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Abstract We isolated an INF1 elicitin-inducible cDNA encod-
ing a pleiotropic drug resistance (PDR)-type ATP-binding
cassette (ABC) transporter homolog (NtPDR1) in suspension-
cultured tobacco Bright Yellow-2 (BY-2) cells by application of
differential display PCR. The NtPDR1 (Nicotiana tabacum
PDR protein 1) gene also encodes a 162 kDa protein that
includes two putative hydrophilic domains containing the ABC
signature motif and two putative hydrophobic domains. Expres-
sion of the NtPDR1 gene was rapidly and strongly activated by
treatment of BY-2 cells with INF1 elicitin. Further, treatment
of BY-2 cells with flagellin, a bacterial proteinaceous hyper-
sensitive reaction elicitor, or yeast extract, a general elicitor,
also induced NtPDR1 gene expression. These results indicate
that NtPDR1 may be involved in the general defense response in
tobacco. This is the first report that microbial elicitors induce
the expression of a plant ABC transporter gene. ß 2002 Pub-
lished by Elsevier Science B.V. on behalf of the Federation of
European Biochemical Societies.
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1. Introduction

Plants have highly sensitive systems to protect themselves
from di¡erent microbial pathogens. In past years, there have
been various investigations of defense systems such as the
hypersensitive reaction (HR), including cell death, oxidative
burst and defense gene expressions, or systemic acquired re-
sistance. The complicated networks for the induction of de-
fense responses in plants include the recognition, ampli¢cation
and transduction of signals induced by pathogen attack. After

recognition of the signal molecules derived from infection
with pathogens by a putative receptor molecule, second mes-
sengers transduce the information to the nucleus, activating a
number of defense-related genes. Many attempts in several
model systems have demonstrated that de novo protein syn-
thesis and gene expression are required for induction of e¡ec-
tive defense responses and acquisition of resistance [1]. Thus,
a variety of genes are found to be induced speci¢cally during
defense responses. These genes potentially encode transcrip-
tional regulators, enzymes related to secondary metabolic
pathways leading to synthesis of phytoalexins and pathogen-
esis-related (PR) proteins [2]. However, many genes related to
the defense responses are still uncharacterized [3^5].

The ATP-binding cassette (ABC) transporter superfamily
comprises ATP-driven e¥ux pumps in the membrane that
export a wide spectrum of cytotoxic compounds [6,7]. This
superfamily is very large and exists in diverse species, includ-
ing bacteria, yeasts, mammals and plants. In mammals, many
ABC transporter proteins have already been identi¢ed and are
considered to be of clinical importance. Over 20 plant ABC
transporter genes have been isolated so far, and many other
ABC transporter gene homologs of Arabidopsis are registered
in the genome databases and classi¢ed by their sequence ho-
mology [8]. One group of them was localized on the vacuolar
membrane and its reported function is to transport gluta-
thione S-conjugates (GS conjugates) and/or chlorophyll ca-
tabolites [9^12]. However, the role of most plant ABC trans-
porters has not been clari¢ed. Recently, it has also been
reported that some ABC transporters of fungal pathogens
are important in pathogenesis in order to protect the fungus
itself against plant defense mechanisms [13,14]. On the other
hand, in Nicotiana plumbaginifolia, one of the ABC transport-
ers, NpABC1, is suggested to be involved in the secretion of a
secondary antifungal terpenoid such as sclareolide, a close
analog of sclareole, that plays a role in plant defense [15].
Nevertheless, the involvement of the plant ABC transporter
in the interaction with pathogens is not known at all.

INF1 elicitin, an elicitor of the late-blight pathogen Phy-
tophthora infestans, induces typical HR on tobacco [16]. Our
previous report suggested that a set of genes are involved in
the INF1 elicitin-induced defense responses in Bright Yellow-
2 (BY-2) cells [17]. To further understand the molecular mech-
anisms of plant disease resistance, we performed di¡erential
display in a model system with INF1 elicitin and tobacco BY-
2 cells, and cloned an ABC transporter homolog as one of the
INF1 elicitin-induced genes. Here we report that the ABC
transporter gene or the gene product might be involved in
the general defense response in plants.
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2. Materials and methods

2.1. Plant cells
Suspension-cultured cells of tobacco BY-2 in MS medium supple-

mented with sucrose (30 mg/ml), thiamine (1 Wg/ml), myo-inositol (100
Wg/ml), KH2PO4 (200 Wg/ml) and 2,4-dichlorophenoxyacetic acid (0.2
Wg/ml) were freshly reinoculated every week and agitated at 130 rpm
at 27‡C [18]. The treatment with elicitin (10 Wg/ml as a bovine serum
albumin (BSA) equivalent), £agellin (10 Wg/ml as a BSA equivalent),
yeast extract (5 mg/ml) or various chemicals was performed 3 days
after reinoculation, and the cells were collected at intervals by centri-
fugation.

