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Recently, this laboratory has isolated from barley and beer extract an isoform of lipid transfer protein
(LTP1), which was not fully sequenced (Jégou, S.; Douliez, J. P.; Mollé, D.; Boivin, P.; Marion, D. J.
Agric. Food Chem. 2000, 48, 5023-5029). It was named LTP1b and exhibited a molecular weight
294 Da higher than that of the known LTP1. This paper reports the finding of an LTP1 isoform in
wheat that also exhibits an excess of 294 Da compared to the native protein. Amino acid sequencing,
reduction and alkylation, and mass spectrometry showed that this new LTP1b possesses the same
N-terminal sequence as the native LTP1, suggesting that the difference resides in the binding of
an adduct which has a molecular weight of 294 Da. The aim of the present paper is to highlight
various biophysical techniques that afford the identification of such an isoform-like LTP1 and to
correlate this finding with other isoforms of LTP1 that were isolated from other plants but not fully
sequenced.
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INTRODUCTION

Plant lipid transfer proteins (LTP1) are ubiquitous
lipid binding proteins of the plant kingdom. They are
of great technological importance because they are
involved in beer foam formation (1-4). They exhibit a
molecular mass of ∼9 kDa and a basic pI and share a
common cysteine motif forming four disulfide bridges
(5). LTP1s fold in a four-helix bundle around a hydro-
phobic cavity (6-10) and can bind and transfer various
lipids (11-13).

It has been shown that LTP1 can exhibit post-
translational modification such as phosphorylation (14,15)
and that different isoforms coexist in a given plant.
These isoforms have been observed in spinach, sun-
flower, maize (7, 16-18), carrot (19), gravepine (20),
barley (1, 21), onion (22), and castor bean (23). However,
these were not fully sequenced and sometimes discarded
from the purification. Recently, we reported on the
finding of an isoform named LTP1b in barley seeds and
beer extract (4), which exhibits a molecular weight 294
Da higher than that of the known LTP1 (1). It displays
a comparable amino acid composition but was not fully
sequenced. In fact, the finding of such a protein has been
first reported in barley by Evans and Hejgaard (3). Such
a low mass difference cannot be detected by SDS-PAGE,
showing that care must be taken to evaluate the purity
of the proteins at the end of the purification procedure.
Moreover, we encountered difficulties in getting pure
LTP1 from barley (4) because both LTP1 and LTP1b
are eluted at analogous times in HPLC. This is of great
importance because very pure proteins are required for
structure determination and lipid binding studies.

In the present study, we report on the finding of an
LTP1b in wheat having a molecular mass that also
differs by 294 Da. The aim of this paper is to highlight
various biophysical techniques that allow the identifica-
tion of these LTP1b isoforms at the end of the purifica-
tion procedure and correlate this finding with a few
isoforms isolated from other plants.

MATERIALS AND METHODS

Purification of LTP. Cation-exchange chromatography
was performed on a column (5 × 30 cm) packed with a resin
from streamline SP (big beads), Pharmacia. The fractions were
eluted by applying a gradient from 0 to 0.7 M NaCl for 2 h in
20 mM MES (pH 5.6) buffer at a flow of 30 mL/min. Analytical
C18 RP-HPLC was done with a C18 reversed-phase (5 µm,
100 Å) bonded silica column (25 × 0.75 cm) using a gradient
of water/acetonitrile/0.05% TFA (1% acetonitrile/min) at 50 °C
at a flow of 1 mL/min. Semipreparative C18 RP-HPLC was
performed on a 5 µm, 300 Å, bonded silica column (25 × 1 cm)
using the same buffers and gradient as for analytic HPLC
except that the flow was adjusted to 3 mL/min. In the case of
size exclusion gel filtration, a column (3 × 100 cm) was packed
with Sephadex G50 (Sigma) and eluted in 20 mM MES (pH
5.6) buffer.

Mass Spectrometry. Protein molecular mass was obtained
using a Perkin-Elmer APIII (Sciex, Thornill, ON, Canada)
triple-quadrupole mass spectrometer equipped with an atmo-
spheric pressure ionization source (electrospray mass spec-
trometer, ES-MS) (24). The sample analysis (1 mg/mL) was
achieved by an on-line coupling between MS and RP-HPLC
(LC-MS). Elution was carried out on an RP-HPLC column
(Symmetry C18 Waters, Milford, MA) at a flow rate of 0.25
mL/min (40 °C) with a split to the MS ionization source that
was set at a flow rate of 0.3 mL/min. Ion detection was
performed in positive mode and mass calculation with Bio-
multiview 1.2 (software package Sciex) from scan mass to
charge m/z.

