S186

DOI 10.1002/mnfr.200700424

Research Article

High level expression, purification and physico- and
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Well-characterised and immunologically active recombinant allergens are of eminent importance for
improvement of diagnostic tools and immunotherapy of allergic diseases. The use of recombinant
allergens has several advantages such as the more precise quantification of the active substance com-
pared to allergen extracts and the reduced risk of contamination with other allergenic proteins com-
pared to purified natural allergens. Optimised standard protocols for expression and purification and
a detailed physico-chemical characterisation of such recombinant allergens are necessary to ensure
consistent quality and comparability of results obtained with recombinant material. In this study the
major allergen Pen a 1 of brown shrimp (Penaeus aztecus) was expressed in E. coli and purified in
two steps by immobilised metal chelate-affinity chromatography (IMAC) and size-exclusion chroma-
tography. Identity and purity were verified with N-terminal sequencing and peptide mass fingerprint-
ing. Circular dichroism and NMR-spectroscopy indicated an alpha-helical flexible structure of
rPen a 1 which is in accordance with the known structure of tropomyosins. Finally, the recombinant
allergen proved to be immunologically reactive in IgE Western blot analysis and ELISA. This study
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provides a protocol for the preparation of recombinant shrimp tropomyosin in standardised quality.

Keywords: Allergen / High yield expression / Immunological characterisation purification / Pen a 1/ Tropomyosin

Received: October 15, 2007; revised: January 30, 2008; accepted: February 9, 2008

1 Introduction

The majority of relevant allergens from foods have been
identified, sequenced and expressed in recombinant form.
Recombinant allergens are the basis to improve in vitro
diagnosis and therapeutic approaches, since large quantities
with high purity and standardised quality can be produced.
But when recombinant allergens are to be used in diagnosis
or therapy it has to be proven that the immunological reac-
tivity of the chosen isoform is representative when com-
pared to the natural protein.

Consumption of seafood such as fish, lobster, crab and
molluscs can cause life-threatening symptoms in allergic
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individuals [1]. Most shellfish species that elicit allergic
food reactions belong to the taxonomic class Crustacea and
include shrimp, crab, crawfish and lobster; the shrimp gen-
era Penaeus and Metapenaeus have been two of the most
frequently studied.

Only two classes of immunological relevant allergens
from shrimp have been identified and characterised so far:
the arginine kinase Pen m 2 identified by proteomic anal-
ysis of Penaeus monodon extract [2] and the muscle protein
tropomyosin, a major allergen, identified — among other
species — in Peneaus aztecus (Pen a 1) and Penaeus indicus
(Peni 1) [3, 4]. Tropomyosins from other invertebrata such
as arachnids (house dust mites), insects (cockroaches) and
molluscs (squid, snail, oyster) were also shown to be aller-
genic and crossreactive against each other, suggesting
invertebrate tropomyosins as important allergens [5—12].
Despite a very high degree of sequence identity and func-
tional similarity with the latter, vertebrate tropomyosins are
nonallergenic [13, 14]. Tropomyosins and the troponin C, I
and T subunits regulate the Ca** dependent muscle contrac-
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tion [15]. Tropomyosin is a homodimer of two parallel
alpha-helical molecules with a molecular weight of approx-
imately 33 kDa each forming a coiled-coil structure of
about 40 nm length.

Even though numerous publications describe cloning,
sequencing, expression and purification of recombinant
allergens including invertebrate tropomyosin [16, 17] the
practical experience often shows that the production of
larger amounts that are required for experiments under well
controlled conditions (e.g. T cell stimulation or epitope
studies) is not always simple. Different proteins may need
different approaches to expression and purification to
obtain the best results regarding purity, structural integrity
and immunological reactivity. The aim of this study is to
describe in detail “large scale, preindustrial” production of
a single batch of Pen a1 that is well-characterised to be
used in a multicentre Europe-wide study to characterise the
allergen-specific immune response of allergic subject,
investigate the effects of food processing and digestion on
the allergenic potential and improve component-resolved
diagnosis of food allergy. Identical allergen preparations of
constant quality will also be used in other in vitro studies,
such as different basophil activation tests allowing side-by-
side comparison of results obtained by different techniques
and laboratories but excluding the possibility that differen-
ces may be due to batch variation or diverging quality of the
allergen preparations used. For this reason the purified
recombinant Pen a 1 was characterised in detail in regard to
its structural and immunological properties.

2 Materials and methods

2.1 cDNA synthesis, amplification and cloning

Total RNA was isolated from pulverised, snap-frozen P
aztecus (RNeasy-Total RNA-Isolation kit; Qiagen, Hilden,
Germany), and 5' RACE was performed using a gene-spe-
cific internal primer (5-CTGCTCTTAACCGCCGCATC-
CAGC-3') deduced from published partial Pena 1 ¢cDNA
sequence. Full-length cDNA was obtained by PCR, puri-
fied, cloned into pCR4-TOPO vector, expanded in TOP10
cells and sequenced [16]. It is our experience that RNA iso-
lated snap-frozen live shrimp is an important step since pro-
longed storage (1—2 h) even at 4°C results in rapid degrada-
tion of mRNA. Competent E. coli BL21(DE3) (Novagen,
Darmstadt, Germany) were transformed by heat shock with
a pET-101/D-TOPO vector (Novagen) coding for Pen a 1
and a C-terminal hexahistidine tag.

