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Chromatographic, chemical, and spectroscopic techniques were used to characterize the physico-
chemical properties of napin purified by preparative chromatography. The molar extinction coefficient
was determined (e = 0.56), and static and dynamic light scattering measurements enabled the average
molecular weight (M,, = 13919), the second virial coefficient (A, = 23.95 x 10~> mol cm?® g~2), and
the hydrodynamic radius (R = 1.98 nm) to be determined. No conformational changes were observed
by fluorescence and circular dichroism measurements in different buffers at pH 3, 4.6, 7, and 12,
confirming the high pH stability of this protein. From MALDI-TOF analysis and after enzymatic
digestion, it was found that this purified sample, extracted from the rapeseed variety Express, contained
mainly isoform 2SS3_BRANA.
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INTRODUCTION The large chain includes two additional intrachain disulfide

Rapeseedgrassica napus.) is mainly produced for its high bO”‘?'S’ whichhreinforc.e tgebstar?ilﬁty of the bpro.te.irii).(—lzl). .
oil content (45—50%). After oil extraction, a meal is obtained 'Napins are characterized by their strong basicity (isoelectric

containing most of the proteins (3@0%) (1). Originally, its point, @ ~ 11) mainly due to a high amidation of amino acids

use was limited to animal feeding because of the presence of 13). ) . )

undesirable substances (glucosinolates, erucic acid). To extend  Many isoforms of napin exist because of the large number
the use of rape oil to human food consumption and to exploit ©f Napin genes and differences in proteolytical cleavages. Five
the functional properties of rape proteins in food applications, isoforms have been first identified according to their molecular

varieties called “double zero”, without these undesirable mol- Weights (10,14). One of them (isoform Bnlb, called 2SSI-
ecules, have been developed. _BRANA in the Swiss-prot databank nomenclature) has been

totally sequenced and its three-dimensional structure determined

In B. napus, there are two major families of storage proteins k
by NMR (15). More recently, their sequences and structures

termed cruciferins and napins, which provide nitrogen and sulfur X
during germinationZ, 3). Cruciferins belong to the 12S globulin ~ W€® compared from data available from databariig.(The

class of proteins. These neutral proteins, with a high molecular Study clearly identified nine isoforms, but many others exist,
weight, are composed of several subunits and constitute 26 Which can influence properties such as the hydrophobitity.(
65% of the total rape seed protein content, depending on the ' N€ir separation therefore appears to be complex. _
variety @). Napins belong to the 2S albumin class of proteins The flrs_t r_ne;hod of punﬁcgtlon developed for these proteins
(and are hence water soluble) and represent4B% of the usgd precipitation by ammonium sulfate (at-8D% satura'qc_m).
total rape seed protein content depending on the varigty ( This method allowed the production of large quantities of

Napins are low molecular weight proteins (1250t500). proteins, but pigments or contaminants were not totally removed
They belong to a multigene family encoded by-116 genes from the protein fractior_lsl(B,_lg). C_:hromatographic methods
(5) and are expressed during seed development as precursordere then devgloped using either size exclusion chromatpgraphy
of 21 kDa (6,7). After their maturation, two peptide chains of ~(SEC) (20) or ion exchange chromatography (IEM)( which

4.5 and 10 kDa result, linked by two disulfide bonds 9). led to highly purifi_ed proteins _but only on an an_alytical scal_e.
To study the functional properties of different varieties of napin,

a larger scale purification procedure was developed to produce

* Author to whom correspondence should be addressed(f2& 240

67 5043). larger amounts of purified napins with most of the contaminating
TUnité de Physico-Chimie des Macromolécules, INRA. pigments removed (21).
# Université d’Angers. very f tudies deal with the phvsicochemical ch teri
§ Unité de Recherches sur les Protéinégdales et leurs Interactions, ~ YElYy Tew studies deal with the physicochemical characteriza-
INRA. tion of napin because of these difficulties to purify and isolate
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the isoforms. Data interpretation may be rendered difficult by

Schmidt et al.

