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A recombinant mungbean defensin VrD1 was previously shown to exhibit antifungal and bruchid-
resistant activity. To study the function and regulation of VrD1, genomic DNAs of plant defensins
were isolated from Vigna radiata VC6089A and azuki bean Vigna angularis Kao Hsiung No. 6. The
azuki bean defensin genomic DNA VaD1 was sequenced and converted to VaD1 cDNA. VaD1
defensin was purified from Vigna angularis Kao Hsiung No. 6 to apparent homogeneity. The complete
amino acid sequence of the purified VaD1 was determined and was found to be exactly the same as
the sequence deduced from VaD1 cDNA. VaD1 is a basic protein containing 46 amino acids with
four conserved disulfide bonds and shares high sequence homology (78.3%) with VrD1. VaD1 inhibited
the growth of Fusarium oxysporum, Fusarium oxysporum f. sp. pisi, Staphylococcus epidermidis,
and Salmonella typhimurium. VaD1 also inhibited in vitro protein synthesis and bruchid larval
development, but was less active than the recombinant VrD1.

KEYWORDS: Antimicrobial activity; azuki bean (
synthesis inhibition

INTRODUCTION

Vigna angularis ); bruchid resistance; defensin; protein

(CSH) was found to occur in several ion-channel blocking

Plant defensins have been shown to be major constituents of@urotoxic peptides (7). It becomes apparent that all members
ubiquitous throughout the plant kingdom. This class of cysteine- the CSamotif (5), but relatively few amino acid residues are

rich peptides, which are usually basic and-#8 amino acids
in length, contains four conserved disulfide bridgé$. (The

absolutely conserved between all membéns The conserved
residues are restricted to the eight cysteines, two glycines at

study of the three-dimensional structures of some members ofpositions 13 and 34, an aromatic residue or tryptophan at

this family such asyl-purothionin andy-hordothionin from
wheat and barley seeds, respectivay, Rs-AFP1 from radish
seeds (34), and a floral defensin NaD1 froiicotiana alata

position 11, and a glutamic acid at position 29 §1,8, 9)
(numbering relative to Rs-AFP1). Whereas these residues are
likely to play an important role in structure stabilization or in

(5) has revealed that the structure of plant defensins is dominatedthe protein-folding pathway, the @B motif represents a robust

by a triple-stranded, antiparallgtsheet and a single-helix
lying in parallel with theg-sheet. Thex-helix is connected by
two disulfide bonds to the thir@-strand, forming a structure
motif known as the cystine-stabilizex3 (CSo3) motif (6). A
smaller structural motif known as the cystine-stabilizedelix
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and versatile scaffold that can incorporate a broad range of
functional activities §). The diverse biological functions of plant
defensins include antifungal activitie$, 9, 10), inhibition of
insect guto-amylases (11) and bovine trypsih2), inhibition

of protein synthesis (13—16), antibacterial activities (1%),
blockage of the sodium channelg), and a sweet tastdq).

A mungbean defensin VrD1 isolated from a bruchid-resistant,
near-isogenic line of mungbeaXNigna radiata VC6089A
(hereafter VC6089A) has been shown to exhibit both antifungal
and insecticidal activitiesl, 20, 21). The flora defensin NaD1
from N. alatg like other plant defensins, has antifungal activity,
but it was also shown to retard the growth and development of
the Leptidopteran cotton pestdelico.erpa punctigeraand
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Helicoverpa armigerawhen incorporated in an artificial diet
or expressed in transgenic tobacco (5).

It is of interest to note that VrD1 and NaD1 share only 12
identical residues in their amino acid sequences. In addition to
the eight cysteines and two glycines at positions 13 and 34,
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TATTTATTTGTGA, based on 5'- and 3'-nucleotide sequences of
VrICRP, were used as primers for PCR amplification. Two DNA
fragments of~0.4 kb were obtained from mungbean and azuki bean
genomes and separately cloned into pGEM-T easy vectors (Promega)
and sequenced. Comparison of these two nucleotide sequences with
that of VrD1 cDNA revealed a single 103 bp intron in th&D1

these two plant defensins also have two conserved argininegenomic DNA and a 97 bp intron in the azuki bean genomic DNA,

residues, one at the N-terminal position and another at position
39 (numbering relative to NaD1). In general, amino acid
sequence homology between plant defensins is relatively low,
mostly <45%. There are a few plant defensins isolated from
seeds that have shown relatively high sequence identity with
VrD1 such ag/1-purothionin (36.2% identity) angl2-purothio-