2.2 Expression and purification of rPen a 1

Single colonies were grown in LB medium containing
50 pg/mL ampicillin (Carl Roth, Karlsruhe, Germany) at
37°C in a 2 L-benchtop fermenter (MoBiTec, Gottingen,
Germany) for 2—4 h. Protein expression was induced by
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adding isopropyl-beta-D-thiogalactopyranoside (IPTG;
Carl Roth) to a final concentration of 1 mM and incubation
was continued for 2—4 h. Cells were harvested by centrifu-
gation (20 min, 5000 x g, 4°C), resuspended in lysis buffer
(50 mM NaH,PO,, 300 mM NaCl, 20 mM imidazole, 8 M
urea) and stored at —80°C overnight. The lysate was thawed
at 37°C in a water bath and centrifuged at 20000 x g at RT
for 1 h. The supernatant was filtrated (cellulose acetate fil-
ters, pore sizes 5 and 1.2 um, Sartorius, Gottingen, Ger-
many) and diluted 1:2 with lysis buffer without urea to
reduce the urea concentration to 4 M. The recombinant
Pen a 1 was purified by immobilised metal affinity chroma-
tography (IMAC) using metal chelate spin columns (Vivas-
cience/Sartorius) loaded with Co?" ions and equilibrated
two times with equilibration buffer (50 mM NaH,PO.,
300 mM NaCl, 10 mM imidazole). After binding of the
protein to the column Pen a 1 refolded by several washing
steps (50 mM NaH,PO,, 300 mM NacCl, 20 mM imidazole)
with decreasing amounts of urea. Recombinant Pen a 1 was
eluted stepwise with buffer containing 250 mM, 500 mM
and 1 M imidazole, respectively. Final purification and
thereby buffer exchange to MOPS (20 mM, 0.5 M NaCl)
was performed by size exclusion chromatography (SEC,
Superdex 75 prep grade (26/60)). Protein content was deter-
mined with a BCA Protein Assay Kit (Pierce, Rockford, IL,
USA).

2.3 SDS-PAGE and immunoblotting

Proteins were separated by SDS-PAGE on 13%T, 2.67%C
gels under nonreducing conditions using the Laemmli buf-
fer system and were detected by CBB staining (Pierce) or
by silver staining according to Heukeshoven and Dernick
[18]. For immunoblot analysis proteins were transferred to
nitrocellulose membrane (pore size 0.2 um, Schleicher &
Schuell, Dassel, Germany) by semidry blotting [19]. Pro-
tein on the membrane was visualised by reversible Ponceau
S staining (Fluka, Seelze, Germany). After blocking of free
binding sites on the membrane (TBS containing 0.3%
Tween-20), IgE-binding of rPen a 1 was shown with sera
from shrimp-allergic patients (1:10 in TBS plus 0.05%
Tween-20, 0.1% BSA) and a serum pool of mice sensitised
to shrimp (1:100). Additionally, IgG-binding was shown
with a polyclonal rabbit-anti-Pen a 1 serum (1:50000) and
the mouse serum pool (1:1000). The bound antibodies were
detected with alkaline phosphatase labelled antibodies and
visualised by adding the substrate containing 5-bromo,4-
chloro,3-indolylphosphate (BCIP) and nitroblue tetrazo-
lium (NBT) [20].

2.4 ELISA for the detection of Pen a 1 specific IgG
antibodies

Recombinant Pena 1 or shrimp extract was coated on
microtitre plates (0.5 and 10 pg/well, respectively; 50 mM
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Na,CO3/NaHCO;, pH 9.6; Nunc Maxisorp, Wiesbaden,
Germany) overnight at 4°C. After blocking with TBS con-
taining 0.05% v/v Tween and 1% w/v BSA for 1 h at room
temperature, the coated proteins were incubated with sera
from shrimp-sensitised mice (dilution series starting at
1:100) for 1h at room temperature. Bound IgG was
detected with alkaline phosphatase labelled anti-mouse IgG
(1:5000) and developed with p-nitrophenyl phosphate sub-
strate. Colour development was measured with an ELISA
reader (Spectra MAX 340pc, Molecular Devices, Sunny-
vale, CA, USA) at 405 and 650 nm as reference wave-
length.

2.5 Antibodies and sera

The human serum for Western blot analysis of an individual
with history of shrimp allergy was bought from PlasmaLab
(Everett, WA, USA). Human IgE was detected with alkaline
phosphatase labelled anti-human IgE (1:1 000; Southern
Biotechnologies Associates, Birmingham, USA). Murine
serum pools were obtained from mice sensitised i.p. (adju-
vant: aluminium hydroxide) with 100 pg (Western blot,
ELISA) and 10 pg (ELISA) shrimp extract (4 mice per
group). As secondary antibodies served alkaline phospha-
tase labelled rat-anti-mouse IgE (1:1000; Southern Bio-
technologies Associates) and alkaline phosphatase labelled
rabbit-anti-mouse IgG antibodies (1:5000; Sigma— Aldrich,
Munich, Germany). The polyclonal rabbit-anti-Pen a 1
serum provided by Jonas Lidholm (1:50000; Phadia,
Uppsala, Sweden) was detected with an alkaline phospha-
tase labelled sheep-anti-rabbit IgG antibody (1:20 000;
Sigma).

2.6 Circular dichroism (CD) spectroscopy

Recombinant Penal was dialysed against 10 mM
KH,PO4/K,HPO, buffer (pH 7.4), and protein concentra-
tions were adjusted to 5.2 uM. CD spectroscopy was per-
formed on a J-180 S spectropolarimeter (Jasco, Gross-
Umstadt, Germany) with constant nitrogen flushing at
20°C. For wavelength analysis, Pen a 1 was scanned with a
step width of 0.2 nm and a band width of 1 nm. The spectral
range was 185—255 nm at 50 nm/min. Ten scans were accu-
mulated, and the mean residue molar ellipticity (Oyry) Was
calculated.