Isoelectrofocalization. Isoelectrofocusing (IEF) was performed in

the differences observed between the isoforms, even if they areindividual immobilized pH gradients (IPG) gel strips, {3130 mm)

minor. Recently, deconvolution of circular dichroism (CD)
spectra indicated about 25% afhelix and 38% off-sheet
structure (8), whereas other results led t-46% of a-helix
and 16—20% ofs-sheet structure (22). The structural stability
in solution was also studied by microcalorimetry; the study
found transition temperatures of 101 and°&3at pH 6 and 3,
respectively (8). It confirmed the high heat stability of napin,
which is probably due to its very stable tertiary structu22, (
23).

with a pH range of 6-11 (Immobiline Drystrips, Amersham Pharmacia
Biotech). It was operated in nonreducing and reducing conditions with
the parallel use of algcalibration kit (d 3—10, Pharmacia) containing
well-characterized pinarkers. IPG dry strips were rehydrated to their
original thickness (0.5 mm) with a solution containing 8 M urea, 2%
(w/v) CHAPS, bromophenol blue (traces), and distilled water. The
protein sample (4@g) and the pcalibration kit were dissolved in 250

uL of a solution containing 1 mL of rehydration stock solution added

to 5ul of IPG buffer 6-11 and 0.2% dithiothreitol (DTT) if operating
under reducing conditions. The samples were deposited onto the surface

The present paper describes the physicochemical character©f the gel strips, which were placed in IPG strip holders (IPGphor)

ization of a napin sample obtained from large-scale purification

by preparative chromatography. This study used mainly chro-
matographic, chemical, and spectroscopic methods in order to
determine the sample composition (nitrogen, water, and sugar

onto the plate of an IEF chamber. After 12 h of rehydration, a low-
voltage gradient was applied across the gel, 500 V for 1 h for better
sample entry, 1000 V for 1 h, and, finally, 8000 V until a steady state
was obtained.

After |IEF to steady state, the IPG strips were equilibrated for 30

contents) and its solubility and general features of the protein min in a solution of 20% trichloroacetic acid. The strips were then

(molecular weight, molar extinction coefficient, hydrodynamic
radius).
MATERIALS AND METHODS

Isolation and Purification of Napin. The isolation and purification
process was based on the method developed by C. Mal2igt (

soaked in a solution of glutaraldehyde 0.2% (v/v) in 30% (v/v) ethanol
and 0.2 M sodium acetate. Finally, the polypeptides were stained with
Coomassie Brilliant Blue R250 0.025% (v/v) in 40% methanol and
7% acetic acid.

Size Exclusion Chromatography.Gel filtration was performed on
a Superdex 75 column (10 300 mm, 24 mL, Pharmacia) at different
pH values. The column was equilibrated either in a 50 mM phosphate

Rapeseed meal (Express variety) was purchased from CETIOM Puffer (pH 6, 7.5, 8.5) or in a 50 mM sodium acetate buffer (pH 3,
(Bordeaux, France), where the seeds have been dehulled, crushed, anfy->) Or in @ 50 mM sodium phosphate solution adjusted to pH 12 with

defatted by hexane extraction.

After protein extraction from the meal with an extraction buffer (50
mM Tris, 1 M NaCl, 15 mM sodium disulfite, 5 mM EDTA, pH 8.5)
and centrifugation at 17360for 20 min at 20°C, pigments were
eliminated by SEC on a Cellufine GH-25 column (Amicon, 1R0
930 mm, 7.5 L) equilibrated in buffer A, 50 mM Tris, 5 mM EDTA,
and 15 mM sodium disulfite, pH 8.5. Proteins were eluted with the

same buffer. Napins were then fractionated by IEC on a Streamline

SP-XL gel (Pharmacia, 55 500 mm) equilibrated with buffer A. The

elution of the bound fraction, composed of napins, was performed using

an increasing gradient of buffer B (buffer-A1 M NaCl). The fraction
previously recovered was purified by hydrophobic interaction chro-

matography on a phenyl Sepharose 6B Fast Flow column (Pharmacia,.

50 x 125 mm, 200 mL) equilibrated with buffer C (buffer A 1 M

sodium sulfate). Elution was performed using a decreasing gradient of

buffer C.

The eluted fractions were then purified on a Cellufine GH-25 column
(90 x 400 mm, 5L) equilibrated with 0.1% ammonium carbonate to
eliminate the remaining impurities. Finally, the samples were dialyzed
against water before being freeze-dried.

Ultrapure water obtained from a Milli-Q system (Millipore) was used
for all experiments and buffer preparations.