Amino Acid Sequencing. N-terminal amino acid sequenc-
ing was performed by Edman degradation on a model 477A
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gas phase sequencer. The phenylthiohydantoin amino acids
from the sequencer were identified on-line by RP-HPLC using
a 120A analyzer (Applied Biosystems, Foster City, CA).

Capillary Electrophoresis. Electrophoresis was carried
out using a Beckman P/ACE 5510 system. The separation was
performed on a fused silica capillary (50 µm × 50 cm), and
the sample (1 mg/mL) was introduced at the anode under high
pressure for 3 s. Before each run, the capillary was rinsed with
0.1 M NaOH (1 min) and water (1 min) and then conditioned
with the electrophoresis buffer (5 min). Separation was
achieved with a constant voltage of 30 kV in the case of borate
buffer and 20 kV for the Tris-HCl buffer at 25 °C and
monitored by UV detection at 214 nm.

Fluorescence Spectroscopy. Fluorescence intensity was
measured at 25 °C with a Fluoromax-Spex (Jobin et Yvon,
France). Excitation was set at 275 nm, and emission spectra
were recorded from 280 to 380 nm. The protein concentration
was 0.5 mg/mL in a 50 mM phosphate buffer (pH 7).

RESULTS AND DISCUSSION

Purification of LTP1. Proteins were first extracted
from 2 kg of wheat endosperm flour or 3 kg of bran with
10 L of distilled water. After centrifugation (flour) and
filtration (bran), the aqueous extract was adjusted to
20 mM MES (pH 5.6) and directly loaded on a cation-
exchange column. In contrast with previous purification
procedures (25, 26), no ammonium precipitation steps
or reducing and chelating agents were used. All of the
fractions that displayed the 9 kDa band by SDS-PAGE
were pooled, dialyzed, and freeze-dried. This material
was fractionated by size exclusion chromatography, and
the eluted fractions that contained LTP1 were pooled.
Analytical C18 RP-HPLC revealed two well-resolved
peaks, H1 and H2, eluted at 33% (13 min) and 38% (18
min) of acetonitrile, respectively (Figure 1). It must be
mentioned that this chromatogram pattern markedly
differs from that obtained in the case of barley (4). In
that case, LTP1b was eluted as a shoulder of the LTP1
peak.

Purification was completed by semipreparative C18
RP-HPLC, and the collected H1 and H2 fractions were
diluted with distilled water and freeze-dried, affording
400 and 200 mg of dry protein powder, respectively.

Mass spectrometry returned masses of 9600 ( 1 and
9894 ( 1 Da for H1 and H2, respectively. From these
data, H1 could be attributed to known LTP1 from wheat
in agreement with the calculated mass (25). Amino acid
sequencing of the first 15 N-terminal amino acids of H2

provided a sequence strictly identical to that of wheat
LTP1. By comparison with barley (4), because H2
exhibited a 294 Da increase of molecular weight and
analogous N-terminal, it was named LTP1b. Reduction
and alkylation of LTP1 and LTP1b in the case of wheat
yielded alkylated proteins with the same molecular
weight (not shown). This suggests that LTP1b and LTP1
are analogous proteins; that is, they exhibit the same
amino acid sequence. The difference resides in the
binding by the LTP1b of an adduct having a molecular
weight of 294 Da. This is emphasized by the fact that
the same molecular mass excess is found in the case of
barley (3, 4).

It must be mentioned that both flour and bran
extracts gave similar RP-HPLC patterns and yields for
both LTP1 and LTP1b. However, the ratio of LTP1 to
LTP1b was found to be slightly dependent on the
Triticum aestivum cultivar (Florence Aurore or Etoile
de Choisy) and was about 3/2 in case of Triticum durum
wheat.

Physicochemical Characterization of LTP1b.
Because both LTP1 and LTP1b exhibit close molecular
weight, they cannot be differentiated by SDS-PAGE, so
it was necessary to search for biophysical techniques
that could afford the identification of LTP1b in the
purified proteins. This is of great importance because,
as outlined above, LTP1b and LTP1 can be eluted by
chromatography in the same peak or as a shoulder so
that one needs to check the purity of the proteins. Mass
spectrometry is indeed the best way to highlight the
presence of LTP1b in a peak, whereas SDS-PAGE is not
efficient for such a task.