nin (38.3%) from wheat endosperm3), a predominantly pistil-
expresseg-thionin-like protein PPT (40.4%) from petunil(),
y-hordothionin (38.3%) from barley endosperri4}, and
fabatin-2 (42.6%) from faba bea@2). To study the structure
and regulation of the/rD1 gene, we have isolated several
genomic DNAs fromVigna species and found that a plant
defensin cDNAVaD1from azuki bearVigna angularisshowed
78.3% sequence identity with VrD1. The high sequence
homology between VrD1 and VaD1 prompted us to investigate
the structure and function of VaD1 and compare them with that
of VrD1 so as to furnish a clue to understand what amino acid
residues in the global fold of VrD1 may be involved in bruchid
resistance and/or antifungal activities. This paper describes
cloning, characterization, and biological activities of VaD1 from
azuki bean seeds.

MATERIALS AND METHODS

Plant and Insect Materials. V. radiata VC1973A (hereafter
VC1973A),V. radiataVC6089A, andCallosobruchus chinensisere

both introns located between serine 18 and aspartic acid 19 in the 27
amino acid signal peptide. These two genomic DNAs were named
genomic DNA andvaD1 genomic DNA, respectively.

Cloning of VaD1 cDNA. VaD1 cDNA was converted fronvaD1
genomic DNA by elimination of the single 97 bp intron from the
genomic DNA using inverse PCR as previously described (21).

Purification of VaD1 from Azuki Bean Seeds.Eight hundred grams
of dry seeds of azuki bean were ground in a mill, and the seed powder
was extracted wit 4 L of anextraction buffer (10 mM NabPQy, 15
mM NaHPQ;, 500 mM NacCl, 100 mM KCI, 2 mM EDTA, 1.5%
polyvinylpolypyrrolidone, and 1 mM phenylmethanesulfonyl fluoride,
pH 6.4) at 4°C for 16 h under continuous stirring. Solid materials
were subsequently removed by centrifugation at 140@® 30 min,
and solid ammonium sulfate was added to the supernatant to obtain a
30—80% saturated ammonium sulfate fraction{80% AS fraction),
which contained most of the azuki bean defensin. The @D AS
fraction was dissolved in distilled water and dialyzed against 20 mM
Tris-HCI, pH 7.0 (buffer A). The dialyzed solution was passed through
a CM-Sepharose CL-6B (Pharmacia) column (2.6 &m30 cm)
previously equilibrated with buffer A. The column was washed with
10 volumes of buffer A and eluted with a linear gradient (3 L total
volume) of 0—0.5 M NacCl in buffer A. Fractions of 12 mL each were
collected at a flow rate of 4 mL/min. Proteins in fractions were
monitored at 280 nm. Aliquots of protein fractions were analyzed on
NUuPAGE 4-12% Bis-Tris gel (Invitrogen) (hereafter gradient PAGE),
and fractions showing a protein band withabout 5.2 kDa were pooled
and concentrated with a MasterFlex ultrafiltration apparatus (Millipore).
The concentrated protein solution was applied on a Superdex Peptide

obtained from the Asian Vegetable Research and Development CenterHR 10/30 column (Pharmacia) and eluted with buffer A containing

(AVRDC). Azuki bean Y. angularisKao Hsiung No. 6) seeds were
provided by the Taichung Agricultural Research Institute (TARI) and
AVRDC. C. chinensiswas maintained on VC1973A at 2% in a
growth chamber. Seven plant pathogenic fugisarium oxysporum

f. sp. pisi, F. oxysporumF. oxysporumCCRC 35270,Pyricularia
oryzag Trichophyton rubrum Stemphylium solanpiand Rhizoctonia
solani, were obtained from the Bioresources Collection and Research
Center, Food Industry Research and Development Institute (FIRDI),
Hsinchu, Taiwan. Fifteen food pathogenic bacteBagillus cereus
CCRC 10446staphylococcus epidermid@CRC 10785 ATCC 14990,
Enterobacter aerogenesSTCC 13048,Escherichia colATCC 11229
CCRC 11549Klebsiella oxytocaATCC 13182 CCRC 1398%roteus
vulgarisATCC 13315 CCRC 1103%®seudomonas aeruginosd CC
10145 CCRC 10944&almonella enteritidi&é TCC 13076 CCRC 10744,
Salmonella typhimuriumATCC 14028 CCRC 10741, isteria mono-
cytogenesCCRC 14845 Staphylococcus aurewibsp.aureu CCRC
12652, Vibrio cholera, Vibrio damselaCCRC 15428 ,Vibrio para-
haemolyticus, anWibrio vulnificus CCRC 15430, were kindly provided

150 mM NacCl at a flow rate of 0.5 mL/min. Protein peaks eluted from
the gel filtration column were also analyzed with the gradient PAGE.
Protein concentration was determined according to the Lowry method
as modified by Alam (25).