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE).SDS-PAGE was performed using 9090 x 0.75 mm
slabs according to the Laemmli procedu2d)( Migration and stacking

NaOH. The separation was optimized by adding 150 mM NaCl to the
elution buffer. The calibration was performed at the different pH values
cited above with four protein standards covering the molecular weight
range from 6500 to 67000. Calibration was found to be the same
whatever the pH. Five hundred microliters of the sample at 1 mg/mL
was loaded on the column, and elution was carried out at a flow rate
of 0.5 mL/mn. The proteins were detected at 220 and 280 nm.

Reversed phase high-performance liquid chromatography (RP-
HPLC) was carried out on a Waters system controlled by Breeze
software. One hundred microliters of the sample at 3.2 g/L was loaded
on a Gg Symmetry column (4.6< 250 mm, Waters) maintained at 45
°C. The column was initially equilibrated with 80% of solvent A [0.1%
trifluoroacetic acid (TFA) in water] and 20% of solvent B (0.08% TFA
in acetonitrile). Elution was performed using a gradient of acetonitrile
(1%/min) at a flow rate of 1 mL/mn. The proteins were detected at
220 and 280 nm.

Fourier Transform Infrared Spectroscopy (FTIR). The infrared
spectra were recorded between 400 and 4000 @4 cntt intervals
on a Fourier transform spectrometer VVector 22 (Briicker) in transmission
mode. The samples were prepared by grinding 1 mg of protein powder
with 99 mg of potassium bromide (KBr) powder and pressed into a
pellet (diameter= 13 mm). The spectrum was analyzed in the amide
I band region (1720—1580 cr¥) with a corrected baseline and
normalized data. The experiment was also performed with a solution
of napin in 148 mM phosphate buffer (pH 7) at 5 mg/mL using an
attenuated total reflection (ATR) cell. The spectrum resulting from 10

gels contained 18 and 6% of polyacrylamide, respectively. Electro- scans was corrected from solvent contribution and analyzed by using
phoresis was performed under nonreducing and reducing conditions, principal component analysis (PCA), a multivariate statistical treatment.
the latter being obtained by incubation of the sample for 1.5 min at  Ultraviolet (UV)—Visible (Vis) Spectroscopy. UV spectroscopy

100 °C with 2-mercaptoethanol 5% (v/v). Molecular weights were was performed on a UV—vis Shimadzu UV-1605 spectrophotometer
estimated in reference to three standard proteins (insulin chain A,

cytochromec, carbonic anhydrase).
Nitrogen Content. The total amount of nitrogen (protein and

to quantify both the solubility of the protein as a function of pH and
the molar extinction coefficient.
Determination of the Molar Extinction CoefficienTthe molar

nonprotein) was evaluated according to the Kjeldahl method using a extinction coefficient was determined by establishing the Beambert

nitrogen—protein conversion factor of 5.7 for rai@5). One hundred
milligrams of protein powder was then dissolved 5 g of 10%
trichloroacetic acid (w/v) and stirred fd. h atroom temperature in
order to make the nonprotein nitrogen solubilize selectively. After

law for napin: A = €lc, whereA is the absorbance (AU}, the molar
extinction coefficient (L-mott-cm™2), | the path length (cm), and
the analyte concentration (moFb).

Napin solutions in water without pH adjustment were prepared at

centrifugation for 20 min at 2500g, the supernatant was recovered anddifferent concentrations (0.682 mg/mL) by dissolving protein powder

its nonprotein nitrogen content determined according to the Kjeldahl in Millipore water. The protein concentrations were calculated from

method. The protein nitrogen content was quantified from the difference the determination of the dry matter content corrected by the content in
between the total amount of nitrogen and the amount of nonprotein nonprotein nitrogen, water, and sugar previously determined. Absor-
nitrogen. bance was measured at 280 nm and corrected for turbidity determined
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between 320 and 360 nm; absorbance values were then plotted as &L of sinapinic acid and spotted onto the probe slide. The amount of
function of protein concentration in order to determine the slope protein loaded on the probe slide wad0 pmol. The samples were
corresponding to the molar extinction coefficient. The experiment was then dried at room temperature and atmospheric pressure.
repeated five times. Further to the determination of the molar extinction ~ Enzymatic digestion of the overall sample was performed ipl50
coefficient, all sample concentrations will be based on protein content of trypsin solution [trypsin, proteomics sequencing grade (Sigma-
determined by UV spectroscopy. Aldrich Chemie GmbH)] using the Millipore montage In-gel Diggst
Solubility According to pHThe solutions were prepared at different ~ Kit (Millipore Corp., Bedford, MA). An amount of JuL of tryptic
pH values (pH 2-11) at a concentration of 1 mg/mL. The pH values digest solution was spotted directly onto the MALDI-TOF MS target
of these solutions were adjusted by adding HCI or NaOH at concentra- using a Zip Tip SCX pipet tip (Millipore Corp.) with the procedure
tions of 0.01, 0.1 or 1 M. The samples were then centrifuged at 1000 described in the user guide.
for 15 min. The supernatant was recovered and the absorbance recorded Static Light Scattering (SLS). Light scattering measurements were

