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Summary

Background: Purified food allergens have to meet high quality criteria if
they are to be used for in vitro diagnosis. Information on protein confor-
mation from 1D-"H-NMR analysis can make a significant contribution
to the authentication of allergens. Furthermore, this method can be
used to (i) compare the structures of allergens within a protein family,
ii) determine the thermal stability of food allergens and iii) detect struc-
tural differences between recombinant and natural allergens.
Methods: The most important food allergens from cow’s milk, hen’s
egq, fish, shrimp, peanut, hazelnut, celeriac, apple and peach were
purified according to established purification protocols and their al-
lergenic activity tested.

The presence and extent of protein tertiary structure was assessed by
1D-"H-NMR experiments, using a 700 MHz field at 298K under vari-
able buffer conditions. The impact of thermal treatment on the NMR
spectra was also determined.

Results and conclusions: Analysis of the 1D-'H-NMR spectra showed
that some allergens had a rigid and extended tertiary structure while
others showed only mobile flexible regions. A third group of allergens
displayed both features with a rigid tertiary structure but also flexible
mobile regions. In summary, 1D-"H-NMR provides valuable information
on the authenticity of allergen structure, requiring low protein concen-
trations and without the requirement for labelling with 15N and 13C.

v
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Introduction

Within the EC project EuroPrevall, a food allergen library was
established based on coordinated and harmonised purifica-
tion and characterisation. The most clinically relevant aller-
gens of animal and plant food origin were selected and either
produced as recombinant allergens or purified from natural
sources (Tab. )",

Since it is widely accepted that the structural integrity of aller-
gens is relevant to their IgE binding capacity, the tertiary struc-
ture of the purified proteins was assessed by routinely used
methods such as circular dichroism (CD) spectroscopy as well
as by applying more specialised methods to determine struc-
tural features such as nuclear magnetic resonance spectrom-
etry (NMR).
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Table 1. Purified food allergens of plant and animal origin. Aﬂér purification tertiary structure was assgssed by 1D-

NMR analysis.
Protein family Source Allergen NMR analysis
nsLTP Apple, peach, Hazelnut, Mal d 3, Prup 3, Cora 8 Rigid tertiary structure
Profilin Apple, Hazelnut, Celeriac 7Mai d4,Cora2 Apig4 Rigid tertiaryistructure
i Be'tv1 related Apple, Peach, Hazelnut, Mal d 1,P_r-u pi,Corat, Rigid tefﬁéry structure
Celeriac, Peanut Apig1,Arah8
25 Albumin Peanut Ara h2,Arah6 Rigid tertiar;f structure
7/8'S Globulin Hazelnut, Peanut Cora11,Arah 1  Rigid tertiary structure
(flexible structural elements)
11 S Globulin " Hazelnut, Peanut Cora9,Arah 3/4 Flexiblerre\ements, no structu-
re to be determined
Thaamafin-like protein -Apple Mal d_ 2 Rigid tertiary Stl’UEiLIII’E
FAD-cohtaihing oxidase ___C-:uéleriac Apigh Putatively fol__ded

Casein Cow’s milk, Goat’s milk Bos d 8, goat’s milk casein =~ No definite tertiary structure
B to be determined
Tropomyosin Shrimp Pena No definite tertiary structure
) to be determjled
EF-hand domain Cod, Carp Gadm1,Cypc1 Rigid tertiary structure
(Parva!pumin)
Lipocalin Cow’s milk Bosd b Rigid tertiary structure
(beta-lactoglobulin) ' )
C-type lysozyme Cow’s milk, hen's egg Bosd 4, Gald4 Rigid tertiary structure
(alpha-lactalbumin)
Kazal type protease Hen’s egg Gal d 1 Rigid tertiary structure
Inhipitor
Serpin Hen'’s egg Gald2 Rigid tertiary structure
Transferrin Henfs_ eqg Gald3 Rigid tertiary structure
§erum Albumin Hen’s egg Gald 5 Rigid tertiary structure

Materials and Methods

The food allergens listed in Table | were pu-
rified as previously described *'2. For NMR
analysis, purified allergens (0.06-0,39 mmol)
in agueous buffers (either 20-50 mM sodium
phosphate buffer, pH 7.4 with and with-
out 1560 mM NaCl, or MOPS 20 mM, 0.5M
NaCl, pH 7.4, 11% D,0) analysed with an
Avance 700 spectrometer (Bruker Com.
Madison, WI, USA) at 700MHz. Two sets of
experiments (minimum of 256 scans each)
were performed at 25°C, one with the wa- =
ter signal being minimised and the other
using water selective pulses. The consist=

NMR spectroscopy allows macromolecules
of biological interest to be studied under
physiological conditions at atomic resolution,
providing detailed information on the structur-
al, chemical and dynamic properties of pro-
teins. While 2D NMR techniques are usually
applied for detailed structural analysis, little
work has been carried out to evaluate the use
of 1D-"H-NMR as a high throughput first step
to assess the structural authenticity of purified
proteins 2. We therefore applied 1D "H-NMR
to the range of purified protein allergens from
the Eurcprevall allergen library to provide in-
formation on their tertiary structures.




