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Abstract

Chenopod polien is one of the major sources of allergens
in some locations in the US, southern Europe and desert
countries, and pollen profilin (Che a 2} is a major allergen.
Recombinant Che a 2 {rChe a 2} has been produced in
Escherichia coli cells with a final yield of 25 mg/i of cell
culture. The expressed protein was isolated and struc-
turally characterized by means of mass specirometry,
Edman degradation and circular dichroism. rChe a 2 dis-
played a molecular mass of 13 959 Da, which agrees
with that of the amino acid sequence. The N-terminal
amino acid sequence indicated the correct processing of
the recombinant product. The immunological analysis of
rChe a 2 showed IgG- and IgE-binding capabilities equiv-
alent to those of its natural counterpart, Che a 2, isolated
from the pollen. Inhibition experiments showed high
cross-reactivity degrees with different aflergenic sources.
inhibition degrees of >95% and >80% were obtained for
chenopod profilin and, respectively, latex and pollen
extracts, whereas 10-95% of inhibition was observed for
different plant-derived foods. Due to iis close relation 1o
other allergenic profilins from pollens, plant-derived
foods and latex, rChe a 2 could be a useful toal in clinical
trials to detect profilin-allergic patients and perhaps,
depending on its clinical relevance, in specific immuno-
therapy of these hypersensitive individuals.
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cross-reactivity; profilin; recombinant allergen.

Introduction

Almost 25% of people worldwide suffer from type | aller-
gy, an immunological disease that is a conseguence of
the production of IgE antibodies against allergens. The
members of the Chenopodiaceae tamily are widespread
weeds growing in temperate areas that are responsible
for an increasing number of allergic cases. Allergy to che-
nopod (Chenopodium album) pollen, the weed that gives
the name to this family, has been scarcely studied, prob-
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ably due to its overlapping with other pollinoses (Lom-
bardero et al., 1991). To date, three allergens have been
isolated and characterized from chenopod polien: Che a
1, Che a 2 and Che a 3 (Barderas et al., 2002, 2004).
Recently, our group has reported important roles for pro-
filin (Che a 2) and polcalcin (Che a 3) in C. album pollen
allergy, and showed that these allergens displayed a high
prevalence in patients sensitized to this pollen (Barderas
et al., 2003, 2004). Athough chenopod profilin was puri-
fied from the pollen, the isolation procedure vielded a
very low amount of the allergen {Barderas et al., 2004).

Profilins are low molecular weight proteins found in all
eukaryatic cells, where they play an important role in the
regulation of the actin cytoskeleton. Their function is
modulated by proline-rich peptides as well as by phos-
phatidylinositol phosphates. This family of well-con-
served proteins, which displays amino acid sequence
identities of around 75%, has been reported to contain
significant allergenic members in ali of the sources stud-
ied {Caballero et al., 1998). Because of their ubiquity, pro-
filins have been described as panaliergens (Valenta et ai,,
1992}, and patients suffering from profitin allergy com-
monly react to a broad range of inhalant and nutritional
sources. Around 20% of pollen allergic patients recog-
nized this allergen, but it has been described as a major
allergen in C. album, Mercurialis annua, Croccus sativus,
Phoenix dactyliphera poliens and in soybean seeds (Feo
et al., 1997; Valiverdu et al., 1997; Rihs et al., 1999; Fer-
nandez et al., 2000; Barderas et al., 2004). However, pro-
filins should be investigated by inhalation provocation
tests and/or food challenge studies because they seem
to have very limited clinical relevance (Wensing et al.,
2002).

The E. coli bacterial system is widely being used to
express proteins that do not need post-transiational
madifications. E. cofi has been reported tc be used as
the host for the expression of profilins from different
sources such as birch {Bet v 2), olive (Ole e 2), latex (Hev
b 8}, pear (Pyr ¢ 4), cherry (Pru av 4), celery {Api g 4) and
mugwort (Art v 4) (Valenta et al., 1991; Asturias et al,,
1997; Rihs et al., 2000; Scheurer et al., 2001; Wopiner et
al., 2002), and very recently Pru p 4 from peach (Rodri-
guez-Pérez et al., 2003). These recombinant profilins
were obtained as soluble, immunologically active forms,
which maintained their allergenic properties.

