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A new distinct group of 2 S albumins from rapeseed

Amino acid sequence of two low molecular weight napins
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Two napins (nla and nlb), isolated from Brassica nupus (rapeseed) seeds, have been sequenced. The two proteins show the common structural

pattern of the 2 § albumins, since they are composed of two disulfide-linked chains of different size, yet they exhibit an atypical low molecular

weight (12.5 kDa vs. 14.5 kDa of the major napins). High sequence similarily has been found between these 2 proteins, but only 54% similarity

can be estimated from their comparison with the 14.5 kDa major napins. Thus, nla and nlb are considered representatives of a new distinct group

of rapesced napins since all the previously known napinsexhibit 95% sequence similarity. Unexpectedly. the similarity increases when compared
with the 2 S proteins from other specices.

2 S albumin; Rapesced; Primary structure

1. INTRODUCTION

2 S albumins constitute one of the most abundant
components of the total protein isolated from seeds.
Clinical relevance has been shown for these storage pro-
teins, since they are associated with the induction of
celiac disease, baker’s asthma and other allergic respon-
ses [1-4]. Moreover, the interest in the 2 S seed proteins
and their genes is increasing since they represent a good
model for studying both the expression of one family of
genes, and proiein maiuration processes in plant cells
[5-8]. More than 16 genes have been estimated to exist
for the 2 S albumins of Rrassica napus. The amino acid
sequences deduced from the 5 genes known to date
exhibit more than 90% similarity. However, only one
mature 2 S aibumin from rapeseed has been sequenced
[9]. This protein is a 14.5 kDa albumin whose primary
structure shows strong similarity with that of the major
allergen from mustard (Sinapsis alba L.) seeds [4]. In a
previous paper [10] we reported the isolation of five 2
S albumins from B. napus, called napins. The amino
acid compositions and mol. wts. (14 500) of the 3 major
components (napins nll, nlll and nlV) closcly fit with
those deduced from the nucleotide sequences of the
known genes. However, 2 other napins (nla and nlb) of
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12.5 kDa showed significant differences in amino acid
composition, as well as in their chromatographic and
electrophoretic behaviour, when compared with the
14.5 kDa napins. The present paper describes the amiro
acid sequence determination of these low molecular
weight (LMW) napins. According to these results, the
existence of a new distinct group of napins is proposed.

2. MATERIALS AND METHODS

The napins, nia and nib, were isoiaicd frons rapeseed by ithe meihod
previously described [10]. Separation of the small and large chains
were carried out after reduction of the disulfide bonds and radioalky-
lation with jodo-[*Clacetamide [4]. The carboxyamidomethylated
chains were chromatographed ona nucleosil C-18 RP-column, using
a Beckman HPLC-system with a 25-45% acetonitrile linear gradient
in 0.1% (v/v) TFA. The cluent wascontinuously monitored at both 214
and 280 nm wavelengths.

Amino acid analysces were pcrformed on a Durrum D-500 amino
acid andl)/u afier acid uydl‘fn)al: under ine conditions FTCnuum;
described [4]. Trypiophan was determined spectrophotometrically
[11]. Protein concentrations were measured by amino acid analysis.
Polyacrylamide gel electrophoresis under acidic conditions [12] was
carried out in 20% (w/v) polyacrylamide gels in 0.9 M acetic acid
containing 2.5 M urea. The samples were alternatively reduced with
5% (viv) 2-ME at 80°C, for 20 niin.

