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Abstract: A heterodimeric napin-like polypeptide was isolated from Brassica parachinensis seeds with a
procedure involving ion exchange chromatography on DEAE-cellulose, affinity chromatography on Affi-gel
blue gel, FPLC-ion exchange chromatography on Mono S and FPLC-gel filtration on Superdex 75. The
N-terminal sequence of the 5 kDa subunit of the polypeptide (PAGPFRIPKKRKKEE) showed high homology
with other 2S storage proteins like napins and albumins. The polypeptide potently inhibited translation in a
cell free system with an IC50 of 6.2 nM. The translation-inhibiting activity of the polypeptide was relatively
stable in the pH range 6–11 and in the temperature range 10–50 °C. Copyright  2003 European Peptide
Society and John Wiley & Sons, Ltd.
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INTRODUCTION

Seeds produce a number of interesting and impor-
tant peptides and proteins including protease
inhibitors [1], arginine- and glutamate-rich pep-
tides [2], antifungal proteins and peptides [3–5],
ribonucleases [6], ribosome inactivating proteins [7],
napins [8], lectins [9], arcelins [10] and α-amylase
inhibitors [11]. Some of these proteins and pep-
tides display potentially exploitable biological activ-
ities including antifungal, HIV-1 reverse transcrip-
tase inhibiting [12], immunomodulatory [5,13] and
antiproliferative [14] activities.

Brassica parachinensis is a very popular vegetable
in the southern part of China that is usually
eaten with pork. The isolation of a napin-like
polypeptide from the seeds of B. parachinensis is
reported. The polypeptide is made up of a larger

* Correspondence to: Dr T. B. Ng, Department of Biochemistry, Fac-
ulty of Medicine, The Chinese University of Hong Kong, Shatin, New
Territories, Hong Kong, China; e-mail: biochemistry@cuhk.edu.hk
Contract/grant sponsor: Research Grants Council of Hong Kong.

peptide and a smaller peptide with molecular mass
similar to napins of other Brassica species. The
polypeptide inhibits translation in the cell-free
rabbit reticulocyte lysate system with a potency like
those of ribosome inactivating proteins and peptides
[15–18].

MATERIALS AND METHODS

The seeds of green-stalked Chinese cabbage (Bras-
sica parachinensis cv green-stalked) were purchased
from a local seed shop. The seeds were soaked and
then homogenized in distilled water using a War-
ing blender. Tris-HCl buffer (pH 7.4) was added
to the supernatant, obtained by centrifuging the
homogenate, until the molarity of the Tris-HCl
buffer attained 10 mM. The supernatant was then
applied to a column of DEAE-cellulose (Sigma)
(5 × 25 cm) which had previously been equilibrated
with and was then eluted with 10 mM Tris-HCl.
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The unadsorbed fraction containing translation-
inhibitory activity was collected while the adsorbed
fraction eluted with 10 mM Tris-HCl buffer contain-
ing 1 M NaCl and devoid of translation-inhibiting
activity was discarded. The unadsorbed fraction was
directly chromatographed on an Affi-gel blue gel
(Bio-Rad) column (2.5 × 15 cm) which was eluted
with 10 mM Tris-HCl buffer (pH 7.4). After removal of
unadsorbed proteins devoid of translation-inhibitory
activity, adsorbed proteins were eluted using a
linear NaCl concentration (0–2 M) gradient in the
same buffer. The second adsorbed peak contain-
ing translation-inhibitory activity was then dialysed
before ion exchange chromatography on a 1 ml
Mono S column (Amersham Biosciences) using a
fast protein liquid chromatography (FPLC) Akta
Purifier system (Amersham Biosciences). The col-
umn was washed with 10 mM NH4OAc (pH 5.5) to
remove unadsorbed proteins devoid of translation-
inhibitory activity. Adsorbed proteins were eluted
with two consecutive linear concentration gradi-
ents (0–0.3 M NaCl and 0.3–1 M NaCl). The peak
eluted with the first salt gradient, which contained
translation-inhibitory activity, was further purified
by FPLC-gel filtration on a Superdex 75 HR 10/30
column (Amersham Biosciences) in 20 mM NH4HCO3

buffer (pH 9.4). The first eluted peak represented
purified napin-like polypeptide.

Sodium Dodecyl Sulfate-polyacrylamide Gel
Electrophoresis (SDS-PAGE)

This was conducted according to the method
of Laemmli and Favre [19] using 15% gel for
napin-like polypeptide. After electrophoresis the
gel was stained with Coomassie Brilliant Blue.
The molecular mass of napin-like polypeptide
was determined by comparison of electrophoretic
mobility with those of molecular mass marker
proteins from Amersham Biosciences.

