as a
technique in structural molecular biology is more
recent, and it was only about 20 years ago that the
first protein structures emerged from NMR data [14],
athough NMR was used in the general study of
proteins and nucleic acids and their interactions
much earlier. Indeed, in recent years the most
spectacular results were achieved by use of NMR as
a spectroscopic tool that, in combination with molec-
ular dynamics calculations, allowed the determina-
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tion of complete three-dimensional structures of
biomolecules with a quality rivaling that of structures
determined by X-ray crystalography. NMR spec-
troscopy is, however, not restricted to the determi-
nation of molecular structures in atomic detail as
such, but allows study of a broad range of molecular
phenomena in the biological sciences, such as de-
scription of the time dependence of molecular struc-
tures, determination of reaction and binding kinetics,
and others [15,16].

The isolation of allergens from plant and animal
material and the subsequent cloning, expression, and
purification procedures that resulted in the availabili-
ty of highly purified material were the prerequisites
for the application of advanced multidimensional
NMR-techniques to study the molecular structure of
these molecules in atomic detail. NMR structure
determination procedures are traditionally thought to
be restricted to low molecular mass molecules, such
as proteins below a molecular mass of about 25 000,
but more recent techniques hold strong promise that
biomolecules of considerably higher mass can be
subjected to NMR studies in the not so distant future
[17,18]. Many allergens that are defined on a molec-
ular level have a molecular mass below the 25 000
limit and are thus accessible to current NMR struc-

Table 1
Sequence alignment of allergens
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ture determination techniques, for example the
cherry alergen Pru av 1, the birch pollen alergens
Bet v 1 and Bet v 4, the timothy grass pollen
alergen Phl p 2, the house dust mite allergen Der p
2, the giant ragweed alergen Amb t 5, the peanut
alergen Ara h 2, and others. To date, severa of
these allergens resisted all attempts of crystallization,
and advantage was taken of the unique capability of
NMR to determine the three-dimensional structure of
biomolecules in atomic resolution in solution to
determine their conformation.

The conformations of several allergens have been
determined by classica two-dimensional or
heteronuclear higher-dimensional NMR methods that
required isotopic labeling with *>N and **C (Table
1). Whereas Amb a 5, and Amb t 5 are small
peptides of 45 and 40 amino acids, respectively, Der
p 2, Betv 1 Betv 4, and Pru av 1, are proteins of
85-159 amino acids. Accordingly, the structure of
the smaller allergens could be solved using exclu-
sively two-dimensional techniques, but the structure
determination procedures for Bet v 1, Bet v 4, and
Pru av 1 had to resort to higher-dimensiona tech-
niques with the prerequisite of the availability of
fully labeled material. The general topology of the
protein alergens known in conformational detail so

Ragweed allergens

Amb a 5 LVPCAWAGNV CGEKRAYCCS DPGRYCPWQV VCYESSEICS KKCGK

Amb t 5 DDGLC-YEGTN CGKVGKYCCS PIGKYC---- VCYDSKAICN KNCT

Dust mite allergens

Der £ 2 DQVDVKDCAN NEIKKVMVDG CHGSDPCIIH RGKPFTLEAL FDANONTKTA KIETKASLDG
Der p 2 SQVDVKDCAN HEIKKVLVPG CHGSEPCITH RGKPFQLEAV FEANONTKTA KIEIKASIDG
Der £ 2 LEIDVPGIDT NACHFVKCPL VKGQQYDIKY TWNVPKIAPK SENVVVTVKL IGDNGVLACA
Der p 2 LEVDVPGIDP NACHYMKCPL VKGQQYDIKY TWNVPKIAPK SENVVVTVKV MGDDGVLACA
Der £ 2 IATHGKIRD