Bioassay of the Purified VaD1. Antifungal and antibacterial
activities were assessed on several phytopathogenic fungal and bacterial
strains and on food pathogenic bacterial strains using previously
described methods (2@,7). Bacterial cell suspension, fungal spores,
or mycelial fragments were used to inoculate the cultures. Absorbance
was measured at 595 nm with a microplate reader after an appropriate
incubation period. To determine bruchid-resistant activity, artificial
seeds containing the purified VaD1 were tested in bioassays with azuki
bean weevilC. chinensisas described previouslyL§). The artificial
seeds were prepared according to the method of Shade 28atlvith
modification.

In Vitro Translation Inhibition Assay. Inhibition of protein
synthesis was determined with wheat germ extract as previously
described (16).

by Professor Shann-Tzong Jiang, Department of Food Science, National

Taiwan Ocean University, Keelung, Taiwan. Three plant pathogenic
bacteria, Pseudomonas syringapv. syringae, Erwinia carotovora
subspcarotovora, andXanthomonas campestis. vesicatoria, were
kindly provided by Professor Teng-Yung Feng, Institute of Botany,
Academia Sinica, Taipei, Taiwan.

Cloning of VrD1 and VaD1 Genomic DNAs.A cDNA encoding
mungbean defensin VrD1 was previously isolated from a bruchid-
resistant isogenic line of mungbe¥nradiataVC6089A by conversion
of VrD1 genomic DNA toVrD1 cDNA (21). VrD1 has one amino
acid residue different from VrCRP. Whereas VrD1 has asparagines at
position 32, VICRP has an aspartic acid at this positi). (To isolate
plant defensin genomic DNAs from mungbean and azuki bean, the total
cellular DNAs were prepared from these tWagnaspecies according
to the method previously describe24), and each cellular DNA was
used as a template; oligonucleotides with the sequencACET-
CAACAATTCATCACTCATG and 3-TAGCAGTGATGCTGCTA-

RESULTS AND DISCUSSION

Cloning of VaD1 Genomic DNA and cDNA. A cDNA
encoding an antifungal and insecticidal plant defen&i@RP
was previously isolated from VC6089A by suppression subtrac-
tive hybridization (16). To study the expression and regulation
of theVrCRPgene, a/rCRPgenomic DNA fragment (402 bp)
was isolated using total cellular DNA of VC6089A as a template
and a pair of oligonucleotides designed on the basis-cdrd
3'-nucleotide sequences ¥fCRP as primers for PCR ampli-
fication (21). Comparison of the nucleotide sequence of the 402
bp DNA fragment with that of/rCRPcDNA revealed a single
103 bp intron located between serine 18 and aspartic acid 19
of the 27 amino acid signal peptide of VrCRP. In addition, in
the coding region of this 402 bp DNA fragment there is a single
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VaD1

VrD1

'ACCTCAACAA TTCATCACTC ATGGAGAGAA AAACTTTCAG CTTCITGCIC
™M E R K T F 8§ F L L
'ACCTCAACAA TTCATCACTC ATGGAGAGAA AAACTTICAG CTTCTTGTTC
™M E R K T F S F L F

TTGCTCCTTC TTGTCTTAGC CTCTGGTAAG ATGCATATAC AATATACAAT
L L L L v L A S
TTGCTCCTTC TTGTCTTAGC CTCTGGTAAG ATGCATATAC AATATACAAT
L L L L v L A S

