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Abstract

This represents the first report of purification of a glutamine-rich antifungal peptide from family Amarylliaceace. The peptide,
designated as nartazin, was purified from the bulbs of the Chinese daffodil Narcissus tazetta var. chinensis by means of ion-exchange
chromatography and affinity chromatography. Its molecular mass was 7.1 kDa, as determined by SDS–PAGE and gel filtration.
Nartazin stimulated proliferation of mouse splenocytes and bone marrow cells but inhibited proliferation of leukemia L1210 cells.
It also inhibited translation in a cell-free rabbit reticulocyte lysate system. The sequence of its first 20 N-terminal residues was char-
acterized by an abundance of glutamine. The peptide possessed antifungal activity on four phytopathogenic fungi. Its activity was
retained after incubation with bovine trypsin and chymotrypsin (enzyme: substrate ratio 1:10 w/w) at 37 �C for 1 h but was atten-
uated after treatment with proteinase K. The data revealed its pronounced resistance to proteolytic digestion.
� 2004 Elsevier Inc. All rights reserved.
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Plant defense proteins are proteins that protect the
host plants from pathogen invasion. Some of them,
including ribosome-inactivating proteins [1], chitinases
[2], trypsin inhibitors [3] and thaumatin-like proteins
[4], b-1,3-glucanases [5], and lectins [6] possess anti-
fungal activity.

Mannose-specific lectins have been isolated from
monocots belonging to the families Amaryllidaceae [7],
Alliaceae [8], Araceae [9], and Orchidaceae [10]. This
kind of defense protein, specifically present in monocot-
yledonous plants, is classified into one of the superfam-
ilies of evolutionarily related proteins that demonstrate
a high extent of homology in protein sequence [11].

Antifungal proteins have been purified from the
following monocots: garlic Allium sativum, the onion
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Allium cepa, and the chive Allium tuberosum [12–14],
all belonging to family Alliaceae, and from the lily Li-

lium brownii belonging to family Liliaceae [15]. A ribo-
some-inactivating protein has been isolated from the
iris [16]. Chitinases have been purified from the leek A.

porrum [17] and the garlic A. sativum [18]. However,
no antifungal proteins have been isolated from members
of family Amaryllidaceae. Mannose-specific lectin is the
only defense protein reported from family Amaryllida-
ceae. Most of the studies on Amaryllidaceae are focused
on alkaloids and their biological activities such as acetyl-
cholinesterase-inhibitory effects [19] and antitumor
activity [20]. Thus, it would be a worthwhile undertak-
ing to isolate an antifungal protein from the Chinese
daffodil Narcissus tarzetta, an Amaryllidaceae plant
with pharmaceutical values.

Presently, a variety of antifungal proteins are known.
It would be interesting to ascertain if daffodil antifungal
protein is a novel protein or belongs to any of the
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well-known types. Many studies have revealed that some
of the plant defense proteins that included lectins [21],
trypsin inhibitors [3], and antifungal proteins [14,22]
elicited mitogenic response of mouse splenocytes and
inhibition of tumor cells. The daffodil antifungal protein
isolated in this study was also examined for immuno-
modulatory and antiproliferative activities.
Materials and methods

Materials. Bulbs of the Chinese daffodil, Narcissus tazetta var.
chinensis, were purchased from a local vendor. The four species of
phytopathogenic fungi examined in this study, namely Botrytis

cinerea, Fusarium oxysporum, Mycosphaerella arachidicola, and
Physalospora piricola, were obtained from Department of Microbi-
ology, China Agricultural University, Beijing, China. The leukemia
L1210 cell line was purchased from ATCC. Q-Sepharose, Mono-S
column, Superdex 75 column, and methyl-[3H]thymidine and low-
molecular-mass marker were purchased from Amersham Biosciences.
Affi-gel blue gel and Bradford Reagent were from Bio-Rad. Bovine
serum albumin, potato dextrose agar, trypsin, and a-chymotrypsin
from bovine pancreas, proteinase K from Tritirachium album,
agrostin from Agrostemma githago seeds, casein, and Con A were
products of Sigma. All other chemicals used were of analytical
grade.