The aim of this work was to study the production of
the C. album polien profilin in E. coli as a non-fusion pro-
iein, as well as its isolation and characterization. We
compared its properties with those of its natural coun-
terpart nChe a 2. in addition, and o provide evidence on
its potential use in ciinical tests to determine profilin sen-
sitization, an evaluation of its cross-reactivity with vege-
table extracts from different biological sources was
performed.
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Results

A cDNA encoding the profilin of chenopod pollen (Che a
2) was amplified by PCR using as template pCR2.1/
Chea2.1, and two degenerate oligonucleotides selected
on the basis of the amino acid sequence of the protein
isolated from the pollen (Barderas et al., 2004}. The com-
plete sequence of Che a 2 was subgcloned into the
pET11b plasmid after digestion of pCR2.1/Chea2 with
Ndel and EcoR\. intracellutar expression of E. coli BL21
(DE3)-transformed cells with pET11b/Chea2 was evalu-
ated by means of SDS-PAGE and Coomassie Blue stain-
ing of identical aliqusts of the culture medium after G,
0.5, 1, 2 and 4 h of induction (Figure 1}. Immunoblotting
and staining with an olive profilin-specific polyclonal anti-
serum (pAb) completed the analysis (Figure 1). A band at
14-15 kDa apparent molecular mass appeared after 1 h
of induction and corresponds to rChe a 2. The recom-
binant allergen is thus expressed as a non-fusion protein
in the soluble fraction of the harvested and disrupted
cells.

Two chromatographic steps over Sephadex G-50 get
permeation columns were necessary to achieve purifi-
cation of rChe a 2 {Figure 2). The procedure vielded
25 mg of soluble recombinant profilin per liter of cell cul-
ture. The purified recombinant protein was analyzed by
immunoblotting for its IgG- and IgE-binding capacities
against the olive profilin-specific pAb, and for a pool of
chenopod-allergic sera. rChe a 2 was sirongly recog-
nized by both antisera (Figure 2).

in order to evaluate the purity of rChe a 2, an analytical
RP-HPLC (Figure 3A) and a mass spectrometric analysis
{Figure 3B} of the protein were performed. The sample
displayed a single peak in both experiments. The molec-
ular weight of the protein as determined by mass spec-
trometry (MS) was 13 959, which is close to the
theoretical molecular mass deduced from the amino acid
sequence {13 950 Da). The differences between both
values are within the mass spectrometer deviation value
of 0.1%. The N-terminal amino acid sequence of rChe a
2 was determined by Edman degradation and identified
the sequence SWQTY. This is in agresment with the
sequence of nChe a 2 obtained from polien (Barderas et
al.,, 2004) with the absence of the initial methionine
because this aminc acid is processed by the bacteria.
These experiments established the purity of the recom-
binant allergen.

Accurate evidence for the folding of rChe a 2 was
obtained in the spectroscopic analysis from its far-UV cir-
cular dichroism (CD) spectrum (Figure 3C). By appiying
the convex-constraint analysis method, the content of
secondary structure of rChe a 2 was obtained: 33%
a-helix, 14% R-sheet, 37% {-turn and 16% random coil.
These data indicate that the expressed allergen is prop-
erly folded at the secondary structure level.

To evaluate the antigenic behavior of the expressed
allergen rChe a 2 and for a comparison with that of the
natural form nChe a 2, their responses against IgG and
IgE antibodies were analyzed by both immunoblotting
and ELISA. The recognition of purified rChe a 2 by 15
sera from chenopod-allergic patients is shown in Figure
4A. A negative control was included in the analysis. IgE-
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Figure 1 Time course of the expression of rChe a 2 analyzed
by SDS-PAGE.

Cell lysate supernatants {0.025%) were collected at different
times. Coomassie Brilliant Blue staining and immunostaining
using an olive profilin-specific pAb are shown. Lane M: molec-
ular mass markers.

binding titrations to rChe a 2 and nChe a 2 were also
performed with a pool of six sera showing similar reac-
tion with both proteins (Figure 4B).