TCTTTCTCTC TCTCTATATG ATGTTAT... ... TTATGAT GTTATTTIGAG
TCTCTCTCTC TCTATATATA TATATATATG ATGTTATGAT GTTATTTTAC

TGCTTAATGT GTTATGATGT GAAATCAGAT GTGGCCGTAG AGAGAGGAGA
D VvV A YV E R G E
TGATTAATGT GTTATGATGT GAAATCAGAT GTGGCCGTAG AGAGAGGAGA
D V AV E R G E

i
AGCTAAAACT TGTATGACAA AGAAAGAAGG GTGGGGAAGA TGCTTAATTG
A K T ¢ MT K K E G W G R C L I
GGCTAGAACT TGTATGATAA AGAAAGAAGG GTGGGGAAAA TGCTTAATTG
AR T CMI K K E G W G K C L I

ATACCACCTG TGCACATTCG TGCAGGAAGC AAGGTTACAA GGGAGGCAAT
b T T C A H S € R K Q G Y K G G N
ACACCACCTG TGCACATTCG TGCAAGAACC GCGGTTACAT AGGTGGAAAT
b T T ¢ A H S C€C K N R GYI G G N

TGCAAAGGCA TGAGGCGCAC CTGCTATTGC CTCCTCGACT GTTGAACTTC
C K G MR RT C Y C L L D (C? =
TGCAAAGGCA TGACGCGCAC CTGCTATTGC CTCGTCAACT GTTGAA. ...
C K G M T R T C.YC L VN CC®=

ACAACAAATC CCTTTTCTTA TATTATATCA TGTTATCACA AATAAATATA
....................... C CCTTTTCGAA TATCATATCA TCTTATCACA AATAAATATA

GCAGCATCAC TGCTAY
GCAGCATCAC TGCTA'™

Chen et al.

Figure 1. Comparison of the nucleotide sequences of azuki bean defensin (VaD1) and mung bean defensin (VrD1) genomic DNAs and their deduced
amino acid sequences. The intron regions 97 bp and 103 bp of VaD1 and VrD1, respectively, are underlined. The amino acids of the gene products are
shown below the corresponding codons of the coding region, and the termination codon is indicated by a x. The predicted signal peptide cutting site is

indicated by an arrow.

amino acid substitution at residue 32 (N-terminal arginine of bp genomic DNA therefore was nam¥D1 instead ofVrCRP

the mature VrCRP protein as residue 1). Whereas VrCRP has(21). Similarly, a genomic DNA encoding azuki bean defensin
an aspartic acid at position 32, the coding region of the 402 bp VaD1 (V. angularisdefensinl) was also isolated using the same
DNA fragment has an asparagine at this position. Several linesapproach mentioned above. It was found thiaD1 genomic

of evidence indicated that naturally occurring mungbean de- DNA has a single 97 bp intron located exactly at the same site

fensin has the asparagine residue at position232. (The 402

as VrD1 genomic DNA (Figure 1). Thus, elimination of the
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VrD1 (100%) ~~RTCHIKKE GW. GKCLIDT TCAHSCKNRG YIGGNCKGMT RTCYCLVNC
vaDl (78.3%) ~~KTCMTKKE GW. GRCLIDT TCAHSCREQG YKGGNCKGMR RTCYCLLDC at 0o 3
Fabatin-2(42. 6%) LLGRCKVKSN RFNGPCLTDT HCSTVCRGEG YKGGDCHGLR RRCMCL..C 2 g
PPT (40. 4%) ~~RTCESQSH RFHGTCVRES NCASVCQTEG FIGGNCRAFR RRCFCTRNC 2 200 =
72-P(38.3%)  ~~KVCRQRSA GFKGPCVSDK NCAQVCLQEG WGGGNCDGPF RRCKCIRGC 2
y -l (38.3%) -~RICRRRSA GFKGPCVSNK NCAQVCMQEG WGGGNCDGPL RRCKCMRRC 100
P322 (36.2%) ~~RHCESLSH RFKGPCTRDS NCASVCETER FSGGNCHGFR RRCFCTKPC
v1-P(36.2%)  ~~KICRRRSA GFKGPCMSNK NCAQVCQQEG WGGGNCDGPF RRCKCIRQC 0 0
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Figure 2. Amino acid sequences of eight plant defensins. Dashes indicate 25
gaps introduced to maximize homology by multiple alignment programs.
Amino acids of each plant defensin identical to that of VD1 are shaded. 2F
Connecting lines between cysteine residues represent disulfide bonds (Z, g
9, 10, 29). The spiral and arrows indicate the location of the o-helix and g 1.5
p-strands, respectively (10). The following sequences were derived from
protein sequencing: y-purothionins (y1-P, y2-P) of wheat (Triticum 1r
turgidum L.) endosperm (13); y-hordothionin (y-H) of barley (Hordem
vulgure) endosperm (14); fabatin-2 of Vicia faba (23); and VrD1 (21). 05 p
The following sequences were deduced from cDNA clones with omission
of the putative signal peptides: PPT of Petunia inflate pistil (22); P322 of 0 Bttt ——
potato (Solanum tuberosum) tuber (30). 0 5 10 15 20 (mL)