Purification of antifungal protein. Three kilograms of bulbs of
Narcissus tazetta var. chinensis was homogenized in 6 L of 10 mM
Tris–HCl buffer (pH 7.3). After centrifugation of the homogenate at
13,000 rpm for 30 min at 4 �C, proteins in the collected supernatant
were precipitated by addition of ammonium sulfate to 70% saturation.
It was again centrifuged, the supernatant was discarded, and the pellet
was reconstituted in 10 mM Tris–HCl buffer (pH 7.3) before it was
applied to a 5 · 10 cm Q-Sepharose (Amersham Biosciences) column.
The column had previously been equilibrated and was then eluted with
10 mM Tris–HCl buffer (pH 7.3) at a flow rate of 5.3 ml/min. After
unadsorbed proteins had been collected by eluting the column with the
same buffer, adsorbed proteins were collected by adding 1 M NaCl to
the eluting buffer. The unadsorbed fraction (Q1) was immediately
chromatographed on an Affi-gel blue gel column (column size:
2 · 18 cm, flow rate: 3.5 ml/min) in 10 mM Tris–HCl buffer (pH 7.3).
Unadsorbed proteins were eluted with the same buffer while adsorbed
proteins were eluted using the same buffer containing 1.5 M NaCl. The
adsorbed fraction (BG2) was dialyzed against 10 mM NH4OAc buffer
(pH 4.5) prior to ion exchange chromatography on a Mono-S column
(column size: 0.5 · 5 cm, flow rate: 1 ml/min) in 20 mM NH4OAc
buffer (pH 5.4) by fast protein liquid chromatography (FPLC) using an
AKTA Purifier (Amersham Biosciences). A single major adsorbed
peak containing the purified Narcissus antifungal protein was ob-
tained. It was designated nartazin.

Amino acid sequence analysis. The N-terminal amino acid sequence
of nartazin was analyzed by means of automated Edman degradation.
Microsequencing was carried out using a Hewlett Packard 1000A
protein sequencer equipped with a high performance liquid chroma-
tography system [23].

Assay of protein concentration. Protein concentrations were deter-
mined using the Bradford Reagent (Bio-Rad). Bovine serum albumin
was used as protein standard.

Assay of antifungal activity. The assay for antifungal activity to-
ward various fungal species was carried out in 60 · 15 mm petri plates
containing 5 ml potato dextrose agar. After the mycelial colony had
developed, sterile blank paper disks (0.625 cm in diameter) were placed
at a distance of 0.5 cm away from the rim of the mycelial colony. An
aliquot (10 ll) of nartazin was added to a disk. The plates were incu-
bated at 23 �C for 72 h until mycelial growth had enveloped disks
containing the control and had formed crescents of inhibition around
disks containing samples with antifungal activity [4].

To determine the antifungal activity quantitatively, three doses of
nartazin were added separately to three aliquots each containing 4 ml
potato dextrose agar at 45 �C, mixed rapidly, and poured into three
separate petri dishes of 60 mm diameter. After the agar had cooled
down, a small amount of mycelia, the same amount to each plate, was
added. Buffer only without nartazin served as a control. After incu-
bation at 23 �C for 72 h, the area of the mycelial colony was measured
and the inhibition of fungal growth was determined in terms of per-
centage reduction in the area of the mycelial colony.

Determination of molecular mass. The molecular mass of nartazin
was determined by Tricine–SDS–polyacrylamide gel electrophoresis
(SDS–PAGE) and by gel filtration on an FPLC-Superdex 75 10/300
GL column. Tricine–polyacrylamide gel electrophoresis (SDS–PAGE)
was carried out according to the method of Laemmli and Favre [24].
After electrophoresis the gel was stained with Coomassie brilliant blue.
The molecular mass of nartazin was determined by comparison of its
electrophoretic mobility with those of molecular mass marker proteins
from Amersham Biosciences. Gel filtration was conducted using an
FPLC-Superdex 75 10/300 GL column which had been calibrated with
molecular mass standards from Amersham Biosciences (column size,
1 · 30 cm; flow rate, 0.5 ml/min; and eluting buffer, 0.15 M
NH4HCO3, pH 8.9).

