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Abstract Gad m 1 is the major allergen from Atlantic
cod. It belongs to f-parvalbumin protein family and is
characterized by the presence of two calcium-binding sites
so called EF-hand motifs. f-Parvalbumins such as Gad m 1
are the most important fish allergens and their high cross-
reactivity is the cause of the observed polysensitization to
various fish species in allergic patients. Despite extensive
efforts, the complete elucidation of p-parvalbumin-IgE
complexes has not been achieved yet. Allergen structural
studies are essential for the development of novel immu-
notherapy strategies, including vaccination with hypoal-
lergenic derivatives and chimeric molecules. Here, we
report for the first time the NMR study of a ff-parvalbumin:
Gad m 1. This report includes: 1H, 13C and "’N resonance
assignments of Gad m 1 as well as the second structure
information based on the '*C chemical shifts.
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Biological context

Allergenic proteins are able to stimulate an inappropriate
IgE production in predisposed atopic individuals, which
results in manifestations of clinical symptoms such as
asthma, rhinitis and atopic dermatitis (Akdis 2006).
Allergen immunotherapy is the only treatment that pro-
vides long-term clinical benefits. Allergen vaccine design
includes the production of modified allergen molecules
with a low-affinity for allergen-specific IgE (Wallner et al.
2007; Wild et al. 2007). Allergen structure determination is
a crucial step in generating such molecules and also leads
to an understanding of the molecular interactions between
the allergen and IgE (Razzera et al. 2010) or the cells of the
immune system.

f-Parvalbumins of fish represent one of the largest
animal food allergen families, second only to tropomyosins
of crustaceans and mollusks (Jenkins et al. 2007). Cross-
reactions between f-parvalbumins from cod and other fish
species are the cause of the frequently observed polysen-
sitization to various species in fish allergic individuals
(Griesmeier et al. 2010). This study focuses on the major
allergen of cod, Gad m 1, which is a 108 amino acid res-
idue protein and a member of parvalbumin protein family
(Lewit-Bentley and Rety 2000; Breiteneder and Mills
2005). Eleven high-resolution structures of f-parvalbumins
are available in the PDB, all of them were determined by
X-ray crystallography. Gad m 1 is the first f-parvalbumin
studied by NMR.

In this work, we present the sequence-specific 'H, '*C
and "N resonance assignments and second structure
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information of Gad m 1 based on '*C chemical shifts, as a
first step for the NMR structure determination.

Methods and experiments

Expression and purification of isotope-labeled
(>N, *C) Gad m 1

The expression plasmid pET17b-Gad m 1.02 (Ma et al.
2008) was transformed into chemically competent Esche-
richia coli BL21(DE3) purchased from Novagen (Madison,
WI, USA). Transformed bacteria were plated onto LB-
Amp plates (100 pg/mL) and grown overnight (o/n) at
37 °C. A single colony was inoculated into LB-Amp
(100 pg/mL) medium and grown o/n at 37 °C as starter
culture. Ten milliliters of starter culture were used for
protein expression in E. coli-OD2 CN medium (Silantes
GmbH, Munich, Germany). The bacterial culture was
grown at 37 °C until the optical density at 600 nm reached
0.4 (U-1800 Spectrophotometer, Hitachi Ltd., Tokyo,
Japan) and then induced by adding IPTG to a final con-
centration of 1 mM. Induced E. coli cells were grown over
night at 30 °C, and cells were harvested by centrifugation
at 7,000 rpm for 30 min at 18 °C. Bacterial pellets were
resuspended in 10 mL of 20 mM sodium-phosphate buffer,
1 mM EDTA, 5 mM DTT, pH 7.5. Before cell lysis by
French Pressure Cell Press (SLM Aminco, Rochester, NY,
USA), a Complete EDTA-free Protease Inhibitor Cocktail
tablet (Roche Diagnostics GmbH, Mannheim, Germany)
was added. The cell lysate was centrifuged at 15,000 rpm

for 1 h at 4 °C and the clarified supernatant was collected
for protein precipitation with polyethylene glycol (PEG).
Precipitation was performed by adding 1/10 volume of a
20% PEGgpog, 2.5 M NaCl solution and incubation for
45 min on ice. The cloudy solution was centrifuged at
13,000 rpm for 20 min at 4 °C. The pellet was dissolved in
20 mM sodium-phosphate buffer, pH 7.5 and desalted by
dialysis against 20 mM Bis—Tris—HCI. pH 6.5 in a Spectra/
Por 6 MWCO 1,000 membrane tube (Spectrum, Rancho
Dominguez, CA, USA) o/n at 4 °C.