Figure 3. Purification of VaD1 from azuki bean. The experimental details

two introns fromVaD1andVrD1 created nucleotide sequences are given under Materials and Methods. The 30-80% ammonium sulfate
of VrD1 (21) andvVaD1 cDNAs. Both of these cDNAs are 73 fraction was chromatographed on CM-Sepharose (A). Fractions of peak
amino acids in length. The deduced amino acid sequences of3 from the CM-Sepharose column were pooled and separated by gel
these two cDNAs are very similar, showing 87% amino acid filtration (B).
sequence similarity and 78.3% sequence identity in the mature
defensin molecules. Of the previously described plant defensins,silver staining and Western blotting. The same amount of VrD1
several have been shown to have highest amino acid sequenceurified from VC6089A was also separated on the same gel.
identity to VrD1. They are/1- andy2-purothionins (y1-P and  Polyclonal antibody raised against the purified VICRP-TS8) (
y2-P) of wheat Triticum turgidumL.) endosperm (36.2 and was used for the Western blot analysis. The results indicated
38.3%) (L3), PPT ofPetunia inflatepistil (40.4%) @1), fabatin-2 that the protein in the single peak eluted from the Superdex
of faba bean Vicia fabg (42.6%) @2), and P322 of potato = Peptide HR 10/30 column has been purified to apparent
(Solanum tuberosum) (36.2%) (3Migure 2). The sequence  homogeneity because of protein was used for this analysis
identity of VaD1 (78.3%) compared to that of VrD1 is much and the sensitivity of silver staining is generally accepted as
higher than these published sequences of plant defensins. Thesbeing in the range of 0.050.1 ug of protein (data not shown).
observations thus prompt us to study the structure and functionThe purified protein was identified as VaD1 by mobility on
of mungbean and azuki bean defensins to provide insight into the gel and Western blot analysis (data not shown). The purified
the structure/function relationship of these two legume defensinsVaD1 had a relative molecular mass-%.2 kDa on the gradient
and to provide a molecular basis for improving insect-resistant PAGE corresponding to the molecular mass of 5200 Da
activity of legume defensins. There are 10 amino acid substitu- determined by MALDI-TOF MS. The complete amino acid
tions between VrD1 and VaD1: R1K (VrD1 to VaD1), IST, sequence determined by N-terminal amino acid sequencing and
K12R, K24R, N25K, R26Q, 129K, T37R, V44L, N45D (N- tandem mass spectrometry further confirmed the identity of
terminal R or K as residue 1). VaD1 (Figure 4). The N-terminal 20 amino acids were identical

Studies of the effect of these substitutions on the structure to the deduced amino acid sequence of KTCMTKKEGWGR-
and/or biological activities of these tvitignadefensins would CLIDTTGA shown in Figure 4, indicating that the signal
shed light on the key amino acid residues involved in the peptide of VaD1 has 27 amino acids the same as that of VrD1
molecular function oVigna defensins. (16). Western blot analyses of VrD1 and VaD1 are available