Der p 2 TATHAKIRD

Star-type allergens

Bet v 1 GVENYETETT SVIPAARLFK AFTILDGDNLF PKVAPQAISS VENIEGNGGP GTIKKISFPE
Pru a 1 GVFTYESEFT SEIPPPRLFK AFVLDADNLV PKIAPQATIKH SEILEGDGGP GTIKKITFGE
Bet v 1 GFPFKYVKDR VDEVDHTNFK YNYSVIEGGP IGDTLEKISN EIKIVATPDG GSILKISNKY
Pru a 1 GSQYGYVKHK IDSIDKENYS ¥SYTLIEGDA LGDTLEKISY ETKLVASPSG GSIIKSTSHY
Bet v 1 HTKGDHEVKA EQVKASKEMG ETELRAVESY LLAHSDAYN

Pru a 1 HTKGNVEIKE EHVKAGKEKA SNLFKLIETY LKGHPDAYN
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far varies widely, ranging from EF-hand type cal-
cium ion binding structures to «-B proteins and
B-barrels.

In spite of al the current structural information
brought about by NMR and X-ray crystalography,
the biological function of most protein allergens is
till in the dark. To sufferers from allergies it may be
an academic question, but for fundamental reasons
and in the believe that nature did not invent protein
alergens for the sole purpose of annoying mankind,
the search for the physiological function of these
proteins goes on. A particular help is the comparison
of the three-dimensional fold of the protein alergens
with the database of proteins whose topology and
biological function is known so as to conclude from
a similar structure on a similar function.

2. NMR and protein solution structures

The determination of solution structures of pro-
teins as it is most widely used is divided into three
essential parts [15,16]: sequence-specific assignment
of resonances in the NMR-spectra, collection of
NMR data to define approximate distances of
protons, and molecular dynamics calculations that
are designed to search conformational space for
three-dimensional  structures compatible with the
experimentally determined distances. The NMR ex-
periments rely on two fundamentally different inter-
actions of nuclei, one of them is mediated by
chemical bonds, that is it is a through-bond inter-
action (J-coupling), the other one is a through space
interaction (dipolar coupling) [19,20].

The first major step in protein structure determi-
nation by NMR is the assignment of resonances in
the spectra to specific protons in the molecule. In
lower molecular mass systems that are well behaved,
this assignment procedure can mostly be performed
with the help of standard two-dimensional experi-
ments that reveal the chemical bond connectivities
between protons via their J-coupling correlation, and
the short-range spacial connectivities by their dipolar
coupling. Dealing with protein molecules of higher
molecular mass demands the introduction of higher-
dimensional, heteronuclear NMR-methods, usually in
three-dimensional techniques, for the assignment
procedures. These higher-dimensional experiments

also reveal J-coupling connectivities, but these J-
couplings are now detected not only between
protons, but between protons and other magnetically
active nuclei, for example between protons, **C-, and
*N-nuclei. As the natural abundance of *°N- and
3C- is too low for these higher-dimensional tech-
niques to be applied, availability of fully isotope
labeled material is necessary. Thus, in most cases,
bacterial expression systems with very high yield
(tens of milligrams per liter culture) are mandatory,
as the cost of the isotope labeled culture media
(**C-glucose and *°N-ammonium sulfate are used
most widely) would otherwise be prohibitive.

The second step in the solution structure determi-
nation of proteins by NMR is the measurement of
distances between protons. These measurements rely
on the through space dipolar coupling which is
experimentally manifested in the nuclear Overhauser
effect (NOE). The NOEs are detected as crosspeaks
in standard two or higher dimensional NMR experi-
ments. Due to the dependence of the intensity of the
NOE-effect on r ~°, where r is the distance between
the protons involved, the dipolar coupling is a very
short range interaction, and an NOE between protons
is generally assumed to be measurable only if the
distance between these protons is less than 0.6 nm.
As the NOE is also influenced by time variations of
the dipolar interactions and thus by the dynamics of
the protein molecules, distances cannot be deter-
mined with high accuracy [20]. In addition to the
NOE data, other parameters that define spatial rela-
tions between atoms such as the bond-angle depen-
dent J-couplings or, more recently, the dependence
of the dipolar coupling on the angle between the
distance vector of two coupled protons and the
external magnetic field may be used [21].