2.7 N-terminal sequencing

A protein solution volume corresponding to 350 ng of pro-
tein was applied to Prosorb Inserts (Applied Biosystems)
and washed three times with 30 uL of 0.1% TFA. The
adsorbed protein was analysed on a Procise 492 sequencer
(Applied Biosystems), using the standard PL PVDF Protein
method.
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2.8 Mass spectrometry

Purified rPen a 1 was subjected to SDS-PAGE and stained
with CBB for subsequent MS analysis. In gel digestion was
performed according to Shevchenko with several modifica-
tions [21]. Briefly, gel pieces were excised and destained in
25 mM NH4HCO; containing 40% of ethanol. The samples
were reduced and alkylated at ambient temperature for
20 min each with 10 mg/mL DTT and 50 mg/mL iodoace-
tamide in 50 mM NH4HCO;, respectively. The gel pieces
were washed one time for 15 min in 25 mM NH,HCO;
before two cycles of incubation in 100% ACN for 15 min.
Residual bicarbonate and ACN was removed in a vacuum
centrifuge at ambient temperature for 30 min. Trypsin
digestion was carried out at 37°C for 4 h by adding 10 uL of
75 ng/uL of trypsin (proteomics grade, Sigma—Aldrich, St.
Louis, USA) to reswell the gel pieces followed by addition
of 10 uL of 25 mM NH,HCO;. The peptides were eluted
with 10 uL of 25 mM NH4HCO; containing 75% of ACN.
One microlitre of undiluted sample was mixed with 1 puL of
peptide standard I (Bruker Daltonic, Bremen, Germany)
diluted 1:5 in TA solution (one part of ACN and two parts
of ultrapure water containing 0.1% of TFA) and 2 uL of
matrix solution (a saturated solution of alpha-cyano-4-
hydroxycinamic acid HCCA in TA solution). One micro-
litre of sample plus standard in matrix solution was allowed
to air-dry on a ground steel target plate. Peptide mass fin-
gerprints were recorded on a FLEX III MALDI-TOF mass
spectrometer (Bruker) using standard parameters. FlexA-
nalysis 2.4 software (Bruker) was used for data analysis.
The identity of rPen a 1 was proven by comparing experi-
mental peptide masses with masses that were obtained by in
silico digestion of Penal. A maximum difference of
30 ppm was allowed for a match between experimental and
theoretical data.

2.9 NMR spectroscopy

Pen a 1 was analysed by NMR. Before and after the NMR
experiments, the allergen was stored at 253 K (-20°C). A
solution was prepared in 0.45 mL H,O plus 0.05 mL of
D,0. Starting form the experimental conditions described
above (final purification), it was necessary to increase the
concentration of rPenal five-fold, by centrifugation
coupled with a proper centrifugal filter unit (Centricon®).
The final concentration was 0.13 mM. The solution was
transferred into a high-quality NMR tube with argon as
head-space gas. Two high resolution NMR experiments
were carried out, using a Bruker Avance 700 spectrometer
operating at a proton resonance frequency of 700 MHz
(11.7 Tesla), at 298 K (25°C). Both experiments differed in
the method to manage the water signal. The zgesgp experi-
ment included a 1-D sequence to suppress the water signal
using excitation sculpting with gradients. The pulse pro-
gram of the zgpr experiment included a 1-D sequence with
f1 presaturation to minimise the water signal.

www.mnf-journal.com



Mol. Nutr. Food Res. 2008, 52, S186—-S195

3 Results
3.1 Recombinant expression of Pen a 1

Recombinant Pen a 1 was expressed by E. coli BL21(DE3)
cells that were transformed with the pET-101/D-TOPO vec-
tor (Novagen) coding for Pen a 1 and a C-terminal hexahis-
tidine tag [16], in a bench top fermenter (MoBiTec) at 37°C
under constant stirring and air supply.

3.2 Establishment of an efficient first purification
step

Purification of his-tagged protein by immobilised metal
chelate-affinity chromatography (IMAC) with Ni-NTA col-
umns is a very common and mostly efficient technique.
Hence, this was the method of choice to purify the his-
tagged recombinant tropomyosin Penal (rPena l).
Unfortunately, the binding efficacy to the Ni-NTA column
and thus the amount of rPen a 1 in the elution fractions of
the affinity chromatography was very low. To evaluate
whether the usage of another capture ion as Ni** would
improve the binding and elution properties of this method a
comparative purification of rPen a 1 in bacterial lysate with
four different capture ions (Ni**, Co*", Cu?', Zn*") was per-
formed. A small volume of clarified bacterial lysate
(400 pL) was applied onto Mini Spin Columns (Vivas-
cience), which were loaded with the above-mentioned ions.
The flow-through after binding and washing steps, as well
as the elution fractions (250 and 500 mM imidazole) were
collected. The proteins were separated by SDS-PAGE and
visualised by silver nitrate staining. The comparison
revealed that the column loaded with Co®* ions showed the
highest binding capacity for his-tagged rPen a 1, because
there was almost no tropomyosin (36 kDa) detectable in the
flow-through after binding (Fig. 1). There was more his-
tagged tropomyosin found in the flow-through of the col-
umn loaded with Ni ions (Fig. 1), indicating a lower binding
capacity of nickel for the his-tagged rPena 1 compared
with cobalt. The amount of target protein of in the elution
fractions was strongly increased with the cobalt loaded col-
umns compared to nickel loaded columns. Efficacy and
specificity of binding to zinc or copper loaded columns
turned out to be not preferable (not shown).

Based on these results his-tagged rPen a 1 was purified
in larger scale (2 L fermenter culture) with Metal Chelate
Mega Spin Columns (Vivascience) loaded with cobalt as
capture ion and eluted with three different imidazole con-
centrations (250 mM, 500 mM, 1 M). Analysis of the
different fractions by SDS-PAGE and Coomassie stain
(Pierce) showed a high amount of purified rPen a 1 (Fig. 2)
in the elution fractions. Processing the cell pellet for a 2-L-
fermenter run yielded approximately 10 mg Pen a 1. Never-
theless, there was some tropomyosin detectable in the flow-
through, which could be due to an overloading of the IMAC
columns. More Pen a 1 was obtained in a subsequent purifi-
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Figure 1. Comparison of purification efficacy using Co?* or
Ni>* as capture ion. Bacterial lysates (Lysate) from rPen a 1-
expressing E. coli cells were purified by affinity chromatogra-
phy. Samples of flow-through (F), wash (Wash) and elution
fractions (Elution) were analysed with SDS-PAGE and silver
staining.

Lysate , FT, Wash Elution

- oy

FT = Flow-through

Figure 2. Increased yield of rPen a 1 with two-fold purification.
Bacterial lysates (Lysate) from rPen a 1-expressing E. coli
cells were purified by affinity chromatography. Samples of
flow-through (FT), wash (Wash) and elution fractions (Elution)
were analysed with SDS-PAGE and Coomassie stain. The
flow-through from the first purification step (1st purification
step) was reapplied to affinity chromatography (2nd purifica-
tion step).

cation step of this flow-through fraction even though
amounts were lower than before (Fig. 2).