Purification and Characterization of VaD1 from Azuki as Supporting Information. The finding that VaD1 also cross-
Bean SeedsCation exchange chromatography and gel filtration reacted with anti-VrD1 antiserum indicated that VaD1 and VrD1
were employed for the purification of VaD1 on the basis of the are immunologically similar to each other (data not shown).
findings that plant defensins are usually basic and small proteins.This is reminiscent of the high sequence homology (78.3%)
The 30—80% AS fraction was chromatographed on the CM- between VrD1 and VaDL1.
Sepharose CL-6B column, and three protein peaks were eluted Biological Activity of VaD1. The purified VaD1 was assayed
from the column Figure 3A). Analysis of proteins in each peak for antifungal and antibacterial activity. The antimicrobial
by the gradient PAGE indicated that peak 3 contained a 5.2 activity was expressed asd§ which represents the concentra-
kDa protein. Fractions of peak 3 therefore were pooled, tion of VaD1 required for 50% inhibition of fungal or bacterial
concentrated, and fractionated on the Superdex Peptide HR 10growth. VaD1 was shown to inhibit the growth of both fungi
30 column. A single protein peak was eluted from the column and bacteriaTable 1). IG5 values of antifungal activity were
(Figure 3B). Five micrograms of protein in the peak was in the range of 3653.2 ug/mL. Interestingly, 1Go values of
separated on the gradient PAGE, and the gel was subjected tantibacterial activity, in the 36:6143.4ug/mL range, resembled
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Figure 4. Complete amino acid sequence of VaD1. The amino acid Haeae 12]3f4[s[6[7]8 ]9 w0]u]
sequence of VaD1 determined by N-terminal amino acid sequencing Wheat germ extract, 125 pl | - ki g et || A || ) el e
(shaded region) and tandem mass spectrometry is shown below the amino HATE BN, s il | | s || e i
. . i sid mi = - + + | + + |+ |+ |+
acid sequence deduced from VaD1 cDNA. Boldfaced and underlined Amisossidmbaecoie s i
. .. . . . 2 nmol
regions indicate peptide fragment(s) obtained by endoproteinase Arg-C :
nd trypsin digestion, respectively | Botstemn s Bu |- Sl L A T
a ! ' L-[**8]Met. 0.029 nmol o e T e I I B o
Table 1. Antimicrobial Activity of VaD12 %
_RNaRm’ WU - + + | + + + ] &+ + + | + =
organism ICso (,ug/mL) VaD1 (uM) == == 1020 30|40 | 60 | BO
fungus VDI (uM) S R e [Fa
Fusarium oxysporum 30 | ]
Fusarium oxysporum f. sp. pisi 53.2 : it ; ; ; ;
Trichophyton rubrum 500 Flgure _5. Inh|b|t|qn of protgm synthesis by V_aDl. The experimental details
bacterium of in vitro translation are given under Materials and Methods. Counts per
Staphylococcus epidermidis 36.6 minute (CPM) of TCA insoluble fraction were measured. Values are from
Xanthomonas campestris pv. vesicatoria 40.8 triplicate results (A). The complete reaction mixture (reaction 4) in a final
ga’"_};’”e”a typhimurium >égg-4 volume of 25 uL contained all six components shown in the table (B).
acllius cereus . .
Escherichia coli 5500 Reactions 5, 6, 7, 8 9, apd 10 _a_lso contained 10, 20, 30,_40, GQ, and 80
Erwinia carotovora pv. carotovora 1000 uM VaD1, respectively, in addition to the complete reaction mixture. As
Proteus vulgaris >1000 the control, wheat germ extract (reaction 2) or BMV RNA (reaction 3)
Salmonella enteriticis >1000 was eliminated from the reaction mixture. For comparison of the inhibitory
Pseudomonas syringae pv. syringae >1000

@ Concentration of VaD1 required for 50% inhibition was defined as 1Csq, which
was determined from dose—response curve (percent growth inhibition versus protein
concentration).

that of antifungal activity (Table 1). Members of the plant

activity on protein synthesis, 40 uM recombinant VrD1 (21) was added
to the complete reaction mixture (reaction 11).

isolated from wheat endospersil{, bothy- andw-hordothionin
from barley endospermlf), and HVAMP1 from Australian
native Hardenbergiaviolacea (8) has been reported. Whether
translational inhibition provides intracellular targets for the

defensin family are either inactive or less active against bacteria, action of plant defensins remains to be elucidated. The bacte-

but there are some exceptio@itoria ternateaplant defensin
Ct-AMP1 is active against fungi in the-20 ug/mL range and
is also active against the Gram-positive bacteriBacillus
subtilisat 15xg/mL (15). Thus, VaD1, like Ct-AMP1, has both

rially expressed VrCRP-TSPL§) and the rVrD1 Z1) exhibit
insecticidal activity against azuki bean wee@il chinensisn
bioassay with artificial mungbean seeds. VaD1 was assayed for
bruchid-resistant activity using the same method. The intact seed

antifungal and antibacterial activities, although VaD1 was less of azuki bearV. angularisKao Hsiung No. 6 was also assayed.
active than Ct-AMPL1. The antifungal activity of VaD1 was also The results are shown ifiable 2. The percent emergence and
weaker than that of the recombinant VrD1 (rVrD1) expressed within seed development time (WSDT) of intact azuki bean

by Pichia pastoris The rVrD1 inhibited the growth of.
oxysporumandF. oxysporundt. sp. pisi with ICsp values at 5.4
and 12.1ug/mL, respectivelyZ1). It was shown previously that
the recombinant VrD1 inhibited in vitro protein synthes24).