at 280 nm to determine its protein concentration. performed using an ALV-5000 multibit, multi-tau correlator in com-
Circular Dichroism (CD). Far-UV CD spectra were recorded under  bination with a 4700 Malvern goniometer (Malvern Instruments, Orsay,
nitrogen flow at 25°C in the wavelength range of 18260 nm at 0.5 France) and a Spectra-Physics laser emitting vertically polarized light

nm intervals using a CD6 Spex Dichrograph (Jobin-Yvon, France). at 532.5 nm. Samples were prepared in a 148 mM phosphate buffer,
Cuvettes of 0.1 mm path length were used. Protein concentrations inpH 7, at different concentrations ranging from 1.4 to 14 mg/mL. Each

the samples were determined after filtration onn2filters (Anotop, solution was put into a glass measuring vial (Malvern, France), which
Alltech, France) using the value= 0.56 determined in this study.  was kept at a temperature of 2€ in a toluene bath.
Concentrations were 0.295 0.02 mg/mL in citrate buffers (pH 3 and The time-averaged intensity of the scattered light was measured at

4.6), phosphate buffer (pH 7), and a sodium phosphate solution adjustedone observation anglé,= 90°, as a function of protein concentration
to pH 12 by NaOH. Each spectrum was the mean of six scans and wasand represented as
corrected for the solvent contribution.

The ellipticity data (in deg) were converted into mean residue Kc_ 1
ellipticity (in degcm?-dmol™t), which was calculated by assuming a E =411+ 2M,ALC] 1)
mean residue molar mass of napinMf = 112 g/mol. CD spectra W
were analyzed in terms od-helix content by using the dicroprot
software, a package freely available online (http://dicroprot-pbil.ibcp.fry WhereMwA:C < 1 because the molecules are much smaller than the
that was developed by Deléadt8). The self-consistent method, which wavelength of the_mudent I_lg'ht. This allows the molecu'lar weidt
is an iterative refinement of the CD spectrum of a protein chosen as @nd the second virial coefficier at only one observation angle to

an initial guess, was retained to assess the percentagéelices. In be determinedC in eq 1 is the concentration of the samplec{p™),

this method (27), the prediction for the secondary structure content Ro the Rayleigh ratio (R=2.86 x 10°° for toluene atl = 532.5 nm),

was calculated from four reference databases. andK an optical constanK was calculated using the equation
Fluorescence Spectroscopyrluorescence spectra of napin were

obtained using a Fluoromax-Spex spectrofluorometer (Jobin-Yvon, _ 47n?(dn)2

France) at 25C. The excitation wavelength was set to 295 nm for - /104NA(d_C) @

selective excitation of tryptophan (W), whereas the emission spectra

were recorded from 300 to 500 nm; 5 nm slits were used for both

excitation and emission. Concentrations were 0.29%.02 mg/mL in wheren is the refractive index of the solvent { 1.3346 for 148 mM
citrate buffers (pH 3 and 4.6), phosphate buffer (pH 7), and a sodium Phosphate buffer, pH 7Na is the Avogadro number (N= 6.022 x
phosphate solution adjusted to pH 12 by NaOH and determined as 10%), 4 is the wavelength of the polarized light (cm), amdldtis the
previously for CD. The spectra were corrected for solvent contribution, refractive index increment of the solute. A value of 0.229 for napin
and the maximum emitted fluorescence intendigy)(was normalized ~ Was determined by the slope of the line representing the refractive

by the protein concentration. indices measured for each sample with a refractometer (Brice-Phoenix,
Mass Spectrometry (MS).Matrix-assisted laser desorption ioniza- ~ France) as a function of concentration. _ _
tion (MALDI) MS analyses were performed on a Bruker Biflex IlI The average molecular weight, was determined after extrapolation

time-of-flight (TOF) mass spectrometer (Bruker-Daltonic, Bremen t0C=0 of the linear regression of the experimental data and the second
Germany) equipped with a Scout 384 probe ion source. Samples wereVirial coefficient A; from the slope of the line.