2.2. Preparation of elicitor
INF1 elicitin (inf1 gene product of P. infestans) was prepared as a

recombinant protein using the method previously described [17].
Preparation of £agellinPsto, £agellin protein of Pseudomonas syrin-

gae pv. tomato, followed the method of Taguchi et al. [19]. Brie£y,
bacteria were incubated for 24 h at 27‡C in Luria^Bertani (LB) me-
dium containing 10 mM MgCl2 and then for 24 h at 23‡C in minimal
medium (50 mM potassium phosphate, 7.6 mM (NH4)2SO4, 1.7 mM
MgCl2 and 1.7 mM NaCl, pH 5.7) supplemented with 10 mM each of
mannitol and fructose. The cultured medium was centrifuged at
7000Ug for 10 min. After separation of £agella from bacteria by
vortexing in phosphate bu¡er (50 mM sodium phosphate, pH 7.0)
and centrifugation at 10 000Ug for 30 min, the supernatant was fur-
ther centrifuged at 100 000Ug for 30 min. The resultant pellet of
crude £agella was suspended in 0.1 M glycine^HCl bu¡er (pH 2.0)
for dissociation. After recentrifugation at 100 000Ug for 30 min, the
supernatant was collected as the £agellinPsto preparation, and used
after the pH was adjusted to 7.0 with NaOH.

Yeast extract (Difco, USA) was dissolved in water and ¢ltered
through a 0.45 Wm pore ¢lter disk (Kurabo, Japan), and this was
used as the general elicitor. The ¢nal concentration of yeast extract
was 5 mg/ml; yeast extract at this concentration did not induce cell
death after treatment of BY-2 cells for 24 h.

2.3. Di¡erential display PCR
Di¡erential display was carried out according to the method of

Yoshida et al. [20]. mRNA (0.5 Wg) puri¢ed by PolyATract0

mRNA Isolation System IV (Promega, USA) was used as the tem-
plate to generate cDNA in 25 Wl of reaction mixture containing 10
mM dNTP, 160 WM random primer, 100 U RNase inhibitor and 20 U
RAV-2 reverse transcriptase (Takara, Japan). Reactions were diluted
(1:3), and 1 Wl was used as a template for di¡erential display PCR.
DNA was ampli¢ed in 50 Wl of the PCR reaction mixture, containing
cDNA, 10 mM dNTP, 50 WM arbitrary 12-mer primer (DNA Oligo-
mer (12) set ; Wako Pure Chemical Industries, Japan) and 5 U
AmpliTaq0 DNA polymerase (Roche, USA) on a Takara PCR Ther-
mal Cycler TP240 (Takara) under the following conditions: one cycle
of 5 min at 94‡C, 40 cycles of 30 s at 94‡C, 1 min at 40‡C, 2 min at
72‡C. Ampli¢ed DNA was separated on 1.5% agarose gel and stained
with ethidium bromide. The nucleotide sequence of the G27 primer,
one of arbitrary primers, was 5P-GGCGTGGAAGGA-3P.

2.4. Isolation of Nicotiana tabacum pleiotropic drug resistance
protein 1 (NtPDR1) cDNA and determination of nucleotide
sequence

To determine the NtPDR1 cDNA sequences, a cDNA library was
constructed from BY-2 cells treated with INF1 elicitin for 6 h using a
ZAP-cDNA0 synthesis kit and a Gigapack0 III Gold cloning kit
(Stratagene, USA) following the manufacturer’s instructions. Screen-
ing of the cDNA library was carried out at 42‡C overnight in 5USSC
(150 mM NaCl, 15 mM Na3-citrate, pH 7.0), 50% formamide, 0.02%
SDS, 2% blocking reagent (Boehringer Mannheim, Germany) and
0.1% lauroylsarcosine. The DNA probe was made using a PCR di-
goxigenin (DIG) probe synthesis kit (Boehringer Mannheim). To ob-
tain the complete 5P-sequence of the NtPDR1 gene, 5P-rapid ampli¢-
cation of the cDNA end (RACE) PCR was performed with a
Marathon1 cDNA ampli¢cation kit (Clontech, USA) following the
manufacturer’s instructions. The gene-speci¢c primer for 5P-RACE
PCR was designed from the cDNA sequence obtained from the
cDNA library. DNA sequence analysis of these clones was performed
with an ABI PRISM0 310 genetic analyzer (Perkin Elmer Applied
Biosystems Japan, Japan).