Small chains (20-50 nmol) were digested with trypsin and chymo-
trypsin. Lurge chains (20-80 nmol) were digested with trypsin, ther-
molysin, chymotrypsin and SaV8(cndoproteinase Glu-C from Stuph-
Yococeus aurcus V8), and treated with carboxypeptidase Y, pyroglu-
tumate aminopeplidase and CNBr, Tryptic, thermolytic and chymo-
tryptic digestions and treatments with carboxypeptidase Y and CNBr
were done as in [4]. Hydrolysis with SaV8 of the large chain was
carried oul at a protein concentration of 5-10 mg/ml in 0.1 M ammo-
nium bicarbonate, pH 8.0, conuining 2 mM EDTA. An enzyme/
substrate ratio of 1:50 was used, and the mixture was incubated at
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Azm Table 1
10 Amino acid composition of nla and nlb and their polypeptide chains
Small chains Large chains nla  nlb pN2
nla  nlb  nla Li-nlb L2-nlb
05
ASX 0 0 5 5 5 5 5 2
THR 0 0 3 3 3 3 3 4
SER 1 1 3 3 3 4 4 5
GLX 12 12 15 15 15 27 27 30
Ay PRO 2 2 8 6 6 10 8 i3
10 GLY 1 1 5 5 5 6 6 9
’ ALA 2 2 4 4 4 6 6 7
CYS* 2 2 6 6 6 8 8 8
VAL 0 0 5 5 5 S 5 6
MET 0 0 1 1 1 1 1 3
05 ILE 1 | 5 5 4 6 6 4
LEU 2 2 4 4 4 6 6 8
TYR 0 0 2 2 2 2 2 1
PHE 2 2 4 2 2 6 4 3
HIS i i i i i 2 2 4
LYS 1 1 4 4 4 5 5 9
ARG 3 3 3 3 3 6 6 5
*
Fig. 1. HPLC elution profiles of the reduced and carboxyamidome- TRP™ ! ! l ! I 2 2 1
thylated LMW-napins. (a) Napin nla: (b) napin nlb. The small (8. 8,) . .
and large chains (L, L,, L.) were cluted (rom the C-18 column with Total 3l 31 79 75 74 110 loe 122
a gradient of buffer B (0.1% TFA in acetonitrile). The flow rate was . . .
1.0 ml/min. The deduced amino acid sequence from the pN2 clone of B. mupus is

also included for comparison {accarding to [5]). The amino acid com-
position shown for nlb corresponds to that with the L1 large chain.

37°C for 5 h. Alternatively. large chains from both nla and nlb (10-12

. \ \ . *Determined as carboxymethylcysteine,
nmol) were dissolved in 0.1 ml of 0.1 M sodium phosphaie buifer, pH """l;cwrm‘ncd spccxropiml0111'elr>i:ally
8.0, containing 10 mM EDTA, 5% v/v glycerol and 3 mM dithiothre- ) ’

itol, and pyroglutamate aminopeptidase (Bacliringer, Germany) (0.02
ml at 10 mg/ml) was added. The reaction mixture was maintained for
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Fig. 2. Primary structure of the small and large chains of the LMW-nupin nla. Peplides obtained by using trypsin (T), chymotrypsin (C and CIT),
thermolysin (H), 8aV8 endoproteinase (SY), cyinogen bromide (CN), und L-pyroglutamate aminopeptidase (PG) were employed for overlupping.
Right-handed arrows indicate residuces identified by Edman degradation, Lefi-handed arrows correspond ta amino acids resolved by carboxypep-
tidase Y-digestion. The amino acid sequence of nlb small chain was identical to that of nla. The sequences of nlb large chuins (L, and L,) are the
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2 h at 37°C in order to cleave off the amino terminal pyroglutamic
acid. Each digested sample was lyophilized and dissolved in 0.1 (v/v)
TFA. The separation was performed by RP-HPLC on a uBondapak
C-18 column. Different acctonitrile gradients in 0.1¢5 (v/v) TFA were
cmployed for the clution of peptides. Radioactive peptides were de-
tected by counting aliquots from each collected fraction. An acctoni-
trile gradient in 10 mM ammonium acctate buffer, pH 6.5, was alter-
natively used in the HPLC system to avoid cyclization of the N-
terminal glutamines.

N-terminal Edman degradations of the polypeptides were per-
formed on an Applied Biosystems model 477A sequencer. The result-
ing PTH-amino acid derivatives were identified by using a model 120
A on-line PTH-analyzer and the standard Applied Biosystems pro-
gram,

3. RESULTS AND DISCUSSION

Two LMW-napins (12.5 kDa napins), nla and nlb,
have been isolated from the seeds of B. napus (rapeseed)
[10]. These napins are minor components since the 14.5
kDa napins constitute 82% of thc dry weight ol the total
2 S fraction of these seeds. These atypically LMW-
albumins have not been found in other Brassicaceue
seeds such as B. rapa, B. oleracea, B. juncea, Raphanus
sativus or Sinapis alba [10,13,14]. Both proteins are
composed of 2 different chains which can be separated
after reduction with 2-ME and carboxyamidomethyl-
ation (Fig. 1). Napin nlb shows heterogeneity at the
large chain, yielding 2 forms, L, and L,. On the other
hand, the chromatographic behaviour of the small
chains of both napins is identical, as well as their amino
acid compositions (Table ). But a minor component,
‘S,.’, (less than 7%) of the small chain, lacking 1 Phe
residue, appears in nla as well as in nIb. Multiple forms
of both large and small chains have also been described
for the 2-ME-treated 14.5 kDa napins [§] and for the
performic acid-oxidized 2 S sulfur-rich protein from
Brazil nut [15].