desorbed/ionized from the probe tip with a 337 nm pulsed nitrogen ~ Quasi-elastic Light Scattering (QELS).Dynamic light scattering
laser (model VSL-337i, Laser Science Inc., Boston, MA) having a measures the temporal autocorrelation function of the fluctuations of
repetition rate of 3 Hz and a pulse width of 2 ns. All of the experiments the scattering intensity resulting from the diffusive motion of the
were performed in positive ion mode. In linear mode, the ions were particles. The hydrodynamic radit of napin and the translational
accelerated under delayed extraction conditions with an accelerationdiffusion coefficient were determined by QELS for the same samples
voltage of 20 kV. A 5.75 kV potential difference between the target as for static light scattering. The time correlation functigs($) were

and the extraction lens was applied with a time delay of 2 ns. In recorded with the ALV-5000 multi-tau correlator at= 90°. They
reflectron mode, the ions were accelerated with a 19 kV acceleration were then analyzed using the inverse Laplace transform routine REPES
voltage with a 0.5 ns delayed extraction and a 3.5 kV potential in order to obtain the corresponding relaxation time distribution and
difference between the target and the extraction lens. The voltage of the diffusion coefficients of the proteins. For purely diffusive relaxation,
the reflectron was set at 20 kV. A Lecroy 9384C, 1 GHz digital storage the translational diffusion coefficief was obtained by extrapolation
oscilloscope was used for data acquisition (Lecroy Corp., Chestnut to ¢ = 0 of the relaxation functiof” as a function of concentratia
Ridge, NY). The detector signals were amplified in two stages, digitized, Whereq is the wave vector defined asz@/1) sin(0/2); hereq = 2.2

and transferred to the XACQ program on a SUN work station (Sun x 10" m™

Microsystems Inc., Palo Alto, CA).

The instrument was calibrated externally with a mixture of bovine =D 3)
pancreas insulin (Sigma-Aldrich Co., St. Louis, MO) and horse skeletal
muscle myoglobin (Sigma-Aldrich Co.). 3,5-Dimethoxy-4-hydroxy-
cinnamic acid, called sinapinic acid (Sigma-Aldrich Chemie GmbH,
Steinheim, Germany) and-cyano-4-hydroxycinnamic acid (Sigma-
Aldrich Chemie GmbH) (5 mg/mL) were used as matrix and prepared
separately in CECN/H,O/TFA (80:20:0.1). Each protein sample was Ry = kgT/677D )
prepared in HO/TFA (100:0.1) in order to achieve a final concentration
of 107 mol/mL. Ten microliters of this solution was mixed with 100  whereD is the diffusion coefficient of the particlds the Boltzman

The hydrodynamic radius of napin was then calculated using the
Stokes—Einstein relationship
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Figure 1. SDS-PAGE patterns of the napin sample in (a) nonreducing 0 T e P MW S )
and (b) reducing conditions at different concentrations: (lanes 1) 0.36 20 25 260 270 280 290 300 310 320 330 340
mg/mL; (lanes 2) 0.72 mg/mL; (lanes 3) 1.08 mg/mL; (lanes 4) 1.44 mg/ Vavelength (nm

mL; (lanes 5) 2.16 mg/mL; (lanes M) proteins used as molecular weight
standards.

constant,T the absolute temperature, andhe solvent viscosity (7
9.595 x 10* Pa-s for 148 mM phosphate buffer, pH 7).