seeds were 100% and 26.8 days, respectively. These data closely
resembled those of two bruchid-susceptible mungbean varieties,
V. radiata L. Tainan Select No. 5 (TN5) an®/. radiata
VC1973A (VC1973A) 16, 21). Thus, azuki bean is susceptible

VaD1 therefore was also tested for protein synthesis inhibition to C. chinensisas expected.
using the same cell-free system derived from wheat germ. VaD1 Artificial seeds containing 0.1% VaD1 exhibited no or very

at 80uM almost completely inhibited in vitro protein synthesis,

low bruchid-resistant activity as compared to the control

and a significant dosage response was observed between 10 andC1973A artificial seed, which had 36.6 days of WSDT and

80 uM (Figure 5). The rVrD1 at 40uM has completely
inhibited in vitro protein synthesid={gure 5), whereas VaD1
required a 2-fold higher concentration (8B1) to exert the same

degree of inhibition. Inhibition of protein synthesis by thionins

53.3% adult emergence. The percent emergence of the artificial
seeds decreased from 51 to 32.5% as the content of VaD1 in
the artificial seed increased from 0.1 to 0.8%. A significant

dosage effect was observed between the artificial seeds contain-
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Table 2. Bruchid-Resistant Activities of Intact and Artificial Seeds with Supporting Information Available:  Western blot analysis
and without the Addition of Purified VaD12 of VrD1 and VaD1. This material is available free of charge
via the Internet at http://pubs.acs.org.
material examined WSDT (days) % emergence
intact seed LITERATURE CITED
azuki bean 26.8 (£ 0.4) 100 (+ 0)
artificial seed (1) Broekaert, W. F.; Terras, F. R. G.; Cammue, B. P. A.; Osborn,
VC1973A 36.6(x13) 533 (£55) R. W. Plant defensins: novel antimicrobial peptides as compo-
experimental artificial seed nents of the host defense systeRlant Physiol. 1995, 108
VC1973A +0.1% VaD1 38.7(x0.7) 51.0 (£5.3) 1353—1358 4 ysiol. ' '
VC1973A +0.2% VaD1 37.9(+0.9) 49.8(+7.2) ) o _ _ ) o
VC1973A + 0.4% VaD1 395 (0.8) 37.5 (+ 4.5) (2) Bruix, M.; Jiménez, M. A.; Santoro, J.; Gonzalez, C.; Colilla,
VC1973A + 0.8% VaD1 39.6 (+ 1.0) 325(+2.1) F.J.; Méndez, E.; Rico, M. Solution structure)df-H andy1-P
VC1973A + 0.8% VD1 0 thionins from barley and wheat endosperm determinedtby
VC1973A +0.8% BSA 39.9(£0.9) 49.4 (£5.4) NMR: a structure motif common to toxic arthropod proteins.
Biochemistry1993,132, 715-724.
2 Preparation of artificial seeds and bioassay of bruchid resistance are given (3) Fant, F.; Vranken, W. V.; Martins, J. C.; Borremans, F. A. M.
under Materials and Methods. Values represent the mean (+ SEM) of six replicates Solution structure oRaphanus satissantifungal protein 1 (Rs-
containing six seeds each. AFP1) by 'H nuclear magnetic resonance. Resonance assign-

ments, secondary structure and global f&dll. Soc. Chim. Belg
1997,106, 51-57.

ing 0.1 and 0.8% VaD1. Artificial seeds containing 0.8% of (4) Fant, F.; Vranken, W. V.; Broekaert, W. F.: Borremans, F. A.

VrD1 purified from VC6089A were shown to completely arrest M. Determination of the three-dimensional solution structure of
bruchid larval development (Table 2). Thus, the bruchid- Raphanus satissantifungal protein 1 byH-NMR. J. Mol. Biol.
resistant activity of VaD1 is weaker than that of VC6089A 1998,279, 257—-270.