IgG- and IgE-binding inhibition assays between rChe
a 2 and nChe a 2 were performed by means of immu-
noblotting with anti-Ole e 2 pAb and an equivolumetric
pool of six sera from individuals allergic to chenopod,
respectively (Figure 5. rChe a 2 and nChe a 2 were trans-
ferred to nitrocellulose membranes after SDS-PAGE and
their binding to the antibodies assayed after separate
pre-incubation of the sera with the allergens as inhibitors.
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Figure 2 SDS-PAGE analysis of rChe a 2 purification steps.
Pooited fractions (0.1 %) of lysate {L}, and the two Sephadex col-
umns {S, and $,) were analyzed. immunostaining of purified pro-
tein (0.5 ug) with anti-olive profilin pAb and the sera pool of
chenopod pollen allergic patients was performed.
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Figure 3 Purity and spectroscopic analyses of rChe a 2.

{A) Reverse-phase HPLC. [B) Mass spectrum in arbitrary units {a.u.). {C) Far-UV CD spectrum.
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Figure 4 IgE-binding analysis of chenopod pollen profilin.

(A) Immunostaining after SDS-PAGE and blotting of rChe a 2
with 15 sera from chenopod polien allergic patients (lanes 1-15}
and a non-allergic pool of sera (lane -}, (B) ELISA fitration of
nChe a 2 (closed circles) and rChe a 2 lopen circles) with an
equivolumetric pool of sera {(n=6).

A complete inhibition was always obtained, indicating
that natural and recombinant Che a 2 share all of the IgE
and IgG epitopes.

The cross-reactivity of chenopod profilin was evaluat-
ed by means of inhibition ELISA experiments using sev-
eral pollens, plant-derived foods and latex extracts as
inhibitors and a pool of sera from patients allergic to che-
nopod (Table 1). Inhibition levels higher than 80% were
obtained with pollen and contact allergens, whereas val-
ues ranging between 10 and 95% were achieved with
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Figure 5 Immunablotting inhibition assays with nChe a 2 and
rChe a 2 allergens.

Membranes with natural or recombinant Che a 2 were incubated
with pAb {A) or sera pool (B) using as inhibitors nChe a 2 (2 n.g),
tChe a 2 (2 ug) or buffer (PBS) as a negative control.
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Table 1 Cross-reactivity between chenopod potien profilin and
different allergenic sources.

Polien altergen Profitin

Inhibition {%) 1 {%) S (%) Accession no.
Chenopod 95.7+05 100 100 Q84V37
Russian thistle 91.2=13 - - -
Olive 96.0+£0.6 78 87 024169
Privet 95.3+0.8 - - -
Ash 94.5x0.4 - - -
Lilac 92.7=0.5 - - -
Birch 94.8+0.5 75 87 P25816
Plane tree 942403 - - -
Cypress 87.8£0.3 - - -
Ragweed 88.4+0.5 - - -
Mugwort 86.4+05 74 84 Q8H2C9
Orchard grass 86.7=0.2 - - -
Pellitory 86.4=0.4 77 87 Q9XG85
Timothy grass 82.8+0.3 80 90 024850
Food allergen Profitin

Inhibition (%) | (%) S (%) Accession no.

Potato 95.1+0.3 - - -
Bell pepper 90.2=0.5 80 92 QI3YI9
Tomato 90.4=03 82 93 Q8VWRO
Kiwi 80.1+03 - - -
Banana 67.7£3.0 82 92 Q94JN3
Peach pulp 48.5+0.7 83 a3 Q8GT39
Peach peel 10.7=C.1
Contact allergen Profilin

inhibition (%) 1{%) S (%) Accession nc.
Latex 95.4=0.3 83 95 QIMT7NO

IgE-binding inhibition (%) 45 rChe a 2-coated wells by using
200 g (total protein) of indicated extracts as inhibitars. An equi-
volumetric pool of sera (n=6) was used in the assay. The per-
centage of identity {}), similarity (S} and the accession number in
the database banks {accession no.) of the sequenced profilins
are shown.

plant-derived food allergens. Interestingly, peach peel
and peach pulp showed a great difference in inhibition
capacity (10 and 48%, respectively), which suggests a
higher presence of profilin in pulp than in peel.