RESULTS AND DISCUSSION

Composition and Characterization of the Purified Sample.
Composition of the Sampl&he composition of the sample was
determined by analyzing the content in nitrogen, water, and
sugar. The amount of water in the protein powder was 8.4 wt
% according to the KartFisher method. The sugar content,
established by quantifying colorimetrically uronic acids (as
galacturonic acid) using the automategbhenylphenol method
(28), was negligible. The total percentage of nitrogen was
evaluated according to the Kjeldahl method to be 86.5 wt %
and the nonprotein nitrogen content to be 1.9 wt %. The protein
content was thereby quantified to be 84.6 wt %. Starting with Wanvelength (nmj
40 g of rapeseed meal 2 gpurified sample was obtained. The  Figure 2. (a) UV-vis spectra of napin as a function of protein
IR spectra of napin in the solid state (data showkigure 6) concentration: (M) 2 mg/mL; (<) 1.5 mg/mL; (@) 1 mg/mL; (A) 0.5 mg/
showed neither a stretching band around 1740%arharacter- mL; (®) 0.25 mg/mL; (—) 0.1 mg/mL; (+) 0.05 mg/mL. (Inset) Beer—
istic of an ester nor a cluster of bands around 1050 cm  Lambert law established for napin in water at natural pH. (b) UV-vis
corresponding to sugars, which confirmed the absence of lipids spectra of napin (1 mg/mL) as a function of pH: (+) pH 3; (O) pH 6; (A)
and sugars in the sample. pH 10; (A) pH 11; (@) pH 13.

The sample was then analyzed by SDS-PAGE in order to
check its purity and to evaluate the molecular weight of napin. bands were slightly distorted. Under reducing conditions (not
The analysis by SDS-PAGE was performed using high con- shown), two distinct bands were seen: one around pH 8.8, the
centrations of napin (0.36—2.16 mg/mL) deposited on the other around pH 9.4. IEP results did not correspond exactly to
polyacrylamide slabs in order to detect all proteins present in those calculated from the amino acid composition and available
the sample. A very dark band at 14 kDa was seen underon databanks (IER= 10.89—12.16 for the small chain and
nonreducing conditions (Figure 1a) and at 5 and 9 kDa after 10.25—11.30 for the large one). It may be due not only to the
reduction (Figure 1b). The bands after reduction correspond fact that computation from amino acid composition does not
to each chain constituting the protein. There were also much take into account electrostatic interactions inside the protein,
less intense bands at 30 kDa and traces at 20 and 34 kDa undewhich modifies the [, of the amino acid ionizable side chains,
nonreducing conditiond{gure 1a). The slab was analyzed by but also to the presence of other isoforms in the purified sample.
densitometry using BIO 1D software. The results of this analysis  Determination of the Molar Extinction Coefficient and
showed that the major bands were at 14 kDa (92% of the total Solubility of Napin.The UV spectra showed the same profile
volume) and 30 kDa (5.8%), whereas bands at 20 and 34 kDawhatever the napin concentratidfigure 2a). There were two
were present but negligible, representing, respectively, 1.5 andmaxima: one at 280 nm, corresponding mainly to tyrosine and
0.5% of the total volume. The sample was therefore consideredtryptophan absorption, the second at 290 nm, corresponding to
as pure, and the bands were attributed to napin monomer (14tryptophan absorption. The linearity of the Bed&ambert law
kDa) and dimer (30 kDa). was checked, and the slope of the absorbance versus napin

Isoelectric Point (IEP).To evaluate the IEP of napins, concentration line gave a value for the extinction coefficient of
isoelectrofocalization was performed under reducing and non- e = 0.56 in water (average of five independent experiments
reducing conditions. Under nonreducing conditions (not shown), performed). The UV spectr&igure 2b) showed similar profiles
a band at pH 10.7 was observed, giving only an estimation of whatever the pH except above pH 10, when a shift of the
the isoelectric point of napin rather than a precise value becausemaximum at 280 nm to higher wavelengths was noticed. This

Absorbance (A.U.}
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Figure 3. RP-HPLC chromatogram of the whole napin sample (100 xL) 8.5 (©) pH 12. (Insert) Calibration curve: Logi MW = f (VelV).

at T = 45 °C. Detection was performed at 280 nm and the protein eluted . .
using a gradient of acetonitrile (1%-min~1) at a flow rate of 1 mL-min~1, ,_I\L
bathochromic effect could be attributed to a more polar
environment of phenylalanine and tyrosine residues. Tryptophan™
absorption did not change whatever the pH as revealed by the,,,, 1
unchanged position of the maximum observed at 290 nm.

The napin solubility was examined at different pH values = 1
ranging from 3 to 11. The absorbance was recorded at 280 nm
before and after centrifugation. The protein solubility was found ]
to be the same whatever the pH values (94%), showing that ,,,
napin was highly soluble in water whatever the pH. :

Hydrophobic Affinity With the resolution of the column used s 1
for the experiment, the RP-HPLC profil&igure 3) showed
two peaks, one representing 15% of the total area (at 14.51 min*
with A = 0.44) and the second, 85% (at 16.76 min wAh=
1.40). Reduced napin was also injected to compare its profile
with the previous one. The profiles were not superimposed,
meaning that the two peaks did not correspond to one of the
two napin chains. The peaks would rather correspond to different
isoforms or groups of isoforms distinguished by their hydro-
phobicity.