Amino Acid Sequence Analysis

The N-terminal amino acid sequence of napin-
like polypeptide was analysed by means of auto-
mated Edman degradation. Microsequencing was
carried out using a Hewlett Packard 1000A protein
sequencer equipped with an HPLC system.

Assay for Cell-free Translation-inhibitory Activity

Rabbit reticulocyte lysate was prepared from the
blood of rabbits rendered anaemic by phenylhy-
drazine injections. An assay based on the rabbit

reticulocyte lysate system was used. Napin-like
polypeptide (10 µl) was added to 10 µl of radioactive
mixture (500 mM KCl, 5 mM MgCl2, 130 mM phos-
phocreatine and 1 µCi-[4, 5-3H] leucine) and 30 µl
working rabbit reticulocyte lysate containing 0.1 µM

hemin and 5 µl creatine kinase. Incubation pro-
ceeded at 37 °C for 30 min before addition of 330 µl
1 M NaOH and 1.2% H2O2. Further incubation for
10 min allowed decolorization and tRNA digestion.
An equal volume of the reaction mixture was then
added to 40% trichloroacetic acid with 2% casein
hydrolysate in a 96-well plate to precipitate radioac-
tively labelled protein. The precipitate was collected
on a glass fibre Whatman GF/A filter, washed and
dried with absolute alcohol passing through a cell
harvester attached to a vacuum pump. The filter was
suspended in scintillant and counted in an LS6500
Beckman liquid scintillation counter [15].

RESULTS

The fraction of the extract of Brassica parachi-
nensis seeds unadsorbed on DEAE-cellulose was
fractionated on Affi-gel blue gel, using a linear
NaCl concentration gradient, into three adjacent
peaks. Peak B2 exhibited translation-inhibiting
activity (Figure 1). Peak B2 was resolved by FPLC
on Mono S into an unadsorbed peak, and two
major adsorbed peaks MS1 and MS2. Translation-
inhibiting activity resided in MS1 (Figure 2). MS1
was separated by FPLC on Superdex 75 into two
peaks FP1 and FP2. Translation-inhibiting activity
resided in FP1. FP1 exhibited a molecular mass of
13.5 kDa in gel filtration (Figure 3). FP1 appeared
in SDS-PAGE as two bands, one with a molecu-
lar mass of 5 kDa and another with a molecular
mass of 8.8 kDa (Figure 4). The 5 kDa subunit
of the purified polypeptide demonstrated remark-
able resemblance to storage proteins and napins in
N-terminal sequence (Table 1). The protein yields
and translation-inhibiting activities of the various
chromatographic fractions throughout the purifica-
tion procedure are shown in Table 2. The polypep-
tide inhibited translation in the rabbit reticulocyte
lysate system with an IC50 of 6.2 nM (Figure 5). The
translation-inhibitory activity of the polypeptide was
stable in the pH range 7–10 and in the tempera-
ture range 10° –40 °C. There was a slight decline in
activity at pH and pH 11 and at 60 °C. Activity was
minimal at pH 3 and at 70 °C. At pH lower than 3 and
at and above 13, and at temperatures at and above
80 °C, activity was undetectable (Figures 6 and 7).
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Figure 1 Affinity chromatography of DEAE-unadsorbed fraction on an Affi-gel blue gel column equilibrated with 10 mM

Tris-HCl buffer (pH 7.4). The gel was washed with the buffer to remove unadsorbed proteins and eluted with a linear
gradient of 0–2 M NaCl in the same buffer to desorb adsorbed proteins. Peak B2 contained napin-like polypeptide.
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Figure 2 Fast protein liquid chromatography (FPLC) of peak B2 on a 1 ml Mono S column equilibrated with 10 mM NH4OAc
buffer (pH 5.5) at a flow rate of 1 ml/min. Peak MS1 contained napin-like polypeptide.

DISCUSSION

Napins are 1 : 1 disulfide-linked complexes of a
4.5 kDa small subunit and a 10 kDa large subunit
[20]. They are storage proteins although other

functions have been suggested [21]. The most
extensively studied napins are those from the oilseed
rape Brassica napus [21].

The polypeptide isolated from B. parachinensis
seeds is a napin-like polypeptide since it is also
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Figure 3 Gel filtration of peak MS1 on Superdex 75 FPLC column in 20 mM NH4HCO3 buffer (pH 9.4) at a flow rate of
0.4 ml/min. Peak FP1 contained napin-like polypeptide.
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Figure 4 SDS-polyacrylamide gel electrophoresis of peak
FP1 from FPLC Superdex 75 column representing
B. parachinensis napin-like polypeptide. M: molecular
mass marker (horse myoglobin peptides).

composed of a small (5 kDa) subunit and a large
(8.8 kDa) subunit. The subunits exhibit only small
differences in molecular mass from those of rapeseed
napin. The 5 kDa subunit of B. parachinensis napin-
like polypeptide manifests striking resemblance in
N-terminal sequence to those of napins from various
species. The N-terminal sequences of the large and
small subunits of napin are similar in Sinapis
alba napin [22] but different in B. napus napin
[23,24].