Discussion

Most of the studies on chenopod allergy have shown a
high degree of cross-reactivity, not only with pollens of
the Amaranthaceae family but also with those of taxo-
nomically less related species (Lombardero et al., 1985;
Wurtzen et al., 1995; Florido et al., 2000). This fact sug-
gested the involvement of panallergens in the IgE reac-
tivity of chenopod pollen. Thus, a preliminary analysis
was performed with chenopod pollen protein extract to
investigate the implication of profilin and the EF-hand
calcium-binding protein (polcalcin) in this pollinosis (Bar-
deras et al., 2003). One conclusion of this study was that
profilin plays an important role in the allergy to chenopod.
To look more deeply into these studies, we performed
the purification and characterization of profilin from this
pollen (Barderas et al., 2004). However, the amount of
this protein in biological sources, not only from poliens
but also mainly from plant foods, is cuite low and a very
flimited quantity of the pure allergen could be obtained;

only 30 g of nChe a 2 was obtained per gram of dried
chenopod pollen (Barderas et al., 2004). A useful alter-
native to obtaining profilins is the heterologous expres-
sion of their recombinant forms (Valenta et al., 1991;
Asturias et al., 1997; Rihs et al., 2000; Scheurer et al.,
2001; Wopfner et al., 2002; Rodriguez-Pérez et al., 2003).
This can provide a well-defined protein in reasonable
amounts for ciinical and scientific purposes. The availa-
bility of the cDNA encoding chenepod profitin made pos-
sible the production at high yield of the allergen Che a 2
in the BL21 (DED) strain of E. coli cells as host. The iso-
lation of highly pure rChe a 2 was performed by conven-
tional chromatography steps, and the product was
judged devoid of contaminants by RP-HPLC, mass
spectrometry, SDS-PAGE and Edman degradation. The
folding of rChe a 2 was evaluated by CD, and the sec-
ondary structure profile agrees with those obtained for
profilins of olive, birch and timothy grass {(Fedorov et al,,
1997: Ledesma et al., 1998a). rChe a 2 was strongly
reactive to anti-Ole e 2 polyclonal antiserum, and was
also recognized by IgE of sera from chenopod-allergic
patients in an identical way to nChe a 2. in addition, all
the sera preselected by their IgE-reactivity to nChe a 2
displayed a positive response in immunobilotting to rChe
a 2, and the inhibition analyses of the binding to IgG and
IgE between natural and recombinant chenopod profilins
resulted in a complete equivalence of the two forms of
the allergen.

Considering these results, which agree with a well-
folded recombinant profilin that maintains the allergenic
and antigenic epitopes with respect 1o the natural form
and the high vield in the production of rChe a 2, it looks
like a suitable molecule to be used in biochemical assays
and in clinical trials such as diagnosis and immunother-
apy of chenopod-profilin allergic patients. Nevertheless,
experiments that demenstrate the in vivo activity of rChe
a 2 should be performed before being included in these
protocols.

Profilins have been reported to be implicated in cross-
reactivity between pollens, pollen-iruits and in the latex-
fruit syndrome (Valenta et al., 1992; Daschner et ai.,
1998: Wagner et al., 2002). in addition, a role for profilin
in cross-reactivity related to grass pollen ailergy and
peach has been suggested (Van Ree et al., 1995; Vieths
et al., 2002). Recently, new pollen-fruit cross-reactivity
has been reported by Callejo et al. (2002). in this study,
the sera from patients with pollen allergy to chenopod
showed OAS after eating banana, melon and peach. The
IgE antibodies of the sera of these patients recognized
allergenic bands of 10-20 kDa in the chenopod pollen
extract, and a component of 14 kDa was considered as
a major allergen. Melon and banana extracts inhibited the
IgE binding of most of the sera to the majority of the
chenopod-reactive bands, whereas the inhibition capac-
ity of peach was less important (Callejo et al., 2002).
Although profilin was not identified as the 14 kDa reactive
component, it is a strong candidate to be recognized by
the sera of these pollinic and fresh fruit allergic individ-
uals. Our data support these findings. In fact, chenopod
profilin has been found to have higher amino acid
sequence identity with latex and food profilins than with
some polien profilins (Barderas et al., 2004). Because of



its strong cross-reactivity with olive pollen profilin and
high prevalence (55%) in chenopod polien allergic
patients, it has been suggested that Che a 2 could be an
important mediator in cross-reactivity (Barderas et al.,
2004). In the present work, inhibition assays between
rChe a 2 and pollen, and plant-related foods and contact
(latex) allergens were performed. A high level of inhibition
was obtained, not only for pollens (>80% of inhibition)
but also with several vegetable and fruit extracts {potato,
pell pepper and tomato, >90%,; kiwi, >80%). Taking into
account that the amino acid sequence similarity of Prup
4 to Che a 2 is in the range of those of the chenopod
profilin and tomato or bell pepper (Table 1), the lower
inhibition obtained for peach {peel and pulp} extracts
would be associated with the very low level of profifin in
this food material (Rodriguez-Perez et al., 2003}, as has
been previously suggested (Callejo et al., 2002).