Proteinase digestion of nartazin. An aliquot of 100 lg nartazin was
incubated with 10 lg protease at 37 �C for 1 h. Three kinds of prote-
ases, namely trypsin, chymotrypsin, and proteinase K, were used to
digest nartazin using an enzyme to substrate ratio of 1:10 (w:w). At the
end of the incubation, the reaction mixture was examined for anti-
fungal activity. The dose of proteases used was proved to be devoid of
antifungal activity.

Assay of trypsin and chymotrypsin inhibitory activity. An amount of
50 lg nartazin was incubated with 50 lg trypsin or chymotrypsin in
100 ll of 50 mM Tris–HCl buffer (pH 8.0) containing 200 mM calcium
chloride for 5 min at 25 �C. Residual trypsin or chymotrypsin was
determined by adding 300 ll of 1% casein substrate at 37 �C. The
reaction was terminated by adding 1 ml of chilled 5% trichloroacetic
acid after incubation for 1 h at 37 �C. The reaction mixture was cen-
trifuged for 20 min at 10,000 rpm. The absorbance of the clear
supernatant was determined at 280 nm [25].

Assay for cell-free translation-inhibitory activity. Nartazin was tested
in this assay in view of the report that the chive chitinase-like protein
demonstrated such activity [14]. An assay based on the rabbit reticu-
locyte lysate systemwas used [23]. The isolated peptide (various doses in
a volume of 10 ll) was added to 10 ll of a radioactive mixture (500 mM
KCl, 5 mM MgCl2, 130 mM creatine phosphate, and 1 lCi
[4,5-3H]leucine) and 30 ll working rabbit reticulocyte lysate containing
0.1 mM hemin and 5 ll creatine kinase. Incubation proceeded at 37 �C
for 30 min before addition of 330 ll of 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 hydrolyzate in a 96-well plate to
precipitate radioactively labeled protein. The precipitate was collected
on a glass fiber 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 2 ml scintillant and counted in a Packard
Tri-Carb 2900TR low-activity liquid scintillation counter. Agrostin, a
type 1 ribosome-inactivating protein (RIP) isolated from the seeds of
Agrostemma githago, was used as a positive control.

% inhibition ¼ CPM ðnartazinÞ � CPM ðNSBÞ
CPM ðnegative controlÞ � CPM ðNSBÞ � 100%;

where NSB is the non-specific binding and CPM is the radioactivity in
counts per minute.

Mitogenic activity of murine splenocytes and bone marrow cells.
Nartazin was tested in this assay since some antifungal proteins such as
chrysancorin demonstrate activity in this assay [22]. Four Balb/c mice
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(20–25 g) were killed by cervical dislocation and the spleens were
aseptically removed. Spleen cells were isolated by pressing the tissue
through a sterilized 100-mesh stainless steel sieve and resuspended to
2 · 106 cells/ml in RPMI 1640 culture medium supplemented with 10%
fetal bovine serum, 100 U penicillin/ml, and 100 lg streptomycin/ml.
The cells (2 · 105 cells/100 ll/well) were seeded into a 96-well culture
plate and serial concentrations of nartazin in 100 ll medium were
added. After incubation of the cells at 37 �C in a humidified atmo-
sphere of 5% CO2 for 48 h, 10 ll methyl-[3H]thymidine (0.25 lCi,
Amersham Biosciences) was added, and the cells were incubated for a
further 12 h under the same conditions. The cells were then harvested
with an automated cell harvester onto a glass filter, and the radioac-
tivity was measured with a Packard Tri-Carb 2900TR low-activity li-
quid scintillation counter. Con A was used as a positive control. All
reported values are means of triplicate samples [22]. Assay for mito-
genic activity of nartazin on murine bone marrow cells was conducted
using a similar procedure. The cells were collected from femurs.