Determination of the Average Molecular Weight and
Identification of Isoforms. SEC.The molecular weight of the
protein was determined according to different complementary following equation: Kc/Ry) = 4.79x 10% ¢+ 7.18 x 1075,
techniques with respect to the information they provided and Extrapolation toc = 0 from this equation led to an average
the precision. molecular weight,, of 13920. This value was in accordance

At first, gel filtration on Superdex 75 was used to evaluate with those obtained by the above-mentioned results. The second
the distribution in the weight of the sample. The calibration virial coefficientA; was 2.4x 10~4 mol-cnf-g=2. From QELS
curve, established by injecting protein standards on the Superdexmeasurements, linear regression of the concentration dependence
75 column, allowed the determination of the molecular weight of the relaxation functiol” gave the equatiof = —5.39 x
of napin. The elution patternF{gure 4) displayed a major 10°c + 5.55 x 10% The resulting translational diffusion
elution peak atVe = 13.5—13.9 mL as a function of pH  coefficientD was of 1.15x 1071° m?-s~1, corresponding to a
corresponding to a molecular weight of 12504500. It was hydrodynamic radiu®y of 1.98 nm.
noticed that the peaks collected from the napin solution at acidic MS. To specify the molecular weight of the whole sample
pH values were 2 times more intense than those collected fromand identify more precisely the isoforms present with the amino
solutions at alkaline pH. This could come from the formation acid sequence, the sample was analyzed by MALDI-TOF. The
of aggregates for an ionic strength of 200 mM in basic linear mode MALDI-TOF mass spectrum of the samlg(re
conditions. Following this assumption, aggregates would be 5) exhibits protein-ion peaks that illustrate the presence of
retained on the filter at the top of the column and explain the several isoforms. Five peaks are distinguishable in a broad signal
recovery after chromatography of 92% (w/w) of initial weight in the m/zrange either of [M+ H]* quasi-molecular ions and
of injected protein. The results iRigure 4 confirmed this of dicharged species, denoted*Mand M in Figure 5,

00

1000

o -

200

Figure 5. Positive ion mode MALDI mass spectrum of napin sample
performed in linear mode. The annotations correspond to (i) monocharged
species ([M + H]* denoted M*), (i) dicharged species ([M + 2H]** denoted
M2+, (iii) small chain fragments (denoted SC), and (iv) large chain
fragments (denoted LC).

hypothesis, as peaks corresponding to dimegs<(\{2 mL, 26 respectively. The mass of the detected ionic species could not
kDa) or to aggregate®/{ = 9.3 mL, 67 kDa) were observed at be measured with accuracy due to low signal resolution of the
pH 7.5, 8.5, and 12. mono- and dicharged pattern. However, the obsemwedalues

Static and Dynamic Light Scatteringtinear regression of (from m/z 13950 u tom/z 14850 u) were in good agreement
the concentration dependence of the light scattering gave thewith those of the literaturel@). The linear mode mass spectrum
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Figure 6. FTIR spectrum (10 scans) of napin (1% w/w in a KBr pellet)

recorded between 400 and 3900 cm~, (Inset) Zoom of the FTIR spectrum

of napin between 1580 and 1720 cm~2. Data were normalized and baseline

corrected.
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also shows the presence of low-mass ion signals (denoted SC

in Figure 5) and peaks around 9400 u (denoted LC~igure

5) that represent small and large napin chains, respectively. As
described previously, such signals can be attributed to disulfide
bond fragmentation events in the source. To confirm the

characterization of the napin sample, a tryptic digest was
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Figure 7. Far-UV CD spectra of napin (0.295 mg/mL) at pH 3 (®), pH
4.6 (®), pH 7 (M), and pH 12 (a).