2.5. Northern blot analysis
15 Wg of total RNA was separated on a 1% agarose gel containing

formaldehyde and blotted onto a Hybond1-Nþ nylon membrane
(Amersham Pharmacia Biotech, UK). Equalized loading of RNA
was visualized by ethidium bromide staining of rRNAs. The RNA
probes were made using an RNA transcription kit (Stratagene) and
labeled with DIG-UTP by DIG RNA Labeling Mix (Boehringer
Mannheim). Hybridization was performed at 68‡C overnight in
5USSC, 50% formamide, 0.02% SDS, 2% blocking reagent (Boehr-
inger Mannheim) and 0.1% lauroylsarcosine. The ¢nal washing step
was performed at 68‡C in 0.1USSC and 0.1% SDS. Hybridized
mRNAs were detected with anti-DIG antibody conjugated with alka-
line phosphatase (Boehringer Mannheim) and its chemiluminescent
substrate, CDP-Star1 (Boehringer Mannheim).

2.6. Application of chemicals
To analyze the expression pattern of NtPDR1, we used K252a (0.2

WM) as a protein kinase inhibitor, cantharidin (0.2 WM) as a protein
phosphatase inhibitor, cycloheximide (15 WM) as an inhibitor of de
novo protein synthesis and EDTA (3 mM), EGTA (5 mM) as chela-
tors or LaCl3 (0.5 mM) as a Ca2þ channel blocker. To study the e¡ect
of phytohormones, abscisic acid (ABA; 1, 5, 20 WM), methyl jasmonic
acid (MeJA; 1, 5, 20 WM) and salicylic acid (SA; 20, 50, 500 WM) were
applied to BY-2 cells. The concentration of all tested chemicals is the
maximum within the range of non-toxicity when they are used alone
for 24 h on BY-2 cells. All chemicals were produced by Sigma (Sigma-
Aldrich, USA).

3. Results and discussion

3.1. Isolation of NtPDR1 gene by di¡erential display
To isolate di¡erentially expressed genes during the defense

response, we compared mRNAs of BY-2 cells treated with
INF1 elicitin and LB medium (control) for 1 or 3 h by the

Fig. 1. Isolation of INF1 elicitin-responsive gene by di¡erential dis-
play. A: Di¡erential display PCR was carried out using BY-2
mRNA and G27 primer. Each mRNA was prepared from BY-2
cells at 1 or 3 h after treatment of control (equal volume LB me-
dium to INF1 elicitin (v/v), represented as C) or INF1 elicitin (10
Wg/ml, represented as E). G27 primer was used as an arbitrary prim-
er (represented as AP G27). Arrowheads indicate the DNA frag-
ments, G27-E1-1 and G27-E3-1, whose intensities were enhanced
after elicitin treatment. Lane M denotes the molecular size marker
of a 100 bp ladder. B: The expression of NtPAL and G27-E1-1 in-
duced by INF1 elicitin in BY-2 cells. Total RNAs were collected
from BY-2 cells treated with INF1 elicitin (10 Wg/ml) or LB medium
(control), and analyzed by Northern blot using a G27-E1-1 fragment
and the NtPAL gene [17] as probes. Each signal is indicated by an
arrowhead. Control RNA (denoted as C) was extracted from non-
treated BY-2 cells.
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random-ampli¢ed polymorphic DNA/reverse transcription-
PCR di¡erential display method [20]. Among the 32 primers
tested, we obtained 19 elicitin-responsive fragments. Two of
them, G27-E1-1 and G27-E3-1 fragments, were independently
ampli¢ed with G27 primer from mRNAs in BY-2 cells treated
with elicitin for 1 h and 3 h, respectively. Their nucleotide
sequences were identical, suggesting that they were transcribed
from the same gene (Fig. 1A). To investigate the expression of
the corresponding gene we performed Northern blot analysis
of INF1 elicitin-treated BY-2 cells using the G27-E1-1 frag-
ment as a probe. This gene was rapidly and strongly induced
by treatment with INF1 elicitin in BY-2 cells (Fig. 1B). The
expression level of this gene was much stronger than that of
the N. tabacum phenylalanine ammonia-lyase (NtPAL) gene,
which is known as a general defense gene (Fig. 1B). Thus, the
expression of both genes reached their maximum level 9 h
post-treatment and showed a similar pattern.