The third step is the search for protein conforma-
tions that are compatible with the experimental data.
This is usualy done by a molecular dynamics
calculation involving a so-called simulated annealing
procedure to overcome local energetic minima [22].
To this end, the distance and angle constraints are
converted to energy functions with minima corre-
sponding to the approximate values that were de-
termined experimentally. The result of these calcula-
tionsis then a family of structures all of which fulfill
the experimental data. The variation of the structures
within these families is measured as root mean
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square deviation and depends, among others, on the
flexibility of the molecules and the number and
accuracy of the experimental constraints.

3. Solution structures of individual allergens
3.1. Ragweed pollen allergens Amb a 5and Amb t 5

Ragweeds (Ambrosia) contain peptide allergens of
about 40 amino acids, and interest focused early on
the two Amb allergens Amb t 5 (Ambrosia trifida)
and Amb a 5 (Ambrosia artemisiifolia). These
alergens are 46.3% identical in their amino acid
sequence in a 41 residue overlap [12,13] (Table 1).
They possess similar MHC Il binding regions [23],
but their T cell receptor interacting residues are
different [24], and they are not cross-reactive on the
antibody level [25]. Such comparatively high se-
guence identity is nhot necessarily a safe indication of
high identity on the level of tertiary structure, as
recent examples clearly show [26]. As a good initial
working hypothesis, however, the assumption that
nearly 50% sequence identity results in highly
similar three-dimensional structures may be ac-
cepted. This observation suggests that study of the
conformations of Amb t 5 and Amb a 5 in atomic
detail could further our understanding of the causes
of cross allergies and provide some clues as to the
nature of the conformational epitopes of these pep-
tides. This, in combination with the fact that peptides
of the size of the Amb a5 and Amb t 5 alergens are
easily accessible to structure determination by con-
ventional NMR-techniques, led to efforts to study the
structures of the wildtypes of these allergens in
solution and combine the solution structural studies
of the wildtype peptides with studies of the solution
conformation and the allergenic potential of designed
mutant peptides. Consequently, Amb a5 and Amb t
5 were among the first allergens for which NMR
spectra were available (Amb a 5: [27]) and whose
structures could be determined in atomic resolution
by NMR [28-31].

Demand of material for structural studies is usual-
ly in the milligram range. Thus, both allergens were
expressed in E. coli, and antibody binding studies of
the recombinant material showed recombinant Amb t
5 to be identica to the natural peptide, a claim

supported by the exact agreement of their NMR
spectra [28]. This was not self-evident as the Amb t
5 peptide contains four disulfide bonds. In fact,
recombinant Amb a5 was not identical to the natural
product, making purification from natural sources
necessary for the structure determination procedures
[29]. As the peptides are well-structured and their
size is modest, it was not necessary to resort to
multidimensiona NMR-techniques with isotope
labeled material, and the structure determination
could be performed by standard homonuclear tech-
niques [15] and molecular dynamics calculations
[22]. The proton resonance assignments were essen-
tially complete for both, with exception of Gly8 in
Amb t 5.

The Amb a5 and Amb t 5 structures are highly
identical as far as their genera topology is
concerned. According to the entry in the protein data
bank [32], Amb t 5 shows a COOH-terminal helix
that extends from Lys32 to Asn36, and two an-
tiparallel B-strands that run from Tyr17 to Cys19 and
from Val27 to Tyr29 (Fig. 1). More extended sec-
ondary structure elements and the presence of a third
short B-strand, from Cysb to Glu7, was reported in
the original publication [29]. During the course of
data refinement, the correct pairing of disulfide
bonds in Amb t 5 as Cysb—Cys35, Cysl11-Cys26,
Cys18-Cys28, and Cys19—Cys39 became apparent.
The final conformation was confirmed by the fact
that several extraordinary chemical shifts could be
explained nicely by the structure data. The Amb a 5
structure [30], also determined by standard two-
dimensional NMR and molecular dynamics methods,
shows the same overall topology as the Amb t 5
structure, and a secondary structure was reported
consisting of a COOH-terminal helix from Ser35 to
Cys43 and three B-strands, from Cysd— to Alaz,
from Tyr17 to Ser20, and from Val31 to Tyr33. The
B-strand not included in the pdb entry for Amb t 5 is
less well defined than the other two B-strands
according to the local root mean sguare deviation
(rmsd) data [29].