Napin nla is composed of 2 chains of 31 and 79
residues (Fig. 2) whereas napin nlb contains | small
chain of 31 amino acids and a heterogeneous large chain
of 7475 residues. Tryptic and chymotryptic digestions
of the alkylated small chains render 2 sets of peptides
(T and C peptides), which allow the overlapping of the
sequences, in spite of the low yield of the N-terminal
Edman degradation of the complete chains. The se-
quences of the small chains from nla and nlb were
identical, The S,, componcnt lacks the Phe residue at the

1 [} 79
Chain L QS GPCEG .eousn CPrIALDP 1" p
-————
Chain L] QS GCGPQQG .vesuy CP?PFIAI
- e -
Chain 1'2 QS GCPOQRG .o.aen CPPFIA
LK O ]

Fig. 3. N- and C-terminal amino acid sequences of the 3 large chains

isolated. L corresponds to napin nla, and both L, and L, to napin nlb.

Cuarboxypeptidase Y-treatinent data were obtained by quantitative

analyses of the residues removed by the enzyme at different lengths

of time, and are shown by arrows. Numbers indicate the position on
the primary structure.
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C-terminus. Thermolytic and tryptic treatments were
performed to cleave the large chains, rendering the T
and H peptide scts. However, the N-terminal amino
acid sequence of the alkylated large chains could not be
obtained by Edman degradation. Thus, pyroglutamate
aminopeptidase treatments for the peptide T, and the
complete large chains were performed. Three final
cleavages were carried out to complete the alignment of
the large chains; chymotryptic digestion, which renders
the CIT peptide (Ile and Tyr chymotryptic-containing
peptide), to overlap positions Arg® and Ile’'; CNBr
hydrolysis, rendering CN2, for positions Phe™ and Ile”;
and SaV8 digestion, rendering an SV peptide, for posi-
tions 30, 31, 32, 36 and 39. Two differences have been
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Fig. 4. Amino acid sequence similarity between nla and several 2 §
albumins from different species. Small and farge chains of 2 § albu-
mins from seceds of B. napus (LMW-nla, and n-pN2, a 14.5 kDa
napin), Sinapsis alha (Sin a 1), Arabidopsis thaliena (AT281 and
AT2S3) and Ricinus conmunis (R, comm.) are considered for compa-
rison. Gene sequences were taken into account for n-pN2and AT283.
and the primary structure of the mature proteins for R. comm, Sin a
I and AT2S]|. Processing sites assumed for n-pN2 [5) and AT283 {7]
were considered. Alignments were oblained by using a computer pro-
gram based on the algorithm of Needleman and Wunsch [18). The
percent identity value referred to LMW-nla is given after cach of the
sequences aligned and the standard deviations are included in paren-
theses (usually a standard deviation of 3 or more is taken as demon-
strating an authentic relationship; sce [18)).
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observed in the sequences of the 3 large chains isolated
(Fig. 3): (i) the amino acid at the 6th position (Glu in
L from nla,and Glnin L, and L, from nlb); and (ii) the
length of the C-termini. The length heterogeneity of
these chains could be interpreted in terms of the exis-
tence of different precursors. A shift in the position of
the cleavage site during the maturation process could be
also considered, as suggested for the 14.5 kDa napins
[8]. But, it may alsc be attributed to the existence of
carboxypeptidases in the protein bodies of the seeds as
it was discussed to explain the heterogeneity observed
in the a-chains of pea seed isolectins [16).

When surveyed for the structural homology between
the LMW-napins and the mature 14.5 kDa napins (Fig.
4). 55% similarity was found among the small chains,
and 53% among the large chains. However, the simi-
larity increases when napin nla and the deduced amino
acid sequence of the gene AT2S3 from Arabidopsis
thaliana are compared (67%). The similarity is en-
hanced if we consider that most of the observed changes
are of conservative character. Moreover, the glutamine-
rich region of the 14.5 kDa napins between positions
39-60 (Fig. 4) does not appear in the LMW-napins nor
in the protein from the A. thaliena AT2S3 gene. This
fact, which reveals the structural relationship between
these proteins from different species instead of the ex-
pected similarity among napins, demonstrates the exist-
ence of a new distinct group of 2 S albumins in B. napus,
and opens new iasights into the evolutionary studies of
these plant storage proteins.

Finally, we must consider that in spite of the differen-
ces found, the number of conservative changes in the
sequences, the conserved positions of cysteines and the
identical dichroism spectra of LMW-napins and 14.5
kDa napins (data not shown) would support the idea of
a required similar tri-dimensional structure for the
napin-like proteins [17].
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