3.2. Structural analysis of NtPDR1 gene
For further analysis, cDNA clones corresponding to G27-

E1,3-1 fragments were isolated from a cDNA library prepared
from elicitin-treated cells. About 3.3 kb and 1.47 kb cDNAs
were obtained from the cDNA library and 5P-RACE PCR,
respectively. Both cDNAs were connected at the overlapping
region and produced a 4673 bp cDNA. This gene potentially

encoded a 162 kDa protein with 1434 amino acids, and
showed a high homology to the ABC transporter family.
The ABC transporter superfamily has several subfamilies dis-
tinguished on the basis of the topology of transmembrane
domain (TMD) and the cytosolic loop corresponding to the
nucleotide-binding fold (NBF), which is conserved in a family
of ATP-binding proteins [21,22]. In the main two subfamilies,
the MDR (multidrug resistance) subfamily has the [TMD-
NBF]2 con¢guration, and the PDR subfamily conserves re-
verse topology in comparison with the MDR subfamily.
Our isolated gene showed a homology especially to PDR-
type ABC transporters of various species including plants;
therefore, we designated this clone NtPDR1 (N. tabacum
PDR protein 1). The deduced amino acid sequence of
NtPDR1 is homologous, with 84.1%, 71.7% and 70.3% iden-
tical residues, to NpABC1 of N. plumbaginifolia [15], the Ara-
bidopsis ABC transporter homolog and TUR2 of Spirodela
polyrrhiza [23], respectively. They all belong to the PDR sub-
family and have the [NBF-TMD]2 topology (Fig. 2). The pre-
dicted NtPDR1 protein consists of two repeated halves, each
comprising one cytoplasmic hydrophilic region containing the
NBF followed by one hydrophobic region, integrated in the
membrane through six transmembrane-spanning K-helices
(Fig. 2). Each ABC transporter domain in hydrophilic regions

Fig. 2. Structural analysis of NtPDR1 gene. The structure of NtPDR1 was predicted by scanning the deduced amino acid sequence with the In-
terPro database [32] and PSORT program [25], and is presented as a schematic model. NBF and TMD indicate the predicted location of
NBFs and TMDs, respectively. Black shading in the TMD shows transmembrane-spanning K-helices. Multiple alignment of the part of NBF is
presented under the schematic model. Nucleotide-binding sites (Walker A, B) and ABC signature motifs of NtPDR1 were aligned to N. plum-
baginifolia NpABC1 (accession no. AJ404328-1) [15], an A. thaliana ABC homolog (AC013453-3), S. polyrrhiza TUR2 (Z70524-1) [23] using
the CLUSTAL W program [33]. The numbers indicate the position of the amino acid in NtPDR1. Below the amino acid sequences, identical,
similar and the same hydropathic residues in all four sequences are marked by asterisks, colons and points, respectively. The Walker A, B mo-
tifs and ABC signature motifs are shown with shading in the sequence.

Fig. 3. Regulation of NtPDR1 and NtPAL expression. A: E¡ects of
inhibitors of protein kinase (0.2 WM K252a; +K), protein phospha-
tase (0.2 WM cantharidin; +C) and de novo protein synthesis (15
WM cycloheximide; +CHX) on the expression of NtPDR1 and
NtPAL genes induced with INF1 elicitin (10 Wg/ml) in BY-2 cells.
B: E¡ects of chelators of cations (3 mM EDTA, 5 mM EGTA) and
a Ca2þ channel blocker (0.5 mM LaCl3) on the expression of
NtPDR1 and NtPAL genes induced with INF1 elicitin (10 Wg/ml) in
BY-2 cells 3 h after treatment. All chemicals were added 30 min pri-
or to treatment of BY-2 cells with elicitin or LB medium (control).

Fig. 4. E¡ects of phytohormones on the expression of NtPDR1. A:
E¡ects of ABA (1, 5, 20 WM), MeJA (1, 5, 20 WM) and SA (20, 50,
500 WM) on the expression of NtPDR1 and NtPAL genes in BY-2
cells. Control RNA (C) was extracted from non-treated BY-2 cells.
All phytohormones were treated for 3 h. B: Time course analysis of
the expression of the NtPDR1 gene in BY-2 cells treated with
MeJA (20 WM) or SA (500 WM). Control RNA (C) was extracted
from 0-time non-treated BY-2 cells.
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contains ABC transporter nucleotide-binding motifs, Walker
A (P-loop) and Walker B [24,21], and the ABC signature
motif [21] between Walker A and B, which are highly con-
served among known ABC transporters, especially in plants
(Fig. 2).