Table 1. Assessment of the Percentage of a-Helix Content of Napin
at pH 3, 4.6, 7, and 12, by Each of the Four Reference Databases
Available in the Self-Consistent Method (SCM)

pH 3 pH 4.6 pH7 pH 12
SCM1 48.8 62 51.7 515
SCM2 41.7 53.4 45 44.9
SCM3 48.3 54.5 46.2 46.5
SCM4 545 62 51.7 515
mean 49.8 57.9 48.6 48.6

performed on the whole sample without reductive condition,
that is, by maintaining the disulfide bonds of the napin isoforms.
In this case, the presence of the (M H]* ion of 1853.71 u
was detected in reflectron mode MALDI-TOF analysis (mass
spectrum not shown). This measurement corresponds to/the
value of the peptide 134149 (QQQGQQGQQLQQVISR) of
2SS3_BRANA (calculated mass 1853.96 u). Note that this
characteristic peptide fragment does not contain any cysteine
residue.

The major isoform was labeled 2SS3_BRANA and the second
2SS2_BRANA or 2SSB_ BRANA. The low molecular weight
isoforms (2SSI_BRANA, napA, napB, and 2SS1_BRANA)
seemed to be absent from the sample. According to the
phylogenic rapeseed tree of Barcieszew4ki)( these isoforms
are slightly distant from the others. They are absent from our

and~7—15.3%-sheets as a function of pH. These data were
consistent with previous studie®2) and indicated no confor-
mational changes in the helical region.

Recently, the secondary structure was also determined on the
basis of two-dimensionalH NMR spectra of isoform Bnlb,
called 2SSI_BRANA in the Swiss-prot data bank nomenclature
(15). The proposed structure of this study contains five helices
and a C-terminal loop arranged in a right-handed helix. By
calculating the proportion of amino acids implicatedhelices
according to the secondary structure established by Rico et al.
(15), we found 56.6%, in accordance with the percentage of
o-helices obtained in our study and also in the study by
Schwenke et al.22). Even if this calculation was made on
isoform 2SSI_BRANA instead of 2SS3_BRANA, we can rely

sample because they would not be expressed in the varietyon this result because Barciszewski et &6)(have shown the

chosen for this study.

Characterization of the Napin Conformation. The region
between 1600 and 1700 ctof the IR spectrum (Figure 6)

high similarity of the secondary structure of most napin
isoforms.

With regard to the tertiary conformation of the protein,

gave some information on the secondary structure of the protein.fluorescence spectroscopy was applied to probe the environment

The shoulder at 1670 cmh indicated the presence gfturns,
whereas the narrow band at 1650 dnndicated the presence
of a-helices. The band at 1650 ciwas confirmed in the liquid
state. The small shoulder at 1620 ¢mcharacterized the
presence of some aggregates.

To analyze the secondary structure in more detail, far-Uv
CD spectra were obtained at pH 3, 4.6, 7, and 12 for napin at
0.295+ 0.02 mg/mL Figure 7). A sharp positive band in the

of tryptophan residues. The fluorescence emission spectra of
napin (not shown) at 0.29% 0.02 mg/mL and for pH 3, 4.6,
7, and 12 showed a maximum at 3331 nm, whatever the pH

value. These results indicated that no obvious changes took place
with pH. Identification by molecular modeling of tryptophans

in isoform 2SS3_BRANA, predominant in our sample, showed
a unique tryptophan residue buried inside the protein. This

feature would explain why there was no change in the

185—200 nm range and a broad negative band located aroundryptophan environment with pH.
210—220 nm were observed. These spectra were characteristic As to the data obtained in this study, we have validated that

of a protein belonging to thex{+) class with a majon-helix
content. No obvious difference was observed between the

large amounts of highly purified napin could be obtained from
rapeseed meal (Express variety) after three successive separation

spectra at different pH values. To compare the spectra in morestages: size exclusion, ion exchange, and hydrophobic inter-

detail, percentages af-helix content, assessed by using the
four reference databases available in the software, were given
in Table 1. The prediction method gave48.6-57.9%a-helices

action chromatography. The final fraction eluted was found to
contain 84.6% of protein with no lipid and sugar residues. The
protein was pure napin with an average molecular weight of
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13920 and a hydrodynamic radius of 2 nm in a 148 mM
phosphate buffer, pH 7. MALDI-TOF MS after digestion by
trypsin indicated that the major isoform was 2SS3_BRANA and
the second 2SS2_BRANA or 2SSB_BRANA. From CD spectra,
48—58%a-helices and 7—159%-sheets were found, in good
agreement with previous studies. It was also confirmed that the
napin conformation was not sensitive to pH.
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