High throughput NMR

ency of the spectra with information avail-
able on the structures of the allergens was
also compared. For selected allergens the
thermal stability was assessed by stepwise
heating of the protein up to 85°C followed
by cooling down to 25°C. The control and
heated/cooled samples were then subjected
to 1D-"H-NMR analysis on a 600MHz spec-
trometer (Bruker Com. Madison, WI, USA)
and the spectra compared.,

Results

One dimensional NMR provides information
on the structural properties of a folded pro-
tein at the atomic level under physiological
conditions. A typical spectrum of a protein
with a rigid tertiary structure, rPru p 1 which
is the Bet v 1 homologue from peach, is pre-
sented in Figure 1A, A series of well resolved
peaks above 9 ppm can be assigned to the
backbone NH while the region below 8 ppm
provides signals from the aromatic ring pro-
fons and side chain NH,. Between 5.8 and
3.5 ppm the backbone alpha proton sig-
nals are seen, followed by the aliphatic re-
gion (3.5-0 ppm). Side chain methyl signals
are found between 1 and -1 ppm. Using the
1D 'H-NMR analysis structural changes due
to physicochemical manipulations such as
heat treatment can be identified. The Pru p
1 preparation was therefore heated stepwise
to 80°C and the spectrum determined after
cooling to 25°C. This heating and cooling
did not affect the structure of Pru p 1 with
well-resolved patterns of signals from 8.5
down to O ppm being virtually identical in the
heated and unheated control samples (Fig.
1B). However, when Pru p 1 was heated to
85°C, changes in the overall structure were
gvident. In this case the well-resolved peaks
are replaced by unresolved broad peaks, es-
pecially in the area of the side chain HN and
the alpha protons (6-4 ppm; Fig. 1B). These
data are consistent with previously reported
CD data for Pru p 1 which alsc show irrevers-
ible structural changes on thermal treatment
at temperatures above 80°C*.
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Figure 1. A: NMR 1D-'H Spectra (600 MHz) of pu-
rified recombinant Pru p 1 (Bet v 1 homologue from
peach). B: After stepwise heating followed by cool-
ing down to 25°C NMR 1D-'H spectra were obtained.
Some changes in tertiary structure of Pru p 1 due to

thermal treatment are marked by arrows.

A range of allergenic proteins of both plant
and animal origin was subjected to 1D-'H-
NMR to assess their structural integrity after
purification, as summarised in Table I. The
majority of the proteins, including members
of the Bet v 1 family, profilins, 2S5 albumins,
and thaumatin-like proteins from plants, dis-
played arigid tertiary structure. Allergens with
similar defined structures from animal origin
were parvalbumins, beta-lactoglobulin, and
members of the C-type lysozyme, kazal-type
protease inhibitor and serpin, transferrin and
serum albumin families of proteins. By con-
trast, no tertiary structure was detected in the
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case of caseins from cows’ and goats’ milk.
These data are consistent with the accepted
features of caseins which display a flexible,
non-compact structure. The absence of a
rigid tertiary structure characterises also the
1D-"H-NMR spectrum of tropomyosin from
shrimp. Similarly, no defined tertiary structure
could be determined for 11S globulins from
hazelnut and peanut. The spectra of several
other proteins, the FAD- containing oxidase,
Api g 5 from celeriac and Ara h 1, the 7S
globulin from peanut, showed regions of
both rigid and flexible/mobile structure.

Conclusions

A total of 31 purified allergens of diverse mo-
lecular masses (9 kDa-78 kDa) were analysed
by 1D-'H-NMR to determine their structural
integrity. 1D 'H NMR allows identification of
the structural and dynamic properties of pro-
teins at the atomic level under physiclogic
conditions. The method is less time consum-
ing compared to 2D-NMR and provides data
on the presence or absence of a rigid terti-
ary structure. In addition, structural changes
due to thermal or enzymatic treatment can
be readily identified by this method. How-
ever, 1D-"H-NMR is currently limited to the
analysis of proteins of molecular masses up
to approximately 70 kDa. In summary, one
dimensional TH-NMR proved a highly useful
method to determine the structural authen-
ticity of proteins, even at low protein concen-
trations and without 15N and 13C labelling.
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