In the EST database of Arabidopsis thaliana, over 100 ABC
transporter homologs are registered, but plant ABC trans-
porters are not as clearly classi¢ed by the functions as those
of animals or yeasts are. When we constructed a phylogenetic
tree with the deduced amino acid sequences of NtPDR1 and
some plant ABC transporters, it showed that NtPDR1,
NpABC1, TUR2 and one of the Arabidopsis ABC transporter
homologs could form one subclass (data not shown) in the
PDR subfamily. The MRP (MDR-associated protein) sub-
family of Arabidopsis ABC transporters, which have modi¢ed
[TMD-NBF]2 topology, are relatively well characterized in
plants. AtMRP1^3 have been reported to transport GS con-
jugates or chlorophyll catabolites to vacuoles for cell detox-
i¢cation [9^12]. According to a prediction of localization of
NtPDR1 protein by the PSORT program [25], NtPDR1 is
likely to exist on the plasma membrane like NpABC1 [15].
[NBF-TMD]2-type ABC transporters localized on the plasma
membrane might have a speci¢c conserved function di¡erent
from that of [TMD-NBF]2-type ABC transporters, including
the MRP subfamily.

3.3. Regulation of NtPDR1 gene expression
To examine how the expression of NtPDR1 is regulated, the

e¡ects of several chemicals that a¡ect various signaling path-
ways of elicitin-induced defense responses in BY-2 cells [17]
were investigated by Northern blot analysis. Fig. 3 shows the
results of NtPDR1 (upper band) and NtPAL (lower band)
mRNA accumulation on BY-2 cells 3 h after treatment with
elicitin in the presence of each inhibitor. K252a, a protein
kinase inhibitor, remarkably inhibited the expression of elic-
itin-induced NtPDR1 and NtPAL (Fig. 3A). In contrast, can-
tharidin, a protein phosphatase inhibitor, accelerated the ex-
pression of these genes (Fig. 3A). These results indicate that
the expression of NtPDR1 requires a protein phosphorylation

event, as NtPAL does. In addition, expression of NtPDR1
was suppressed by cycloheximide, indicating that de novo
protein synthesis is also required for elicitin-induced expres-
sion of NtPDR1 (Fig. 3A). On the other hand, we tested the
e¡ect of chelators of cations and a Ca2þ channel blocker to
investigate whether these chemicals a¡ect NtPDR1 mRNA
accumulation. However, these chemicals did not have signi¢-
cant e¡ects on the expression of NtPDR1 and NtPAL. Inter-
estingly, the regulation pattern of NtPDR1 expression exactly
followed that of NtPAL, a typical defense gene (Fig. 3A,B).
The expression of defense-related genes in plants often shows
the same activation pattern both temporally and spatially.
These results suggest that the expression of NtPDR1 and
NtPAL might be regulated under the same signal transduction
pathway.

3.4. E¡ect of phytohormones on expression of NtPDR1
Smart and Fleming have reported that TUR2, an ABC

transporter homolog of S. polyrrhiza, an aquatic plant, was
induced by ABA [23]. Because NtPDR1 has high homology to
TUR2, we tested the e¡ect of ABA, in addition to MeJA and
SA, representative plant hormonal signal molecules during
defense responses, on the expression of NtPDR1 and NtPAL
in BY-2 cells. As shown in Fig. 4A, no concentration of ABA
(1, 5, 20 WM) or SA (20, 50, 500 WM) induced signi¢cant
activation of either the NtPDR1 gene or the NtPAL gene.
However, NtPDR1 and NtPAL genes were activated by
MeJA, even at very low concentrations (1, 5, 20 WM). More-
over, when we successively analyzed the expression of
NtPDR1 by MeJA (20 WM) or SA (500 WM), it was clearly
responsive to MeJA but not to SA (Fig. 4B). SA and JA are
important compounds related to the signal transduction path-
ways triggered by pathogens or wounding, and are known to
induce the expression of speci¢c genes such as acidic or basic
PR protein genes, respectively [26]. Our results showed that
MeJA but not SA speci¢cally induced expression of the
NtPDR1 gene, which suggests that the NtPDR1 gene is clas-
si¢ed as a JA-responsive defense-related gene like the basic
PR protein genes, whereas the expression of NtPDR1 gene
was not induced by ABA. The function of ABA is the pro-
motion of abscission of fruits or leaves or adaptation to en-
vironmental stresses, such as cold or osmotic stress. Although
some functions of ABA are similar to JA, ABA and JA dif-
fered in their ability to induce expression of the NtPDR1 gene.
Defense responses against insects or pathogens [27] or the
increase of secondary metabolites accumulated by some elic-
itors [28,29] are phenomena known to be a¡ected by JA or its
derivatives but not ABA. Thus, the responsiveness of the
NtPDR1 gene to JA suggests that the function of NtPDR1
protein is linked with plant defense responses.