VrD1. Itis of interest to note that VaD1 also exhibited weaker  (5) Lay, F. T.; Schirra, H. J.; Scanlon, M. J.; Anderson, M. A.; Craik,
protein synthesis inhibitory activity than rVrD21). Whether D. J. The three-dimensional solution structure of NaD1, a new
there is a correlation between bruchid resistance and protein floral defensin fromNicotiana alataand its application to a
synthesis inhibition remains to be investigated. Approximately homology model of the crop defense protein alfARP Mol.

Biol. 2003,325, 175—188.
Cornet, B.; Bonmatin, J. M.; Hetru, C.; Hoffmann, J. A.; Ptak,
M.; Vovelle, F. Refined three-dimensional solution structure of

161.2 mg of VaD1 was purified from 800 g of azuki bean (data 5
not shown). The content of VaD1 in dry azuki bean seeds ©)

estimated f_rom this datum s0.02% (w/w), which is higher insect defensin AStructure1995, 3, 435—448.

than VrD1 in dry seeds of VC6089A (0.012%) and VC1973A 7y Kobayashi, Y. H.; Takashima, H.; Tamaoki, H.: Kyogoku, Y.:

(0.0033%) (16). Lambert, P.; Kuroda, H.; Chino, N.; Watanabe, T. X.; Kimura,
Because azuki bean seed is susceptibie. tchinensigTable T.; Sakakibara, S.; Moroder, L. The cystine-stabilizetielix:

2), it is suggested that the major role of VaD1 in host defense a common structural motif of ion-channel blocking neurotoxic

may be directed torward phytopathogenic microorganisms. peptides Biopolymers1991,31, 1213—1220.

Considering the high amino acid sequence homology (78.3%) (8) Harrison, S. J;; Marcus, J. P.; Goulter, K. C.; Green, J. L.

shared by VrD1 and VaD1, it is likely that development of VaD1 chaCL\ear:; ?' i';‘Mt.""r;[:e:g' rib'v: An "’:mimicr:)bi.eg pefhtid]‘frfrtom
variants by mutagenesis may furnish a method to enhance the € Australian nativelardenbergiaviolaceaprovides the hirs

. N . - functionally characterized member of a subfamily of plant
protein synthesis inhibition and/or bruchid resistance of VaD1.

. o ) . defensinsAust. J. Plant Physiol1997,24, 571—578.
The production of mutant VaD1 is highly feasible as it has 9) Garcia-Olmedo, F.; Molina, A.; Alamillo, J. M.; Rodriguez-

previously been reported that overexpression of plant defensins Palenzuela, P. Plant defense peptid@iepolymers1998 47,

in Pichia pastorishas resulted in a reasonably high yield of 479—491.

recombinant plant defensins and that the secreted defensins are(10) Thomma, B. P. H. J.; Cammue, B. P. A.; Thevissen, K. Plant
soluble and have a properly folded structu2d,32—34). defensinsPlanta 2002,216, 193—202.

(11) Bloch, C., Jr.; Richardson, M. A new family of small (5 kDa)
protein inhibitors of insectt-amylases from seeds of sorghum

ABBREVIATIONS USED (Sorghum bicolofL) Moench) have sequence homologies with

AVRDC, Asian Vegetable Research and Development Cen- wheaty-purothionins FEBS Lett.1991,279, 101—-104.
ter; BSA, bovine serum albumin; FIRDI, Food Industry (12) Wijaya, R.; Neumann, G. M.; Condron, R.; Hughes, A. B.; Polya,
Research and Development Institute; rvVrD1, a recombinant G. M. Defense proteins from seed G&ssia fistulainclude a

lipid transfer protein homologue and a protease inhibitory plant
defensin.Plant Sci.2000,159, 243—255.

(13) Calilla, F. J.; Rocher, A.; Mendez, E-Purothionins: amino
acid sequence of two polypeptides of new family of thionins

VrD1 expressed byrichia pastoris; TARI, Taichung Agricul-
tural Research Institute; VaD)igna angularisdefensin 1;
VICRP, a cysteine-rich protein frofigna radiata; VICRP-

TSP, VICRP With truncf';lted sigpal peptidg expressed by from wheat endospernEBS Lett.1990,270, 191—194.

Escherichia coli VrD1, Vigna radiata defensin 1; WSDT, (14) Mendez, E.; Moreno, A.; Colilla, F. J.; Pelaez, F.; Limas, G.

within seed development time. G.; Mendez, R. Primary structure and inhibition of protein
synthesis in eukaryotic cell-free system of a novel thionin,
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