As a consequence of these studies, variants of
Amb t 5 were constructed in an attempt to define the
B-cell epitope. Amino acids were exchanged for the
homologous residues of Amb a 5, with the plan to
ater the immunogenic sites of Amb t 5 to those of
Amb a 5, a goa that could not be achieved com-
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Fig. 1. The Rasmol [54] picture of the Amb t 5 (pdb-entry: 1BBG) structure shows the clearly defined helix and the short two-stranded
antiparallel B-sheet. Indicate is loop 3 that is proposed to contain the epitope.

pletely as properties of recombinant Amb a5 did not
match those of the natural product, and thus replace-
ment of too many residues seemed inappropriate.
The epitope, however, could be narrowed to amino
acids in loop 3 of the structure (Fig. 1) [30].

32 Dust mite allergens Der f 2 and Der p 2

The 129 amino acid dust mite (Dermatophagoides
pteronyssinus) major allergens Der f 2 and Der p 2
are identical in sequence to 87.5% in a 128 amino
acid overlap and are thus expected to be virtually
identical on the level of tertiary structure [6,7] (Table
1). Both proteins exhibit three disulfide bonds whose
presence was judged to be important for IgE binding
[33,34]. In Der p 2, these disulfide bonds connect
cysteines 8 and 119, 21 and 27, and 73 and 78.

Structure determination of the dust mite allergens
Der f 2 and Der p 2 necessitated use of isotope
labeled protein. As a prerequisite, Der f 2 as well as
Der p 2 were expressed in E. coli systems efficient

enough to alow **C and *°N isotope labeling. Three-
dimensional triple resonance NMR-techniques and
molecular dynamics calculations were then applied
to obtain the complete conformations of Der f 2 [35]
and Der p 2 [36] (Fig. 2). The structure determi-
nations were performed under different conditions,
and more extensive NMR-experiments as well as
double-labeling of specific amino acids resulted in a
clearly higher number of observable long range
NOEs and a higher quality of the Der p 2 structure
[36]. These alergens are predominantly B proteins,
with Der p 2 exhibiting six B-strands, from K15 to
L17, F35 to E42, K51 to 158, Q85 to W92, V104 to
M111, and L117 to A122, and two weak, short
helices, from 158 to G60 and from A72 to H74. The
weakness of the helices allows classification of the
protein as all-B. Comparison of either protein tertiary
structure with the database using the DALI program
[37] yielded classification of the fold as a six
stranded immunoglobulin type sandwich arrange-
ment of B-strands with a topology reflecting the
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Fig. 2. The structure of Der p 2 (pdb-entry: 1A9V) shows clearly the similarity of the fold with the immunoglobulin type of folds (Rasmol

[54] picture).

stype as defined earlier [38]. This fold, however, is
extremely common in nature, and thus does not
provide much clue to the physiological function of
the protein. A COOH-terminal «o-helix that was
proposed to be a general major contributor to the
alergenicity of proteins [39] is not present in either
Der p 2 or Der f 2. At the time of this writing, a
similarity search [37] returned the structure of the
rho guanine nucleotide dissociation inhibitor as the
closest structural relative. Whether or not this re-
semblance with a z-score of 5.9 indicates any
functional similarity remains to be seen. From a
comparison of amino acid sequences, a function of
Der p 2 in molting has been suggested [36].