The protein sample was applied to a Q Sepharose Fast
Flow anion exchange chromatography column (GE Health-
care, Little Chalfont, UK) and purification was performed
with a Pharmacia fast performance liquid chromatography
(FPLC) system (GE Healthcare, Little Chalfont, UK). The
column was washed with 20 mM Bis-Tris—HCI, pH 6.5
and bound proteins were eluted by a linear gradient of
0-50% of 20 mM Bis-Tris—HCI, 1 M NaCl, pH 6.5. The
elution was monitored by a single path monitor UV-1 (GE
Healthcare, Little Chalfont, UK) at 280 nm. The resulting
fractions (1 mL volume) were analyzed by SDS-PAGE and
Coomassie Brilliant Blue staining. The collected fractions
containing '°N and '*C labeled rGad m 1 were pooled and
concentrated by centrifugation using Amicon Ultra-15
Centrifugal Filter Devices (Millipore, Billerica, MA, USA)
to a final volume of 3 mL. The concentrated protein sample
was applied to a HiLoad 16/20 Superdex 200 prep grade
gel filtration column (GE Healthcare, Little Chalfont, UK)
in the same system as described above and monitored at
280 nm. Solute molecules were separated by passing one
column volume of 50 mM sodium-phosphate buffer,

Fig. 1 '"H-""N HSQC spectrum
of uniformly ['3C, 15N]—labeled
Gad m 1 recorded in an Avance
III 600 MHz with cryogenic-
probe and pH 7.0 at 298 K.
Numbers correspond to residue
positions in the Gad m 1
primary sequence. The residues
G5, D9, E22 and A73 presented
low intensities in the HSQC but
their assignments were achieved
by 3D triple-resonance
experiments
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'H, 13C and "N resonance assignments and second structure information

150 mM NaCl, pH 7.4. The fractions (5 mL) containing
pure isotope-labeled rGad m 1 in SDS-PAGE analysis
were pooled and concentrated as previously described.

To carry out the NMR assignment experiments, the
samples (~64 pM—above this concentration the protein
aggregates) of purified isotopically labeled (*°N, *C) Gad
m 1 was prepared in 10 mM sodium phosphate, 0.5 mM
CaCl, pH 7.0 containing 10% D,O0.

NMR spectroscopy

The NMR experiments were performed at 298 K using a
Bruke Avance III 800 spectrometer equipped with a TXI
5 mm triple resonance probe and Bruker Avance III 600
equipped with 5 mm TCI triple resonance cryogenic-probe.
The backbone assignment of the protein Gad m 1 by NMR
spectroscopy was done through analysis of a collection of
3D triple-resonance experiments: HNCACB, HNCO,
HNCA, HNCACO, CBCA(CO)NH. Side-chain resonance
assignments have been achieved using the following

experiments: HBHA(CBCA)(CO)NH and HCCH-TOCSY.
The assignment was confirmed and completed with '°N-
edited NOESY-HSQC (120 ms mixing time) '*C-edited
NOESY-HSQC (120 ms mixing time). All spectra were
processed using Topspin 2.1 and analyzed using CARA
1.8.4 (Keller and Wultrhich 2004).

Assignments and data deposition

The "H-""N HSQC spectrum of Gad m 1 pH 7.0 at 298 K
is shown in Fig. 1. The Gad m 1 spectrum presented NMR
resonances well dispersed and almost all atoms were
assigned (98%). The only exceptions were residues A2 and
F3, which did not present 'H-'"N HSQC resonance signals
and HE and CE1 of H27. Amide hydrogen NMR signals of
G5, D9, E22 and A73 presented low intensities and their
assignments were obtained by 3D triple-resonance experi-
ments. The chemical shifts have been deposited in the
BioMagnRes- Bank (http://www.bmrb.wisc.edu) under the
accession number 18113.
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Fig. 2 Secondary structure information of Gad m 1. a Deviation of
experimental chemical shifts from random coil values. Difference in
chemical shift between C* and C” carbons for each residue (see
“Methods”). The regions that presented positive values for these
variations are identified as o-helix and negative as f-sheet. b The
Talos index for secondary structure, which is consistent with the

prediction presented in a. The upper panel shows the secondary
structure representation mapped by both analyses, where barrels and
arrows represent regions of o-helix and f-sheets, respectively. Based
on carp f-parvalbumin (lcdp), residues of the putative calcium-
binding site are highlighted in red
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Secondary structure information from the '*C chemical
shifts

The identification of the secondary structure was obtained
through the analysis of the chemical shift deviations of the
C* (ASC*) and C” (ASCP) from the random coil values and
using the program Talos+ (Shen et al. 2009). Figure 2a
shows the values of AC* minus ASC” obtained for each
residue and panel b shows the results obtained with the
program Talos+. Positive and negative values of AJC*
minus ASC? and of the Talos index are associated with
o-helix and f-sheet secondary structure, respectively. The
Talos index indicates that residues 9-18, 27-33, 41-50,
61-69, 81-89 and 101-107 were involved in o-helix sec-
ondary structures, residues 36 and 37 also showed a posi-
tive index with low confidence. Interestingly, our results
indicated that residues 56-57 and 97-99 were forming
small f-sheets. These regions correspond to the putative
calcium-binding sites, present in parvalbumin family
members as an EF-hand motif (Fig. 2a). Theses features
were only reported in the f-parvalbumin from carp (Ma
et al. 2008). The NOEs analysis and structure calculation
will confirm these suggestions.
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