Anti-proliferative activity on L1210 leukemia cells. Nartazin was
tested in this assay because some antifungal proteins exhibit this
activity [14]. Leukemia (L1210) cells were seeded at a density of
2 · 104 cells/100 ll in 96-well plates for 48 and 72 h, at 37 �C, in an
atmosphere of 5% CO2. Serial concentrations of the isolated peptide
(100 ll/well) were added. At 24 h before the end of the incubation,
10 ll methyl-[3H]thymidine (0.25 lCi, Amersham Biosciences) was
added to each well. The cells were then harvested with an automated
cell harvester onto a glass filter, and the radioactivity was measured
with a Packard Tri-Carb 2900TR low-activity liquid scintillation
counter. All reported values are means of triplicate samples [14].
ig. 1. Purification of nartazin. Anion-exchange chromatography of
mmonium sulfate precipitate of crude extract on a Q-Sepharose
olumn (Top). Affinity chromatography of unadsorbed fraction Q1
rom Q-Sepharose on an Affi-gel blue gel column (Center). Cation-
xchange chromatography of adsorbed fraction BG2 from Affi-gel
lue gel on an FPLC-Mono-S column (Bottom).

Fig. 2. Determination of molecular mass by Tricine–SDS–PAGE and
by gel filtration on an FPLC Superdex 75 column. The molecular mass
of nartazin shown in lane B was 7.1 kDa as it exhibited a single band at
the same position that lay half way in between the 6.2 and 8.1 kDa
marker bands in lane A (Left). Gel filtration of fraction MS from the
Mono-S column on an FPLC-Superdex 75 10/300 GL column (Right).
Results

Antifungal activity was precipitated by 70% saturated
ammonium sulfate. The unadsorbed peak (Q1) demon-
strated antifungal activity whereas the adsorbed peak
(Q2) lacked antifungal activity. Q1 was subsequently ap-
plied to an Affi-gel blue gel column, and fractionated
into an unadsorbed peak (BG1) without antifungal
activity and an adsorbed peak (BG2) with antifungal
activity. The active fraction BG2 was finally purified
by means of ion exchange chromatography on an
FPLC-Mono-S column (Fig. 1). The major adsorbed
peak (MS1) obtained was a purified protein as it ap-
peared as a single band in Tricine–SDS–PAGE and a
single peak upon gel filtration on a Superdex 75 column
(Fig. 2). It was designated as nartazin. Its molecular
mass as determined by SDS–PAGE and gel filtration
was 7.1 kDa. The sequence of its first 20 N-terminal res-
idues was GNNNLTSSQQQQIQFILQQI. There was
some similarity to low-molecular-mass glutenin and gli-
adin from wheat and auxin-responsive factor from Ara-

bidopsis thaliana (Table 1). The yields of the various
chromatographic fractions throughout the purification
procedure from 3 kg bulbs of daffodil were 1967 mg
crude extract, 1292 mg ammonium sulfate precipitate,
590 mg fraction Q1, 180 mg fraction BG2, 27 mg frac-
tion MS1, and 22 mg peak MS from Mono-S represent-
ing purified nartazin.

Nartazin inhibited mycelial growth in the four phyto-
pathogenic fungi examined (Fig. 3). Its antifungal activ-
ity was retained after treatment up to 60 �C for 5 min
F
a
c
f
e
b

(Fig. 4). The percentage inhibition of fungal growth by
nartazin was 87.0% against Botrytis cinerea, 62.1%
against Physalospora piricola, 55.6% against Fusarium



Table 1
Comparison of N-terminal sequence of nartazin with other plant proteins

Position of
residue

N-terminal sequence Position
of residue

Identity (%) Length

Narcissus tazetta var. chinensis 1 GNNNLTSSQQQQIQFILQQI 20

Auxin-responsive factor (ARF7) [A. thaliana] (NP_851047) 546 -NNNQSQSQQQQ-Q-LLQQ- 561 66 1150

Low-molecular-weight glutenin subunit group 3 type II
[Triticum aestivum] (BAB78747)

62 - - - - - - -SQQQQIPFVHPSILQQ 77 68 238

a-Gliadin storage protein [Triticum aestivum] (AAA96523) 126 - - - - - - -QQQQEQQILQQI 140 83 288

Antifungal protein from family Liliaceae
Lilin PRGRERYEYEAVRVRVQEAE

Antifungal proteins from family Alliaceae
Allivin DTFSDAGSFL
CHITAS1 QQCGSQAGGAL
CHITAS2 QQCGSQGSGAL
APC-Dr EQCGRQAGGAL
APC-D EQCGRQA
APC-F EQCGRQAGGAL
Ace-AMP1 QNICPRVNRIV
ATC EQHGSQAGGAL