3.3 Timothy grass pollen allergen Phl p 2

The 96 amino acid timothy grass pollen allergen
Phl p 2 was expressed in E. coli and shown to be
equivalent to the natural protein [40]. The two-
dimensional NMR spectra were of excellent quality,
and resonances were extremely well resolved, so that

the proton resonance assignment could be performed
without resorting to isotope labeled protein and
multidimensional experiments [41]. The assignment
was complete with the exception of loop region
Leu60—Pro64. Phl p 2 turned out to be a protein of
the al-B type, with nine strands as identified by long
range HN-HN, HN-Ha, Ha—Ha, HN-HB NOE
connectivities. According to analysis with the DALI
program [37], the structure of Phl p 2 (Fig. 3)
resembles an immunoglobin fold (z-scores to related
immunoglobulin-type proteins around 4.9) topologi-
cally related to the h-type [38]. The first B-sheet of
the Phl p 2 immunoglobulin fold is formed by
strands running from V42 to M44, A29 to E35, F64
to T70, and M74 to D80, the second B-sheet is
formed by strands from T5 to E9, H16 to V21, T45
to G47, V51 to S56, and A90 to A93. The re-
semblance of Phl p 2 to immunoglobulin folds,
however, is not as close as that of Der p 2 (z-scores
around 5.6]. In addition, the architecture of Phl p 2
does not show the core residues that are generally
used to define the immunoglobulin fold family of
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Fig. 3. The structure of Phl p 2 (pdb: 1A9V). The opposed B-sheets similar to the immunoglobulin fold can easily be seen. (Rasmol [54]
picture; pdb-entry: 1IWHO was used for the figure as the secondary structure elements are better defined according to Rasmol in this X-ray

structure).

proteins [38]. Like the Der f 2 and the Der p 2
three-dimensional structure, the Phl p 2 structure
does not show any sign of the presence of an
a-helical secondary structure.

34. Birch pollen allergen Bet v 1 and cherry
allergen Pru av 1

The largest protein alergens whose structures
have been determined so far by high-resolution
NMR-spectroscopy are the major birch pollen al-
lergen Bet v 1 and the major cherry allergen Pru av 1
(formerly Pru a 1), both of which consist of 159
amino acids. Bet v 1 and Pru av 1 are 60% identical
in their sequences (Table 1). Initially, the COOH-
terminal sequence region was shown to form an
a-helix independent of the protein structural context
as determined by two-dimensional NM R-spectros-
copy on an isolated peptide [42]. This helix is

amphipathic. Bet v 1 was judged to be a monomeric
protein from NMR and circular dichroism studies
[43]. The secondary structure and the global fold of
Bet v 1 were elucidated by NMR [42], and sub-
sequently the three-dimensional structure could be
determined by X-ray crystallography as well as
multidimensional triple resonance NMR using *°N
labeled and *°N-"*C double-labeled material [44,45].
The same methods were used to determine the three-
dimensional structure of Pru av 1 [46,47] (Fig. 4).
The structures of Pru av 1 and Bet v 1 turned out to
be virtually identical, with an rmsd value of less than
0.2 nm for the solution structure of Pru av 1 vs. the
crystal structure of Bet v 1 [47] (Fig. 5). Thisrmsd is
roughly the same as the deviation of the crystal and
the NMR-structures (0.16 nm; [44]). The conforma-
tion of Bet v 1 features a large B-sheet consisting of
seven B-strands, from Val2 to Ser11, Val41 to Glu4b5,
11e53 to 11e56, Arg70 to Asp75, Lys80 to Ser84,
Gly111 to His121, Lys97 to Thrl07, and three a-
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Fig. 4. The Molscript [55] picture of the Pru av 1 structure (pdb-entry: 1E09) shows the seven B-strands in a basket-type arrangement. This
basket is closed by a-helices 1 and 2 in combination with the long COOH-terminal a-helix 3.