Another attempt to identify LTP1b was accomplished
by using UV, fluorescence, circular dichroism (CD)
spectroscopies, and capillary electrophoresis techniques.
The use of fluorescent labeled phospholipids (27) showed
that both LTP1 and LTP1b were able to transfer lipids
with the same efficiency and no differences between the
two proteins were observed in the absorption or far-UV
CD spectra (not shown). This finding is of great impor-
tance because in most of the purification procedures of
LTP1, fractions containing LTP1 are identified by their
lipid transfer activity. This means that in this way, one
cannot differentiate whether the lipid transfer protein
isolated is a native LTP1 or LTP1b or a mixture of both.
However, the intrinsic tyrosine fluorescence emission
spectrum revealed a marked difference between LTP1
and LTP1b (Figure 2). Both spectra exhibited a typical
maximum fluorescence at 305 nm, but the intensity for

Figure 1. C18 RP-HPLC chromatogram of the 9 kDa wheat
protein enriched fraction obtained after size exclusion gel
filtration. Proteins were eluted according to a gradient of
water/acetonitrile (see Materials and Methods). LTP1 is eluted
at 33% acetonitrile (13 min) and LTP1b at 38% (18 min).

Figure 2. Fluorescence emission spectra of LTP1 (-) and
LTP1b (- -). The excitation was set at 275 nm, and the protein
concentration was 50 µM.
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LTP1b was 2-fold lower that of LTP1. This is somewhat
surprising because the binding of a molecule is rather
associated with an increase of fluorescence emission (12,
13). Tyrosine emission fluorescence can then be used
to afford the differentiation between native LTP1 and
LTP1b but necessitates a reference such as native LTP1
for which the purity has been previously determined.

LTP1 and LTP1b were submitted to capillary elec-
trophoresis using 50 mM Tris-HCl (pH 10), and both
proteins were eluted at the same time (not shown).
However, when proteins were solubilized in tetraborate
buffer (pH 10), the electropherogram showed a single
peak in the case of LTP1 eluted at 5.74 mn (Figure 3A),
whereas two peaks with about the same intensity were
observed for LTP1b at a retention time slightly higher
than that of native LTP1 (Figure 3B). These results
suggest that LTP1b and, probably, the bound adduct
itself interact with the tetraborate but not with Tris
buffer, by modifying the overall structure and/or charge
of the protein. This showed that capillary electrophore-
sis can also be used to afford the differentiation between
native LTP1 and LTP1b but do not necessitate any
reference as in case of tyrosine fluorescence.

Relation with Isoforms Isolated from Different
Cultivars. We have clearly shown that identification
of LTP1b along the purification procedure is far from
trivial. As a consequence, our present proposal is to
correlate our finding with the different isoforms that
have been isolated in other plants. As mentioned above,
isoforms of LTP1 have been isolated in various cultivars.
These isoforms have not been fully characterized, so no
information of their exact molecular mass or sequence
is available. The most striking parallelism that can be
found with our present work is the case of gravepine.
Four isoforms have been separated by hydrophobic
interaction chromatography (20). Of these four proteins,
two were shown to possess the same 40 amino acids
showing differences only in molecular masses and
hydrophobic characteristics. Unfortunately, the exact

mass of proteins is not given in this reference, so it is
not possible to know whether an adduct of 294 Da was
also found in that case. It must be remembered here
that a marked difference was observed in the chromato-
gram patterns between LTP1s from barley and wheat.
This suggests that for other plants, one could expect to
obtain various patterns in which LTP1 and LTP1b could
be eluted at the same time. In the same way, both
proteins could be separated more easily than in the case
of wheat (Figure 1). It is then tempting to speculate that
among all of the isoforms observed in other plants, some
could be analogous to LTP1b.

Attempt To Characterize the Adduct. Because the
bound adduct was not released on mass spectrometry
and upon extraction with different nonpolar solvents
such as hexane, chloroform, and ethyl acetate (results
not shown), it appeared to be probable that the adduct
was covalently bound to the polypeptide backbone. It
could be released by reduction and alkylation (see above)
or alkaline pH (not shown), but attempts to recover the
adduct after these treatments in the solution by both
extraction with nonpolar solvents and by analysis of the
extract by LC-MS failed. This revealed that the adduct
could be degraded by these chemical procedures. How-
ever, the identification of this adduct is beyond the scope
of the present paper, and it then clearly appears that
its identification will come from structural studies by
both multidimensional 1H NMR (M. Ptak, personal
communication) or crystallization of LTP1b (E. Pebay-
Peroula, personal communication).

Conclusions. We have isolated an isoform-like LTP1
in wheat that exhibits a molecular weight excess of 294
Da compared to the native protein. A deep survey of the
isoforms isolated from other plants suggests that this
finding could be a general feature in the plant LTP1
family. Moreover, we have shown that mass spectrom-
etry rather than SDS-PAGE should be used to evaluate
the final purity of the protein. RP-HPLC, tyrosine
fluorescence, and capillary electrophoresis can also be
used to identify LTP1b or LTP1. This work opens new
perspectives in the world of plant lipid transfer proteins
and should contribute to increase our knowledge of this
protein family.
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