3.3 Second purification step by SEC

Approximately 30 mg of rPena 1 were required for the
planned studies [22]. To obtain a sufficient amount of
rPen a 1, elution fractions of purifications based on a total
of 6 L bacterial culture were pooled and concentrated with
ultrafiltration spin columns (Vivaspin, MWCO 10 kDa,
Vivascience). The concentrated samples were applied to an
SEC column, to further purify the recombinant tropomyo-
sin. During this process a buffer exchange to MOPS
(20 mM, 0.5 M NaCl, pH 7.6) took place. The chromato-
gram showed a peak reaching about 70 mAU (Fig. 3A).
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Figure 3. Purification by SEC. (A) Prepurified rPena 1 was
applied to SEC. Emergence of the separated protein was
monitored by measurement of extinction. Fractionation started
at beginning of the peak. (B) Relevant fractions were analysed
by SDS-PAGE and Coomassie stain, compared to the sample
applied to SEC.

Fractionation started at the onset of the peak as indicated in
the histogram. Analysis of the relevant fractions by SDS-
PAGE and Coomassie staining showed a high amount of
purified rPena 1 (Fig. 3B). Protein determination of the
pooled tropomyosin containing fractions by the BCA
(bicinchoninic acid) method revealed a concentration of
1 mg/mL in a volume of about 30 mL, resulting in a total
amount of approximately 30 mgrPen a 1.

3.4 Authentication and identity

The apparent molecular mass of his-tagged rPenal as
determined by SDS-PAGE was approximately 37 kDa
which corresponded well to the theoretical molecular mass
of the fusion protein (36.4 kDa). The identity of the purified
recombinant protein was confirmed by N-terminal microse-
quencing, revealing an amino acid sequence of MDAIKK
that represent the first six N-terminal amino acids of
Pen a1 (Fig. 4). No contamination was detectable. In the
mass fingerprint analysis 16 peptides representing 161
amino acid residues were identified, representing a
sequence coverage of 49% of the tagged, 316 amino acid
residue-long rPen a 1 (Fig. 4, Table 1).

3.5 Folding and stability of rPen a 1

Further analyses concerning the physicochemical proper-
ties of rPena 1 were performed in order to demonstrate
whether the structural properties were in accordance with
known structural features of tropomyosins. In addition such
data are required to obtain a constant batch-to-batch quality
of recombinant material.
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1 MDAIKKKMQA MKLEKDNAMD RADTLEQQNK EANNRAEKSE 40
41 EEVHNLQKRM QQLENDLDQV QESLLKANIQ LVEKDKALSN 80
81 AEGEVAALNR RIQLLEEDLE RSEERLNTAT TKLAEASQAA 120
121 DESERMRKVL ENRSLSDEER MDALENQLKE ARFLAEEADR 160
161 KYDEVARKLA MVEADLERAE ERAETGESKI VELEEELRVV 200
201 GNNLKSLEVS EEKANQREEA YKEQIKTLTN KLKAAFARAE 240
241 FAERSVQKLQ KEVDRLEDEL VNEKEKYKSI TDELDQTFSE 280
281 LSGYKGELNS KLEGKPIPNP LLGLDSTRTG HHHHHH

Figure 4. Amino acid sequence of rPen a 1 peptides detected
by MALDI-TOF-MS. Peptides detected by MALDI-TOF-MS
are underlined. Amino acids printed in bold letters are con-
firmed by N-terminal microsequencing. The amino acids resi-
dues 285-316 belong to the C-terminal His-tag.

Table 1. Summary of MS data of recombinant Pen a 1

Peptide position Peptide position Peptide position
1-5 - 113-125 +  214-217 -
8-12 - 129-133 - 218-222 -

13-21 - 134-140 - 223-226 -
22-30 - 134-149 + 227-231 -
31-35 - 141-149 - 234-238 -
36-38 - 150-152 -  239-244 -
39-48 - 153-160 + 245-248 -
50-66 + 162-167 -  249-251
67-74 - 169-178 + 252-255 -
75-76 - 169-182 + 256-264 -
77-90 - 179-182 - 269-285 +
77-91 + 183-189 - 269-291 +
91-101 + 190-198 + 286-291 -
92-101 + 190-205 + 292-308 +
92-105 + 199-205 - 296-308 -
106—-112 - 206-213 - 309-316 +

+ indicates peptides which were detected by MALDI-TOF-MS.

NMR-analysis of rPen a 1 showed that in the aromatic/
amide region of the spectra (Fig. 5), there were no peaks
above 9 ppm and below 6.7 ppm. The same was observed
for the 5—6 ppm region, where alpha protons of tertiary
structures can have their signals dispersed. In these spectra
they were noticed only between 4 and 4.5 ppm. In the
methyl region only few peaks were observed, especially
near 1 ppm and no more peaks appeared downfield. The
region of CH, and of aliphatic CH showed few peaks,
together with peaks of the buffer and of small organic mole-
cules. Therefore there was no evidence of tertiary structure
of the recombinant protein but the spectra were consistent
with the presence of secondary structure and flexibility.

To further assess the secondary structure of the recombi-
nant protein, CD spectroscopy was performed. The CD
spectrum of rPen a 1 showed minima at 222 and 208 nm
(Fig. 6), typical for alpha-helical proteins such as tropo-
myosins. These data are in accordance with the folding data
from the purified natural Pen a 1 showing the same CD
spectrum [16].