helices, from Alal5 to Phe22, Gly26 to Val33, and
Alal30 to Alals3, resulting in a BaaBRBRBRa-
topology. The arrangement of B-strands is distantly
resembling the »B-cup« arrangement found in the
lipocalin protein family, although the latter motif
consists typically of an 8-stranded partial barrel that
is rather closed, with a COOH-terminal a-helix on
top of the barrel [48]. In the context of the whole
protein, the hydrophobic residues of the COOH-
terminal helix as well as the hydrophobic residues of
the two other helices are pointing to a large basket
formed by the B-sheets. The three helices are in a
nearly perpendicular arrangement to each other with
the two short helices a1l and o2 under the long
COOH-terminal helix «3. This helix arrangement
and the position of the a3-helix is stabilized by a
hydrophobic cluster consisting of Leul8, Ala2l,

Phe22, Leu29, Val1l47. The B-sheets thus form a
basket, with a3 as a lid and o1 and «2 forming a
clip (Fig. 6). This arrangement stabilizes the orienta-
tion of the single methionine residue, Met139, and of
residue Leul43 pointing into the center of the cavity
formed by the COOH-terminal helix, helices a1 and
o2, and the B-sheet. The loop following B7, Thr122
to Lys129, forms the hinge of the «3-lid.

Until recently, the only hint towards the function
of these proteins came from a report of RNAse
activity of Bet v 1 [49]. Comparison of the Bet v 1
(pdb-entry: 1B6F) or the Pru av 1 (pdb-entry: 1EQ9)
NMR-structure with the pdb database, however,
resulted in a single, very close match (z-score above
10) with a recently determined structure of the
human protein min64 ([50]; pdb-entry: 1EM2). The
strongly related steroidogenic acute regulatory pro-
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Overlay Prua 1 -

Betv 1

Fig. 5. Backbone overlay of Pru av 1 (dark pdb-entry: 1E09) and Bet v 1 (pdb-entry:1BV 1, X-ray structure) showing the near-identity of the

two protein conformations (SYBYL, Tripos Inc.).

tein (StAR) regulates acute steroidogenesis in the
adrenal cortex and gonads by promoting the translo-
cation of cholesterol to the mitochondrial inner
membrane where the first step in steroid biosynthesis
is catalyzed. The Bet v 1 and Pru av 1 alergens
show only very low sequence homology with min64.
Like Bet v 1 and Pru av 1, min64 shows an
architecture of an extended B-sheet and o-helices
surrounding a large cavity assumed to contain the
cholesterol binding site which, by analogy, may be
inferred to be a plant steroid binding site in the Bet v
1/Pru av 1 type plant alergens. Surprisingly, the
alergen and the min64 structures agree even in a
minute, but remarkable detail, namely the lid-clip
formed by the COOH-terminal helix o3 and the two

small helices a1l and «2. In min64, the arrangement
is stabilized by a hydrophobic core of Leu295,
Val296, Val300, Leud34, and 11e438. Two of the
three methionine residues, Met307 and Met388, are
very close to the lid-clip arrangement, and the
orientation of Met427 is fixed by the helix-basket
motif in a direction very similar to Met139 of Bet v
1. From this similarity, it would not be surprising if
the Bet v 1/Pru av 1 family of alergens would
consist of plant steroid binding proteins involved, for
example, in signal transduction.

Indeed, recent NMR-experiments with Pru av 1
and the plant hormone homocastasterone indicated
that plant steroids bind to the hydrophobic cavity of
this protein, and molecular modeling calculations
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Fig. 6. The Rasmol [54] picture of Bet v 1 (pdb-entry: 1B6F) oriented along the COOH-terminal helix shows the basket-type arrangement
of B-strands and the lid-clip arrangement of the «-helices that is also found in the structure of the human cholesterol binding protein min6é4
[50].

showed that two castasterone molecules can simul-
taneously occupy the cavities of Bet v 1 or Pruav 1
[47] (Fig. 7). The surprisingly high similarity of the
structures of the cherry and the birch pollen alergens
has been suggested to partialy explain the cross-
allergies observed for these allergens [47].