Residues identical to corresponding residues in nartazin are underlined. Accession numbers of sequences from BLAST are in brackets. Sequences of
lilin from Lilium brownii are from [15]. Allium sativum chitinases CHITAS1 and CHITAS2 are from [18], those of Allium porrum chitinase isoforms
APC-Dr, -D, and -F are from [17], that of Allium cepa antimicrobial protein Ace-AMP1 is from [27], that of allivin is from [12], and that of Allium
tuberosum chitinase (ATC) is from [14].

Fig. 3. Antifungal activity of nartazin. The fungi tested were: (A)
Botrytis cinerea, (B) Mycosphaerella arachidicola, (C) Fusarium oxy-

sporum, and (D) Physalospora piricola. The samples applied to the
paper disks were as follows. (a) 10 mM Tris–HCl buffer (pH 7.3) as
control. (b) One hundred micrograms of bovine serum albumin as
negative control. (c) One hundred micrograms of thaumatin-like
protein from chestnut as positive control. (d) Twenty-five micrograms
of nartazin. (e) One hundred micrograms of nartazin.

Fig. 4. Thermostability of antifungal activity of nartazin. The
thermostability of nartazin was tested by pretreating the protein at
different temperatures for 5 min. The antifungal activity of nartazin
was preserved after treatment up to 60 �C and nullified when treated at
80 �C or above. The same amount of 25 lg nartazin was added to each
respective paper disk (except control disk labeled as C). The numbers
20–100 labeled on the paper disks represent the various temperatures
at which the aliquot of nartazin introduced to the disk had been
pretreated.

170 K.T. Chu, T.B. Ng / Biochemical and Biophysical Research Communications 325 (2004) 167–173
oxysporum, and 36.7% against Mycosphaerella arachidi-

cola, when 100 lg of nartazin was mixed in 4 ml potato
dextrose agar giving rise to a protein concentration of
3.52 lM). The activity did not diminish after incubation
with trypsin and chymotrypsin at room temperature for
1 h but it was abolished by proteinase K (Fig. 5). Narta-
zin did not inhibit the digestion of casein by trypsin and
chymotrypsin, when the ratio of enzyme to nartazin was
1:1, and the duration of incubation was 60 min (data not
shown).



Fig. 5. Digestion of nartazin by three different proteases. Nartazin was
digested by trypsin, proteinase K, and chymotrypsin individually. The
digests were then applied to the paper disks on the agar plate. The
letters a–f labeled on the paper disks represent different kinds of
samples added as shown below. All proteases at the concentration used
in the digestion were devoid of antifungal activity. (a) Ten micromolar
Tris–HCl buffer (pH 7.3) as control. (b) One hundred micrograms of
nartazin. (c) One hundred micrograms of thaumatin-like protein from
chestnut. (d) One hundred micrograms of nartazin treated with 10 lg
trypsin for 1 h. (e) One hundred micrograms of nartazin treated with
10 lg proteinase K for 1 h. (f) One hundred micrograms of nartazin
treated with 10 lg chymotrypsin for 1 h.

Fig. 6. Antiproliferative activity of nartazin on L1210 leukemia cells.
The concentration of nartazin used in this assay did not exert cytotoxic
activity on murine spleen cells, macrophages, and bone marrow cells.
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Nartazin possessed cell-free translation-inhibitory
activity in the rabbit reticulocyte lysate system. It man-
ifested 13.2% and 35.5% inhibition at a concentration of
26.7 and 266 lM, respectively. Compared with the posi-
tive control, 0.667 and 6.67 lM agrostin inhibited pro-
tein synthesis by 54.4% and 72.5%, respectively.