Recombinant Pen a 1 was stored at different tempera-
tures (—20, 4, RT and 37°C) for 1 and 2 wk, to determine its
stability. The samples were analysed with SDS-PAGE and
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Figure 5. NMR-spectra of rPena 1. 'H 700 MHz spectra of
Pen a 1, 256 scans, 298 K; zgesgp (A,C) and zgpr (B) experi-
ments. The spectra provide no evidence of tertiary structure,
but the spectra are typical for tropomyosin and are consistent
with the presence of secondary structure. The pane (C)
shows, enlarged, the 6—9 ppm region of the zgesgp spectrum.

silver staining or by immunoblot. As expected, no degrada-
tion of the tropomyosin was observed in the silver stained
gel after storage at 4 and —20°C for 1 and 2 wk (Fig. 7A).
Surprisingly this was also true for storage at room temper-
ature and even at 37°C after 1 wk. The sample incubated for
2 wk at 37°C showed a slight smear in the silver stain, indi-
cating some degradation. Immunoblot analysis of the sam-
ples with a polyclonal antibody directed against Pen a 1
showed that the recombinant protein was not degraded and
also kept its immunological reactivity after the indicated
storage conditions (Fig. 7B).
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Figure 6. CD-spectrum of rPen a 1. The secondary structure
of the purified rPen a 1 was confirmed by CD analysis showing

minima at 222 and 208 nm, typical for alpha-helical proteins
such as tropomyosins.
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Figure 7. Stability of rPen a1 at different storage conditions.
The rPen a 1 was stored at the indicated temperatures for 1
and 2 wk, respectively. Stability was checked by SDS-PAGE
and silver stain (A) and Western blotting with polyclonal rabbit-
anti-Pen a 1 serum (B). A Ponceau S stain of the nitrocellulose
membrane was performed to confirm correct protein transfer.

3.6 Recombinant Pen a 1 is immunologically
reactive

When analysed by Western blotting rPen a 1 was detectable
with a polyclonal IgG antibody directed against Pen a 1
(Fig. 9A). Specific I1gG and IgE antibodies in sera from
mice that were immunised with shrimp extract [23] reacted
with the recombinant protein (Fig. 8A). Additionally the
binding of human IgE antibodies from a shrimp-allergic
patient to the rPen a 1 was observed (Fig. 8A). Binding of
the polyclonal anti-Pena 1 antibody and IgE from a
shrimp-allergic subject (Pen a 1-specific IgE measured
with ImmunoCAP, Phadia) to the natural tropomyosin in
shrimp extract was inhibited in a dose-dependent manner
by preincubation with the recombinant tropomyosin (Fig.
8B).

Furthermore, binding of rPena 1 in comparison with
shrimp extract in an ELISA-test was investigated. For this
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Figure 8. Immunological reactivity of rPen a 1 determined by
Western blot analysis. (A) Immunological reactivity of rPen a 1
in Western blot analysis was demonstrated with different sera
from rabbit, mouse and human. (B) Reactivity to Pena 1 in
shrimp extract of sera from a shrimp allergic patient (IgE) and
a polyclonal rabbit-anti-Pen a 1 serum (IgG) was inhibited by
preincubation with 1 and 10 pg of rPen a 1.

purpose the recombinant tropomyosin or an extract from
P, aztecus [24] were coated on 96 well microtitre plates. As
first antibody served the dilution series of two different
pools from mice immunised with shrimp extract. Bound
IgG antibodies were detected with an alkaline phosphatase-
labelled antibody directed against mouse IgG. After incuba-
tion with the substrate, the OD of the developed colour was
measured with an ELISA reader. The resulting curves
showed that binding to the extract was approximately ten-
fold lower than to rPen a 1 (Fig. 9).

4 Discussion

Expression and purification of recombinant allergens that
resemble their natural counterparts in structure, folding and
immunological reactivity is of increasing importance in
terms of component-resolved diagnosis and specific immu-
notherapy of allergic diseases [25, 26], and for studying the
behaviour of food allergens under conditions of the gastro-
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Figure 9. Immunological reactivity of rPen a 1 in ELISA. Two
serum pools from mice sensitised with shrimp extract were
titrated in 1gG-ELISA with rPena 1 (0.5 pug/well; triangle) or
shrimp-extract (10 pg/well; rectangle) coated on the microtitre
plate.

intestinal tract or during food processing. Thus, standar-
dised protocols for reproducible production of recombinant
allergens are of high interest.

Although other publications describing cloning, expres-
sion and purification of recombinant Pena 1 and other
crustacean tropomyosins are already available [3, 8, 27—
29] this study sought to develop a detailed protocol result-
ing in a high amount of purified protein combined with evi-
dence for correct folding and demonstration of IgE-binding
properties, allowing the production of subsequent batches
in constant quality. Given the high degree of similarity
among different invertebrate tropomyosins in regard to
amino acid identity and immunological reactivity [12, 30,
31], this protocol might be useful as a guide on how to
obtain other recombinant allergenic tropomyosins for
research applications.

The commonly used IPTG-inducible E. coli B21(DE3)
expression system was successfully applied in this investi-
gation. In contrast to many other studies, where bacteria
were grown in shaker flasks, in this study, bacterial growth
and induction of expression took place in a 2 L bench top
fermenter system, since this system turned out to be more
controllable regarding temperature, stirring and air supply
and led to reproducible growth curves. Utilisation of this
method yielded in approximately 10 mg rPen a 1 per 2-L-
culture after purification, which corresponds with the
amounts obtained by other groups expressing recombinant
tropomyosins by E. coli [7, 32—-34]. Thus, it seems that
recombinant invertebrate tropomyosins could be easily
manufactured in E. coli at “mg-scale”. In some studies even
higher yields have been reported [17].

Lysis of the bacterial pellet in presence of 8 M urea
yielded in a higher amount of soluble recombinant his-
tagged Pen a 1 than lysis under native conditions indicating
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a considerable amount of protein was present in inclusion
bodies. The issue using urea in the lysis is often to obtain
finally correctly folded proteins in the buffer of choice. In
this case, the protein remained completely soluble and pre-
sented a fully alpha-helical secondary structure, indicating
that a folding corresponding to the known structure of tro-
pomyosins had been adopted. Correct 3-D (secondary
structure) folding of rPena 1 could be demonstrated by
CD-spectroscopic analysis (Fig. 6).