3.5. Outlook

One the major aspects of alergenic activity of
proteins that needs till to be studied and may profit
tremendously by the application of NMR-methods is
the interaction of allergens and antibodies and the
search for structural epitopes. With the limited data
currently accessible from NMR-studies of protein
alergens (Table 2), however, the search for epitopes
is mainly restricted to the comparison of structural
features of mutants, as has been done with the Amb

5 alergens, or comparison of highly similar proteins,
for example Amb a5/Amb t 5, Der f 2/Der p 2 and
Bet v 1/Pru av 1. No generalization of any distinc-
tive structural element that may determine the al-
lergenic properties of these compounds could be
derived. In particular, only rarely have the specific
advantages of NMR been used in the study of
alergens, that is the characterization of dynamic
properties of allergens or the determination of sur-
face contacts between allergens and antibodies. In
particular the latter field of studies, that is, in
practical terms, the determination of structural fea-
tures of allergen-F, -fragment complexes or at least
complexes with single-chain F, -fragments is highly
likely to become a major focus of NMR studies in
the near future. Several experiments towards this end
were performed already, albeit not directly aimed at
alergen-antibody complexes. Definition of interfaces
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Fig. 7. A combination of molecular modeling and NM R-experiments suggests that two plant steroid molecules may bind in the hydrophobic

cavity of Pru av 1 (dark) and Bet v 1 [47].

of large protein—protein complexes in solution by
high resolution NMR has been tackled by use of
experiments involving chemical shift perturbation,
isotope exchange techniques involving main chain
amide groups, or specific labeling of amino acids.
For example, a structure could be suggested for the
HIV-1 anti-gp120 antibody complex with a small
peptide by extensive use of deuterium labeling
techniques [51], and the exploitation of cross-satura-
tion phenomena detected in *H-'°N heteronuclear
single quantum coherence experiments with TROSY
coherence transfer in an optimally deuterium labeled
system was demonstrated to yield valuable infor-
mation on large (M, 64 000) protein—protein com-
plexes [52]. Thus, although X-ray crystallography
may be the superior technique for the study of larger
protein complexes, the current advances in NMR-

technology as well as the increasing experience with
the appropriate handling of these complexes makes
them accessible to NMR-studies, thus opening up all
the advantages of this technique such as its power in
studying the dynamics and kinetics of interactions or
the possibility to look at interaction surfaces in detail
in solution.
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Table 2

Summary of allergen solution structures

Allergen  Source Amino  Structure  Fold type [53] Closest structural Ref.  pdb-entry

acids class neighbours (NMR)

Amba5 short ragweed 45 a-B - - 31 -
(Ambrosia
artemisiifolia) pollen

Ambt5 giant ragweed 40 a-B - - [29] 1BBG
(Ambrosia trifida) [28]
pollen [32]

Der p2  dust mite al-g immunoglobin rho, homo sapiens [33] 1A9V
(Dermatophagoides (GDP dissociation [36]
Pteronyssinus) inhibitor)

Der f 2 dust mite 129 al-g immunglobin rho, homo sapiens [35] 1AHK
(Dermatophagoides (GDP dissociation
Pteronyssinus) inhibitor)

Phl p 2 timothy grass (phleum 96 al-g calcium/lipid binding domain,  fibronectin folds [41] 1BMW
pratense) pollen immunoglobulin

Betv 1 birch (Betula pendula) 159 a-B teta-box binding protein like min64, homo sapiens  [42] 1B6F
pollen (cholesterol transport)  [44] 1BTV

(B-o-B(4)-0) [45]
Prual cherry (Prunus avium) 159 a-B teta-box binding protein like min64, homo sapiens  [46] 1E09
(cholesterol transport)  [47]
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