Our findings suggest that rChe a 2 could be a useful
tool in the diagnosis and specific immunotherapy of
patients suffering from profilin sensitization.

Materials and methods

Protein extracts and chenopod profilin

Poilen from chenopod (C. album), Russian thistle (Salsola kaff),
olive {Olea europaea), privet {Ligustrum vulgare), ash (Fraxinus
exceision, lilac {Syringa vulgaris), birch (Betula verrucosaj, plane
tree (Platanus acerifoiia), cypress {Cupressus sempervirens), rag-
weed {Ambrosia trifida), mugwort (Artemisia vuigaris), orchard
grass (Dactylis glomerata), peliitory (Parietaria judaica) and tim-
othy grass (Phleum pratense) were purchased from Allergon
Pharmacia (Angelholm, Sweden). Pollens (2%, w/v) were
extracted as previously described (Barderas et al., 2002).

Protein extracts from kiwi (Actinidia chinensis), tomato {Lyco-
persicon escuientum), potato (Solanum tuberosurm) and bell
pepper (Capsicum annuum) were obtained as described (Diaz-
Perales et al., 2000). Latex (Hevea brasilensis) extract and peach
(Prunus persica) peel and pulp extracts were provided by Drs.
G. Salcedo {Universidad Politécnica, Madrid, Spain) and J.F.
Crespo {Hospital 12 de Octubre, Madrid, Spain), respectively.
Extracts were tested by Coomassie Blue staining after SDS-
PAGE, and their total protein content was determined by means
of the Lowry method (Lowry et al., 1951), Chenopod profilin
(nChe a 2} was isolated from the pollen as described by Bar-
deras et al. {2004).

Subcloning of Che a 2.1 and construction of
expression vectors

The coding region of Che a 2.1 (Barderas et al., 2004) was ampli-
fied by PCR in order to add at the 5'- and 3'-ends of the coding
sequence the restriction sites necessary for subcloning the
cDNA into the expression plasmid pET11b. Che a 2.1 cDNAwas
amplified with the following specific oligonucleotides: a sense
primer with an Ndel restriction site (underlined), 5'-atacat-
ATGTONTGGCARACNTAYGT-3', and an antisense primer with
an  EcoRl restriction site  (underined), 5'-gcettaag-
TTAGAGNCCYTGYTCHATNAG-3'. Degenerations at the oligo-
nucleotide sequence were: N=any base, Y=C/T, H=T/C/A and
R=G/A. The obtained PCR product was cloned into the pCR2.1
plasmid (Invitrogen, Groningen, The Netheriands), and the DNA
from several clones were sequenced. Subsequently, the pCR2.1/
Chea2.1 construct was digested with Nde! and EcoRl restriction
enzymes and subcloned into the plasmid pET11b, obtaining the
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expression vector pET11b/Chea2 1. Praduction of the recom-
binant protein as a non-fusion protein was achieved after trans-
forming the BL21 (DE3)-competent strain of E. coii with pET11b/
Chea2.1 vector as described (Ledesma et al.,, 1998b).
Recombinant DNA methods were carried out by standard
procedures.

Expression of Che a 2 in E. coli cells and
purification

Overnight cuitures of BL21 (DE3) containing the pET11b/
Chea2.1 plasmid were diluted 10-fold with LB medium contain-
ing 0.1 mg/mt ampicillin, and grown up to an absorbance vaiue
at 600 nm of 1.0. After induction with isopropyl--thiogalacto-
pyranoside (Sigma-Aldrich, Quimica, Spain) at a final concentra-
tion of 0.4 mwm, cultures were maintained for 4 h at 37°C and
centrifuged at 40600 g for 20 min at 4°C. The supernatant was
discarded, and the pellet was re-suspended in 20 mm ammo-
nium bicarbonate, 1 mm phenylmethylsulfonyi fluoride. A bac-
terial lysate was performed by three cycles of freezing and
thawing at 42°C. The soluble fraction, obtained after centrifu-
gation of this material and ivophilized, was used as the starting
material for purification of the recombinant product. A gel per-
meation chromatography in a Sephadex G-50 column
(80x3.5 cm), equilibrated in 0.2 m ammonium bicarbonate, was
used as the first step of purification. Fractions containing rChe
a 2 were detected with a specific polyclonal antiserum obtained
against olive pollen profilin (Ole e 2). These fractions were lyo-
philized previously to be applied onto a Sephadex G-50 column
{52x2 cm). Purified 1Che a 2 was tyophilized and stored at
-20°C until use.