3.5. Expression of NtPDR1 gene by treatment with various
elicitors

The induced expression of the NtPDR1 gene by other elic-
itor molecules was examined. Accumulation of the NtPDR1
transcript was detected in BY-2 cells after treatment with the
bacterial HR elicitor £agellinPsto, which was prepared from
P. syringae pv. tomato, a non-pathogen to tobacco. The ex-
pression of NtPDR1 was strongly increased within 3 h and
reached its maximum level 6 h after the treatment with £ag-
ellin (Fig. 5, upper panel). Subsequently, the accumulation of
NtPDR1 mRNA diminished to the control level by 12 h after

Fig. 5. E¡ects of di¡erent elicitors on expression of NtPDR1 gene
in BY-2 cells. RNAs were successively prepared from BY-2 cells
treated with £agellinPsto (10 Wg/ml), yeast extract (YE; 5 mg/ml)
and INF1 elicitin (10 Wg/ml). Control RNAs in treatment of £agel-
linPsto (denoted as C in upper panel) and yeast extract (C in middle
panel, this is also the control for elicitin treatment) were extracted
from 0-time non-treated BY-2 cells.

FEBS 26066 26-4-02

M. Sasabe et al./FEBS Letters 518 (2002) 164^168 167



treatment. Thus, the expression pro¢le was very similar to
that after treatment of INF1 elicitin (Fig. 5, lower panel).
Yeast extract, which is known as a general elicitor that does
not induce cell death, also activated the expression of
NtPDR1 within 3 h after treatment, and the maximum level
of the expression of NtPDR1 continued 6^12 h after treat-
ment. These ¢ndings indicate that the expression of NtPDR1
is induced by diverse elicitor molecules derived from fungi,
bacteria or yeast. This suggests that NtPDR1 is a general
defense gene like the PAL or PR genes and might be involved
in a defense response in tobacco. Involvement of the ABC
transporter in plant defense responses has been speculated
from recent reports of the isolation of an ABC transporter
homolog as a candidate for a defense-related gene from sys-
tematic analysis in di¡erent model systems [3,5]. Here we have
¢rst demonstrated that PDR-type plant ABC transporter gene
shows the speci¢c expression by various stimuli which pro-
mote the defense response.

The substrates of NtPDR1 are unknown at present, and,
therefore, the role of NtPDR1 protein in defense response is
still unclear. NtPDR1 might contribute to cell detoxi¢cation
by the transportation of intracellularly accumulated phenolic
compounds during the defense response, or the secretion of
anti-pathogenic compounds such as phytoalexins to attack
extracellular pathogens. It has been reported that the accumu-
lation of NpABC1 protein was induced by antifungal terpe-
noids, and NpABC1 is thought to excrete them from the cells
[15]. The high similarity of deduced amino acid sequences
between NtPDR1 and NpABC1 might show that NtPDR1
also has the function of the secretion of some antifungal com-
pounds as NpABC1. Recently it was demonstrated that Pti3,
which was isolated as the factor interacting with Pto, a resis-
tance gene product of tomato to P. syringae, by a two-hybrid
system, encodes an ABC transporter homolog [30]. This in-
teraction between Pto and Pti3 (ABC transporter) was re-
duced when Pto was mutated at the site required for the in-
duction of HR; therefore, expression of the ABC transporter
seems to be involved in the induction of HR [30]. In the
nematode, it has been reported that the expression of an
ABC transporter homolog, the ced7 gene, was stimulated in
both dying cells and surrounding engul¢ng cells during pro-
grammed cell death in embryogenesis [31]. These reports in-
dicate the possible involvement of the ABC transporter in the
regulation of programmed cell death in multicellular organ-
isms and raise the possibility that NtPDR1 also controls cell
death or cell survival during the HR induced by elicitin.

Further functional analysis is required to understand the
role of NtPDR1 and its correlation to plant defense mecha-
nisms.
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