Separation of the protein of interest from the other bacte-
rial components present in the lysate is an important step of
the protocol, since this is the basis for purity of the recombi-
nant protein. A contaminated preparation of a recombinant
allergen might lead to false outcomes of research experi-
ments and might therefore cause wrong conclusions. Thus,
the process of separation should lead to a high purity of the
protein. On the other hand it is desirable to obtain high
amounts of the protein for some applications (e.g. mouse
models), because in terms of comparability one should use
the same batch of material within one study. Often these
two needs contradict each other. To address this problem a
comparison of four different capture ions for purification of
his-tagged proteins was performed at small scale. As Ni** is
the ion of choice for purification of his-tagged proteins in
most studies, it was surprising that Co*" ions maximised
purity and protein yield. Taken into account that in the
majority of cases a different capture ion than Ni*" is prob-
ably not considered, purification with Co** ions might lead
to better results with other recombinant proteins as well.
This investigation shows that the choice of metal ion that
works best for the protein of interest should be investigated.
Moreover this test could be done with the minute volume of
400 pL of bacterial lysate for each ion, so the benefit seems
to overcome the minimal loss of expressed protein needed
in the test. Another difference of our study to several purifi-
cation protocols of his-tagged proteins is the use of metal
chelate spin columns (Vivascience) instead of agarose grav-
itation flow columns. Any desirable capture ion can be
loaded onto the membrane of the spin columns. The proce-
dure comprises several centrifugation steps, at which the
ion-loaded membrane is equilibrated, the protein is loaded
onto the membrane and eluted after some washing steps. It
is possible to process lysate of 2 L bacterial culture on one
column which is very useful for larger scale purifications
performed at research laboratories. This method is quick,
convenient and resulted in comparable amounts of purified
protein in different experiments.

Subsequently, the rPen a 1 was applied to a second puri-
fication step by SEC. This purification relies on another
separation principle, which ensures that contaminating pro-
teins that might have been eluted together with rPen a 1 in
the affinity chromatography, due to similar binding proper-
ties to Co*", could be separated from rPena 1 in SEC by
different size. N-terminal sequencing of the rPen a 1 prepa-
ration confirmed the identity of the desired protein without
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any detectable contamination, as did MALDI-TOF MS,
indicating that the purification protocol was efficient.

The two methods used to characterise the conformation
of rPen a 1 provided evidence that the recombinant protein
adopted the overall alpha-helical structure expected for tro-
pomyosins: The CD spectrum of rPen a 1 showed minima
at 222 and 208 nm in the experimental conditions adopted
for CD analysis (Fig. 6) and, according to literature, the
[0]222 to [0]208 ratio of more than 1 (1.067) indicates a
coiled-coil structure [35—37]. Even though the NMR anal-
ysis showed no evidence of tertiary structure, the spectra
are consistent with the presence of secondary structure
(Fig. 5). However, the absence of a signal in the HN back-
bone region above 8.7 ppm (Fig. 5C) argues against a
coiled-coil structure, indicating that rPena 1 exists as a
alpha-helical monomer — at least in the experimental con-
ditions that were adopted for NMR analysis [38—41].

A feature often associated with classical food allergens is
the high stability [42]. Although tropomyosins are known to
be heat-stable [28, 43], which might also be related to its
coiled-coil structure [44], it has to be proven, if preparations
of recombinant allergens remain stable and retain their
immunological reactivity during storage in the buffer used.
As expected, investigations with rPen a 1 revealed that it is
stable and immunological reactive in MOPS-buffer at
different storage conditions for at least 2 wk even at
increased temperatures. Further monitoring over longer
periods will be required, but the results on hand suggest that
Pen a 1 remains stable even as a recombinant protein.

The immunological reactivity, especially the IgE-binding
properties, of a recombinant produced allergen is of great
relevance for its use in research applications, since it should
resemble those of the natural allergen. Immunological
properties of rPen a 1 were assessed in this study by West-
ern blot analysis, inhibition experiments and ELISA. The
recombinant protein could be detected with sera from mice
and human that were sensitised to shrimp containing the
natural form of Pen a 1 and the binding of IgG and IgE anti-
bodies to natural tropomyosin in shrimp extract could be
inhibited by preincubation with rPen a 1. Reactivity of
mouse sera from shrimp-sensitised mice measuring specific
IgG antibodies by ELISA titration with both rPena 1 and
shrimp extract suggest that the immunological properties of
rPena 1 may be similar to those of nPenal in shrimp
extract. These data are consistent with previous studies on
rPen a 1 prepared and purified by a different approach [16].

A complicacy not addressed in this study is the endotoxin
level in the preparations, which are probably high due to
expression in a bacterial system. Contaminations with
endotoxin could play a role when the recombinant allergen
is used in cell culture (e.g. T cell studies involving analysis
of cytokine expression pattern) or in in vivo models of food
allergy, since endotoxin is known to modulate the immune
response and to influence allergic sensitisation [45—47].
Some preliminary experiments showed that a washing step
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with isopropanol-containing buffer during the affinity chro-
matography somewhat reduced the endotoxin level, but this
was accompanied with a high loss of the desired protein as
well (data not shown). Here, the major portion of endotoxin
in the rPen a 1 preparation might have been eliminated by
the second purification step (SEC), but if a preparation of
recombinant protein expressed in bacterial systems is to be
applied to the aforementioned methods, measurement of
endotoxin levels should be considered.

In conclusion, this study provides the protocol for an
expression system and a two-step purification method for
production of high amounts recombinant Pen a 1 reflecting
its natural counterpart in structure, folding an immunologi-
cal reactivity. Furthermore, this protocol might serve as a
guide for expression of other recombinant tropomyosins.

Funded by the EU FP6 project “The Prevalence, cost, and
Basis of Food Allergy Across Europe”, EuroPrevall (Con-
tract No. 51400). The authors express their gratitude to Dr.
Jonas Lidholm (Phadia, Uppsala, Sweden) for providing
the rabbit antiserum raised against Pen a 1.

The authors have declared no conflict of interest.

5 References

[1] Waring, N. P, Daul, C. B., deShazo, R. D., McCants, M. L., et
al., Hypersensitivity reactions to ingested crustacea: Clinical
evaluation and diagnostic studies in shrimp-sensitive individ-
uals, J. Allergy Clin. Immunol. 1985, 76,440—445.