Sera and antibodies

Fifteen sera from patients suffering from pollinosis to C. album
used in this study were selscted under the criteria described by
Barderas et al. (2004} and by its proven reaction to natural Che
a 2. All of the patients were also sensitized to different polien
sources such as olive, Gramineae, mugwort, pellitory and plane
tree. A pool of sera from non-atopic subjects was used as a
negative control. All patients provided informed consent. Poly-
clonal serum against Ole e 2 profilin was prepared by immuniz-
ing a New Zealand white rabbit over a 6-week period by weekly
injections of the protein (100 w.g)in complete Freund's adjuvant
{Ledesma et al., 1998a).

Analytical methods for protein characterization

RP-HPLC on a Nucleosit G, column with an acetonitrile gradient
(0-60%}) in 0.1% trifluoroacetic acid was used to determine the
homogeneity of rChe a 2. Protein concentration of purified sam-
ples was determined by means of amino acid quantitation after
hydrolysis with 5.7 n HCI. Edman degradation of the protein was
performed using a 477A sequencer (PE Applied Biosysteirs,
Foster City, USA).

Electrophoresis and immunological characterization

SDS-PAGE was performed in 156% polyacrylamide gels. Proteins
were stained with Coomassie Blue or electrophoretically trans-
ferred to nitroceliulose membranes (Barderas et al., 2002).
immunodetection of 0.5 ug of pure protein was achieved by
using alternatively individual serum or a pool of sera {(n=6) from
patients allergic to chenopod polien {dituted 1:10), or a rabbit
polyclonal antiserum raised against ofive profilin (diluted
1:10 000). For immunoblotting inhibition assays the polycional
antiserum or the pool of sera were previously incubated with
buffer (PBS), 2 wgnChe a2 orrChe a2 as inhibitors. The signal
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was deveioped by the ECL-Western blatting reagent {Amersham
Biosciences, Barcelona, Spain) (Barderas et al., 2002).

IgE titration was performed by indirect ELISA in microtiter
plates coated with 100 wi/well of protein (1 pg/ml) as previously
reported (Barderas et al., 2002). The plates were incubated with
different dilutions of a pool of sera (n=6) from chenopod allergic
patients. For the ELISA inhibition assay, plates were coated with
100 i of recombinant profilin (1 wg/mi) and then incubated with
the pool of sera (diluted 1:10) pre-adsorbed with 200 pg {total
protein) of different extracts as inhibitors. In both assays, the
binding of human IgE was detected by mouse anti-(human IgE)
antibodies diluted 1:5000 followed by horseradish peroxidase-
labeled goat anti-mouse 1gG {dituted 1:5000). The peroxidase
reaction was measured as optical density at 492 nm (Barderas
at al., 2002). Each value was calcuated as the mean of two
determinations. The percentage of inhibition was calculated
according to the formula: inhibition {%)=[1 —(O.D. with inhib-
itor/O.D. without inhibitor)]>100.

Spectroscopic characterization and MS analysis

The CD spectrum was obtained in the far-UV range on a Jasco
J-715 spectropolarimeter {Japan Spectroscopic Co., Tokyo,
Japan) as described by Ledesma et al. (1998b). The protein con-
centration was in the 0.20-0.25 mg/mi range. Mean residue
mass ellipticities were calculated based on 107.31 as the aver-
age molecular mass/residue. obtained from the amino acid com-
position, and expressed in terms of © (degreexcmzxdmol ™).

Purified protein was analyzed as described (Barderas et al.,
2002), on a Bruker Reflex Il MALDI-TOF mass spectrometer
(Bruker-Franzen Analytik, Bremen. Germany) equipped with an
jon source with visualization optics and a nitrogen laser
{337 nm}. The equipment was externally calibrated employing
singly-, doubly- and triply-charged signals from cytochrome ¢
(12 360 Daj).
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