Nartazin stimulated the mitogenic responses of mur-
ine splenocytes and bone marrow cells (Table 2). The
Table 2
Proliferation reflected in methyl-[3H]thymidine incorporation of
murine splenocytes and bone marrow cells in response to nartazin
and Con A as positive control

Concentration (lM) Methyl-[3H]thymidine uptake by

Splenocytes (cpm) Bone marrow cells (cpm)

Con A

0 2199 ± 433 1800 ± 134
0.033 13,863 ± 836 3051 ± 424
0.065 16,151 ± 1650 2905 ± 336
0.13 17,631 ± 1455 4829 ± 348
0.26 20,872 ± 1909 5949 ± 792
0.52 15,893 ± 1174 5323 ± 835

Nartazin

0 2199 ± 406 1800 ± 134
0.19 2572 ± 406 2080 ± 46
0.39 2999 ± 235 2507 ± 312
0.78 3659 ± 406 2881 ± 449
1.56 3963 ± 234 2293 ± 611
3.12 3308 ± 296 2185 ± 391

Results are means ± SEM (n = 3).
maximal response was achieved at 1.56 lM and
0.78 lM nartazin for splenocytes and bone marrow
cells, and at 0.26 lM Con A in both cases. The maximal
response induced by nartazin was 19.08% and 48.43% of
that induced by Con A in splenocytes and bone marrow
cells, respectively.

Nartazin inhibited methyl-[3H]thymidine uptake by
L1210 mouse leukemia cells in a dose-dependent and a
time-dependent manner (Fig. 6). No cytotoxic activity
of nartazin towards mouse splenocytes appeared in the
concentration range of 0–50 lM used in the assay for
anti-proliferative activity toward L1210 cells.
Discussion

The N-terminal sequence of nartazin, which is char-
acterized by an abundance of glutamine residues, is
homologous to partial sequences in the cereal storage
proteins, glutenin and gliadin from wheat Triticum

aestivum. However, glutenin and gliadin, with 238 and
288 amino acid residues, have a much larger molecular
size than nartazin and have not been shown to possess
antifungal activity. Nartazin, which stimulates prolifera-
tion of spleen cells and bone marrow cells, also resem-
bles auxin-responsive factor from A. thaliana in partial
sequence. Auxin response factors are transcription fac-
tors that activate and repress the transcription of early
auxin-response genes which regulate cell division, exten-
sion, and differentiation [26]. Thus, it appears that
nartazin is a novel antifungal protein.

It is interesting to note that lectins from Amaryllida-
ceae, Alliaceae, Araceae, and Liliaceae families exhibit
striking structural resemblance [11], while antifungal
proteins isolated from members of these different fami-
lies have a lesser extent of similarity. The latter is evident
from a sequence comparison of nartazin, allivin [12], li-
lin [15], and chitinases, chitinase-like protein, and lipid
transfer protein-like peptide from various Allium species
[14,17,18,27].
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The potent antifungal activity of nartazin indicates its
role as a defense protein in the daffodil plant. The bulb,
a characteristic storage organ of the Amaryllidaceae
family, teeming with nutrients, has direct contact with
soil which is full of soil-borne pathogens. Thus, the pres-
ence of pathogenesis-related proteins in the bulb serves
to combat various pathogens in order to support the
budding of the plant.

Storage proteins, especially those found in seeds and
bulbs, are usually involved in host defense against
pathogens by exerting particular activities such as anti-
fungal activity and ribosome-inactivating activity.
There are many reports about RIPs found in seeds of
various plants, for example, cinnamomin, a storage pro-
tein present in the cotyledons of the seeds of the cam-
phor tree, is a type-2 RIP [28] and trichoanguin from
the seeds of Trichosanthes anguina is classified as a
type-1 RIP [29]. However, three type-1 RIP isoforms
and one type-2 RIP were found to be major storage
proteins in bulbs of Iris hollandica, a monocot belong-
ing to family Iridaceae. They all have IC50 values of
cell-free translation inhibitory activity in a rabbit retic-
ulocyte system below 0.16 nM [16]. Plant antifungal
proteins also possess translation-inhibitory activity with
IC50 values in the micromolar range and are thus less
potent than plant ribosome-inactivating proteins with
IC50 values in the nanomolar range. For nartazin, it
inhibits protein synthesis in a rabbit reticulocyte system
with a much lower potency than iris RIP. In compari-
son, antifungal proteins from inner shoots of A. tubero-
sum and bulbs of Allium sativum inhibit cell-free
translation in a rabbit reticulocyte system with IC50 val-
ues of 0.8 and 1.6 lM, respectively [12,14]. This indi-
cates that nartazin is a novel antifungal protein and
that its antifungal activity is not largely attributed to
RIP activity.