Table 1 Comparison of N-terminal Sequence of
the 5 kDa Subunit of B. parachinensis Napin with
Related Proteins

Residue
no.

Sequence Residue
no.

B. parachinensis
napin-like
polypeptide

1 PAGPFRIPKKRKKEE 15

2S storage protein
(Field mustard)

38 PAGPFRIPKCRK 49

2S storage protein
(B. oleracea)

38 PAGPFRIPKCRK 49

2S storage protein
(B. juncea)

39 PAGPFRIPKCRK 49

2S albumin (rape
seed)

1 PAGPFRIPK 9

Napin (B. napus) 38 PAGPFRIPKCRK 49
Napin (Swedish
turnip)

1 PAGPFRIPKCRK 12

Napin precursor
(Raphanus
sativus)

17 PAGPFRIPRRRK 28

Antifungal 2S
storage albumin

1 PAGPFRIP 8

Trypsin inhibitor
(TISA)

1 PAGPFRIP∗∗RCRKE 13

The nitrogen storage function of napin is reflected
in its high content of amides and arginine residues
[25–28]. Napin exhibits trypsin-inhibiting activity
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Table 2 Outline of the Purification of
Napin

Purification step Total protein
(mg)a

IC50
b

Crude extract 6400 276
B2 562 31
MS1 234 13.5
FP1 55 6.2

a Starting material: 600 g B. parachinensis
seeds.
b IC50 is expressed as the concentration of pro-
tein (nM) required to inhibit protein synthesis in
the rabbit reticulocyte lysate system by 50%.

but its subunits are ineffective [20,23,24]. However,
both napin and its subunits can function as
calmodulin antagonists and substrates for plant
calcium-dependent protein kinases since calmod-
ulin and its small subunit possess similar α-
helix-hinge-α-helix motifs [23,24]. Napin can inhibit
calmodulin-dependent myosin light-chain kinase
[23,24]. Napin may also elicit an antifungal action
[21].

The present report represents the first on the
translation-inhibiting activity of a napin. This
activity may be related to the proposed antifungal
activity of napins in view of the observation that
antifungal proteins and peptides in general possess
the ability to inhibit translation in the cell-free
rabbit reticulocyte lysate system. However, they
do so with only a low potency [5,29–33]. On
the other hand, ribosome inactivating proteins,
which may represent storage proteins in some

seeds, display a highly potent translation-inhibiting
activity [7,15] similar in magnitude to that of
B. parachinensis napin-like polypeptide. Lectins,
another type of seed storage proteins, however,
lack translation-inhibiting activity unless they have
antifungal activity [13]. Proteases have an effect
equivalent to translation inhibition on account
of their proteolytic action. It may thus seem
paradoxical that a protease inhibitor should exhibit
translation-inhibitory activity, but the sporamin-
type trypsin inhibitor from wampee seeds indeed
inhibits translation-inhibitory activity probably due
to its antifungal activity [34]. There may be
a relationship between the translation-inhibitory
activity of a polypeptide like napin and its proposed
defensive role. The translation inhibiting activity of
B. parachinensis napin is stable over half of the pH
scale, from pH 6 to pH 11 but is stable only up
to 50 °C.

In sum, a napin-like polypeptide has been isolated
from a member of the Brassicaceae family that
has not been studied before. The ability to inhibit
translation in a cell-free rabbit reticulocyte lysate
system is demonstrated herein for a napin-like
polypeptide. Kohlrabi seeds [23,24], radish seeds
[35] and Arabidopsis thaliana [36] produce multiple
napins. It is noteworthy that only one napin-like
polypeptide can be purified from B. parachinensis
seeds.
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Figure 5 Inhibition of cell-free translation in rabbit reticulocyte lysate by B. parachinensis napin-like polypeptide (data
represent mean ± SD, n = 3).
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Figure 6 Effect of (A) pH and (B) temperature on translation-inhibitory activity of B. parachinensis napin-like polypeptide.
The napin-like polypeptide was subjected to various pH and temperatures for 15 min prior to assay for translation-inhibiting
activity. Data represent mean ± SD, n = 3.
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Figure 7 Effect of B. parachinensis napin-like on viability of leukaemia cells (L1210). (data represent mean ± SD, n = 3).
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