[2] Yu, C. ], Lin, Y. E, Chiang, B. L., Chow, L. P, Proteomics
and immunological analysis of a novel shrimp allergen, Pen
m 2, J. Immunol. 2003, 170,445—-453.

[3] Shanti, K. N., Martin, B. M., Nagpal, S., Metcalfe, D. D., et
al., Identification of tropomyosin as the major shrimp aller-
gen and characterization of its IgE-binding epitopes, J. Immu-
nol. 1993, 151,5354—5363.

[4] Daul, C. B., Slattery, M., Reese, G., Lehrer, S. B., Identifica-
tion of the major brown shrimp (Penaeus aztecus) allergen as
the muscle protein tropomyosin, /nt. Arch. Allergy Immunol.
1994, 105,49-55.

[5] Ishikawa, M., Ishida, M., Shimakura, K., Nagashima, Y., et
al., Purification and IgE-binding epitopes of a major allergen
in the gastropod Turbo cornutus, Biosci. Biotechnol. Bio-
chem. 1998, 62, 1337-1343.

[6] Miyazawa, H., Fukamachi, H., Inagaki, Y., Reese, G., ef al.,
Identification of the first major allergen of a squid (7odaro-
des pacificus), J. Allergy Clin. Immunol. 1996, 98,948 —-953.

[7] Jeong, K. Y., Hwang, H., Lee, J., Lee, 1. Y., et al., Allergenic
characterization of tropomyosin from the dusky brown cock-
roach, Periplaneta fuliginosa, Clin. Diagn. Lab. Immunol.
2004, 11, 680-685.

[8] Leung, P. S., Chen, Y. C., Gershwin, M. E., Wong, S. H., et
al., Identification and molecular characterization of Charyb-
dis feriatus tropomyosin, the major crab allergen, J. Allergy
Clin. Immunol. 1998, 102, 847 —852.

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Mol. Nutr. Food Res. 2008, 52, S186—-S195

[9] Leung, P. S., Chu, K. H., cDNA cloning and molecular identi-
fication of the major oyster allergen from the Pacific oyster
Crassostrea gigas, Clin. Exp. Allergy 2001, 31, 1287—1294.

[10] Aki, T., Kodama, T., Fujikawa, A., Miura, K., ef al., Immuno-
chemical characterization of recombinant and native tropo-
myosins as a new allergen from the house dust mite, Derma-
tophagoides farinae, J. Allergy Clin. Immunol. 1995, 96, 74—
83.

[11] Jeong, K. Y., Hong, C. S., Yong, T. S., Allergenic tropomyo-
sins and their cross-reactivities, Protein Pept. Lett. 2006, 13,
835-845.

[12] Reese, G., Ayuso, R., Lehrer, S. B., Tropomyosin: An inverte-
brate pan-allergen, Int. Arch. Allergy Immunol. 1999, 119,
247-258.

[13] Ayuso, R., Lehrer, S. B., Tanaka, L., Ibanez, M. D., et al., IgE
antibody response to vertebrate meat proteins including tro-
pomyosin, Ann. Allergy Asthma Immunol. 1999, 83, 399—
405.

[14] Restani, P, Beretta, B., Fiocchi, A., Ballabio, C., et al., Cross-
reactivity between mammalian proteins, Ann. Allergy Asthma
Immunol. 2002, 89, 11-15.

[15] Perry, S. V., Vertebrate tropomyosin: Distribution, properties
and function, J. Muscle Res. Cell Motil. 2001, 22, 5-49.

[16] Reese, G., Schicktanz, S., Lauer, 1., Randow, S. ef al., Struc-
tural, immunological and functional properties of natural
recombinant Pen a 1, the major allergen of Brown Shrimp,
Penaeus aztecus, Clin. Exp. Allergy 2006, 36, 517-524.

[17] Dewitt, A. M., Mattsson, L., Lauer, 1., Reese, G., et al.,
Recombinant tropomyosin from Penaeus aztecus (rPen a 1)
for measurement of specific immuno-globulin E antibodies
relevant in food allergy to crustaceans and other inverte-
brates, Mol. Nutr. Food Res. 2004, 48,370—-379.

[18] Heukeshoven, J., Dernick, R., Improved silver staining proce-
dure for fast staining in PhastSystem Development Unit. I.
Staining of sodium dodecyl sulfate gels, Electrophoresis
1988, 9,28-32.

[19] Kyhse-Andersen, J., Electroblotting of multiple gels: A sim-
ple apparatus without buffer tank for rapid transfer of proteins
from polyacrylamide to nitrocellulose, J. Biochem. Biophys.
Methods 1984, 10,203 —-209.

[20] Leary, J. J., Brigati, D. J., Ward, D. C., Rapid and sensitive col-
orimetric method for visualizing biotin-labeled DNA probes
hybridized to DNA or RNA immobilized on nitrocellulose:
Bio-blots, Proc. Natl. Acad. Sci. USA 1983, 80, 4045—4049.

[21] Shevchenko, A., Wilm, M., Vorm, O., Mann, M., Mass spec-
trometric sequencing of proteins silver-stained polyacryla-
mide gels, Anal. Chem. 1996, 68, 850—858.

[22] Asero, R., Ballmer-Weber, B. K., Beyer, K., Conti, A., ef al.,
IgE-mediated food allergy diagnosis: Current status and new
perspectives, Mol. Nutr. Food Res. 2007, 51, 135—147.

[23] Reese, G., Viebranz, J., Leong-Kee, S. M., Plante, M., et al.,
Reduced allergenic potency of VR9-1, a mutant of the major
shrimp allergen Pen a 1 (tropomyosin), J. Immunol. 2005,
175,8354—8364.

[24] Lehrer, S. B., McCants, M. L., Reactivity of IgE antibodies
with crustacea and oyster allergens: Evidence for common
antigenic structures, J. Allergy Clin. Immunol. 1987, 80,
133-139.