Nartazin manifests a broad spectrum of antifungal
activity against four different common phytopathogens
which are infectious to some important agricultural
crops. The 10-kDa peptide from onion seeds, with se-
quence homology to plant non-specific lipid transfer
protein, inhibits 11 species of phytopathogenic fungi
[27]. On the contrary, some antifungal peptides with a
narrow spectrum of antifungal activity may target selec-
tively on a particular fungus. For instance, ascalin from
shallot bulbs, with a molecular mass of 9.5 kDa, inhibits
mycelial growth in the fungus Botrytis cinerea but not in
the fungi Mycosphaerella arachidicola and Fusarium

oxysporum [13]. No antifungal activity has been shown
for CHITAS1 and CHITAS2 from A. sativum and
APC-Dr, -D, and -F from A. porrum [17,18]. Loss of
the antifungal activity of nartazin is evident after expo-
sure to 80 �C for 5 min. By comparison, chive antifungal
protein displays similar thermostability [14].

Nartazin has marked resistance against proteolytic
inactivation by trypsin and chymotrypsin but not pro-
teinase K. A large proportion of nartazin was still intact,
as revealed in SDS–PAGE, after protease digestion for
1 h. However, it was cleaved and inactivated by protein-
ase K (data not known). There are two speculations for
its resistance to cleavage by trypsin and chymotrypsin.
The first one is related to the glutamine-rich amino acid
sequence of nartazin. The wheat serpins, which are ser-
ine proteinase inhibitors of chymotrypsin-like enzymes,
with reactive centers similar to the glutamine-rich repet-
itive sequences of prolamin, are believed to inhibit insect
digestive proteinases that degrade wheat storage pro-
teins [30]. From bulbs of onion classified under family
Alliaceae that is phylogenetically close to Amaryllida-
ceae, three trypsin inhibitors with molecular masses of
7–8 kDa and sequences very different from the N-termi-
nal sequence of nartazin were purified [31]. No inhibi-
tory activity of nartazin is exerted on tryptic and
chymotryptic digestion of casein. It suggests that the
resistance of nartazin to tryptic digestion is attributed
to its protein structure such as its N-terminal sequence.

The immunomodulatory effects of nartazin are note-
worthy. As in the case of lilin from lily bulbs, nartazin
elicited a mitogenic response from murine splenocytes
[15]. However, at the same range of concentrations,
nartazin inhibited the proliferation of leukemia cells.
The antiproliferative activity of very few antifungal pro-
teins and peptides has been demonstrated. For instance,
chive chitinase-like antifungal protein is inhibitory to-
ward breast cancer cells [14]. It is thus noteworthy that
nartazin exerts similar activity toward leukemia cells.
The ability of nartazin to stimulate proliferation of bone
marrow cells, as evidenced by a potentiation in methyl-
[3H]thymidine uptake, has not been shown for other
antifungal proteins. It reflects an increase in hematopoi-
esis which is potentially useful in alleviating the reduc-
tion in hematopoiesis seen in cancer patients receiving
anticancer drugs.

Ascalin, allivin, and lilin, the antifungal proteins
from shallot (Allium ascalonicum) bulbs, the antifungal
protein from round-cloved garlic (Allium sativum)
bulbs, and lily (Lilium brownii) bulbs, respectively, have
molecular masses that are several kilodaltons larger
than that of nartazin [12,13,15]. However, the chitin-
ases from garlic bulbs and leek (Allium porrum) and
the chitinase-like antifungal protein from chive (A.
tuberosum) have a much higher molecular mass of
36 kDa [14].

In summary, a novel glutamine-rich antifungal pep-
tide with stimulatory effects on splenocytes and bone
marrow cells and an inhibitory action on leukemia cells
has been isolated from Chinese daffodil bulbs. This
constitutes the first account of an antifungal peptide
from Amaryllidaceous plant. Its N-terminal sequence
and molecular size are markedly different from those
of the related Alliaceous and Liliaceous antifungal
proteins.
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