[25] Mothes, N., Valenta, R., Spitzauer, S., Allergy testing: The
role of recombinant allergens, Clin. Chem. Lab. Med. 2006,
44,125-132.

www.mnf-journal.com



Mol. Nutr. Food Res. 2008, 52, S186—-S195

[26] Lidholm, J., Ballmer-Weber, B. K., Mari, A., Vieths, S., Com-
ponent-resolved diagnostics in food allergy, Curr. Opin.
Allergy Clin. Immunol. 2006, 6,234 —240.

[27] Leung, P. S., Chen, Y. C., Mykles, D. L., Chow, W. K., et al.,
Molecular identification of the lobster muscle protein tropo-
myosin as a seafood allergen, Mol. Mar. Biol. Biotechnol.
1998, 7,12-20.

[28] Leung, P. S., Chu, K. H., Chow, W. K., Ansari, A., et al., Clon-
ing, expression, and primary structure of Metapenaeus ensis
tropomyosin, the major heat-stable shrimp allergen, J. Allergy
Clin. Immunol. 1994, 94, 882—890.

[29] Mykles, D. L., Cotton, J. L., Taniguchi, H., Sano, K., et al.,
Cloning of tropomyosins from lobster (Homarus americanus)
striated muscles: Fast and slow isoforms may be generated
from the same transcript, J. Muscle Res. Cell Motil. 1998, 19,
105-115.

[30] Leung, P. S., Chow, W. K., Duffey, S., Kwan, H. S., et al., IgE
reactivity against a cross-reactive allergen in crustacea and
mollusca: Evidence for tropomyosin as the common allergen,
J. Allergy Clin. Immunol. 1996, 98,954—961.

[31] Ayuso, R., Reese, G., Leong-Kee, S., Plante, M., et al.,
Molecular basis of arthropod cross-reactivity: IgE-binding
cross-reactive epitopes of shrimp, house dust mite and cock-
roach tropomyosins, /nt. Arch. Allergy Immunol. 2002, 129,
38-48.

[32] Asturias, J. A., Arilla, M. C., Gomez-Bayon, N., Martinez,
A., et al., Sequencing and high level expression in Escheri-
chia coli of the tropomyosin allergen (Der p 10) from Derma-
tophagoides pteronyssinus, Biochim. Biophys. Acta 1998,
1397,27-30.

[33] Asturias, J. A., Gomez-Bayon, N., Arilla, M. C., Martinez,
A., et al., Molecular characterization of American cockroach
tropomyosin (Periplaneta americana allergen 7), a cross-
reactive allergen, J. Immunol. 1999, 162,4342—4348.

[34] Jeong, K.Y, Lee,J., Lee, 1. Y., Ree, H. 1, et al., Allergenicity
of recombinant Bla g 7, German cockroach tropomyosin,
Allergy 2003, 58, 1059—1063.

[35] Graddis, T. J., Myszka, D. G., Chaiken, I. M., Controlled for-
mation of model homo- and heterodimer coiled coil polypep-
tides, Biochemistry 1993, 32, 12664 —12671.

[36] Zhou, N. E., Kay, C. M., Hodges, R. S., The net energetic con-
tribution of interhelical electrostatic attractions to coiled-coil
stability, Protein Eng. 1994, 7, 1365—1372.

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

[37]

(38]

[39]

(40]

[41]

[42]

(43]

[44]

[45]

[46]

[47]

Kohn, W. D., Kay, C. M., Hodges, R. S., Protein destabiliza-
tion by electrostatic repulsions in the two-stranded alpha-hel-
ical coiled-coil/leucine zipper, Protein Sci. 1995, 4, 237—
250.

Sakurai, Y., Mizuno, T., Hiroaki, H., Oku, J. L., et al., Optimi-
zation of aromatic side chain size complementarity in the
hydrophobic core of a designed coiled-coil, J Pept. Res.
2005, 66,387-394.

Greenfield, N. J., Montelione, G. T., Farid, R. S., Hitchcock-
DeGregori, S. E., The structure of the N-terminus of striated
muscle alpha-tropomyosin in a chimeric peptide: Nuclear
magnetic resonance structure and circular dichroism studies,
Biochemistry 1998, 37,7834—7843.

Greenfield, N. J., Huang, Y. J., Swapna, G. V,, Bhattacharya,
A. et al., Solution NMR structure of the junction between tro-
pomyosin molecules: Implications for actin binding and regu-
lation, J. Mol. Biol. 2006, 364, 80—96.

Greenfield, N. J., Huang, Y. J., Palm, T., Swapna, G. V,, et al.,
Solution NMR structure and folding dynamics of the N termi-
nus of a rat nonmuscle alpha-tropomyosin in an engineered
chimeric protein, J. Mol. Biol. 2001, 312, 833 —-847.

Breiteneder, H., Mills, E. N., Molecular properties of food
allergens, J. Allergy Clin. Immunol. 2005, 115, 14-23.

Nagpal, S., Rajappa, L., Metcalfe, D. D., Rao, P. V, Isolation
and characterization of heat-stable allergens from shrimp
(Penaeus indicus), J. Allergy Clin. Immunol. 1989, 83, 26—
36.

Kwok, S. C., Hodges, R. S., Clustering of large hydrophobes
in the hydrophobic core of two-stranded alpha-helical coiled-
coils controls protein folding and stability, J Biol. Chem.
2003, 278,35248—-35254.

Williams, L. K., Ownby, D. R., Maliarik, M. J., Johnson, C.
C., The role of endotoxin and its receptors in allergic disease,
Ann. Allergy Asthma Immunol. 2005, 94,323 -332.
Watanabe, J., Miyazaki, Y., Zimmerman, G. A., Albertine, K.
H. et al., Endotoxin contamination of ovalbumin suppresses
murine immunologic responses and development of airway
hyper-reactivity, J. Biol. Chem. 2003, 278, 42361 —-42368.
Gerhold, K., Blumchen, K., Bock, A., Franke, A., ef al.,

Endotoxins and allergy: Lessons from the murine model,
Pathobiology 2002, 70,255-259.

www.mnf-journal.com




